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Lattice effects on an impurity center: CuX,(NH5),?~ centers(X=ClI, Br) in NH ,X
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The optical properties of C(,(NH3),?~ centers embedded in NM lattices (X=ClI, Br) where Cd"
occupies afnnterstitial position have been explored through M% calculations performed at different values
of the C#*-X~ (Reg and C#*-N (R, distances. The calculations include the effect of the electrostatic
potential due to theest of the lattice Vg, upon thelocalizedelectrons of the center. It has been shown that
Vg decreases significantly the separation betwgg{X) and 2o(N) orbitals(n, =3 for CI; n_ =4 for Br) and
thus plays a key role for understanding the existence of four charge trg@3febands in the optical domain.
The high splitting found between orbitals mainly built frgép,(N)) and|2p;(N)) (j=x,y) is shown to arise
from aninternal splitting in the NH moleculetransferredto the complex. From thR., andR,, dependence
of CT transitions, it is shown that the 600-ch redshift undergone by the first CT transition of
CuCl,(NH3),2™ in NH,CI just belowT,= 243 K involves arRqq increaseof ~2 pm in agreement with Raman
data. The present results stress the importandésdbr a right understanding of properties due to impurities
placed awff-centerpositions.[S0163-18207)07225-1

. INTRODUCTION R=1.93 A and 10q=16 100 cm!. These results can
hardly be understood in terms of isolated €fFcomplexes
Optical and electron paramagnetic resonafieR data  sybjected to a constant electrostatic potential. In fact, experi-

due to impurities in insulators have usually been explainegnental studies on impurities like Mh or CP" in high-
consideringonly the complex formed by the impurity and the symmetry sites have shoff'°-*?that theR dependence of
anions of different species adjacent to the impurity. This idea0Dq can be written as
was reinforced by the theoretical work carried out by Sugano
and Shulmart. These authors pointed out that in cubic lat- 10Dg=KR™", 1)

tices like KMgF; the electrostatic potential due to thest of where the exponentn is close to 5. Theoretical

the Iatt_'gf(ca"(;va) upon the electrons of & Fg complex o 1ationd®14on isolated complexes are in agreement with
.(M N I\.“ . Mn ! etc) formed by asubstl_tut|onald|valent that experimental result, while the microscopic origin of Eq.
impurity is certainly very flat. Therefore, if the electrons re- (1) within a molecular orbital scheme has been analyzed
sponsible for the proper_ties pf the impurity are localized recently’® The amazing increase of D@ on passing from
the c_o.mplex, the potentidlg mfluences ne|ther.the optical CrF; (R=1.90 A) to KNaCrk; (R=1.93 A) has reason-
transitions nor the wave functions and can be ignored. ably been explained through the different form\gf in both

Subsequent work on substitutional impurities in cubic maqattices?® In CrFs, Vg induces anadditional separation be-
terials has revealed the validity of such an idea. For instanceween 31 and ligand orbitals favoring a diminution of
it has been shown experimentally that a given complex emi0Dq. A similar situation to this one has recently been en-
bedded in different host lattices, but of tekeme typedoes  countered when comparifythe EPR data due to Ag
not exhibit the same EPR and optical parameters through thslaced in a perovskite lattice (CsCfifand NaF. In the latter
series’™® This fact has reasonably been explained simplycase, it has been shown thef induces a supplementary
through the changes on the metal-ligand distance of the conslecrement ofy,—g,.
plex, R, induced by changing from one host lattice another It can be expected that effects arising from the nonflatness
one3>%8 Owing to this fact, a parameter like D@ has of V will be more pronounceébr optical transitions involv-
been used to measure the actRalvalue of impurities like ing jumpsfrom a mainlyligand levelto a mainlyd level.
Mn?" or Ni?" in fluoroperovskite$:2* This work is devoted to show the relevanceVgf for under-

