Inorg. Chem.1997,36, 1923-1928 1923

Optical Absorption Spectroscopy of the Tetranuclear Compound
[Mn { Cu(oxpn)}3](CIO 4)2:2H,0 (oxpn = N,N’-Bis(3-aminopropyl)oxamide):
Complementarity with Magnetic Properties

Olivier Cador, Corine Mathoniere,* and Olivier Kahn*

Laboratoire des Sciences Moldaires, Institut de Chimie de la Matee Condense de Bordeaux,
CNRS UPR 9048, avenue du Docteur Schweitzer, 33608 Pessac, France

Receied July 18, 1998

The optical absorption spectroscopy of the tetranuclear compoun@dGMuoxpn} 3](ClO4)2-2H,0, with oxpn

standing forN,N'-bis(3-aminopropyl)oxamide, has been investigated in th800 K temperature range. The
central M ion is linked to three Cu(oxpn) complex ligands, so the molecular symmetry may be defibed as

The spectra, in addition to a—dl transition at 19 230 crmd due to the Cliion in square planar surroundings,

exhibit narrow and intense Mrspin-forbidden transitions in the 24 30@8 750 cm! range. These transitions

are activated by an exchange mechanism. The temperature dependence of the main feature corresponding to the
6A1 — %A1, “E(G) Mn' transition was investigated. Using a model proposed first by Tanabe and co-workers and
adapted to the MnGuopology, a theoretical expression for the temperature dependence of the intensity of the
transition has been established and compared with the experimental data. The only parameter of this expression
is the interaction parametdrbetween the local ground statés$ € —JYiSun°Scy), Which has been found to be

—33.8 cnt!. The energy of the transition has been found to be shifted by 47 tmward the high energies as

the temperature was lowered. A theoretical expression for the energy shift of the transition has been given. It
depends on botll and the interaction parametdr between the Cliions in their ground states and the Mion

in the spin flip excited state. The comparison with the experimental data has led to a ndatahee of the

same order of magnitude as thlevalue. These results have been discussed in relation with the information
deduced from magnetic measurements.

Introduction few studies have been devoted to the optical properties of
molecular-based magnets, in relation with their magnetic
‘propertiest214 Of course, a great deal of effort has already
concerned the spectroscopy of exchange-coupled systems, but
essentially in doped compountfs.

Along this line, the MHCU' molecular compounds are
interesting not only for their magnetic properties but also for
their spectroscopic properties. Indeed, the absorption spectra
show very intense bands associated with formally spin-forbidden
Mn' transitions, activated by an exchange mechanism. The

The_field of molecular-based magnets has_been in_cfeasmglytemperature dependence of both the intensity and the energy of
attractive for 2 decadés because these materials exhibit novel these bands may provide quantitative information on the

properties as compared to those of conventional permanentyy .ange mechanism. Itis also possible to compare the results

magnets. In particula_r,_they have k.)\.N density and usually are yoq,ceq from magnetic and optical measurements.

weakly colored. Promising opportunities could emerge for these 5 a\y years ago, we investigated the optical properties of
materials in magneto-optical devices. However, until now, very two Mn''Cu' compounds, [Mn(Mg[14]ane-N)Cu(oxpn)(CF-
SQOs),, with Meg-[14]ane-N, = (+)-5,7,7,12,14,14-hexamethyl-
1,4,8,11-tetraazacyclotetradecane and oxphl,N-bis(3-am-

For several years we have been studying compounds contain
ing Mn"Cu' bimetallic specie$-® One of our main concerns
was to synthesize molecular-based compounds exhibiting an
ordered magnetic phase below the critical temperatyiia a
controlled fashion. Along this line, we succeeded in designing
and characterizing several types of molecular-based magnets
i.e., Mn'Cu" ferrimagnetic chain compountig and Mr',Cu';
ferrimagnetic two-dimensional networks!o
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unique transitionS = 2 — S = 2. The intensity of this
transition varies with the thermal population of t8e= 2 ground
state, so the study of the temperature dependence of its intensity
directly provides the value of the interaction parametern

that case, the agreement between thealues deduced from
magnetic measurements and spectroscopic data, respectively,
was excellent. The structure of the latter compound consists
of linear trinuclear units, with two Mhions at the extremities

