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Photoabsorption of Ba 40— 4f in some solid barium compounds
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High-resolution photoabsorption spectra of Ba—44f in the solids of barium compounds of BaO, Bas,
BaF,, BaCh, Bal,, and BaCQ have been measured by using synchrotron radiation. The two distinguished
photoabsorption lines observed in this work in the energy range f992V are identified to be atomlike
spectra of barium arising, respectively, from the transitionsddf 45, to 4d°4f* 3P, and 41°4f* 3D, . The
line shapes and the peak energies of the photoabsorption lines @dM'p— 4d°4f! 3D, of these com-
pounds have been determined by a curve-fit analysis. Below the resonance peak, some satellites are found in
the solids of Bak, and BaCJ. No such satellites can be identified in the other solids. The variation of the peak
energies of the halides can be attributed mostly to the variation of the coordination charge of Ba ions as
calculated by a simple formula, but it is not so for the oxid&0163-18209)02135-9

l. INTRODUCTION —4d%f °D, in some solids of barium compounds. The
variation of the peak energies of the halides can be attributed
The photoabsorption of Badd—4f has been an interest- mostly to the variation of the coordination charge of Ba ions
ing subject in the atomic theory. The removal of an inneras calculated by a simple formula, but it is not so for the
shell electron increases the central field sufficiently fér 4 oxides. The influence of the Bad5electrons in the oxides
collapse to occur in the dP4f6s? configuration. Conse- will be discussed.
quently two 4°4f6s? levels accessible from the ground
states,®D; and 3P, become bound states of the inner po-
tential well forf electrons and give rise to two quite strong
absorption lines. The two lines are identified in barium The powders of BaO, BaS, BaFBaCl, Bal, and
vapor-? as well as in barium metdiSince the final states are BaCO, are commercially available. Their purities are greater
localized in the barium core and are little affected by thethan 99.99%. We find no degradation of the samples during
metallic environment, the global feature of these two linesthe experimental runs for any fresh examples, even though
are similar to each other for the Ba vapor and the Ba nfetal the Bal is moisture sensitive.
This similarity has been shown to be a common feature for The Ba 4 photoabsorption spectra are measured using
all lanthanide atoms and soltlas well. Due to the same synchrotron radiation from the low-energy spherical grating
reason, one expects that this similarity should extend to thehonochromator beam line at the Synchrotron Radiation Re-
solids of barium compounds. We shall show that it is indeedsearch CentefSRRQ, Taiwan, R. O. C. The energy resolu-
the case, they are very much atomlike in character. tion of the monochromator is set to be about 50 meV in that
Nevertheless, the contribution of Bal ®lectrons to the a 900-grooves/mm grating with slit openings of 1aM is
valence electronic structure in barium compounds may havgsed. The total x-ray fluorescence yields of the sample, in-
some effects on the two spectral lines. The observed negativiced by synchrotron radiation, are recorded by a micro-
chemical shift of the core level of barium compounds waschannel platéMCP) which is operated at the bias voltage of
attributed to the increase occupation of Ba $tates in the 2 KV in the current mode. A nickel mesh with positive po-
compounds. The depression of superconductivity in tential of 300 V relative to the sample was put near the
PrBaCu;0;_ 5 was also suggested to be caused by the localsample to prevent ions from entering the MCP. The electrons
ization character of Bad states in the valence band basedare suppressed due#e2 KV negative potential between the
on the binding energy change of the core levels of Baa8d  MCP and the sample. Both the surface normals of the target
Ba 4d.° In other words, the less occupation of Bd States  and the MCP are oriented 45° to the incident photon beams
in PrBaCus0;_ 5 than in YBaCusO,_ s was proposed to in which the MCP faces directly the irradiated face of the
localize the holes at the Ba site and consequently to the detarget. The probing depth of the incident photons is esti-
riment of the superconductivity of PrBaus0;_ 5. mated from the x-ray attenuation d&ta be around 100 A.
In this report, we shall show the shape and the peak en- The energy of the monochromator is calibrated by setting
ergy of the spectral line for the transition of Bal# 1S,  the energy of the most prominent Alx-ray absorption peak

