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In this work we present an octahedral perturbative model to explain the dependence of the crygtarfield
and the charge-transféET) energy with respect to structural distortions in Jahn-T&la@j CuCk*" systems.
The method provides a simple way to express the variation of electronic energy to complex distortions of the
totally symmetric modeQalg and the JT mode&),, as a function of the corresponding electron-vibration
coupling constant§ JE/dQ;]o, (i= Qalg andQ,). A value of 9100 cr*/A for the linear JT coupling constant
A; has been obtained for the octahed?&l(x*—y?, 3z°—r?) CF state ¢ E) from structural correlations
along a series of copper compounds. The corresponding JT coupling féTther) CT state €xT), A,
=3000cm YA, has been derived from hydrostatic pressure measurements performed on the
(C3H,NH5),CuCl, perovskite layer. A noteworthy conclusion of this model is that a redshift of the intense
eu(w)—>blg(x2—y2) CT band is possible in axially elongated CyfCl systems upon anisotropic volume
reduction, if the axial distance decreases more rapidly than the equatorial distdid@,fjy- 30 AR.{. These
results are discussed in light of recent pressure experiments carried out in wide-gap CT semiconductors of the
A,CuCl, family. [S0163-182€09)02534-3

[. INTRODUCTION Analogously, the linear coupling constant of the first CT
state with respect to octahedral distortid@nés1g and Qeg are

Linear electron-vibration coupling i@, transition metal  jyportant since they contain valuable information on the

(TM) complexesMXg, X=F, Cl, Br, O, S, CN,..., is @ fun- -y aiation of theX — Cl2* CT energyEcr to JT distortions
damental parameter to understand the optical spectra and té a - 9Yter ! !

: I & well as to isotropic changes of volume. In particular, the
relaxed excited-state equilibrium geometry, as well as to PIe} owledae of hovE - depends uoon structural distortions is
dict structural distortions of the complex induced by uniaxial 9 cr dep P

stress or hydrostatic pressuré.In Jahn-TellerJT) systems relevant in wide band-gap CT semiconductors ""ﬁ’_tghe lay-
such as CH*~, the knowledge of the linear coupling con- €red perovskites,CuCl, (A= alkylammonium group™"as

Stams[ﬁE/c?Qalg]oh and[aE/aQﬁ,s]Oh! associated with dis- Well as many copper oxidéd;*? given that it is related to

: he ener verning the electrooptical properties of
placements along the symmetric modes of @ecomplex Ethg n(’alag'ltgrig?sp governing the electrooptical properties o
a9 and the JT aCt'Veg(Q"’.QE)’ for the_ cr'ystal-fleld(CF) The aim of this work is to investigate the electron-
and charge transfdiCT) excited states is important. These

. . vibration coupling associated with the first C&lg(sz2
coupling constants largely determine the ground state andth@rz)ﬂblg(xz—yz) electronic transition and the first

CT equilibrium geometries. In fact, the first derivativg eu(w)—>blg(x2—y2) CT transition in cch* systems. The

1 ; .
ZEE ?Effmgjf’zvillvrgrzg ‘Eg I;I:lessap“ct:lunc?acl)frct):‘: i?\cttrilg gral coupling constants are obtained from structural correlations
JTgcoupﬁn’g“‘e In first-o}deryJT coupling, the OG* on the basis of a perturbed octahedral model, and are used to
' r . explore how structural changes of the complex affect the CT
ground-state geometry corresponds to any point of the Ciry, 4 oF giates in JT G systems. The results of this work
cumference of radius, pg= \/Q§+ Q§=A1/,uw2, in  are applied to predict energy shifts as a function of the com-
(Qy,Q.) space(Mexican hat potential-energy surfac&his  plex distortion. Recent pressure experiments AyCuCl,
means that structures going from the axially elongated octawill also be discussed within this modet®
hedron Qy=po, Q.=0) to the axially compressed octahe-  A,CuCl, layer compounds show a large variety of inter-
dron (Q,= —pg, Q.=0), passing through different tetrago- esting physical phenomena associated with the antiferrodis-
nal and rhombic intermediate structuré€g,# 0, Q.#0), are  tortive structure displayed by the JT axially elongated
equally probable. Second-order JT effectsegfsymmetry CuCk* complexes(Fig. 1). They are two-dimensional fer-
and anharmonic effects stabilize the axially elongated geomromagnets withTo=10K (Refs. 14 and 1band have at-
etry (Dg4,) having the tetragonal axis along eitherx ory  tracted interest as material related to hibhsuperconduct-
with the same probability, i.e., along any minimum of theors and as organic-inorganic hybrid layered systems. The
three potential wells of the warped Mexican hat &,( color of these crystals, which is determined by the optical
=po, Q.=0), [Qy=—3p0o, Q.=(V3/2)pe] and [Q,=  window formed by the firse,(m)—b;4(x*~y?) CT band
—1po, Q.=—(V3/2)p,], respectively. In that case the JT placed at 26 000 cit, and the CF band of highest energy
stabilization energy iA E= — Ej;~ —A;po/2. A detailed re- around 12000-17000 cm, strongly depends on the
view of thee® E JT effect in C* complexes can be found CuCk*~ coordination geometr$f~2° Therefore structural
elsewherd® changes of the complex geometry induced either by tempera-
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FIG. 1. Schematic view of th&,CuCl, perovskite layer. The alternating CLiCIunits form an antiferrodistortive structure associated
with the orthogonal orientation of the in-plane Cu-Cl bonds of neighboring Cu. This structure yields a regl Co@Hination geometry
of nearlyD 4, symmetry, where the in-plane equatorial Cl ligand of one Cu acts as axial ligand of the nearest Cu. The two equatorial Cl along
c are terminal ligands. The orthorhomkach, andc cell vectors are indicated.

