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Electronic absorption spectra of Ci* in MgO: Ab initio theory and experiment
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Ab initio model potential embedded cluster calculations(6n05)1%~ units were used to model the elec-
tronic absorption spectra of €udoped MgO single crystals. These theoretical results were compared with
optical absorption spectra determined experimentally. The major interactions present in the system, including
intracluster electron correlation and scalar relativistic effects, were incorporated, providing a good description
of both ground and excited states. The first step in calculating the electronic spectrum was to optimize the
geometry of the cluster by taking into account the distortion produced by the Jahn-Teller effect. As a result a
D,, geometry was obtained, which is associated with a compression of the original octahedron aloaxjshe
Comparison of this geometry with extended x-ray absorption fine structure measurements is satisfactory. In
clusters with D}, geometry, vertical absorptions were calculateddat transitions as well as for ligand-to-
metal charge transfer transitions. Optical absorption measurements showed two broad absorption bands at
about 4.5 and 5.5 eV, which are attributed to charge-transfer transitions from the main ljgand2and =
molecular orbitals to the metald3shell.
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[. INTRODUCTION oretical techniqué8 similar to the ones used here, and a

Magnesium oxide has been widely investigated for de-900d agreement with experimental results has been obtained.
cades and continues to be of great research intesestRef. WO broad absorption bands related to*Cions were ob-

1 and references therajrespecially in relation to catalysis Served at about 4.5 and 5.5 eV. Based on the theoretical
and its use as a ceramic material. The type, site distributioalculations, these bands were assigned to different elec-
and oxidation state of the dopant ions strongly influence théronic transitions.

properties of materials. The electronic properties and geo- In Sec. Il we provide a brief overview of the method
metrical structure of the different dopant ions are variables ofogether with a description of the calculations. Theoretical
interest. Extensive work has been done on the characterizéesults for geometries and the electronic spectrum are dis-
tion of the optical absorption bands induced in MgO by tran-cussed in Sec. lll. Experimental results are presented in Sec.
sition metal ions replacing the Mgions2® However, in IV and compared with theoretical data in Sec. V. Conclusions
Cu-doped MgO crystals, most investigations concentrate oare summarized in Sec. VI.

the Jahn-Teller effect experienced by substitutionaf*Cu

ions?‘_12 and information about the electronic transitions re- | METHOD AND DETAILS OF THE CALCULATIONS
sponsible for the optical absorption bands induced by*Cu

ions has not been provided. In MgO crystals, the optical spectrum of the defect center

We have previously made a theoretical investigation oformed when C&" ions substitute for Mg ions is related to
the Jahn-TelletJT) effect on C&* ions3 The emphasis was transitions localized in théCuQ;)**~ unit, which are sup-
put on the JT distortion and not on the electronic spectrumposed to be governed by bonding interactions between the
and consequently the wave function used was appropriaténpurity CL?* ion and its nearest © neighbors. These inter-
mainly for geometry optimization. In the present work, theactions can be adequately described by applying to the
calculation was extended to describe adequately the ele¢CuQy)*° cluster standard high quality quantum mechanical
tronic spectrum. Wave functions that account for the majomethods, such as complete active space self consistent field
effects(electron correlation, lattice distortion, and relativistic (CASSCH® and complete active space second-order pertur-
effecty present in the system were used, following an ap-bation theory CASPT2'"+18 calculations, which include dy-
proach that has been shown to be successful in similanamic electron correlation. In our calculations we incorpo-
applicationst* rated relativistic effects by using the Cowan-Griffi€G)-

In addition, optical absorption spectra were measured ifbased effective core potential relativistic Hamiltonian @5-
as-grown MgO:Cu single crystals and after reduction andnitio model potential AIMP).241° The effect of spin-orbit
oxidation at elevated temperatures. These spectra give infosoupling was not considered.
mation on the visible-ultravioletvV-UV) region of the spec- The important embedding effect due to interactions with
trum and are probably associated with ligand-to-metal chargthe rest of the components of the MgO host lattice was mod-
transfer(CT) electronic transitions. These types of transitionseled by using the AIMP embedding technigidé®2'The em-
have been addressed previously in ionic materials with thebedding model potentials are described in Sec. Il A. The cal-
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culations were performed with theoLcAs-5 package?? The TABLE |. Unrelaxed lattice(AIMP) optimized G, geometries
details of the embeddetCuQ;)** cluster calculations are and relaxed latticéAIMP/SM) optimized G geometriesy,, Vi-
reported in Sec. Il B. brational frequencies for the different electronic states of the

(CuQ;)*0 cluster, and minimum-to-minimum transition energies

2,
A. Embedding potential from thea “E; ground staté.

