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Abstract;
Receillees nuclear resonance absdrption of the 6.2 keV

' Y rays of 181Ta was used to study the hyberflne 1nteract10n of

181

Ta innrhenlumjmetal. From the- completely resolved Mdssbauer

spectra measured at room temperature parallel and perpendicular

181

to the [0001] axis of the single-crystalline W{Re) sources,

the sign and magnitude of the nuclear quadfupole'interaction,
equ(7/2) = -(2.15+0.02) 10’6 eV, the quadrupole moment ratio,

Q(9/2)/Q(7/2) = 1.133%0.010 and’the.iSOmer”shift of l8lTa(Re)

relative to Ta metal, IS = ~(14.00£0.10) mm/s were derived.

v ‘ The recent observatlon of large isomer shifts of the 6.2 keV Y. rays of
ﬂq/ : o 18 18
Ta between sources of W diffused into single crystals of the second and
third row transition metals and a Ta metal absorber has demonetrated'the high{

resolution inherent in this gamma resonance; vhen aprlied to solid sfate pro-
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blems.l The total range df these isoﬁer shifts is by far the largest in terms

of the natafal linewidth T = h/T'(&loh times ') or even‘in'terms of the
‘preseﬁtly observed minimum experimental linewidth W (&SOOZtimes W)2 compared to
all the gamma,reeonances ever obse;ved. Theesensiti§ity‘of tﬁe 6.2 keV gamma
resonance for maéhetic hyperfine studies has aireadybpreviously been demonstrated

by measurementS'df the magnetic moment of the excited state in externally

applied magnetlc fields of the order of 1 5 - 3.0 kOe.3’h ‘Likewise a very high

resolutlon is expected for the measurement of electric quadrupole interactions

(EQ1) due to the large electric quadrupole moment of the ground state of ISlTa,

Q(7/2)= +(3§.‘9io.u) b. 2

i

Despite these features the 6.2 keV gamma resonance has
.not’been appiied-to.studies of magnetic dipole of~eleetfic quadrupole hyperfine
iﬁteractionsvin solids ﬁp to now. vThie is at least partly cennected with the
difficulties in observing thevresenance at all1, a fact which is a direct'conse—v
quence of iﬁs high sensitivity.

'The preSeht paper reporis on a measurement of the electrie quadrupole

splittiﬁg of the 6.2“keV'Y rays of 181Ta_in sources of lalw diffiused into single-

erystalline rhenium metal. This is the first application of the'lslTa gahma

resonance to nuclear quadrupole interaction,studies.e_From the completely | : 'Q

resolved split spectra the sign and magnitude of.the electriC'field gradient

(EFG) at the lBlTa site in rhenium metal, the ratio of the quadrupole moments

of the exc1ted state to that of the ground state and the isomer shlft of 181 (Bg)

relatlve to'Ta-metal are derived.

The experlmental technlque employed was 31m11ar to the- one descrlbed 'e.{

l’u'-'Th'e l81W act1v1ty vas produced by neutron actlvatlon of 937

enriched lsoW'metal in aitotal neutron flux of.2.10?l_n/cm2. From a high-

preViously,
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181

"H_. at 850°C.' Finaily the diffﬁsion was done in high-vacuum (at - 10
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purity 51ngle crystal of rhanlum metal (DBOO/ph 5 10500)6, oriented to within

one degree by reflection of coherent light on an etched surface and subsequently |

by»the Laue baékseatteriﬁgtmethoa, thin dics (about‘l mm thick) were cut with

a sparkvcutter pafellei-aﬁd.perpendicular‘to the [Oddl] axis. After electro-

poliehing them in.a selution of 6% perchlofic acid in methanol,:fhe dissolved

W acfivity:was dfoppedvoﬁtovthe aieCS, driedvend_reduced in an atmosphefe,of
. : , 7

5 Torr) for

“one hour at a temperature of about 2500 C We used the same Ta metal absorber

(h mg/cm thlck) as in our previous work.l b The Mossbauer transmission experi-
ments were performed at room_temperature with a sinusoidal electromechanical

velocity drive and a- 2048 channel analyzer operated in multiscaler modej; and the

v6.2 keV Yy rays were detected with an-argon filled pfoportional counter.

