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Hyperfine structure of the 1 %A,, 2°I, and 3°% 7 states of °Li’Li

Li Li®
Department of Physics and Key Lab of Atomic and Molecular Nanosciences, Tsinghua University,
Beijing 100084, China

Angelos Lazoudis
Physics Department, Temple University, Philadelphia, Pennsylvania 19122

Peng Yi and Yaoming Liu
Department of Physics and Key Lab of Atomic and Molecular Nanosciences, Tsinghua University,
Beijing 100084, China

John Huennekens
Department of Physics, Lehigh University, Bethlehem, Pennsylvania 18015

Robert W. Field
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

A. Marjatta Lyyra
Physics Department, Temple University, Philadelphia, Pennsylvania 19122

(Received 29 January 2002; accepted 26 March 002

The hyperfine splittings of the 3y, 2°[1y, and 3’3 states of’Li’Li have been resolved by
sub-Doppler, continuous wave, perturbation facilitated optical—optical double resonance excitation
spectroscopy through newly identified'S " (vp=5,J =24)~b3ll, (v,=12,N'=23,J’

= 24) mixedwindowlevels. The 33 ;" and 1%A, states follow the casegs coupling scheme. The
Fermi contact interaction between the nucleus and the electron spin is the dominant term for the
observed hyperfine splittings. The Fermi contact constants fdt theicleus in théLi’Li molecule

have been determined to be 110 MHz for th@ﬁ% state and 107 MHz for the 3JAg state. The
23H2 state has doubly excited character and its hyperfine coupling is different from that of the
333, and 1°A states. The Fermi contact constants of triplet Rydberg stat¥s @fi versus'Li,

are discussed, and insights into the physical basis for lsgse€oupling are illustrated. €002
American Institute of Physics[DOI: 10.1063/1.1478692

I. INTRODUCTION tum, I, first couples to the total electron spin angular momen-

) . tum, S, to yield G (G=1+9), and thenG couples toN to
Molecular hyperfine structurgHFS) comes from the in- _yield the total angular momentuf (F=N+G). Each rota-

teraction of the magnetic dipole moment and/or electriGignal level. N splits into 2+1 or 25+1 (whichever is
quadrupole moment of the nuclei with other angular mo-gajiep G c,orﬁponents described by

menta(electron spin, electronic orbital angular momentum,
nuclear rotation, ett. When the molecule has @(ns) va- Ea|s=(b2)[G(G+1)—1(1+1)—S(S+1)] 1)
lence orbital and a nonzero electronic spin, the Fermi contact v '
interaction,bl-S, is usually the dominant hyperfine interac- \yherep is the Fermi contact constant, which is independent
tion term. Thus the hyperfine splitting can provide directf N and arises almost entirely from the singly occupieg
information about the electron spin density at the nucleus. If 51ence orbital common to allo,(n9) [ (M)A, ]* triplet
other words, the hyperfine splitting gives direct evidenceFdeerg states. Th& componegnts have beegn resolved in
about the electronic configuration, which cannot be Obtainegub-Doppler CW, PFOODR excitation spectra of,Nand
from the vibration-rotation structurﬁe alone. "Li,. The predicted values for the Fermi contact interaction
The nuplear spins of the Na a Ul'atoms are both 3/2. constantsh, for all Na, and’Li, Rydberg states are ! the
The hypsrf|ne splittings of several triplet Rydberg states of 51ye of the Fermi contact constant of the corresponding
Na, and ‘Li, have been resolved by sub-Doppler, pert“rba'atomic 25 ground state(for 7Li2s2S b=402 MHz, for
tion facilitated optical—optical double resonan@&-OODR Na 3s2S b=886 MH2).! This is based on the idea that these
excitation spectroscopy.’ AII7 previo_usly observed_ triplet Rydberg states are built on the;MX 23 J ion-core ground
Rydberg states of I\%aand Liz (with the exception of giate The experimentally determined values of the Fermi
the N% 27114 and 3711, states and lowN levels of the  onact constants of Naand 7Li, are ~210—220 MHz and
Na, 1°A, statg follow the casebgs coupling scheme. I 100 MHz, respectively, which are in very good agreement
this coupling scheme, the total nuclear spin angular momeng;ith the predicted values.
The nuclear spin of théLi atom is 1 and the Fermi
3 Author to whom correspondence should be addressed. contact constant of the s*S atomic state is 152 MHz.
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Therefore it is very interesting to compare the hyperfine
splittings of the triplet states ofLi’Li with those of the
triplet states of'Li,.