ture or pressure may lead to interesting thermochromic opling associated, not only with the electronic ground state,
piezochromic effects. The thermochromism exhibited by thebut also the first CI—-Cu?* CT state both from variations of
[(C,Hs),NH,],CuCl, crystal is an example of this behavidr. vqume,[&ECT/&Qalg]Qe, and from tetragonal distortions at
In this work we investigate the influence of structural cgnstant volume[JEcr/dQ4lo. - A conclusion derived
changes of CuGt™ on the optical properties in both CT and d1g

CF domains. This knowledge is of value in establishing
guidelines to be followed for the synthesis of Ctbased
optical materials.

from this model is that a redshift of the first CT energy in
CuCk* is possible upon anisotropic reduction of the com-
plex volume. Moreover, it predicts a CT redshift even for
complex distortions involving a reduction of all Cu-Cl dis-
tances. In particular, these estimates foresee a pressure-
induced redshift for the first CT band iA,CuCl, in the

Il. EXPERIMENT event of an axial distance decrease while the equatorial

Single crystals ofCsH,NHa),CuCl, examined in pressure CU-Cl distance is unmodifiedtRg, <0, ARe=0. This struc-
experiments, were grown from aqueous solution as describdral variation upon pressure was in fact proposed by Mori-
elsewheré® The hydrostatic pressure experiments were dond®m0 and  Tokura in (CoHsNH;),CuCl, from Raman
in a diamond-anvil cell(High Pressure Diamond Optics, me_asuremenfs.,and. thus is in agreement with the CT ge‘j'
Inc.), using paraffin oil as the pressure transmitter to prevenhift observed in this crystal and in oth&sCuCly systems:
crystal hydration. The absorption spectra have been obtained 1"€ Proposed perturbative model is similar to Kaplyan-
with an implemented single beam spectrom@ét& able to gkn’s methoo; for describing p|ez_os_pectroscoplc shifts in op-
measure optical densities in the 0—5 range. Microsamples dical centers” In general, the variation of the Cugl com-
80X 80X 2 um® were necessary for obtaining suitable CT plex Hamiltonian with respect to distortions of the octahedral
spectra of the layered perovskitésbsorption coefficienty symmetry can be expanded as a function of the octahedral
~5x10*cm Y. The pressure was measured through th'ormal coordinate®); as
R-line shift of ruby chips introduced in the hydrostatic cav-
ity. The ruby luminescence was excited with the 568-nm line
of a Coherent 1-302 Krypton Laser. H=Hy+AH=Ho+

{ JH } @
Qi Qj:oQi ’

Ill. RESULTS AND DISCUSSION ) L .
whereH,, is the octahedral Hamiltonian arﬁdH/aQi]oh is