The velocity speetra obtained are presented in Fig. 1. As the 6.2 keV
transition has pure El character with the spin sequence 9/2+7/2, the hyperfine

spectrumnreSulting frem an EQi alone consists of 11 hyperfine components, of.

which seven are Am = 1 transitions, three are Am = O transitions and one is a

mixed transition. - Ih‘the:diagrams of Fig. 2 the dependence of the line-positions

on the ratio of the guadrupole moments Q(9/2)/Q(7/2)'is presented for an axially

symmetric EFG, with the direction of observation perpendicular (a) and parallel (b)

to its axis. By observing the emission speétrum!parallel and perpendicular to

181

the-[OQOl].axis of the single-crystalline (Re) sources, the a551gnment of

individual_transitiohs to the observed lines could be done unlquely‘

‘Both'MSssbauer spectra were Simultaneouslyvleastesquares fitted with a

superposition of dispersion modified Lorentzian,linee

Niv) = N(=) [1 - Z C ) wR) 1+ 2g'M)] :
- : i=1,11 (v=v, (1)) + (W/2)% w2



;'-h- B 2T
where the amplltude 2€ of the dlspers1on ‘term was :set equal to 28 = Q. 30h;
(N = number of counts, W -dexperlmental linew1dth (FWHM), v = Doppler veloclty, "
- A(i) and vo(i)u amplltude and p051t10n of the 1th component respectlvely) The |
z—component of ‘the axially symmetric electric field gradient eq, Q (9/2)/Q(7/2),’ " ¢
vthe-isomer shift lS w/2, ahd for‘each of the two spectra N(») and an emplitude
factor At t’ descrlblng the total summed effect were used as free parameters for
‘the 8 parameter fit. Within statlstlcal accuracy the measured spectra are in
agreement with the assumption of an axially symmetr}chFG, expected from the point
symmetry of the heiagonal.rhenium'lsttice.'
The results of the- least-squares f1t analy51s are presented in Table l
-with negatlve signs for IS and.-e” qQ(7/2), since the measured interactlons occurred
in the source. The_observed linewidth W = 0.60+0.04 m/s reflects a considerable
line Broadenihg;'ouly part of which is»due“to_geometrical'broadening (about 0.1 mm/s
for the solidvangle = hn/SdO«used). _Because of the source preparation technique |
the W concentration iﬁ~theu;81W(§g) sources is expected to»vary_between-sero and ‘ "r
a,maximum value, estimeted‘to be less than 0.5%. :This should also give'riSe to_-. |
e sizable line broadening of the order of O.l mm/s, caused by the concentratiou
dependeuce of the -isomer‘shift.8 -Becausegof'thelllne.broadening the total resonance
effect At £ summed over all components, is rather small (Nl%) in both spectra
" With the electric Quadrupole moment. of the 7/2 ground state Q(7/2) =
+(3.9i0;h)55 velues for the’electrlc quadrupole~momeut7of_the 6.2 keV state and

for the EFG eq at thelelTa.nucleus in rhenium metal can be derived. - Using our .-

eXPerimehtal value : S S ' o Vo

Q(9/2)/Q(7/2) 1. 133%0. 010 -

we obtain

al9/2) = +(h. 120,570
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fer the quadrupole.moment of the 9/2— exctted state and -

eq = —(5-5£O.5)'1017 V/cm2

18

for the EFG at - lTa(Bg) at room temperature.

lBlTa have been classified as

The ground state and the 6.2 keV state of
. _ 4 - N
intrinsic proton states with the Nilsson assignments 7/2 [4OL] and 9/2 [51L],

respectively;9 'Assuming the same intrinsic quadrupole moment for both states,

the Nilsson model predicts a value of Q(9/2)/Q(7/2) = 1.17, which is slightly

- larger than our experimehtal_vaiue_of 1.133%0.010. -Neglecting band.mixihg,_

we obtain for the ratio of the intrinsic quadrupole moments Q. a value of

QO(9/é)/QO(772) = 0.97+0.01, showing that the deformation of the 9/2’[51&1

' - . . . . + .
excited state may be slightly smaller than that of the T/2 [LO4] ground state.
‘Our value for the EFG at l81Ta in rhenium metal may be compared with the