Recently, a new pair oA 1> ' ~b 31, mixed levels of
8Li'Li, AS) (vp=5,3"=24)~Db3l, (v,=12,N'=23,
J' =24), was identified® These two mixed levels have been
used as intermediatgindowlevels in the study of the triplet
Rydberg states ofLi’Li by both CW and pulsed PFOODR
excitation spectroscopy:** Vibronic levels of the 2A,
state have been observed via these mandow levels by
pulsed PFOODR excitatiolf, and vibronic levels of the
1344, 2%y, and 3’3 states of°Li’Li have been ob-
served by CW PFOODR excitatidhHyperfine structure has
been resolved in the CW PFOODR excitation spectra. Here
we report the hyperfine structure of thé Ay, 2°I1,, and
333, states.

g:

Il. EXPERIMENT

The experimental setup is the same as in our previous
PFOODR fluorescence excitation study ‘fi,.>® Briefly,
natural isotopic abundance lithium metal was heated in a
five-arm heatpipe oven. Argon gas was used as the buffer gas
at a pressure of 0.3-0.5 Torr, which corresponds to an oven
temperature of about 1000 K in the active region of the heat-
pipe. In the vapor the percentage of Imolecules at 1000 K
is about 2.8942 with the composition being 85.7%.i,,
0.55% SLi,, and 13.74%°Li’Li. Two single-mode, fre-
qguency stabilized CW dye lasefd MHz linewidth) were
used as thgpumpand probelasers in a counter-propagating
geometry along the axis of the heatpipe. Fhenplaser was
operated with DCM dye and its output was 300—600 mW,
the probelaser was operated with DCM dy200—-400 mWy
or R6G dye(400-600 mW. The pump laser excited the
AS " (vpa=5,3"=24)~b3Ml, (v,=12,N'=23,J =24)
X134 (v"=0,J"=23 or 29 transition and thgrobela-
ser frequency was scanned. PFOODR excitation signals as-
sociated with transitions into triplet states were detected by
selectively monitoring violet fluorescence to the®s
and/orb ®I1,, states with a system consisting of various filters
(Kopp 4-96+5-56+5-57), a photomultiplier tube(PMT)
(Hamamatsu R928and a lock-in amplifier.

Ill. HYPERFINE COUPLING SCHEMES
AND HAMILTONIAN

8Li"Li is interesting because it can be considered homo-
nuclear with regard to Coulomb interactions but hetero-
nuclear with regard to nuclear spin hyperfine interactions.
The nuclear spins fdiLi and “Li are 1 and 3/2, respectively. (©) A
The coupling strengths between nuclear spin and electronic
angular momenta are different féiri and “Li. The hyperfine FIG. 1. Possible hyperfine coupling schemes for, and °Li’Li triplet
coupling scheme fofLi, is casebgs, and is illustrated in ~YPerd states.
Fig. 1(a). In this case, the Fermi contact interactions between
the electron spirs and each of the nuclear spihsare iden-
tical. Thus we may write HFéM conaCl=p|_.S+p|,.S The ®Li"Li triplet states could also follow a subcase of
=bl-S, where we represent the vector sum of the twocoupling casebgss similar to that of the'Li, triplets. This
nuclear spind; andl; asl (I;+1,=1). Due to this Fermi would be represented by Fig(&l with one of thel;’s re-
contact interaction couples withS to form G, and the en- placed bylg (I=15+1;,G=1+SF=G+N). However, in
ergies of theG components can be calculated from ED). the case oflLi,, the Fermi contact interactions for the two
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nuclei are identical. FoiLi’Li, the Fermi contact interaction and
of the °Li nucleus is weaker than that of thféi nucleus. hs6. bl St Lo(3 s 9
Thus the Fermi contact interaction cannot be treated in the 1~ asle'L +Dele'St 5C6(316,5,~16°S). ©

same manner as ffit_iz (i.e., HFermi contact_ bsl7-S+ be!g's Here | and k identify the nuclear spins ofLi and SLi,
#Defieciivd *S)- In this case, the two nuclear spins qh'_ LI respectively, anda;, b;, c; andag, bg, cg stand for the
would couple as in Fig. (& only if the magnetic dipole hyperfine interaction parameters of tHe nucleus ancPLi