A. Perturbed octahedral model for CuCl* the Hamiltonian derivative with respect to a complex distor-

The perturbative model developed here deals with the detion described by the normal coordinaf® (i denotes the
pendence of the CF and CT transitions as a function of theorrespondingO,, irreducible representatipnAlthough this
CuCk*" distortion. The model consists of expanding the oc-expansion could also be done as a function of the six bond
tahedral CuG*~ Hamiltonian in terms of the normal coor- distancesR; the use of normal coordinates is advantageous
dinatesQ; (i=ay4,€4,€,), rather than in terms of bond dis- for analyzing the relevant energy derivatives of the perturbed
tancesR; (i=ax,eq,eg). This procedure is advantageous Hamiltonian AH. In fact, the corresponding Hamiltonian
since it expresses separately CF and CT contributions angpresentation matricéaH) are traceless for all modes ex-
most parameters involved in the model can be obtained exsept for the totally symmetri@, g, if the electronic states
perimentally through structural correlations. In addition, itinvolved in the transition are like in the present ca%Eg(
provides information concerning the electron-vibration cou-and 2T,,), orbital doublets or triplet§Fig. 2):
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\\\blg ¢ iﬁ@-
1 FIG. 2. Correlation energy-
‘g level diagram corresponding to a
%<:”/ . e CuCk~ complex from octahedral
S~ 7% —W (Op) to tetragonal D,,) symme-
try for different distortions. The
(Qal) Ecr (Qa1> 0) arrows indicate the firstx,y
) polarized charge transfefCT)
ey lu transition for elongated and com-

Wivly ">~ ay tahedron geometries. The E4;
andE, energies correspond to the
splitting of the octahedral mainly
CU* ey (x2—y?, 322—r?) orbit-
als and the mainly CI t,, orbit-

A
ey tiy ? ? f als, due to tetragonal distortions
©

AAA __——T I B, pressed octahedra and for two oc-

(Qy). Note that the center of
gravity of these levels does not

“u change in pure tetragonal distor-
o tions (Qalg=0). The level order-
o—0 © oNlie ing has been obtained from Refs.
O U0 S, ©) 3, 16, 19, 20, and 24.
© ©
Octahedron
Oetaadzon Octahedron Oetahedron Q,>0
(Dgp) Q>0 (Oh)dbe o (Dgn) Qe <0 (Op) Q=0
-Q, Q. sition energy depends on the modulus®f but does not on
AH=A; } its sign E;1=1/2A,|Q,|).*"® This simple figure illustrates
Q: Qg the relevance of the JT stabilization enefgy; on the band
1 V3 shift due to tetragonal distortions, and therefore plays an im-
~Q,~ =Q, portant role for understanding the sign and the magnitude of
2 2 the band shift.
AH=A, 1 V3 , Following the scheme of Fig. 2, the variation of the CT
§Q0+ 7Qg and CF transition energies induced by distortions of the oc-

tahedral symmetry is given by E@):
—Qy

AEcr=A[E(byg) —E(ey)]
ZZ [aAE(blg)_ IAE(ey)

dQ;

therefore T< >=O for all QiaﬁQalg. (2

This means that the center of gravity of the split one electron dQ; dQ; Q.20 v

ey andty, levels(or the correspondingE, and T, state$ !

does not change under any structural distortion keeping con-

stant the average bond distana:eQalgzo. This feature is AEce=A[E(b;g) —E(ayg)]

illustrated in the energy level diagrams of Fig. 2. The CT and

CF levels oft,, andey, symmetry inOy, split into e,+ay, :E [ME(blg) JAE(ayg) 3)
anda,4+b,g4, respectively, under static distortions of tetrag- i dQ; dQ; Q=0 '

onal D4, symmetry. Note that although the split levels re-
verse upon changing th@, sign, i.e., from elongated octa- . ] ]
hedron to compressed octahedron, their center of gravit{gere_AE(_') represents the eigenvalues of the perturbative
does not shift. Within this scheme, the energy of the first1amiltonianAH for the octahedral=t,, ande, mainly CI"
X,y_polarized CT transitionqu_) blg for Q0>0 or eu_>alg andCl}+ molecular Orblta|$(|\/|0), reSpQCtlver_.

for Q,<0) shifts to lower energies on passing from an elon-  Limiting our analysis to the usual isotropiQf, ) and
gated to a compressed geometry. However, no shift would beetragonal Q,) distortions displayed by Cugl™ complexes
observed for the first CF transitiom{;— b4 for Q,>0 or  (an analysis including th@, rhombic distortion is straight-
b,g—ay4 for Q,<<0) since the corresponding transition en- forward), then the variation of the transition energy accord-
ergy is proportional to the JT energg §=4E;7). The tran-  ing to Fig. 2 can be written as