It can reasonably be expected that the degree of flatnessanding the experimental charge transf€) spectra of
contained inVk depends, however, not only on thgpeof ~ Cu(NH3),X,2~ centers formed in NEK (X=Cl, Br)
lattice where the impurity is placed, but also on fusition  latticest’ 2! Such centers are good candidates for observing
(substitutional, interstitial, off centepccupied by the impu- effects coming from the electrostatic potential of the rest of
rity in the host lattice. The importance of this idea was par-the lattice because Cu is placed iniaterstitial position and
tially realized in the analysiof the experimental IDq val-  not in a substitutional onéFig. 1). Owing to this fact, the
ues of Cris and K,;NaCrFs. Both materialinvolve the same X~ and NH, ligands are placed inonequivalentrystallo-
CrFs>~ unit, but possess differentspace group. Experimen- graphic directions of the NK lattice. Moreover, the
tally, it has been found that in the first compou®l N-CU?** (R,) and CI-C&* (Reg distances are very differ-
=1.90 A and 10g=14650 cm?, while, in K,NaCrF, ent, favoring differentVy values at CI or NH; positions.
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X other hand, §3z2—r2) orbital can be hybridized with the
|4s) orbital of the central ion in ® 4, symmetry. It has been
pointed out that such an hybridization is very sensitive to
changes oR.qandR,y, inducing remarkable changes of the
isotropic  hyperfine constant A,,, well observed
experimentally’*2°
The CT spectra of systems containing XGfi~ (X
=Cl, Br) units is composed~22 of two prominent bands re-
lated to jumps from théwo mainly ligand e, orbitals. By
contrast, in the CT specftaof CuBr,(NH5),>~ in NH,Br at
T=14 K (in the cubic phase of NjBr) it can clearly be seen
the existence of four bandBig. 2) peaked at 25 500, 28 500,
31600, and 37500 cit. In the case of CuGINH3)?,
apart from two dominant bands peaked at 33 700 and
- 39500 cm?!, another band peaked at 43 200 ¢nis also
o H ON EB cu®* @c visible 3 If we accept that trrw)e two lowest bands in Fig. 2
involve Br —CUW" jumps, it is not certainly easy to assign
FIG. 1. Picture of the C¥4(NH;),*~ center formed in NiX  the bands peaked at 31 600 and 37 300 tas being due to
(X=Cl, Br) host lattices. C&i is placed interstitially in the middle NH;—CU" jumps. In fact, following the optical electrone-
of ailOO) face_ made oK™ ions, while two NH molecules occupy gativity of Br (x=2.8) and NH (y=3.3), one could expect
NH," vacancies. that the NH—CW* CT bands of CuBfNH,),2~ start at
about 45 000 cm',
Although R, andR are not known for the present cases in A reasonable explanation of these experimental features is
compounds  like  CNH3),X, (X=CI,Br), the attempted through this work by means of NG calcula-
Cu(NHg);X,*" complexes are formed and R, andReq  tions. Particular attention is paid to therm of Vi, inside the
have been measur&d” through x-ray diffraction. For in- CuX,(NHy),2~ centers as well as to its influence upon the

stance, for the bromine complék,R,=2.03 A andReq  opserved CT spectrum of such Bucenters.
=2.87 A have been measured. These distances coincide

with those expected for the CuRNH;),?>~ complex placed
in the undistorted NiBr lattice as shown in Fig. 1. A simi-
lar situation occurs for the CugNH;),?>~ complex for
which the metal-ligand distances will be close Ry,
=1.96 A andR.,=2.76 A. Properly speaking, the symmetry group displayed by a

The study of CX,(NHj),?~ centers is also attractive be- CuX,(NH3),2~ unit is notD,y,, butC,,. We have verified,
cause of their peculiar electronic structure. In fact, in tetra-however, that in the orbitals of interest in the present work,
gonal centers ofd® ions (C¥*, Ag?", Ni*) the unpaired the splitting induced by hydrogen atoms is essentially negli-
electron usually lies in a~x?—y? orbital, while in the gible. Therefore we shall label the electron orbitals according
present cases it is located in~a3z2—r? orbital, giving rise  to theD,;, group. A picture of relevant one-electron levels is
to o bonding withboth equatorial and axial ligands. On the offered in Fig. 3. We have assumed for the \Holecule the
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FIG. 3. Picture of the potential energyr(r) (in eV) due to the
rest of the NHCI lattice on an electron of the CufiNH,),2~ center
taken in thexy plane of Fig. 1. The point=0, y=0 corresponds to
CW* while the four CI ions are found atX=*+2.7, y=0); (x
=0,y==2.7). All distances are given in A. In this region the
lowest value ofUg is reached at the Gl position, while, at CT,
Ugis 1 eV higher.

same experimental geometry as the free molecule, while
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der to take into account the specificity of the H atoth§o
sphere radii that contain the atomic number of electrons were
calculated from the initial molecular potential derived from
neutral atoms. Then these radii were reduced by a factor of
0.98, given an average overlap ratio of about 20%. Always
using this procedure, not only the experimental CF and CT
transitions of several centers involvimj andd® ions have
been reasonably explained, but also their sensibility to varia-
tions of metal-ligand distancé$3%3° In CuX,(NHg),%~
complexes, the calculated H radii are, however, greater than
N-H distances, and so we have always considered radii equal
to 1 bohr®* The « values used in the atomic regions were
those determined by Schwatz.Transition energies were
considered using the Slater transition-state procetiure.
More details can be found in Ref. 35.