and the Cli ion in the middle. The spirgc, = ¥, of Cu'
interacts with the two spirSy, = %/, of Mn'". The energy levels
scheme is more complex than that for the binuclear system.
Nevertheless, selection rules based on symmetry considerations
predict 16 transitions involving th#A(G) local state of Mt
(symmetryOy). To follow the temperature dependence of the
intensity, we introduced a formalism described first by Tanabe
and coworkerd®1® This formalism accounts for the interaction
between the incident light and a pair of coupled spins. Adapting
this model to the trinuclear unit, we were able to determine the
interaction parameter from the temperature dependence of the
intensity of the bandA; — 4A;, “E(G) of Mn' (symmetryOy,). Figure 1. Schematic representation of the tetranuclear cation [Mn-
The agreement with the magnetic data was again excellent,{ CU(OXPn}<l*".
Moreover, information on the excited state was deduced from 1200
the shift of the maximum of the band versus temperature. All

these results encouraged us to study othef®4H systems of 1000
increasing complexity.

This paper is devoted to a new example of internal consis-
tency between magnetic and optical properties for' @i
compounds. It deals with a tetranuclear compound of formula
Mn[Cu(oxpn)k(ClO4). (hereafter abbreviated as Mngu The

g
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synthesis and the magnetic properties have been described 0

elsewheré® Using a Tanabe formalism adapted to the present 200

molecular topology, the interaction parameters in both the £

ground and excited states will be determined. Moreover, a new 0 e EEEE—

feature will be reported: as the temperature is lowered, a new 14000 18000 22000 26000 30000
band appears which was not observed for the'@u com- Vv /cm-1

pounds previously studied. Figure 2. Absorption spectrum of [MfiCu(oxpn} s](ClO4)2+2H,0 in

The molecular structure of MnGis not known accurately. acetonitrile solution.

By analogy with other MKhCU' compounds whose structures ) o o
were determined by X-ray diffractiéni® and with a C¥Ni''5 the optical spectra showed identical features and similar temperature

. L i dependences. The band intensities were calculated from the area
tl\jtr?:nuclear ccl)Jmpound con;al(;ung a S;:n”ar b.ISbllg.entatefﬁH_?_E’ delimited by the absorption band and a baseline common to all spectra.
nls may be represented as shown n Figureé 1. IN€ e ghift in energy of the maximum of the band was determined with

molecular symmetry may be idealized; th? Mn' ion in an an accuracy of 5 cnt in canceling the first derivative. The magnetic
OCtahedralenV”Onment Interacts W|th thl'eé Gl]mS n square Suscepnbmty of MnCB was measured with a Quantum Design MPMS-
planar environments of symmetBn. 5S SQUID magnetometer at 1000 G between 2 and 300 K.
Experimental Section Results

MnCus was synthesized as described in ref 20, as a polycrystalline  The magnetic properties were studied on a freshly prepared
p:)Wder. The dSpe_tCr:ra Weret'recorde;i ‘I’_V'th aﬂCARY 5Et Stpewo_ghgt%m' powder. TheywT versusT curve,ym being the molar magnetic
eter equipped with a continuous hefium tlow cryostat provided by o,scantibility andr the temperature, follows the theoretical law

Oxford Instruments. The lowest temperature we could reach was 3.8 ™. ) £20. Th t timated as—27.5
K. At room temperature, MnGuwas investigated in acetonitrile giveninre ’ € parameters were estimated as ’

solution. At low temperatures, it was investigated in thin cellulose €M % Gwn = 2.00, andge, = 2.00, where] is the interaction
acetate film, fixed in the cryostat with silver paint. These films were Parameter occurring in the Heisenberg Hamiltonian (formula
prepared as follows: 0.5 mmol of manganese(ll) perchlorate dissolved 1) andgun andgcy are the Zeeman factors associated with the
in 10 mL of acetonitrile was added to a suspension of 1.5 mmol of Mn" and CUf ions, respectively.

Cu(oxpn) dissolved in 20 mL of acetonitrile. This mixture was added  The solution spectrum of MnGuat room temperature is

to a warm solution of cellulose acetate in acetonitrile. The resulting shown in Figure 2. It exhibits a very broad band centered at
solution was poured in a Petri vase. Purple transparent films behaving 19 230 cmit (e = 256 L molt cm™2).” Narrow bands appear

as glasses were obtained 1 day after by evaporation of acetonitrile.; . i _
: : . in the higher energy range: 24 310 th(e = 511 L mol*!
We checked that th fil t d only the titl d b -
O e o cartaines DY (e Te S o emY), 28 736 cm® (¢ = 1319 L molt cm-Y), and a manifold

comparison with a KBr pellet of the pure compound in the solid state:
between 26 000 and 27 000 cfn The broad band at 19 230
cm-! corresponds to théB;y — %Eg transition of the Cliion