9426 R. VALIENTE AND

F. RODRIGUEZ PRB 60

TABLE |. Relevant structural and spectroscopic parameters for sevefal @@lorides.R.q and R, are the equatorial and axial Cu-Cl
distances of the Cugl™ complexes. The first three compounds correspond to square-planai’(lmﬁrhpIexesAReq denotes the ortho-
rhombic degree of the nearly tetragonal compley,= (R; + R;)/2 andAR.= (R, —R;)/2 whereR; andR, are the short Cu-Cl distances

defining the equatorial plane of the complex. The tetragonal and

rhombic normal coordeaesi Q, are related to these distances as

Qp=(2W3)(Rax— Reg) andQ,=2ARcq; Ro= %(R1+ Ry+R3) = %(ZReq+ R,y is the average Cu-Cl distance. The threg,(s,, andes)
parameters are the crystal-field energies associated with transitig(®z”—r?)— b, 4(x*—y?), byg(Xy)—bi4(x*~y?), andey(xz,y2)
—b;4(x*—y?), respectively, obtained from the electronic specirg= A, represents the splitting of the parent octaheeygk®—y? 3z

—r?) levels. The experimental data were taken from references
names.

given in the last row. Compounds are written with the commonly used

Compound Req(R) Rax (R) AReq(A) s1=Ac(cm™) &,=10Dq(cm ™) sz(cm™) Q,(A) Q. (A) p(A) Ref.
CyoHsgN,O,CuCl, 2.26 16 600 12 200 14 000 28,29,30
(creatinium,CuCl, 2.25 16 500 12 300 14 000 34,30
(nmpH,) CuCl, 2.27 16 900 12500 14500 31,32,33
[P{NH3)4]CuCl, 2.287  3.257 0.016 14 300 10900 13100 1.120 0.032 1.120 41,42
(cyclantH,)CuCl 2.296 3.175 0.005 13400 11100 12 400 1.015 0.010 1.015 18
(n-PrNHg),CuCl, 2.29 3.04 0 11300 12 300 13500 0.87 0 0.87 27,38
(EtNH3),CuCl, 2.281 2975 0.004 11130 12390 13290 0.801 0.008 0.801 37,38
(MetNH3),CuCl, 2.290 2.907 0.007 11090 12110 13210 0.712 0.014 0.712 39,40
(3-Cl-an)g(CuCk)Cl; 2.327 2.827 0.051 9000 10400 12100 0.577 0.101 0.586 43,44,25
CsCuC} 2.318 2.776 0.037 8300 10000 12930 0.529 0.074 0.534 35,36
dE(ayg—big) However, it can be estimated from M&e« calculations per-
AEcHa3g—hyg)= T, Qo formed on CuGy*~ of D4, symmetry for different values of
¢ Qa,y =0 Rax andReq.?* It is worth noting here that although calcula-
tions provide suitable values of the electronic structure of the
=4 — 0 complex, they underestimate the variation of the JT energy
dQy Q, =0 with respect to the tetragonal distortion in comparison to the
" results shown in Fig. 8 The vaIue[aECT/aQalQ]Qﬂ:o=
JEy] 1[0E, —13500 crﬁ?/A, employed in this work has been obtained
AECT(eu—>blg)={2 20, tg[ﬁu Qyu from calculations performed on Cugblfor two different ge-
0 037 Qq, =0 ometries Q,>0 and Q,<0) (Ref. 24 by extracting the
tetragonal contribution to the total CT energy. This value is
n IEct(tiu—€g) Q 4) similar to estimates based on the variation of electrostatic
aQalg 81g° potential created by the complex at the ligand and metal

ngo

The = sign corresponds to the elongatéd¢i) and com-
pressed—) situations. Note that the splitting of the parent
octahedraley(x?—y?3z°~r?) MO's does not depend on
Qalg but it does depend 0, (andQ,). A similar situation

occurs for the mainly liganth, MO’s. Therefore the present

equations for the energy shift of the first CT and CF transi-

tions are expressed as a function of three parameters, two

which can be experimentally obtained from structural
correlationst>?° These parameters represent the splitting de

rivative of thet,, ligand orbitals E.) and theey; metal or-
bitals (4E;7) with respect to the tetragonal coordina€g,