In order to clarify the role played by the rest of the lattice
potential, Vg, wupon the electronic properties of
CuX4(NH3),%~ centers, two types of calculations have been
carried out for each couple &, and R, distances. In the
first one, Vg has simply been approximated by a constant
potential using a Watson sphere ©f2e charge coincident
with the outer sphere. In the second typg, on an atomic
sphere has been taken as the Madelung potential due to all
X~ and NH," ions of the latticenot involved in the
CuX,4(NHy),%~ center. In this case, a weighted average po-
tential has been used for the intersphere region, while a
Q/r (Q=+2e) potential has been taken for the outer
sphere. Ewald’s methd® has been used for computing
VR .

IIl. REMAINDER OF THE LATTICE POTENTIAL

Rax and R, distances have been varied, keeping a com-

pressed,, geometry. This follows the interest in exploring
the sensitivity of crystal-fieldCF) and CT transition ener-

gies to changes oR,, and Req as well as to the lack of

preciseR,, and Rqy values for the equilibrium positions of
the present systems.

For a Cd" impurity placed in a locaD,, symmetry,
electric dipole CT jumps of the typ&.)—|aj,) require that
|L) belong toE, or A,,. For a CX4(NHj3),°~ center, it is
easy to see thahree E, levels andtwo Ay, levels should
appear, considering the foar p atomic orbitals of halogens
(n_.=3 for Cl, n_.=4 for Br) and the two »(N) orbitals.
The electronic structure &, andA,, levels involved in the
allowed CT transitions is rather complex. So irAg, level
there is in principle ahybridization between equatorial

Let us take the origin of coordinates in Fig. 1 at the
CW* position. The electrostatic potential at a poindf the
CuX4(NHj3),2~ center due to the rest of the lattice can easily
be calculated as

VR(r)=V1(r)—=Ve(r). v

Here V1(r) means the electrostatic potential due to the
full NH 4X lattice atr, while V(r) is the potential generated
by the fourX™ anions at (-av2/2,0,0) and (Q:av2/2,0)
and the two NH' ions at (0,G- 3a) in the perfect lattice.

For the present purposes, wheworresponds to a lattice
pointR_, the self-potential¥/(r) andV¢(r) should be em-
ployed instead ol;(r) andV(r). It just means that the

ligand orbitals and axial ligand orbitals as well as an admix-contribution arising from the ion &, should be omitted®

ture of the|4p;(Cu)) wave function. Besides for &, or-
bital, there are alstwo different types of linear combination
of atomic orbitals(LCAO) involving only the equatorial

The potential energy for an electron “feeling¥y is just
Ur=(—¢€)Vg and is shown in Figs. 3 and 4. Both figures
clearly reveal thatUg is far from being flat in the

ligands. The inclusion of the six involved H atoms lowers theCuX,(NH5),2~ center placed in NECI. For instancelUy at

symmetry toC,y,, giving rise to a splitting of ale, orbitals.
In our calculations such a splitting is found to &levays less
than 30 cm?. It is worth noting, however, that theslorbit-

the CI position is about 1 eV smaller than at the *Cu
position. At the same timd) increases the energy of elec-
trons at the NH position with respect to those at the Cu

als of six H atoms play an important role in the descriptionposition by 2.8 eV.

of some relevant charge transfer levels. This point is dis-

cussed in detail in Sec. Ill. Calculations on XGiNH5),?~

The main aspects aboUtg depicted in Figs. 3 and 4 can
easily be derived using the results for the potengiél) of

centers embedded in NM lattices have been performed by the so-called neutralized cubic lattice explained in Ref. 38.

means of the self-consistent field multiple-scatteridg

(MS Xa) method®"*2 Atomic sphere radii were chosen us-

ing the Norman criterior® with a small modification in or-

For instance, at the Gt positionVy is simply given by

V(CEY)=e{$(1/2,0,0 — y(1/2,1/2,0}, 3)
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U plays a relevant role for achieving a right microscopic
_ understanding of optical transitions due to>G(NH5),2~
----------- ™ centers in NHX lattices.