II. EXPERIMENT
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FIG. 1. The typical photoabsorption spectrum of Bhedge of f — l J
BaCQ; in the energy range of 88 to 98 eV. = | [

of a-Al,O; at 78.80 e\P The Ba 4 photoabsorption spectra
are recorded mainly in the energy range of 92 to 97 eV by a ——
fine scan step of 0.025 eV. Several experimental runs for I Ba
each sample have been performed and the repetition is grea [ :
except the energy shift of the spectrum caused by each elec

tron injection of the machine, which can be nicely corrected [

by referring to the AIL x-ray absorption line aforemen- -+

tioned. The final spectrum is the sum of all these experimen- [

tal runs. In a quick scan in the energy range of 88 to 98

eV one can observe two relatively narrow peaks [ I
(width=400 meV). The typical spectrum of BaG@ shown P YRR TR R TR TR e v
in Fig. 1. Their energies are, respectively, 90.5 and 94.2 eV, photon energy(eV) photon energy(eV)
separated by 3.7 eV. Their spectral shape is asymmetric. The

spectral intensity ratio of the high-energy peak to the low- FIG. 2. The photoabsorption peaks of Bad'#lS; to

energy peak is roughly 10:1. 4d°f! 3D, and their curve fits for various barium compounds.
Curves of Fano profile and arctangent as well as their combinations
IIl. RESULTS AND DISCUSSIONS are shown for each compound. The energies of the satellites gf BaF

and BaCJ are indicated.

As shown in Fig. 1, the energies of the two distinguished
Ba 4d photoabsorption peaks of barium compounds are reas marked in the figure. Such satellites are not so apparent in
spectively to be about 90.5 and 94.2 eV, about 1.5 eV highethe other samples. In comparison with the spectral lines of
than the binding energies of d4,(89.9eV) and barium vapot?in the energy range of 92 to 97 eV, one notes
4d3,(92.6eV) 1 The energy separatiof.7 eV) is also that all the spectral lines of barium vapor are suppressed but
higher than that2.7 eV) of 4ds;, and 4d;,. Apparently the one corresponding to the transitions to the final states,
these two peaks cannot be properly described to be the tradd®4f! °D,. The suppressed spectral lines are mostly from
sitions from the two spin-orbital splitting states of Bd.4n  the transitions of 4% to the 41°6s?6p® multiplet. The
fact they had been detected in barium vapor among othespread of the Ba 6 state of barium ions in solid compounds
spectral lines? and interpreted to be the transitions of Ba may be the reason of the suppression. The spread ofpBa 6
from 4d'°— 4d°4f! due to the 4 collapse, similar to thed  states in solid compounds can be envisioned from its pos-
photoabsorption of L. The 4d photoabsorption spectra of sible contribution to the density of states in the valence band
La®" are ascribed by Sughrto be the transitions of high- of barium solid compounds as observed in x-ray emission
purity levels of 4% 1S, to 4d%f! 3P, and 41°4f' D,  spectra?
having a slight admixture of dP4f! P,. The levels of Presumably, the satellites visible in the spectra of BaF
%p,, 3D,, and!P; are the multiplet levels ofd®4f* dueto  and BaC} are the “suppressed” spectral lines aforemen-
a considerable overlapping of thel 4vave function and the tioned. The one at about 93.69 eV in Bads well as the one
4f wave function. The transition from d4°1S, to  at about 93.82 eV in Baglnext to the main resonance peak,
4d°f! P, is in fact the dominant transition which is about is close to the energy of the spectral line in barium vapor at
2500 times larger than that ofd2° 'S, to 4d%f! 3P, for  the energy of 93.780.08 eV2 This line was classified as the
Ba. It is a broad giant resonance peak more complex than theansition to the final state ofd?(?Ds,) 6s°6p(?P3,) .2 Its
sharp resonance peaks of the transitions to the localizeidtensity was observed comparable to the spectral line of the
states of*P; and °D;. transition to the final state ofd®4f* 3D, in Ba vapor, but it

The resonance spectra ofl¥ 'S, to 4d°4f1 %D, of all  is suppressed a great deal in Badhd BaCj, and almost
samples taken by the fine-step scans are shown in Fig. fvisible in the other solid compounds. However, no spectral
Two low-energy satellites of BaFand BaC} are clear seen lines in Ba vapor can be found to correspond to the satellite
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TABLE I. The peak energy of the photoabsorption line of Rhfdr the transition of'S, to D, of some
barium compounds. The line widihand the asymmetry parametgfrom the curve-fit analysiésee textare
also shown. N is the coordination number of the nearest ligaRds the average bonding length, amds
the coordination charge.

E (eV)? I'(eV) q N R(A) n=2I
BaO 94.222) 0.38 —70.0 6 2.76 1.60
BaCQ, 94.192) 0.37 -10.0 6 2.58
BaS 94.212) 0.30 —33.0 6 3.19 1.02
BaF, 94.312) 0.31 -35 8 2.68 1.82
BaCl, 94.272) 0.38 -27 6 3.24 1.44
BaF, 94.162) 0.32 -7.0 6 3.61 1.08