=(2/3)(Rax—Reg), and can be derived from spectroscopic
data of a copper compound series, where the local structu

around C@" is known from x-ray diffraction(Table | and
Fig. 3), and the pressure results shown in Fig. 4. The thir
parametef 3ECT/5Qalg]Q9:o represents the variation of the
first CT energy, Ecr=E(t1,) —E(gy), of the octahedral
complex with respect t®,, = V6{[ (Rax+ 2Re)/3]1— Ry},

Iy

sites. That variation is known to be mainly responsible for
the CT shifts induced by variations &in O, complexes?®
Therefore theR-dependence of the CT energy obtained on
the basis of this assumption is

JEcr _+e€dViu
9Qa,, J6 R
14000cm YA

1¢€?
=+ 5 re(26Mu+a)

of

for an average Cu-Cl distan&=2.53 A, and ionic charges
gq.=—1 for the ligand andqy =2 for the metal, respec-
tively. V| _y is the electrostatic potential difference at the
ligand and metal sites. The similarity between this and the
S-Xa value makes it a proper estimate of this unknown
arameter.

As previously mentioned, the remaining two parameters
of Eq. (3) can be derived from the experimental data shown
in Figs. 3 and 4. The variation of the first CF band in

CuCk*" as a function ofp=\/Q20+ QS2 is shown in Fig. 3.

whereR,=2.53 A is the average Cu-Cl distance. The lack of The corresponding spectroscopic and structural data are col-
correlations between the CT spectra and the metal-liganibcted in Table I. The wide structural range covered by the
distances irD,, TM complexes precludes any effort to derive compound series allows us to estimate the JT energy deriva-
the [0ECT/ﬁQalg]Q9:o parameter from experimental data. tive with respect to th&, coordinatedE ;1/dQ, which rep-
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FIG. 3. Spectroscopic and structural correlations in GuCl 45 kbar
complexes. The plot shows the variation of the tetragonal splitting,
A=4E ;1= E[by4(x*~y?) ]-E[a;4(32%~r?)], with the structural
distortion coordinatqo:[Q§+ Qﬁ]l’z, measured along the series of
copper compounds given in Table I. The full line is the least-square
fitting to a quadratic function. The linear electron-vibration Jahn-
Teller coupling derived from this curve i;=9100 cm™.

ABSORBANCE

resents half the electron-vibration coupling constam;/2.

The extrapolated derivative obtained from Fig. 3 is 28 Koar

dEce| | 9Ecr
P 1,0 19Q0lg g,
JEsT
=4 —— =18200cmYA.
dQy

Qz:=Qb'=o

Note that this value is higher than the CT isotropic contribu-
tion [aECT/ﬁQalg]QG:OZ —13500cm YA, thus stressing
the relevance of the JT contribution to the CT shifts. The
linear electron-vibration coupling constant between the octa-
hedral degeneratéEg ground state and the vibrational
64(Qy.Q.) mode E®e is then A= —[JE(*B14)]/dQ,
=309Ecr/9Q,=9100cm Y/A. The JT coupling constant ob-
tained through this method is similar #,=7000cm YA
found by Reinen and Hitchman in Cuyé¢l formed in PHOTON ENERGY (cm)
the triclinic compound(3-Cl-an)g[CuCk]Cl,.?° The dis-
crepancy is due to the procedure employed by the author(s’I

gor _eséln;atlng tﬁl aT thlce- the r:;mo tOf t:]he Cﬂ'ﬂe;ergy pressure in théC;H,NH,;),CuCl, perovskite layer. Note the pres-
erived from the electronic spectra 1o _the IS- ence of a small shoulder at low energisse text for assignment

tomc_m in such a crystal. As indicated in Fig. 3, that methOdThe spectra have been fitted to the sum of two Gaussians which are

providesA, values lower than the present one derived ashown (full lines) together with the absorption datpoints. The

A1=[%(9Ae(p)/(9p]p:0. inset shows the variation of the peak energy of the two Gaussians
It must be observed that the JT distortiog=A; /uw?,*°  Wwith pressure. The straight lines correspond to least-square linear

deduced for an isolated Cugl complex takingug=5.9  fitting of the data:Ecr,=26300-18.% andEcrp,=22400-4.P.
X 10—239 and w=4.2x1018s1 1820 jg po=0.18 A. Note Unitsin cni'! (E) and Kbars(P). Crystal size: 8% 80X 2 um?.