- 2 .10 ' . . 11 .
results of nuclear specific heat and nuclear acoustic resonance  measurements

for pure rhenium metal. In égreement with our result the sign of the EQI was
185

reported negative.lo From the quadrupole coupling constant for Re in rhenium =

metal and the quadrupole moment of the ground state ofIlBSRe»(Q(l85Re) = +(2.3%£0.9)

v _ N
blg), a value of eq = —(h.9i1.9)'1017 V/cm2 can be derived for the EFG in rhenium

metal at 4.2 K. This value is in. good agreement with our room temperature result

181

for Ta(Re), though of less accuracy due to the large error in the value for
Q( 85Re).'.'I'he only other 5d element for which the EFG has been measured as an

impurity in rhenium metal is iridium. - From the quadrupole splitting of the T3 keV .

193 7

Y rays of V/émzlhas'béen obtained at

13

Ir(Re) again a value of leq| = 5flOl

Within experimentél accuracy the EFG's for Re, Ta and Ir in rhenium

181Ta(Re) has been‘measuredv

4.2 K.
metal agree with each other, though the value for
at reom temperature. In order to elarify»the situation a measurement of'the

temperature dependence of the EFG of Ta(Re) is highly desirable. This can be
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achieved over an unusually large.temperature region using the 6.2 keV gamma
resonance of 181Ta. : o . e o

The'negati?e sign of the EFG is'rather striking; since the direct

J
@

contrlbutlon of the ionic cores of the hexagonal rhen1um lattlce, calculated

with the help of deWette's ta.ble_slh is p051t1ve and only of the. order of

N 1L
U gpy = 6720

direct ccntribntion should be greatly_enhanced by ‘the atomic Sternheimer anti-
15 '

_ V/cmzfper:unit charge»on_the rheninm jon cores. This pos;tive_fi
shielding'e{fecf. Tne negetive'erperimental‘value for the EFG reveals there-
fore the crucial role played by the'conductibn~electrons, which 6bViously even
change the sign of- the direct lattice contribution by their strong shleldlng
effect.lo Such a strong neoatlve contrlbutlon, caused by a reponulatlon of Bloch
-states of dlfferent symmetry at the Fermi surface under the influence of the |
perturb1ng lattlce potential, has been studled theoretlcally by Watson et al. 16
Accordlng to thelr theory, it is 11near1y related to both’qlatt_and the density
of elecfronic states at the Fermi energy. Therefore this “overshlelding“ effect
shculd be most important for the ﬁreneition-metels with a nlgh density cf'dfstetee
at the Fermi level, and they predicted it to’be of the order of—lOOqlatt for

the case of Re. ‘Recently another strong indication has been foﬁnd for a

dominant contribution of the conduction electrons to the EFG in cadmium metal,

17

neasured by TDPAC'teChnique. The EFG found is consiéerably larger than the

direct lattice.contribution and shows a temperature dependence‘onposite fo,thev

fone expected from‘the lattice expansion. On the other hand the EFG in hafnlum :

metal was. found to be p051t1ve,18, and that for 18> (Hf) exhibits only a

_relatlvely small temperature dependence of 57 between h 2 K and 300 K. 19

The above dlscu551on shovs, that presently only very few accurate
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experimental data are available for the EFG's (including their signs) in hexagonal
.54 transition metals. The superior resolution of the 6.2 keV Y resonance of

;BlTa may hopefully provide more such data in the near future.

The authors would like to thank Professor D. A}lShirley and Dr. H. Haas
for valuable discussions, and Dr. B. B. Triplett for‘the rhenium metal single-
crystal. One of the authors (G.FK.) greatly appreciates a postdoctorial
fellowship by the Miller Institute for Basic Research in Sciencé at the University

of California in Berkeley.