interaction,|7-1¢, is stronger than all other nuclear spin in- nycleus, respectively. The hyperfine constants are defined by
teractions, including the Fermi contact interaction, for a par-

ticular N level. Since that situation is unlikely, we must con- a=geg D i (10)

sider the alternative hyperfine coupling schemes of Fig. 1 SINKBHNA | |3 e

and Xc) to describe the triplet states &fi’Li. In Fig. 1(b),

the ’Li nuclear spinJ -, first couples with the electronic spin, ™ 5

S, to giveG. G then couples with théLi nuclear spin/¢, to b= ?gSgN“B'“NZ (TEri=0))ave, 1D

give G;, andG; in turn couples taN to giveF. In Fig. 1(c),

the 7Li nuclear spin couples with the electronic spin to give and

G. G then couples withN to give F;, and finally, the®Li 3 <3 cog 9i—1>
ave

3 12

nuclear spin couples tB, to give the total angular momen- c= 5939N#BMN2
| i

tum F. The actual coupling of a particul&ti’Li electronic
state need not be in one of these pure limiting cases, by}, hese expressionas and uy are the Bohr and nuclear

rather in an intermediate case. . o magnetonsgs(gs=2.0023) andyy are the electron spig-
The eéfggtwe Hamlltpman within a part_lcular vibrational 4.4 nuclear spirg-factors, respectively, and , ¢, are the
level of a°Li‘Li electronic state can be written as spherical polar coordinates of electripmiefined with respect
H = H"™ HSO4 5S4 HsT+ Hhfs, 2) to the nucleus under consideration and the internuclear axis.
The termal-L represents the nuclear spin—electron orbital
Hrot:BNZ_DN4 . . .
' angular momentum interactionl-S represents the Fermi
rotational and centrifugal distortion energy 3) contact interaction, and the term represents the dipolar

electron spin—nuclear spin interactioPl-,z(ri =0) is the elec-

H®°= AL - S,spin—orbit interaction, (4)  tron spin density at the nucleus. The average is over all elec-
trons in the molecule. If the angular momenta of a group of
electrons add vectorially to a resultant angular momentum of
HS'= yN- S, spin—rotation interaction. (6) zero, as in the case of a closed shell, then their contribution

, , , ) . to the average magnetic field at the nucleus is zero. Hence it
Ma}tnx e!ements Of the rota.t lonal, g:ent.nfugal .dlstort|on, iS necessary to take into account only the electrons in un-
spm—qrbn, spm—sspln, apd spln—rotathr; |pteract|ons can b‘ﬁlled orbitals. Hyperfine splitting is particularly important
found n Kovgcsl. The triplet stafces (_)ﬂ" Li have NONZET0  ang large foro orbitals, since they penetrate most closely to
elect_ronlc spin, SO t_he magnetic dipole terms will *?e t_hethe nucleudthere is no nodal plane that includes the inter-
domm_ant hypgrfln_e mfcera_cnon. The magnetic hyperfine Mhuclear axis In this case, the Fermi contact term will most
teraction Hamiltonian is given B§ likely dominate the hyperfine structure.

HNfs= yhfs. 74 pyhfs,6 (7) We have worked out the magnetic dipole hyperfine in-
teraction matrix elements using basis functions appropriate
to the coupling case of Fig.(d). In this basis, the electronic
H7=a,1 5L + bl7-S+ 2 c4(315,S,— 1,°S), (8) orbital—nuclear spin interaction matrix elements are

H5= %)\(385— S?),spin—spin interaction, (5)

where

(ASI,G'N'F,'14F|a;l7L| ASL,GNF, I 6F)

=a7A(—1)N+G+F1+'7+S+G+'*N’*AaFl,Fl\/l 215+ 1)(215+1)(2G+1)(2G’ +1)(2N+1)(2N' +1)

F, G NHS G I7](N 1 N)’ 13

X
1 N G'J(1 I; G'J\—-A 0 A

(ASI,G'N'F,'14F|aglg'L| AS,GNF, I gF)

=agA(—1)'6"Fr2F/+NFCHIEN"=A g5 ] (15+1)(2lg+1)(2F,+1)(2F,’ +1)(2N+1)(2N' +1)