In the AIMP embedding technique used here, the one- Ry(Cu-0) (R) Ry(Cu-O) (A)
electron terms of an isolated cluster Hamiltonian are corgigie AIMP AIMP/ISM 7, (em™) T, (eV)
rected by adding the following embedding potential: 10
a ’E, 2.153 2.170 574 0
> VIS + Vet + Vet + PL(>)], (D) a T, 2.160 2.176 592 1.11
# a’T, 2.233 2.249 603 4.20
where u runs over the crystal iongMig?*, 0%), Vi "°(i) 21, 2.239 2.255 609 4.56
stands for the long-range Coulomb potential exerted byion 2T1g 2.237 2.253 600 4.80
on theith electron of the clustefi.e., Elll\_/"‘cou'(i) is the 2 201 2 257 613 4.90
Madelung potential of the lattigeVs;/ cod(i) stands for the 2T 2953 2268 621 592

potential that represents the deviation of the lattice ion fromb
a point charggthe short-range Coulomb poten)lavffc'(i) )
is the exchange potential, amj(i) is the orthogonality po- 1o
tential, which prevents the cluster wave function from col-3or comparisonRy(Mg-O) in undoped MgO is 2.106 A.

lapsing into the lattice iornu. Only the dynamic cluster/

lattice correlation is excluded from the embedding pOtentia|state geometries, as well as the optica| properties_ This ap-
The detailed form of these potentials can be found in Refsproximation is mainly suitable to calculate vertical absorp-
20 and 23, together with the procedure that leads to theifion energies. In order to perform the AIMP/SM calculations,
calculation using the lattice ions wave functions. In thispajr potentials as well as shell parameters are required for the
work, the total-ion potentials were taken from Refs. 13 andvigO lattice. In the present work, we used the parameters of

24. Ref. 28. The calculations performed at this AIMP/SM level
Ideally, the AIMP embedding potential is built up by add- gre summarized in Tables I-Ill.

ing to the cluster Hamiltonian the AIMP total-ion potentials

of all the lattice ions outside the cluster. In practice, the in- _

finite sum is truncated as follows: we include the AIMP em- B. The (CuOg)*"" defect cluster calculations

bedding potentials of all ions located within a cube of length  The calculations on the embedded cluster used a Cowan-
16.845 A centered in the impurity sitg22 iong plus other  Griffin relativistic effective core potential both for €uand
4184 ions, located in a cube surrounding the first @eegth 0%~ jons. For C4* we used dMg] core CG-AIMP taken
33.690 A), represented by point charges bearing the nominajrom Ref. 29 together with the correspondif@s5p5d) basis

ion charge, except those located at the frontier, which beaget augmented with onepolarization functiors® oned dif-
fractional charges according to Evjen’s metfédn this

way, we assure that the cluster embedding potential provides
a good representation of the quantum effects as well as tl“‘:e
long-range Madelung effects. In a first approximation, all
these ions are located at the sites of a perfect unpoIarize(gjct‘,ﬂhedraII structure
MgO lattice (NaCl lattice type, point group @Fm3m), ay

2T, 2.251 2.266 621 5.52
2.247 2.263 612 7.05

TABLE II. Equilibrium tetragonal geometries and Jahn-Teller
® e coupling parameters for the 2Eg electronic state.