(18) Ferguson, J.; Guggenheim, H. J.; Tanabe].YPhys. Soc. Jpri966

21, 692. in D4y local symmetry. The narrower band at 24 3107ém
(19) Egr%ﬁ;{n, J.; Guggenheim, H. J.; Tanabe).YChem. Phys1966 corresponds to théA;y — “Ayq, “Ey(G) transition of the MH

(20) Lioret, F-: Journaux, Y.: Julve, Mnorg. Chem 1990 29, 3967. ion in Op local symmetry. This transition corresponds to a pure

(21) Mitsumi, M.; Okawa, H'; Sakiyama, H.; Ohba, M.; Matsumoto, N.;  SPin flip of an electron on the orbitalsgtor & and is not
Kurisaki, T.; Wakita, H.J. Chem. Soc., Dalton Tran§993 2291. influenced by the ligand field at the first order. The band at
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Figure 3. Absorption bands in the 22 56@5 000 cni? range for [Mn-
{Cu(oxpn}s](ClO4)2:2H,0 in a cellulose acetate pellet at various
temperatures.

28 736 cnt! can be assigned to tHé ;g — “E¢(D) transition
and the manifold to theA4— 4T,¢(D) transition. The manifold
may be explained by the splitting of ti€,¢(D) state under the
effect of trigonal distortion and/or spin-orbit coupling.

The temperature studies of a thin acetate film in the range
4—300 K revealed no significant change for the/'Gransition.
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H* = —J*S* 1 Sey (4)
As in the ground state, this Hamiltonian leads to eight energy
levels in this excited state. The ket basis may be written with
the same quantum numbers as in the ground state, which leads
to the same Lande splitting of the energy levels for the excited
state (see Figure 5 below). It is interesting to note that some
of the levels are degenerate, due to the fact that their energies
do not depend ors,. This happens in both the ground and
excited states.
Let us now determine the symmetry labels of these levels.
In Dan Symmetry, the ground state of is 2B, The coupling
of the three Cli ions in D3 symmetry leads to two different
labels. The states characterized3ay = 3, haveA; symmetry,
while the states characterized By, = 1/, haveE symmetry.
Coupling further with A of Mn" in D3 symmetry gives rise to
the A; and E molecule labels. The molecular states are written
as3Ay, %Ay, °E, 7Ay, E, %A1 in the ground state anbhj, %A,
SE, 5A4, 5E, 7A; in the excited state. The superscripts refer to
the total spin degenerenacy of MngCuSelection rules applied
between ground and excited states give rise to eight subtran-
sitions. No orbital restrictions occur; only spin restrictions do.
We are now faced with the calculation of the relative
intensities of the eight subtransitions. As seen previously, the

In contrast, a very pronounced enhancement of the intensity of yamiltonian describing the interaction between the incident light

6A19 — *A1g, “E¢(G) was observed (see Figure 3). Moreover,
the energy of the band was shifted from 24 080 &at 300 K
to 24 127 cm!® at 10 K, and a new band appeared below 130
K, centered approximatively at 24 460 cin The origin of this

band will be discussed below. Using techniques described in

the previous section, we are able to follow the temperature
variation of the intensity of those bands as well as their position.

Quantitative Interpretation

We focused on th€A;; — “A1,, “E4(G) transition, which is
the narrowest band in the spectra. All the previous works
dealing with M pairs have shown that tH&;g — 4A44 is
much more intense than t&15 — “E4.2? In the following,
we will assume that all the intensity comes from gy —
4A14 transition.

The spin Hamiltonian describing the interaction between the
spins of the metal ions may be written as

H= _‘]SMn'SCu
SCu = SCu3+ 512’ S12 = SCul + SCuZ

@)
(@)

whereJ is the interaction parameter, aS#n, Scu1, Scuz and
Scys are the local spins. In (1), all the anisotropic factors as
well as the possible interaction between the' Gans are
neglected. This Hamiltonian leads to eight low-lying levels
IS ScuSiOwith the following energies:

E(SunSe) = ~ (2SS + 1) — S Sy + ) —
Sin(Sn + 1] 3)

S Sun, and &, are the quantum numbers associated with the
spin operatorss = Sun + Scu Swn, andSc, respectively.