F le FJ/](N Fy/ G|/N 1 N
S P N,

X
1 Fl |6 Fl N 1 _A O A

The Fermi-contact interaction matrix element of flaé nucleus is
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b
(ASL,G'N'F, 14F|b;17+S/ASL,GNF, I gF) = 77 36 Onrndr F [G(G+1) = I4(174+1) = S(S+1)], (15)

and the Fermi contact interaction matrix element of &hienucleus is
(ASI,G'N'F;'IgF|bglg:SASI,GNF,l¢F)

=bg(—1)!716*FF2FEN+CHC 4S5 | flo(1g+1)(216+1)(2F+1)(2F,  +1)(2G+1)(2G' +1)S(S+1)(25+1)
F F, 1g][G" F{ NJ[S & |7. 16

1 lg Fqy|Fr G 1J|G S 1

The electronic spin—nuclear spin dipolar interaction matrix elements are

(AS1;G'N'F,'1gF|c717,S,|ASI;GNF, 1 gF)

V30

=C7T(—1)N+G/+F1+N/_A5,:l,:1r\/I 1.+ 1)(21;+1)(2G+1)(2G' +1)S(S+1)(2S+1)(2N+1) (2N’ +1)

X

S S 1
Fle’N’IIlSGI7N’2N
X 1
2 N G| " 7 G s 1/\-A 0 A) (7
G G 2
and
(ASI,G'N'F1'lgF|cgl 6,S,]ASI;,GNF41¢F)
V30 , N
_ _1\lg+F1’ +F+I17+S+G +N' - A
CG 3 ( 1)
X lg(lg+1)(2lg+1)(2F;" +1)(2F;+1)(2G' +1)(2G+1)S(S+1)(2S+1)(2N+1)(2N’+1)
G G 1
F, Il F S G kL|/[N 2 N
X N N 2 : (18)
le Fi’' 1 G S 1/J\-A 0 A
Fi, F 1
|
In these expressions, the brackets transitions at 1000 K is about 0.1 ¢th Thus, when the

pumplaser is held fixed to the center of the Doppler profile
N of the b, (v,=12,N'=23,1'=24)—X'3; (v"=0,
( L. ) [ L. } and§ - - =23 or 25 transition, not only does it excite all hyperfine
- . . components of the 3T, (v,=12, N'=23, J'=24) level
(different velocity projections along the laser propagation di-
Diagonalization of the full Hamiltonian matrix, includ- '€Ction are resonant with tiumplaser for each of the dif-
ing all terms listed in Eq(2), yields the energies of hyperfine fgrent hyp(larfTe c/omponer)tsbut also it simultaneously ex
levels in intermediate as well as limiting case couplingCites theA X (va=5,J"=24) level. It has been shown in
schemes. Here we report the full set of magnetic dipole maRefs: 5, 6, and 15 that when ttgimp and probe lasers
trix elements evaluated in the Fig(cl basis as an aid to CO-Propagate, the hyperfine structures of both the intermedi-
future workers when higher resolution spectra become avaif@t€ and upper levels contribute to the observed structure of
able. However, for our purposes it appears that terms involvthe probe laser excitation spectrum. However, when the
ing the ®Li nuclear spin, as well as the electron orbital— PUMp and probe lasers have comparable frequencies and
nuclear spin and electron spin—nuclear spin dipolaccounter-propagate through the vapor, as in the present ex-
interactions of théLi nucleus do not contribute to structure periment, then the Doppler shifts from the two lasers mostly
we are able to resolve with our current experimental setugancel, and the observed splittings of the OODR excitation

represent 3, 6-j and 94 symbols, respectively.

(see Resulis lines reflect the hyperfine structure of the upper triplet Ryd-
berg states onl}?
IV. RESULTS A. The 3 337 state
The energy separation between tAéS | (vp=5, J’ The Li, 333, state has the electronic configuration

=24) andb ®I1,, (v,=12, N'=23,J'=24) mixed levels is [o4(25)]'[(4s)0og]". The °Li, 3%%; state was first ob-
0.225 cm1.2® The Doppler linewidth(FWHM) of 6Li’Li ~ served by CW PFOODR excitation spectroscpo HFS
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was resolved. ThéLi, 3 32+ state was observed by CW nucleus and the electronic spin, in good agreement with a
PFOODR excitation with resolved HPSUsing the accu- Simple prediction based on the Fermi contact constant of the
rately calculable reduced masses for the tftég, “Li,, and  'Li ground state atonfsee Discussion