=4.2112 A2 EO(CU-O) A) 2.170
The AIMP embedding method has been extended to in- "2 (em™) 574
clude the polarization and relaxation of the lattice, repre- 28 (cm™) 27
sented by shell-modgISM) potentials, configuring the so- ElongatedD,y, structure(?Byq statg
called AIMP/SM method! In all the cases studied so fdr?’ Rax(Cu-O) (A) 2.230
the effect of the lattice distortion on the cluster geometry in Reg(Cu-O) (R) 2141
this type of noncharged impurity defect was to enhance the Ve (cm™) 447
distortion by about 20—30% with respect to the perfect ge- EJgT’ﬂ(cm‘l) 468

ometries. In the present work, we used the AIMP/SM methodC

to check this effect. This method consists, basically, of an ompressed, structure(*Ayg statg

iterative series of embedded cluster-surrounding lattice relax- Rax(Cu-O) (A) 2.107
ation calculations, so that, eventually, a geometrical configu- Req(Cu-O) (A) 2.202
ration of the lattice is found to be consistent with the 799,, (cm™) 419
guantum-mechanical description of the cluster in a given E;r(cm™) 495
electronic staté! The geometrical configuration of the lattice Erlve,, 1.18
was consistent with the octahedrzaaleg ground state and 799 a/|29’B| 155

was used to calculate the Jahn-Teller parameters and excited
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TABLE lll. Calculated vertical transition energies for each symmetry between the minimum of the ground state and the different excited
electronic states and oscillator strengths for ghe u transitions. Available experimental results are also shown.

Dan Dan
On compressed elongated Experimental
energy(eV) f energy(eV) f energy(eV) f energy(eV) fP
Ground state a’E;— e A e 2By
d-d
transitions
zBlg 0.25 2Alg 0.23 .
a?Ty, 1.11 B, 1.21 2By 1.18 1.24
ZBZg 1.29 ZEg 1.25 1.3
CT transitions a 2Ty, 4.58 0.1042 °E, 4.69 0.0425 2A,, 4.67 >0.0001 4.8 452 0.13
2y, 4.73 0.0628 2E, 4.71 0.1059 e
2Ty, 5.01 0.0001 2By, 5.10 >0.0001 2E, 5.11 0.0011
%E, 5.14 0.0006 2By, 5.14 0.0001
Ty 5.22 e Ay 5.34 - %Eq 5.34 -
%Ey 5.35 o 2Agg 5.34
b 2E4 5.47 e A 5.45 Bq 5.45
Bq 5.54 fe 2Agq 5.55
b 2Ty 5.84 e 2By 5.87 ’Ey 5.93
2Eg 6.04 szg 6.06
b 2Ty, 6.11 0.0818 °E, 6.25 0.0285 2A,, 6.21 >0.0001 5.8 0.19
2Py 6.28 0.0644 °E, 6.26 0.0920 e
2Agg 7.60 e A 7.74 2Agq 7.73

3Reference 37, see text for details.
bThis work.

fuse functiom’? and threef-type functions’? finally con-  fer of one electron from the O@shell to the Cu @ shell,
tracted aq3s3p5d1f]. For &, we used gHe] core CG-  which will be referred to as CT states.

AIMP and the (5s5p) valence basis set of Ref. 29,
augmented with a diffusp function for the anioff and one
d polarization functior?® and contracted ag2s3pild]. Fol-
lowing Ref. 13, extra orthogonalization functions were used A. Cluster geometries
for the (100)-second neighboring Mg ions. These functions
are the(10s4p) basis set used for Mg on the MgO: Mg+
embedded ion calculatiod$, totally contracted a$1slp].

Ill. THEORETICAL RESULTS

The potential energy curves for the ground and lowest
excited states as a function of the Cu-O distance are plotted
The total number of basis set functions is 159. in Fig. 1. An optimization of the geometry of tH€uQy)**"