that this value is significantly shorter than the experimenta{ions due to the lack of CT spectra in pure compounds. How-
JT distortion found for CuGf™ along the series shown in ever hydrostatic pressure experiments performed on
Table | _s_tre_ssing the influence of the crystal anisotropy_inth C.H-NH,),CuCl, and shown in Fig. 4, allows u§) to
JT equilibrium geometry. Thereforg th? present estimate larify the origin of the two components observed in the first
suggest that a reduction of the JT distortion induced by PreSeT band, andii) to estimate the parametBfE, /9Q,]. In
sure from the zero pressure valups=1.0-0.6A topo fact, the intense component at 26 000 ¢neorresponds to
=0.1-0.3A at high pressure is likely. the D 4,-allowed e,—b;, CT transition of the axially elon-
gated CuGy™ complexg,lﬁ'zo'26 while we assign the weak
shoulder to thea,,—b,4 CT transition. Although this latter
The JT contribution to the CT energy coming from the transition is forbidden irD,,, small deviations of the com-
ligand t;, MO cannot be obtained from structural correla- plex symmetry toward,;, makes it partially allowed. The

32000 28000 24000 20000 16000

FIG. 4. Variation of the absorption band associated with the first
“—Cu" CT transition e (m)—b;4(x*~y?) with hydrostatic

B. Charge-transfer band assignment
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presence of the weak component at 22 400 tims likely to From Eg. (5), we conclude that the CT shift is
reflect the actuaD,,, symmetry(nearlyD,y,) of the CuCy*~  different for elongated and compressBd;, complexes. In
complex in (CzH;NHg3),CuCl.?” This interpretation is the former caseAEcr=10600Q,~13 50®,,  while it is

strongly supported by the pressure behavior of the two comyggy, 13 50®,,, in the latter case. However, a similar

onents. First, the weadk b,;, component aqq N S s
EZh) of the CT band inczrueZselzg with %ressurﬁzu;cégnd botﬁontrlbutlon to the CT shift is found for a tetragonal and an

components shift to lower energies and their splitting Con_!sotropic .distc')rtion de;cribed in terms of normal coqrdinates
tinuously reduces with pressure. Both features agree with thif Poth situations. As is well known, E¢5) also predicts a
structural model proposed by Moritomo and Tok(far ex- ~ CT blueshift upon an isotropic compression of Céfk_:j
plaining the pressure-induced disappearance of the antiferr&a,,<0 and Q,=0. Nevertheless, either a blueshift or a
distortive structure inNC,HsNH3),CuCl,. The authors sug- redshift is possible whenever an elongateé@d,©0) or a
gest an evolution of the complex structure from an elongatedompressed @,<0) tetragonal distortion at constant vol-
octahedron to an octahedron or a nearly octahedral geometryme takes place. This result agrees with findings on gucCl
This structural transformation must bring the tep—b;3  for these two geometries through M&x calculations’*
anday,—b;4 CT components intb;,— eq in the hypotheti- Interestingly, the structural distortion attained in pressure
cal octahedral limit, where both components should have thexperiments performed om,CuCl, is worthwhile. The
same energy and intensity. Nevertheless, an evolution Qfressure-induced axially compression of G4iClis also ac-

CuCk* to an octahedron is not possible due to the JTcompanied by a reduction of the complex volum&,<0
effect?~® The present results can be concealed with the disgng Q, <0. This means thatAEcr=—10600Q,]|
1

appearance of the antiferrodistortive structure if we assume 44 SOQ(QQa |, and therefore there is a competition between
19"’

that the main effect of pressure on the local structure o . X . i . )
CuCk* is to reduce the axial distance and the out-of-laye oth isotropic and tetragonal distortions tending to shift the

equatorial Cu-Cl distance, leading to an orthorhombic com T Pand to higher and lower energies, respectively. There
plex with a radiusp,~0.18 A, close to the octahedrqn, will be either a redshift or a blueshift depending on whether

-0 |Qy| is greater or smaller than 1.2(Qalg|, respectively. In

Therefore the results of Fig. 4 support the structural evoterms of Cu-Cl distances, the CT shift can be written as
lution foreseen from Raman measureméngsid also con- AEcr=+1200AR,,~3430AAR,,, for elongations while
firm the CT assignment for this low energy shoulder pro-AEct=—2250R,,—~3080QAR,, for compressions. A sa-
posed elsewher&. lient conclusion of this analysis is thatGI redshiftassoci-
ated with thereduction of all Cu-Cl distances possible in
elongatedCuClk*". Such a redshift, however, is not possible
in an axially compressed complex since the two coefficients