8Li"Li isotopomers, the term values of thei’Li 3 33 vi- Alternatively, we note that the nuclear spins®f and
bronic levels can be calculated from thé3; state con- ‘Liare 1 and 3/2, respectively. Thus if the hyperfine coupling
stants ofLi, or "Li,. Five vibrational levelsy =3-7, of the ~ scheme is that of Fig.(&), then we should still observe 3
SLi"Li 3 3 ; state have been observEdiransitions from a main componentsl =5/2, 3/2, and 1/2and the splittings

singleb 3, (v}, N’, J’=N’+1) level into one §gg+ vi-  should be 5/2 and 3/2 times the-l4 interaction constant.
brational level should consist of two rotational ling ~ However, for this scheme to be valid, thelg interaction
=N’+2—N’ andN=N’—N’), but only theN=N'~—N’  must be much stronger than theS Fermi contact interac-

component was observed in our spectra. The N’ +2 tion. On theoretical grounds, we believe this is unlikglye

—N’ line is predicted to be almost 4 orders of magnitudel 7l interaction strength should be comparable to the dipolar

weaker than theN=N’<—N’ line according to intensity €lectron spin—nuclear spin interactifthe “c term” in Egs.

calculationst? (8) and(9)] which we know is negligible Moreover, in this
The PFOODR excitation line into thii’Li 3°s, (v Fig. 1@ coupling scheme, the primary splittingsue to the

=6, N=23) level is shown in Fig. 2. Observed transmons|7 I interaction) should be much larger than those predicted

into the N=23 level of other vibrational states show the from thel;-S Fermi contact term. Since we have just dem-

same hyperfine splitting. The spectrum contains three maifnstrated that the primary splittings are consistent with the

components. The weak component at lowest frequency cor=€mi contact interaction, we reject the coupling scheme of

sists of two partially resolved peaks. The middle componenfig- 1(a).

is narrower and displays no resolvable structure. The com- Now the question is: which of the remaining coupling

ponent at highest frequency is broader and exhibits unrecases, Figs. (b) or 1(c), best describes the coupling for the

solved structure. 6Li"Li 3 33 state? Iflg couples toG (G=1,+S) beforeN
From the free atom values we know that the Fermi con{Fig. 1(b)], the G; components will exhibit the splittings,

tact inter_action of théLi nucleus is much_ strong_e_r than_ that G=1/2,14=1, G,=3/2, 1/2,

of the ®Li nucleus. Therefore the hyperfine splitting will be

dominated by the Fermi contact interaction of thenucleus G=3/2,14=1,G,=5/2, 3/2, 1/2,

if either coupling scheme, shown in Figs(bl or 1(c) are

valid. In either of these casds=3/2, S=1, and therefore G=5/2,16=1, G1=7/2, 5/2, 3/2.

G=5/2, 3/2, 1/2, and the energies can be calculated from thelowever, if N couples toG before I [Fig. 1(c)], the F,

expression components will split according to the following scheme:
AE(G+1,G)=E(G+1,1,, S)—E(G, I;, 9 G=1/2,F;=N+1/2,N—1/2,
=b,(G+1). (19 G=3/2,F;=N+3/2,N+1/2,N-1/2,N-3/2,

The main component splittings are therefore predicted to b&=5/2, F;=N+5/2,N+3/2, N+ 1/2,N—-1/2,
(5/2)b; and (3/2b,;. The measured separations are 0.278 N—3/2 N—5/2

GHz and 0.167 GHz, respectively, and the ratio of the sepa- ' '
rations(1.66 agrees well with this prediction. The absolute In Fig. 2, theG=1/2 peak splits into two partially resolved
magnitude of the splittings yield®,=111 MHz for the components; th&=23/2 peak exhibits no resolvable split-
Fermi contact constant of the interaction between thie  ting; and theG=>5/2 peak exhibits 5 slightly resolved com-
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ponents. These components do not appear to be noise as tfeyThe 1 A state
were always present when we repeated the scan many times.
This suggests that theﬁg state follows the coupling case
shown in Fig. 1c) rather than that shown in Fig(l) since