In order to obtain the geometry and electronic spectrum of!USter in these states was made. We optimized the Cu-O
MgO:C#*, relativistic calculations were performed using distanceRy, of the(CuQy)™" unit restricted to @symmetry, -
the spin-free Hamiltonian fofCuQ;)'°~ embedded in the and calculated the breathlng.mode vibrational frequenues,
AIMP representation of the MgO lattice described in Sec.¥a,; These results together with the calculated minimum-to-
Il A. First, we performed CASSCF calculatiofsjncorpo- ~ minimum transition energied,, from thea 2E ground state
rating 45 active electrons in the mainly Ca 2nd O 3  are summarized in Table I. Since the vibrational frequencies
molecular orbitals. Second, these wave functions were takeare similar for the different electronic states, these numbers
as the zeroth order wave functions for subsequent secorghould be close to the zero-phonon absorption transitions. In
order perturbation theory calculatio®SASPT2' using the  Table I, the Cu-O distances are for all the states larger than
multistate version of this methaS-CASPT2.18Atotal of  the Mg-O distance in the perfect lattice, 2.106 A, consistent
63 electrons occupying the Cyp.33d and O &, 2p molecu-  with the slight distortion induced by the larger ionic radius of
lar orbitals were correlated. For all the distances studied, thEW* ions compared to Mg ions34 The data in Table | show
CASPT2 wave functions showed good behavior: large andhat the effect of lattice relaxation is an enhancement of the
uniform weight of the zeroth order wave functigaround  distortion with respect to the perfect MgO lattice. For the
70% and always larger than 68%nd no sign of intruder a ?E4 ground state this extra distortion is 0.017 A, and is
states. The results presented in this paper refer to thiglmost the same for the rest of the stai@915-0.016 A
CASPT?2 level of calculation. The equilibrium distances for the different states correlate

We studied the states originating at the Qif 8onfigura-  well with the electronic configuration. The 2E; ground
tion, 2Eg andZng, as well as the states induced by the trans-state belongs to thégeg configuration, and the first excited
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Mg():clf* elongated structures together with the Jahn-Teller stabiliza-
tion energy,E;r, and theE;q/ Ve, s ratio for the most stable
state: the compressed structure. This last number is a mea-
8.0 [ éA \I\' 7 1T 7T 1T 7 sure of the strong/weak linear JT couplitigWe also give

e the values of the difference in energys,2between the two
structures defined as

AIMP/SM CASPT2 results (63 electrons)

23 = E;jr(compressed- E;r(elongated (2

bT \
“or ZTI %\/_
TZ \\__/ and the ratiov, /2 for the compressed configuratigtne
. 2 TIU\V— most stable or%)’e which is a measure of the static/dynamic
v behavior within the strong linear JT coupling approximation.

The most stable distortion is a compression alongzthgis
40— of a Dy, symmetry structurg¢actually, we have constrained
the optimization to the [, symmetry; further relaxation to
D,, symmetry is expected to bring only a negligible extra
distortion).'® However, the barrier between the compressed
and the elongated configurations is only 27 énso the po-
20k ] tential energy surface is very close to the “Mexican hat”
’ shape, characteristic of pure linear E® e) coupling®® The
aszg\ dynamics of the cluster can be described as an almost free
= - rotation among the three equivaleng,Dminima (i.e., com-
pressions along the three symmetry gxés what can be
denoted as a dynamic JT effgstrong JT linear coupling but
small barrier between minima

This JT coupling has been previously studiedonsider-
ing wave functions of SCF level, without dynamic correla-

FIG. 1. Potential energy curves of the ground and lowest excitediOn- These results were qualitatively similar to the ones dis-
states of théCuQ) 10~ cluster as a function of the Cu-O distance in CUSseéd here regarding the sign of the distortion and the
the ay, vibrational mode(O,, symmetry. Arrows mark the vertical dynamics of the cluster, but incorporation of the electron
transitions from the ground state. correlation results in a larger JT energ#95 versus

335 cnit), 13 indicating a somewhat stronger JT linear cou-

state,a 2T,,, belongs to the so-called 10 Dq transition, with Pling. As has been pointed out in Ref. 13, those results pro-
a tgge“ configuration. The transition from thig, to the vide dynamics that are systematically less static than that
orbital weakens the Cu-O bonding interactions, and as a reabtained experimentally. The inclusion of dynamic correla-
sult the Cu-O distance is larger in thé?T,, excited state. In  tion means a step towards a more static picture. This result
the charge transfer states, an electron from thep@Hll(in  concurs with calculatior8 on [Cu(H;0)]*".
O, symmetry, these atomic orbitals transform according to The equilibrium geometry has been investigatey ex-
the ayg, €, tig, tog try (2) andty, irreducible representations  tended x-ray absorption fine structt€XAFS) on polycrys-
occupies the antibonding Cey orbital, giving rise to the talline MgO: Cu, with a dopant concentration of about 5.2%.