According to the CT band assignment, we can now makére negative, i.e., the JT contribution to the CT shift coming
a rough estimate of the electron-vibration coupling constantfrom the metal and ligand orbitals have opposite sigfig.
A2=§[&EL/5Q9]Qa =3000cm YA, from the CT band 2). The positive value of JEcr/dRar,, indicates that the

19

splitting observed at atmospheric pressufeE(e,— a,,) JT cont_ribution to the CT band shift associatgd with _the
—E,_=3900 cm ! in (C4H,NHs),CuCl, and the correspond- shortening of the aX|aIIy elonge_lted_ Cu-ClI bond is more im-
ing tetragonal distortionQ,=0.87 A. Although this proce- portant Fhan the.bluesh|ft contrl_butlo.n due_to volume redu_c—
dure underestimates the actual derivativeQgt=0, it does tion. This result is noteworthy since it predicts a CT redshift

not affect the conclusions derived throughout the preserfPONARa<0 andAR <0 if the variation of the equatorial
analysis. Replacing these values in E4).we obtain distance is shorter than 3.5% the axial distance variation

(|ARed<0.03§AR,y). Therefore JT distortions play a cru-
cial role in the CT energy shift.
Q According to the proposed structural evolution for
ag
0

C. Energy shift analysis

JE 1 0E JE
w1 L] o cT
Qg 3 dQy 0 ¢9Qalg
ayg

AECT:[Z CuCk*™ upon pressure, the redshift of about 1000 ¢rab-

Qo= served along thé,CuCl, series can be accounted for within
=(9100+1500Q,— 1350, . (5) this model if the main effect of pressure is to reduce the
10 Cu-Cu distance within the crystal layére., the orthorhom-
bic a and b lattice parametejsbut keeping the four short
Before analyzing the CT shift for different distortions of equatorial Cu-Cl bonds a?ﬂeq=2.29A. With regard to the
the CuCl*~ octahedron on the basis of E@), it is worth-  local structure of C#', this evolution leads to a reduction of
while to underline that the JT contribution to the first CT R,,, and therefore to a CT redshift according to the previous
energyEcr=26000cm? in (C3H,NH,),CuCl, is approxi-  analysis. Given that a variation of abahR,,~0.7 A is ex-
mately A jr=2E 1+ 3E, =5650+ 1300= + 6950 cm®  pected in the explored pressure range, the CT shift would be
(Table | and Fig. & This value represents 27% of the total similar to the measured one according to E5). It must be
energy, thus confirming the importance of JT effect to theemphasized, however, that although the present analysis pro-
CT energy in CuG*". Given that this term is directly re- vides suitable values of the CT shift rate in distorted GEClI
lated to structural deviations from the octahedral symmetrycomplexes, quantitative estimates from this perturbative
distortions of theA,CuCl, layer crystals yielding a decrease model must be taken with caution for distortiord,
of the initial tetragonal symmetry of Cugl must affect >0.5A (Fig. 3). Precise quantitative estimates for highly
significantly both the first CT and CF energies. distorted complex like most of the known €ucomplexes
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deserve electronic structure calculations as a functioR,of ~associated with the JT effect for the ground state (e
and Re, around the tetragonal equilibrium geometry of ®E) and the CT staté\, (e®T) provide a simple way of
CuCk*". Work along this line is currently in progress. explaining the pressure-induced CT redshift as well as the
structural variation of the Gii environment related to the
progressive disappearance of the antiferrodistortive structure
IV. CONCLUSIONS observed along the (#l,,,1NH5),CuCl, (n=1-3) series

In this work we have developed a perturbative octahedralin Nydrostatic pressure experiments.
complex model to predict energy shift of the CT and CF
bands in JT CuGt™ systems induced by isotropic and te-
tragonal structural distortions. This model is advantageous
since the shift rates can be described in terms of linear Fruitful discussions with Professor M. Moreno, Professor
electron-vibration coupling parameters whose values can b& A. Aramburu, and Professor M. T. Barriuddniversity of
obtained from structural correlations. In addition, second-Cantabrig, and Professor M. Hitchma¢University of Tas-
order effects like configuration interaction between differentmanig are acknowledged. This work was supported by Caja
octahedral states, are negligible within this model. The shifCantabria, the Vicerrectorado de Investigacite la Univer-
rate estimates and the electron-vibration coupling constantsidad de Cantabria and the CICYFroject No. PB95-0581
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