The 13A, state of°Li, was observed by Xie and Field
with sub-Doppler resolutiol® No HFS was resolved. The

the Fig. 1b) coupling scheme yields only 3 componentslsAg state Of,7|",2 was observed bY sub-Doppler, CW,
within the G=5/2 peak. Our attempts to obtain the spin— PFOO_I_DR ex0|tat|on. spectro;cogy with rgsolved I;ﬂ'—lé.
spin, spin—rotation, and/or tifei Fermi contact parameters 17ansitions from an intermediate”ll, level into the T°A
from simulations of the current spectra have failed becausgtate consist AN=AJ=0, +1Q, P, andRlines. The term
this substructure is not sufficiently well resolved. However,values of the £A levels of °Li’Li can be calculated from
the Fermi contact constant for thei nucleus in thefLi’Li  the °Li, or Li, constants. Three vibrational levels,

molecule triplet Rydberg states can be estimated tg bb  =2-4, have been observed with resolved HFS.
the Fermi contact constant of tiei atomic ground state, Figure 3 shows transitions to the three rotational levels,
i.e., bg~38 MHz. N=22, 23, and 24 of théLi’Li 13A, v=4 vibrational
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level. The three lines exhibit the same basic hyperfine strudengs to the 7 ,(np) ]} 7,(np)]* configuration and its HFS
ture as the §Eg lines; each rotational line splits coarsely is not resolvable with sub-Doppler resolution in a heatpipe
into three components; the one at lowest frequency has twoven.
partially resolved components; the middle one is narrower  Electronic transitions from a cage) b *I1,, intermediate
and exhibits no splitting; the one at highest frequency has fevel to a particular vibrational level of a cads 2 31'[g state
partially resolved components. The Fermi contact constant afonsist ofP andR lines and a weak) line. In our PFOODR
the ’Li nucleus,b;=107 MHz, has been calculated from the excitation spectra ofLi’Li, the Q line is about 250 times
measured intervals. The Fermi contact constant of’thie weaker than thé® andR lines. Figure 4 shows the HFS of
nucleusbg, and other small parameters, could not be deterthe 23’Hg v=4,N=22 and 24 levels. The hyperfine splitting
mined at our resolution. pattern of these lines is quite different from those of the
3%%, and 1°A, states. We cannot offer an explanation of

these®Li’Li 2 31, state hyperfine splittings at the present
C. The 2 °I1, state time.

The 231, state of°Li, and'Li, was observed by sub-
Doppler, CW PFOODR spectroscofly:® The 2°I1, state
dissociates adiabatically to the2 2p atomic limit. Ab ini-
tio calculations show that its electronic configuration As we have pointed out, the dominant hyperfine interac-
changes with internuclear distance: at snRllit is a Ryd-  tion of ’Li, triplet states is the Fermi contact interaction. Li
berg state; aR~R,, it has 60% Rydberg character; at larger Li et al! estimated the Fermi contact constants of the triplet
internuclear distanceR~=, it becomes a doubly excited Rydberg states of §| “Li,, and Na, which are all built on
state!® the M; X2 ion-core ground state with electronic configu-

The HFS of thé/Li, 2311 state has been resolvé@he  ration [a4(ns)]* (n=1, 2, and 3 for H, Li,, and Na,
Fermi contact constant of this®#, state is 60 MHz, rather respectively. To do so they used a simple model assuming
than 100 MHz as found for tthg, %%y, 3%y, and that theoy(ns) molecular orbital is given by the primitive
b 31'[u states. The smaller value of the Fermi contact constaritnear combination of atomic  orbitals (LCAO),
reflects thg oy (np) 1 7, (np)]* doubly excited character of (2) ¥4 |ns,)+|nsg)]. They predicted that the Fermi con-
the 231'[g state. The pure doubly excited state3,§§lg’, be- tact interaction constantb, for all H,, ‘Li,, and Na triplet

V. DISCUSSION
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Rydberg states are-: the value of the Fermi contact con- =1/2 electrons that make up the total electron spinl in
stant of the corresponding atomis?S ground state. A fac- the molecule occupies a given spin—orbital for Rydberg
tor of 1 from the normalization of thery(ns) valence mo-  state$ no longer applies. Thus a Fermi contact constant that
lecular orbital [the probability of finding the electron at is a factor of 2 larger than that for the triplet Rydberg states
nucleus 1 inoy(ns) is half that of finding it at the free atom is expected for the ground state ions. This has indeed been
nucleus in thens?S statd and another factor of due to the  found to be the case by observation of the hyperfine constant
fact that only one of the tws= 1 electrons that make up the of H; ; the Fermi contact constant of;His 923 MHz>!

total electron spinS=1 in the molecule occupies a given while that of the triplet Rydberg states is 450 MHz.
spin—orbital, combine to produce the overall factor of 1/4.