Transition Energy (eV)

2
a Eg
0.0 I e N 1 1 | 1 | ]
2,10 2.15 2.20 2.25 2.30 2.35

Cu-O distance (A)

following electronic stateszAlg, b 2Eg, 2Tlgr b 2T29, a 2Ty, It_has been concluded .that an undistur.démoe)lo‘ unit .
b 2T,,, and?T,,. Hence, the equilibrium distance is larger for with Ry(Cu-0)=2.104 A is the most plausible representation
these charge transfer states than for the ground state. of the first coordination sphere, however, a distortion in

Degenerate electronic states in cubic environments arehich the difference between the equatorRl, and axial,
Jahn-Teller unstable and the coupling with nontotally sym-Ra, Cu-O distances is less than 0.11 A cannot be ruled out.
metric vibrational modes removes their degeneracy. This efFor the compressed ) structure, our calculated difference
fect is crucial for the interpretation of the spectraddfim-  is 0.095 A, compatible with the EXAFS data. Taking into
purity ions, thus, the geometry of the cluster in its groundaccount the dynamic behavior of the cluster, the calculated
state was reoptimized. Starting with the, €quilibrium ge-  structure can be represented as an octahedral unit, with an
ometry and the embedded-cluster energy we calculated trverage distance of 2.170 A. This distance is about 0.07 A
Jahn-Teller coupling of tha 2Eg state with the doubly de- larger than that obtained in the EXAFS experiments. The
generatee, vibrational mode of the(CuQ;)'°~ cluster (E distan_ce between a €uion and the second neighbo_ring
e coupling. Minimizing with respect to thee, , normal ~ Mg*" ions was found to b&,(Cu-Mg)=2.969+0.010 A in
coordinate and neglecting the coupling with triply degeneratéhe EXAFS experimentsjndicating that the lattice is essen-
t,y modes lead to tetragon&D,, symmetry compressed/ tially undistorted since the distance between two?Msec-
elongated geometries. ond neighboring ions in pure Mg®,;(Mg-Mg), is 2.978 A.

Table Il displays the optimized geometries and #yg  In the present study, we find a slight outwards distortion,
vibrational frequency7egj ,» for both the compressed and the with R;(Cu-Mg)=3.001 A.
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To our knowledge, no direct experimental determination

of the vibrational frequencies or the Jahn-Teller stabilization 80 ]
energies exist. .
£ 60 1
B. Electronic transitions o
w
Table 11l shows the vertical transition energies between b 40 1
the minimum of the ground state and the different electronic z
states for both Qand Dy, symmetries. These transitions are Q 20 1

represented by arrows in Fig. 1. Vertical transition param-
eters are also given for elongated and compressgadc@n- 0
ditions, with an energy barrier between them of only
27 cnil, as discussed in Sec. Il A. Excitation energies and

PHOTON ENERGY (eV)

oscillator strengths for the three @ u transitions, which FIG. 2. Optical absorption spectra of an as-grown MgO:Cu
are spin and symmetry allowed in,@ymmetry, are also crystal (solid line), after TCR (dotted ling and after subsequent
given in Table Il oxidation (dashed ling