IV. RESULTS

The transition energies for the allowed CT and the parity-
forbidden CF transitions of the CuBNH,),2~ center in
NH,Br calculated at differenR,, and R, values are dis-
played in Table I. The results obtained either including the
properly Vg or taking it just as a constant are both reported
in Table I. Insight into the composition of the one-electron
: orbitals associated with théAlg ground state is given in
_93 ......... Table IlI. In this case the figures correspond to a calculation

: performed atR,=2.0 A, Re=2.85 A, and including the
effect of the rest of the lattice electrostatic potential.

POTENTIAL (eV)
4
i
|

e“b 0.5 The ordering of relevant one-electron orbitals found in the
'5‘&, “ o T present calculations is outlined in Table I. For the three
?9% -0.5 0 ) couples of axial and equatorial distances, the unpaired elec-
%, -1 2 -1 “95“°“‘ tron is found to be placed in the antibonding5 level.
s -1.5 *\S\P‘ . . . . I
4 Though this level is mainly built from the A—r? wave

) function of Cu(Table lI), it exhibits, however, a significant

FIG. 4. 27P|cture of Ug(r) _ for the electrpns of the sdmixture of % (Br), 2p(N), and also 4(Cu) wave func-
CuCL(NHy)," center embedded in N)I whenr varies along the  tjnns That admixture reflects, but indirectly, the presence of
xz plane of Fig. 1. The difference betwgen the potential energy abonding levels mainly built from g(Br) and 20(N) not far
’(;Ii(s)t(;?:é;%égéi\?g: iitfl ¥=2.7,2=0) Is equal to 4.8 eV. The from the antibonding CF levels. This is confirmed by Table |

' where the separation between the highest CF excitation and

the lowest allowed CT transition is always less than
13 000 cmL.

The lowest CT transitions involve theed, 3e,, and
3a,, levels. It is worth noting that &, and 3, levels exhibit

where (1/2,0,0=—0.096/a, (1/2,1/2,0= —0.5834,
anda is the lattice parameter of the CsCl-like lattice. From
here and Eq(2), it is derived that

e2 an almost pure @(Br) character, while in 8,, though
Ug(CUP")=—-2.14— (4)  mainly built from 4p(Br), the amount of p(N) character
a . . .
increases by a factor close to 7 with respect to what is found
and, similarly, in 3e,. The highest allowed CT transition involves &2

orbital where only a 1% of g(Br) is present. Nevertheless,
this 2e, orbital is far from displaying a pure®N) character
because it involves about 30% o8 brbitals of six hydro-
gens.

As the difference found betweddz(NH3) and Ug(X™) As shown in Table |, the inclusion &fy in the calcula-
is certainly high(about 4 eV, one can thus envisage that tions gives rise tesubstantialchanges in the CT spectrum.

e? e?
Ur(X7)=-243—, Ug(NHy=-158—. (5

TABLE I. Values of crystal-field and allowed charge transfer transitions of the {INBk),>~ unit

embedded in NEBr calculated for different values of the axiaR{) and equatorial R,y metal-ligand
distances given in pm. In the calculation called “Madelung,” the effect of the rest of the lattice potential
Vg has been considered, while in the so-called Watggrhas been approximated by a constant potential.
The energy of transitionggiven in cn') have been computed using the Slater’s transition-state method.
Experimental values are included for comparigef. 29.

Re™285 Rap=190 Re=285 Ry =200 Rg=280 R,=200

Transition Experimental Madelung Watson  Madelung Watson  Madelung  Watson
3b;g—5ay4 — 9600 7980 8050 6210 8080 6290

3eg—5ay4 ~13300 15650 14500 14430 12850 15030 13940
2byg—5ayg ~13300 16290 14950 14870 13360 15450 13930
4e,—5aq 25550 28950 23890 26950 22220 27920 23100
3ay,—5a4 28530 31110 26720 28300 24690 29080 25660
3e,—b5aq 31600 33300 28300 31460 26800 32830 28070
2a,,—5a,4 36790 43730 51630 37170 45390 38130 45320

2e,—5a,4 73790 85090 69430 80420 70180 80610
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TABLE Il. Charge distribution(in %) corresponding to relevant one-electron levels oXgINH5),2~
centers embedded in NM lattices. The values given here come from calculations properly including the
effect of the rest of the lattice potential. First-row results corresporid=tdr computed aRq,=285 pm,
Rax=200 pm, while those given in the second row areXer Cl calculated aR.;=270 pm, R,,=190 pm.