The agreement between obsentedalues(~100 MHz for ~ VI. CONCLUSIONS

7 . _ .
Li, and 210—220 MHz for Na and the predictet values Hyperfine structure of th&Li7Li 1 3Ag, 23Hg, and

(101 MHz for "Li, and 221 MHz for Na) is quite good for 3+ )
’Li, and Na and slightly worse for bl (where the predicted 3 .29. states ha§ been resé)ol\ied and an.alyzed. The _hyperfme
splitting of the 1°A, and 3°%; states arises predominantly

b value is 355 MHz and the observed value is 450 MHZ° . S =g > :
. ; from the Fermi contact interaction between thé nuclear
For a heteronuclear moleculfor example different iso-

: - o spin and theo,(2s) valence electron. The Fermi contact
topomers and mixed alkali diatomjchowever, the situation 9 as + 3 ~
S : . . A constants of the 3% and 1°A states aré,=110 and 107
is different. The Fermi contact interaction of ta nucleus

is stronger than that of th.i nucleus by a factor of 2.6. In MHz, respectively. Additional splittings due to the spin-

SLi7Li triplet states, the Fermi contact interaction of the g - spin—rotation, and/or Fermi CO”E"“ interaction of the
Li nucleus were not resolved. TheH, state exhibits

n_ucleus should be? t_he_ same as that for the correspon(_jlng different coupling scheme due to its doubly excited char-
triplet state of the'Li, isotopomer because the electronic acter

wave functions of different isotopomers are nearly identical. . . . : .
The Fermi contact interactions in homonuclear alkali

In other words, the density of thery(2s)] valence orbital at molecules, different isotopomers, and heteronuclear alkali di-

7 i in6) 7] i it i T
;2? t:;; nsicrlr?eusellgctl_rl rl]‘i'csgt::éd $ﬁ;h§efr?1?]: ﬁtsagtlfnitlr;ctioatomics have been discussed. For different isotopomers, the
61 : o 6 71 1 e © Blectronic wave functions of corresponding states are nearly
of the "Li Q“.C'e“S in the'Li’Li triplet states Is We_aker than identical. The Fermi contact interaction of each nucleus is
that of the’Li nucleus and the hyperfine splitting is therefore the same as in its homonuclear dimer. In a heteronuclear

don?matelt\j/l by_ the ::ertrlm .zf).nt;ct Fmtergcno? (t)f Eﬁb' molecule like NaK the valence orbital is essentially differ-
nucieus. viore Importantly, 1.1, the Fermi contact INterac= o4 ynap Na or K,. For NaK, there should be comple-

tiong of the two nuclei are iden_t;ce_ll e_md the coupli_ng SCherm?ﬂentary pairs of states with one member of each pair having
of F'?,' 1@ ?USt bequsedh)FcﬁLthl tnﬂgt state§, eltlhgr Ithe its valenceo orbital polarized towards the Na nucleus and
C(,)Ep Ing sc ehme 0 Slg.( ) or t a?llob 9. xc) 'j,f\f’a' : r]: the other having its valenceorbital polarized towards the K
either case the HFS patterns will be quite different "OMpucleus. For the first type, the Fermi contact term involving

7 -
those of'Li,. o , 2 the Na nucleus dominates the hyperfine structure, but the
The hyperfine interaction scheme for tRe’Li triplet o i congact constant is larger than that in,Na
states is very similar to the HFS exhibited by the NaRS4" Finally, when the two unpaired electrons occupy two

21 7
state” 82@?26 NaK triplet states follow casebg; \qence orbitals, as for example in the Na®S, state, the
coupling: However, for all NaK triplet states studied oy contact interaction is stronger than in the case where
so far, the Fermi contact interaction of the Na nucleus playgny oneq valence orbital is singly occupied. A ground state
the dominant role. The Fermi contact interaction of the Nai;," however. has twice the Fermi contact constant as the
nucleus in NaK, however, is larger than that in the W@plet gy qherg states because in the former case the Rydberg elec-

Rydberg states: in Nakby,=333MHz; in N&, bna  {on is not present to reduce the Fermi contact interaction
=220 MHz. This means that in those NaK triplet Rydberg .onstant by a factor of 2.

states studied so far the density of thealence orbital at the
Na nucleus is no_t only high.er than that at the K nucleus, bu}ACKNOWLEDGMENTS
higher than that in the Natriplet Rydberg states.
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