FOOTNOTES AND REFERENCES
#Work performed under the auspices of the U. S. AtomiciEnergy Commission.
1. D. Salomon, G. Kaindl, and D. A. Shirley, Phys. Letters ;Qé; 457 (1971).
2. G. Wortmann, Phys. Letters 354; 391 (1971). |

3. C. Sauer, E. Matthias, and R. L. MOssbauer,; Phys. Rev. Letters 21, 961 (1968).

‘L. G. Kaindl and D. Salomon, Phys. Letters 32B, 364 (1970); D. Salomon and

G. Kaindl, Nuclear Chemistry Annual Report, Lawrence Befkeley Laboratory,
UCRL~20426, 215 (1970).

5. L. Lindgren, Arkiv Fysik 29, 553 (1965).

6. B. B. Triplett, University.of California,  Berkeley, private communication

(1971).

7. G. Kaindl, M. R. Maier, H. Schaller, and F. Wagner, Nucl. Instr. Meth. 66,

277 (1968).



8.

10.

11.
12.
13.
k.
15.
16.

1T.

18.
19.

R. L.

F. E.

-8- - . B LBL-279

Mossbauer, M. Lengsfeld, W. von Lieres, W. Potzel, P. Teschner,

Wagner, and G.-Kaindl, Z. Naturforsch. 26a, 343 (1971). .

U. Hauser, Nucl. Phys. 24, 488 (1961).

P. E.

Gregers-Hansen, M. KruSius; and G. R. Pickett,:Phys. Rev. Letters 27,

38 (1971), and references therein.

J. Buttet and P. K. Baily, Phys. Rev. Letters 24, 1220 (1970).

J. Kuhl, A. Steudel, and H. Walter, Z. Physik 196, 365 (1966).

F. E.
F. W.
R. M.
R. E.
R. S.

Phys.

Wagner, Technische Hochschule Munchen, Gefmahy, privéte communication.
De Wette, Phys. Rev. 123, 103 (1961).

Sternheimer, Phys. Rev. 146, 140 (1966).

Watson, A. C. Gossard, and Y. Yafet, Phys. Rev. 140, A375 (1965).

Raghavan and P. Raghavan, Phys. Rev. Letters 27, 724 (1971);

Letters 364, 313 (1971).

P. Boolchand, B. L. Robinson, and S. Jha, Phys. Rev. 187, 475 (1969).

Conf.

" R. M. Liedef, N. Buttler, K. Killig, K. Beck, ahd»E. Bodenstedt, Proc. Int.

Hyp. Int. Detect. Nucl. Rad., Rehovot, 1970.



&

—9- LBL-279

Table I. Summary of experimental results obtained by a simultaneous least-

squares fit of spectra (b) and (ec).

isomer shift IS -(1k4.00+0.10) m/s
Q(9/2)/a(1/2) 1.133%0.010

e® q Q(7/2) -(2.15+0.02) 10’6 eV
linewidth W‘ 0.600.04 mm/s

effect A, 1.30+0.18%  spectrum (b)

0.94+0.18% spectrun (c)

FIGURE CAPTIONS

Fig. 1. Velocity spéctra of the 6.2 keV v rays of-l8;Ta in rﬁeﬁiﬁﬁ metal
versus a Ta metal absorber, with direction of oﬁservatidn parallel (c)
and perpendicular (b) to the [0001] axis. The solid lines represent the
result of a simultaneous leasﬁ—squares fit of séth spectra. Positions
‘and intensities of the individual cémponents are represented in (a) by
solid lines (Am = #1) and dashed lines (Am = O, pérpendicular to [0001]
axis), respectively.

Fig. 2. Dependence of the line positions‘expected for the 9/2(E1)7/2 ground

| state transition in lelTa on the ratio of the gquadrupole moments Q(9/2)/Q(7/2)
for an axially symmetric electric field gradient: (a) perpendicular to the

axis of the EFG, and (b) parallel to it. The widths of the lines are

proportional to the intensities of the components.
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