Cu X N H
Orbital 3d 4s 4p ns np 2s 2p 1s
5a,4 57.34 6.15 1.62 20.58 1.51 12.15 0.65
60.56 8.98 2.49 15.98 1.14 10.27 0.55
4e, 1.11 0.21 98.33 0.22 0.13
0.87 0.14 98.50 0.33 0.16
3e, 2.49 0.20 95.49 1.22 0.60
2.02 0.11 95.51 1.57 0.79
3ay, 1.30 90.43 1.16 6.69 0.42
3.17 82.33 1.44 12.22 0.83
2ay, 18.95 8.86 2.11 64.89 5.18
18.92 15.50 161 59.05 491
2e, 0.90 0.42 1.36 67.15 30.17
1.15 0.45 1.90 66.43 30.07

Let us call A;s the separation between the lowest The calculated B;g—5a;4 and ¥3—5a;4 CF transi-
(4e,—5a;4) and the highest (€ —5a;4) allowed CT ex- tions are also close to the experimental figures. As expected,
citations. When Vr is taken as constantA;s these transitions coming from tlie-d transitions of copper
=57 000 cmt, while when it is properly included; s be-  are less sensitive to the inclusion g .
comes equal only to 42 000 crh The origin of this signifi- Let us mention that the analysis of experimental tfata
cant reduction can basically be understood from the resultgdicated that the second CT transition observed at 14 K
given in Sec. lll. It was shown there th¥f; tends to raise corresponds to & —5a;4 and not to #&,,—5a;4 as ob-
the one-electron energies op@N) orbitals while decreasing tained in the present calculations. The separation between
the corresponding top(Br) orbitals. such transitions amounts, however, only~+8000 cm * and

As shown in Table |, the agreement between thes only resolved at low temperatures in the cubic phase of
experimentaf CT transitions and the calculated ones is cer-NH,Br.
tainly improved when the effect df is properly taken into The result?’ for the CuC}(NH,),?~ center in NHCI col-
account. For instance, &,,=2.00 A andR.,=2.85 A the lected in Table Il display similar trends to those correspond-
present calculations not only predict the existence of fouing for the CuBk(NH5),>~ center in NHBr. Nevertheless,
(and not five CT transitions of the CuB(NH,),>~ center in  though the ordering of levels is the same, the first
NH4Br lying in the optical domain, but also the reported 4e,—5a,4 CT transition is calculated to appear at about
values are in reasonable agreement with experinfémtata. 36 000 cni'* for Req=2.70 A andR,,=1.90 A, implying a
By contrast, when the effect of the acti is discarded the  blueshift of ~9000 cm * with respect to what was found for
separationA; , between the lowest and highest CT transi- CuBry(NH5),2~. This blueshift is thus consistent with the
tions lying in the optical domain is about 20 000 ¢  higher optical electronegativity of chlorine (y=3.0) when
while experimentallyA, 4 is close to 11 000 cm'. compared to that of brominey&2.8).

TABLE lIl. Transition energiegin cm™ 1) of the CuCl(NH,),>~ center embedded in Nj@I computed at
different values of the metal-ligand distancgg, and R, (given in pm. In the calculations denoted as
“Madelung,” the effect of Vg has been included. Experimental valyegasured at 14 Kare included for
comparison purpose®ef. 30.