#The number in the parenthesis is a probable error of the last digit of the eBergy

whose energy is farther below that of the main resonanceelatively well; when the coordination charge is large, the
peak; about 93.24 in BaFand about 93.40 in BaglAn-  peak energy is large as shown in Fig. 3. Here we plot the
other interesting phenomenon is that the spacing between ti¢ak energy vs the Ba-coordination charge. The data are
satellite to satellite, and the satellite to the main resonancgiven in Table I. The trend of the variation of the halides is
peak in Bak is larger than that in BaGl A calculation in-  understandable, since a larger coordination charge means a
cluding the solid-state effect may be needed to fully underi@rger ionicity and thus the chemical shift will be towards the

stand them. Hereafter, we shall focus our attention on th&igher energy. It is then somewhat peculiar for BaO, B3CO
main resonance peak of the transition of Bal'% to and Bas in the same term, for their peak energies being close

4d°f1 3D, only. to each other, yet their coordination charges are quite differ-

- ; - nt. It however becomes clear when Fig. 3 is examined
The line shapes of the spectral lines as shown in Fig. %Iosely, where the data of BaG@ also included by assum-

vary with the chemical compounds and appear to be a Fanm that it has the same coordination charge as BaO. One
profile}* In order to obtain a rather good fit, an amangemot?serves that the position of the oxides Baogand Bﬁ@é
background must be included. The instrumentation Widthaway from the “mgin trend” as indicatéd by the eye-guided
about 50 meV, is negl_ecte_d in these fittings. The f't_t'ngdot line. This may indicate that the coordination charge as
curves are also shown in Fig. 2. The resonance enekgies resented in Table | is no longer suitable to describe the
the line widthsT', and the asymmetry parametgare listed  cqordination charges of the oxides. One of possible explana-
in Table | for all the compounds we studied. The resonancgons for it may rest on the fact that the Ba electrons contri-
energyE as well ad” andq in BaCl, can be interfered by the pution to the valence band of the oxides is mainly the elec-
nearby satellite. The line width seems to be overestimatedrons of Ba 5 in character, while the other compounds are
But the effect on the resonance eneigyshould be much Ba 6s in character. Then the localization of Ba ®lectrons
smaller, since the peak height of the main resonance peak is the oxides, due to its charge screening effect, can decrease
relatively large and the separation from the nearest satellite ithe coordination charge of Ba ions in the oxides such that the
about 0.45 eV larger than the line width of about 0.3 eV. Thevalue in Table | is overestimated for BaO.

probable error of the peak energy introduced by the measure-

ment has been carefully examined through the repeated ex- IV. SUMMARY

perimental runs. After the energy calibration, by refer to the High-resolution photoabsorption spectra of B&-44f in

Al L main absorption line of-Al,0O5 as 78.80 eV, the peak :
energy of the absorption spectrum as determined by its firs:[pe barium compounds of BaO, BaS, BaBaCl, Bal, and

derivative is found with the error of about 0.015 eV. The 94.40
peak energy so obtained is in fact the same as that derivec_ .| o A
from the curve-fit analysis within the probable error of 0.02 % -7
ev. é 9430 b me, -7 i
In Table I, we also list the coordination numbers of the & oaas b Bas _ j— -

nearest ligands\, the average bond lengtR (calculated 3 -7 BaO
from the crystal structure ddfj and the coordination charge 2‘ 9420 F E - ’B'a; % Baco,
7 defined aZl, whereZ is the formal valence of Ba, ards 2 ouis [ % i
the single-bond ionicity, which is § s

- 9410 p

|:1_exl{_%(XA_XB)2]- o0k . . ' .
1.0 1.2 1.4 1.6 1.8 2.0

xa and yg are, respectively, the electronegativity of the
metal and the ligand as scaled by Paulfifg.

One notes that peak energies corresponding to the transi- FiG. 3. The transition energy of Bad®® 1S, to 4d%f! 3D,
tion of Ba 4d*° 'S, to 4d°4f* 3D, in barium halides are versus the Ba-coordination chargee text for BaO, BaCQ, BaS,
different from those of BaO, BaCQ and BaS. The peak BaF, BaCl, and Baj. The dot line is the eye-guided line for the
energies of the halides vary with their coordination chargesmain trend” compounds.

coordination charge n
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BaCQ, have been measured by Synchrotron radiation ation charges are different, yet their photoabsorption energies
SRRC in Taiwan, R.O.C. The two distinguished photoab-are similar. The characters of the electrons of Ba contribution
sorption lines observed in this work are identified to beto the valence band of the halides and the oxides are sug-
atomlike spectra of Ba ions arising respectively from thegested to be different. The latter is mainly Bd B charac-
transitions of 41'° 1S, to 4d°4f! 3P, and 41°4f °D,. Be- ter, while the former is mainly Basin character.

low the resonance peak d%, to 3D;, some satellites are

found in the solids of Baj; and BaCJ. No such satellites

can be identified in the other compounds. The peak energies ACKNOWLEDGMENTS
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