According to our calculations, and taking into account the
selection rules for the transitions, three CT transitions Shou"%ociated with the formation of metalic copper

be allowed and should have significant intensities in thg,5n0colloid<® Subsequent oxidation at=1850 K for
spectrum. However, in Table Il the vaIueszof the oscillatorgy min anneals out the colloids. Furthermore, the measured
strengths for the transitions to taé'T,, andb *Ty, states are  jyiensities of the 5.5 and 4.5 eV bands are much higher than
at least 2 orders of magnitude larger than the transitions tq, J<o determined in the as-grown sample, with the 5.5 eV
the 2T,, state. Thus, only two main transitions should yield band increasing disproportionally more rapidly; their
absorption bands with maxima at about 4.7 and 6.2 eV, rep\yHMs are 1.0 and 0.7 eV respectively. These results
spzectively. Szince the equilibr_ium distances of the final statesdea”y show that(1) these two bands are due to electronic
aleu andb"T,,, are appreciably different from that of the yangjtions of C&* ions and(2) in the as-grown sample most
a “Eq ground statgTable ), these bands should be broad. ot the copper ions are not double ionized, which is not sur-
prising since the crystals were grown in a reducing atmo-
IV. EXPERIMENTAL RESULTS sphere.

. The oscillator strengths of the €uabsorption bands were
Copper-doped MgO single crystals were grown at the Oal&:\Iculated using Smakula’s equatiofas modified by
Ridge National Laboratory by an arc fusion technigt&he Dextef'd) for Gaussian bands

dopant was added to the melt in the form of CuO. The re-
sulting MgO crystals were colorless in appearence. The con- 821X 10 n —
centration of copper was determined by neutron activation = N (N2 +2)2 f a(E)dE, 3
analysis to be=36 ppm?3°

Optical absorption measurements in the UV-VIS-IR re-whereN is the ion density in ions/cfn is the refractive
gion were made with a Perkin-Elmer, Lambda 19 spectroindex at each band peak; is the absorption coefficient in
photometer. Oxidation of the samples at elevated temperam™, andE is the photon energy in eV.
tures was performed in flowing oxygen with the samples Assuming that in the oxidized crystal almost all the cop-
placed in a platinum basket inside an alumina tube inserteger in the sample is dissolved as substitutional*Gons, the
in a horizontal furnace. resulting value forN is 1.8x 10'%m 3, which vyields 0.19
and 0.13 for the oscillator strengths of the 5.5 and 4.5 eV
bands, respectively. These results are in reasonable agree-
o . ment with those found in our calculatiog$able Ill), given
Copper may exist in more than one valence state likgnat the 0.19 value may be overestimated, as the behavior of

many of the transition metal ions. In MgO, it exists chiefly asthese two bands under reducing and oxidizing treatments in-
Cu*, Cu", or metallic CQ. Figure 2 (middle) shows the gicates.

optical-absorption spectrum of an as-grown MgO?Carys-

tal. Two absorption bands of about equal intensity are ob-

served at=5.5 and 4.5 eV with a full width at half maxima V- DISCUSSION

(FWHMs) of =0.7 and 0.5 eV, respectively, in agreement In this section, theoretical results are compared with op-
with previous finding$® Thermochemical reductiofTCR) tical absorption measurements. While there is a relatively
at about 1800 K for 30 min induces a dramatic decrease iterge amount of information concerning the electron para-
the intensity of these two bands and a shift of the high energynagnetic resonance spectrum of Cu-doped Mg®little is
band to 5.3 eMFWHM =0.6 eV). These observations sug- known about its optical absorption. The present work is a
gest that the 5.5 eV band is a composed band and that tleudy of the optical absorption spectrum in the CT region of
lower energy side diminishes disproportionally more slowly.MgO: Cl?* single crystals.

In addition, TCR results in the emergence of a very broad The IR absorption spectrum of complexes where thé&"Cu
extinction band at=3.0 eV, which has been previously as- ion is coordinated with six oxygen ions has been more ex-