Re=260 Ry;=190 Re=270  Ry=190 Rg=270  R,=200

Transition Experimental Madelung Watson  Madelung Watson  Madelung  Watson
3b;g—5ay4 9300 10730 8960 10590 8820 9180 6920

3eg—5ay4 12400 17030 16260 16020 14950 15250 13600
2byg—5ayg 13950 17570 16530 16610 15010 15440 13670
4e,—5ay4 33720 38280 30620 36150 29440 33990 26350
3a,,—5a,4 37170 32830 37500 31650 33940 28250

3e,—5a4 39480 42850 35450 40070 33520 37980 30650
2a,,—5a,4 43200 45250 52190 44250 52050 37630 45850

2e,—5ay4 75700 85960 75500 85670 71310




56 LATTICE EFFECTS ON AN IMPURITY CENTER. .. 609

The increase of CT excitation energies on going from3c. In this orbital, mainly composed dp,(N)), the lone
CuBr,(NH,),>~ to CuCl(NH,),?>~ also favors a parallel dec- pair of NH; is placed. The direction involved in|p,(N)) is
rement of covalency well observed in Table Ill. For instance depicted in Fig. 1. Below thé singlet orbital, a doubleE
for the 5a;, orbital of CuCl(NH,),?>~ the fraction of orbital (also denoted as7) appears where bonding effects
3p(Cl) character is 16%, while in the case of With the hydrogen atoms are much stronger. This is again a
CuBry(NH;),2~ the fraction of 4(Br) amounts to 21% direct consequence of the 78 ° angle between a NH direction
(Table 1I). and _the principa_l axis of the NfHmolecule. Assoqiated _vvith

As regards the theoretical values of CT excitation ener{his important difference between the bonding in Aiein-
gies in CuCJ(NH,), 2 only those obtained considering the 96t and thek doublet, a separation of 40 000 cm ™ ap-
frue Vg potential lead again to a reasonable agreement with€ars between theffi. This separation can of course be re-
experimental findings. In particular, the present calculation%ated to thed, s values found for CM,(NHy)," centers

. Tables | and IIJ. Also, it is now easy to understand why the
support the fact that the shoulder observed experimeffall . ; : :
atpp43 200 cm® can be reasonably assigpned o Y amount of B(H) in 2e, (Table Il) is about 6 times higher

2a,,—5a,4 transition. Also, the first assignment of the ex- than the corresponding to theg, orbital, which as pointed

; " ) tis related to th ital of f Hvhere the | iri
perimental transitions at 33 720 and 39 480 ¢énas being %ucaltse(rje ated to the orbital of free Njwhere the lone pair is
due to electron jumps from the mainlyp8Cl) e, orbitals is '

X s Let us now briefly focus on the sensitivity tR,, and
supported by the prg_sent theoretical study. Wlt_h respect_tg{eq changes displayed by the eneryof CT and CF tran-
the 3a,,—5a,4 transition, the present results indicate that it

i sitions. As shown in Tables | and Ill the CT transition ener-

would lie between the &,—5a,4 and 3,—5a;4 ransi-  giag are in general more sensitive than CF transitions like
tions. Experimentally, such a transition ha;, however,_ not yeg —.5a,, or 2b,—5a,, to variations of metal-ligand dis-
been resolved maybe because the associated band is maskeq 2 g g

X " ces. This feature has also been found for afifesystems
by those coming from &,—5a;4 and 3,—5a;4 transitions ¢ \vell as for ¥ in fluorides®®36:3 Analyzing theR; de-
whose bandwidth is close to 2000 ch The calculated fifth

" ) X endence for CT transition energy in transition-metal com-
allowed CT transition appears out of the optical domain agyjayes with moderate covalency, it has been shvinat

also happened for the CuBNH;),*~ center in NHBr. 9E/9R; mainly reflectsd(Uy,—U,)/dR;. Here U,, means

Although the present calculations indicate that only foury,e glectrostatic energy experienced by an electron placed in
of the allowed CT transitions lie in the optical range, it is the metallic cation due to charged ligands, while denotes
also necessary tonderstand whyhe difference between the o ‘same contribution when the electron is located on a
a,, and 2, orbitals is so high. In fact, taking as a guide the ligand. As normallyU,,>U, anddU,,/dR,>dU_/dR;, the

27 . o .
case of CUC(NHy),” both orbitals exhibit adominant o0a4ive sign o/E/dR, simply reflects an increase of the
2p(N) character, but the,, orbital is separatedby only repulsive U,, energy upon decreasingR,. For the

4000 cm'* from the 3, orbital, which exhibits a strong 4o .54 and %.—s5a.. transitions of CiX (NH3),2

3p(Cl) character. This makes possible a significant presencgzniars z9l§/(9R would b(lagabout— 300 Cm—llpn‘]‘ Thi332fig—
- . b e .

of 3p(Cl) character ina,, and also of p(N) character in ure is smaller_thargE/dRee=— 600 cmYpm measurett