A. Optical absorption measurements
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tensively studiedsee Ref. 42 and references thejeirhe IR~ Fig. 2 and in the spectrum of Ref. 37 can be confidently
bands were generally attributed di>-d transitions between assigned to tha 2Eg—>a 2T,, transition based on the energy
states in a distorted octahedron with symmetny, Br Doy, position of the bandTable Ill), and the fact that it is an
Usually, the distortion is supposed to be an elongation in th@llowed transition. On intensity grounds, the band at 5.5 eV
z-axis direction, contrary to our results in Sec. Il A. Th_ree(|:ig_ 2) might be assigned to the 2Egeb 2T,, transition.
d—d bands(or four in Dy, symmetry are usually resolved in - The difference in energy with the calculated transition is
the IR spectrum, with maxima at about 0.99 €V arger in this case and around 0.7 €48%). The calculated
(8000 cm 2’1 1.24ev (10000 cm?), and 1556V qqniator strengthgTable 1) are similar for the two transi-
(12500 cm’) (see, for exarznple, Ref. 43The first band has  jong discussed here, in agreement with the experimental ob-
been assigned to thi,,— Ay, transition(elongated octa- servation(Fig. 2) also of similar intensity for both bands.
s e e S R, e The osolator stengh o e &, T, tansiion i a
?B,, and ?E, states’? respectively, bolt states related to theleaStZ2 orders to magn|2tude smal_le_zr than those ofatfiE,

—a Ty, and a “Eg—b “T,, transitions, consequently, the

2
a I-l;ngrg;gftghczyg(rggi%ents on MgO-CuO solutions Withassociated band is not resolved in the absorption spectrum of
Il]:ig. 2. Absorption bands were not resolved in the IR, even in

concentrations of the dopant larger than 1%, four absorptio . X :
bands at 0.57, 0.69, 0.99. and 1.39 eV were observed: if sample with a thickness of 15 mm, because the associated

addition, two shoulders at 1.24 and 1.86 eV were resotved. tran'sitions are symmetry forbidde_n and the resulting small
Our calculations show that two close-lying electronic transi-0Scillator strengths preclude their detection, unless very
tions occur at 1.21 and 1.29 eV; these transitions are frorfi€avily doped samples are used.

the 2A;4 ground state to théE,, 2By, states, respectively,

originating at the octahedral T, state(Table Il). We ten- VI. CONCLUSIONS

tatively assign the shoulder at 1.24 eV and the broadband at Thegretical investigations of the electronic spectra of

1.39 eV, both observed in the absorption spectrum to thesg,,_qoped MgO single crystals using wave functions which

two transitions(the departure between the experimental andpcj,de electron correlation, provide results for the CT tran-

theoretical energies is on the order of 0.10 eVhe results  gjtions that are in agreement with the experimental data ob-
of Table Il indicate that another band at about 0.25 eV, 'e1ained from optical absorption measurements. MS-CASPT2
lated to the’A;q— ?Byg transition, should also be observed in ¢4icylations based on CASSCF wave functions, which in-
the IR region of the spectrum, _but this low energy range wag,de Cu 2 and O 2 electrons as the active space, were

not measured’ We cannot assign the other bands observediseq to determine the electron correlation. The distortion in-
in the absorption spectrum of Ref. 37. The three bands gf,cqq by the JT effect on tH€uQy)1°~ cluster results in a

0.57, 0.69, and 0.9 eV might b? tentatively (elated to theb4h geometry associated with compression alongzheis.
bands resolglgd around 1.0 eV in hexacoordinated copper Two absorption bands at about 4.5 and 5.5 eV are attrib-
compounds?**However, these bands must not be due to thg . 1, charge-transfer transitions from the main ligapd 2

transition between the two lowest levels induced by the J ., o and = molecular orbitals to the metald3shell. The

o o ;
splitting of thea “E4 octahedral level, since the energy of resulting differences in energy of about 10% between theo-
this transition s 0'2.5. ev accordm.g to our calculat|on§. FUretical and experimental data are reasonable. These differ-
thern;ore‘,Etms ;ransmorl] enefrgy%\%/m.algrstzgggrs)%(]lcmaltzlon, ences may be due to an incomplete treatment of the electron
equal to &y, thus a value of 1 eV yields CIor Eyr correlation (probably nondynamic correlatipnwhose cor-

which we estimate is unrealistically high. A very large JT . ion may imply the use of even larger zeroth order wave

tetragonal distortion would explain this very largg; value f : ; :
; ' unctions. These calculations are not currently possible due
but the EXAFS results show that th€uQs)°~ unit can only to computational limitations yp

be slightly distorted. It should be noted, however, that the
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