33y, . By contrast, the &, orbital, being mainly built from oy cajculatetf for CT transitions of the square-planar
2p(N), is certainly far from the mainly B(Cl) levels. This ¢ 2= it This significant difference partially reflects the
feature is thus consistent with the almost negligibfg 1) smaller value of R, corresponding to Cugl™ (R
. . eq €q
character displayed byeg and 43.“ orbitals. _ =226 pm) when compared to the equilibriury, value of
Let us now analyze the origin of the separati@alled CuX4(NH2),2~. On passing from CuGl™ to CrR2", the

Ay between the 8,,—5a;5 and 2, —5a,4 UaNSitions.  jyerease of ligand number as well as the diminutionRof
As shown Tables | and I\, 5 is about 32 000 cmt for the (R=190pm for Cri~ typically) leadS® to values

present CX,(NH5),?~ centers formed in NX lattices. For JE/9R.= — 1500 cni Ypm
comparison purposes we have first looked at the results of o :
MS Xa calculation®® reached on thecompressed B,
CuCk*" species wherall the ligands are single Clions.

Upon cooling from room temperature, the MH lattice
experiences a structural phase transitiofi at 243 K which

g I s decreasesby 0.4 pm the lattice paramet&t.The optical
For mstaice, foRaX:Z.ZOA andREif 2.80 Aﬁgn is found spectrum due to the GU4(NHs),2~ center embedded in
that A,5=3000cm™,  while A, 5=5500 cm 3 f9f Rax  NH,CI shows® however, that the firste,— 5a,, transition
=2.10 A andR.4=2.80 '2&7- These data clearly indicate that yndergoes aedshiftof 600 cni* (instead of a blueshiffust
Ays for the CuK4(NH3),"~ center is roughlyone order of  pelow T,.. This redshift was reasonably explained in terms
magnitudelarger than for the compressed CyCI species.  of anoutwardsrelaxation of CI" ions just belowT,, an idea
The valueA, 5 found for this case is also comparable to thewhich was corroborated by subsequent Raman
splitting betweere, anda,, orbitals in the simple case of the experiment4* Accepting JE/ IRe= — 300 cm Ypm, the
square-planar Cugd™ unit where only equatorial ligands are ggo cni? redshift would imply an increase deq, AReg,
present. equal toAR.,=2 pm, which is now in good agreement with

From this digression it appears that thg s splitting in  the figure derived from Raman ddfa.
CuX4(NH,),%~ centers should arise mainly from an-

tramolecularsplitting of the ammonia molecule. This idea is
certainly reinforced when we look at the electronic
structurd® of NH;. As thisC3, molecule is nearly planar, the It has been shown in the present work that the optical
highest occupied orbital is A singlet, being also denoted as spectrum of CX,(NH5),?~ centers embedded in NX can

V. FINAL REMARKS
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be understooanly when the effect oV is properly taken lator strength than the rest of the transitions. It is worth not-
into account. Vg raises the P(N) levels with respect to the ing that for CX,(NH3),?~ centers thefour observed CT
n_p(X) levels of the halide, favoring the existence of four transitions involve jumps where the ligand orbital and the
CT’s in the optical range. The fifth allowed CT transition is antibonding &,4 both involve o bonding. In fact, at vari-
predicted to appear around 70 000 ¢nmainly as a result of ance with a~x?—y? orbital, a~3z?—r? orbital can estab-
a highintramolecular splittingbetweenA and E levels of lish o bonding withboth axial as well as equatorial ligands.
NH3; molecules transferred to the center. It is worth noting As a general conclusion, the importance tiatcan play
that the first exciton band of pure NBr appear® at for a right understanding of properties due to impurity cen-
51 000 cm'}, thus preventing the observation of any impu- ters in partially ionic materials has been stressed through the
rity absorption beyond that frequency. present work. Such a relevance is increased for centers con-
As regards the intensities displayed by CT transitions, letaining neighbor atoms in nonequivalent crystallographic po-
us recall that in simple complexes like Cy€l CT transi-  sitions. Further work along this line is now under way.
tions involving e, orbitals are much more intense than the
allowed 2,,—3b;4 (~X?—Yy?) transitions, which have not
been observed experimentally. Denoting a CT jump simply
asy_— yw , it has been showh“*®that CT transitions where This work has been supported by the CICYT under
both orbitals involveos bonding exhibit a much higher oscil- Project No. PB95-0581
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