For the excited state corresponding to a spin flip on thé Mn
ion, we define the spin operat®‘ u,. Moreover, we assume

that the magnetic interaction in this excited state can be written

in the same form as in the ground state. The validity of this
assumption will be proved below. Therefore, we have

(22) Ferguson, J.; Glel, H. U.; Krausz, E. R.; Guggenheim, H.Mol.
Phys.1974 28, 879.

and the molecule is given by

HE = Z(HMniCuj'E)(S\/Ini'SCLQ (5)
1

where sy, is @ monoelectronic spin operator referring itte
3d orbital of the MM ion, sc is a spin operator referring to the
singly occupied orbital on each €ipn, andE is the electric
field of the incident light. The components of the vedityincy
are defined as

I T t=xY,2
|_I MniCq 8Et B0 1 y1

Ji; is the interaction parameter between ttte 3d orbital of
Mn' ion and the magnetic orbital of thilh CU'. The referential
axes are represented in Figure 4.

Each element MICU'; has theC,, symmetry. In order for
He to be totally symmetric, the vectdfuncy and E must
transform as the same irreducible representation€.of It
follows that the vector§]wncy are all parallel to the&; axis of
the pairs MACU';. Therefore, using the axes defined in Figure
4, the[Twncy's can be expressed as

|_| Mn,Cu, = |_| MniCuSX
I_l MnCu, — %?gl—aniCuzy B %l_l Mn,CuX

|_| MnCu, — %é |_| MncuY ~ %I_l MnCu,X

The symmetry of the molecule, together with the scheme
coupling, gives the following relation between thigwvncy
components:

|I_|MniCu1| = |I_|MniCu2| = ||_|MniCu3|

In the case of dipolar electric transitions, the transition moment
vectorP is defined as

(6)

()

(8)
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Cu, y A 7 13,3/2,1)
SE 7 [2,172,1), 12,1/2,0)
SA| 7 [2,3/2,1)
Mn @ Cus z X 3E [1.1/2,1), 11,1/2,0)
Al 11,32,1)
1A [0,3/2,1)
CUZ
Figure 4. Reference axes adapted to the Ma@ypology.
P= Z |_I MniCq(S\/Ini'qu) (9)
]
The subtransitions are all polarized in the plane (i.e., the
plane containing the four metal ionsp acts only on the spin
values. Then, the basis kets that have to be considered are in
the form|S Scy,Si2,Sunll in both the ground and excited states.
The matrix element of the transition moment between states
ISScuwSi2,.Svndand S, Sy, Si2,. SunOmay be written as
9A 4,3/2,1
5500 S0 SunlPIS S Sip Sy = ! |432.1)
;
(5SouSiz2Sunl Y. [uncy(SunSoy)!S SouSizSunD (10) E 13.172.1), 13.172.0)
B A 13,3/2,1)
Calculations based on the irreductible tensor th€pnd °E 12,1/2,1), 12,12,0)
symmetry considerations written above lead to the following SA| [2,3/2,1)
expression for th& matrix elements: A, l132,1)
P S,S0S,S.S,,, = (—1)5 SeutSnt3/25 Figure 5. Relative energies and symmetry labels for the low-lying
(S%uwS2SnS FewSzSim) = (71) ss % and excited states of [MiCu(oxpn}s](ClO4)»2H,0 and optical
3/Sim S S subtransitions.
1 & 1f
—1\SirtSeu Seu u
A[(—1)™ 5312‘32{1/2 So 1, }x+ ol
Sul S '
—1)¥/(2S,, + 1)(2S,, + 1
(~1)*V(2S, + 1)(2S;, ){Sﬁ Y, Sl ¥ S o8
S:1 Sp 1 + Q
=1+ (—1)>2 S + = 0.7
{1/2 1/2 1/2 2( ( ) ) ,._4§
£ 0.6 |
?(—1 + (—1)512+$2)y” (12)
0.5 .
5 [$)
A= Zl_aniCug[S\/lnHSvlniHSv]nD (12) 0.4 ) i ) 1 ? 2.9
= 0 50 100 150 200 250 300

The expressions between brackets aresthej symbols. From ) T/K )

eq 11, the following spin selection rules are deducA&= 0 Figure 6. Temperature dependence of the absorption band at 24 080
T = _ ! cmt for [Mn{ Cu(oxpn}z](ClO4)2-2H,0: (O) experimental data and

AMs = 0, ASun = 041, Ay = 0£1. The molle.cular . (—) calculated curve.

symmetry leads to another selection rule: the transitions with

AScy = 0 andSy = 3 have zero intensity. Finally, we end  Values ofl(SScy) and of the square of the transition moments

up with five subtransitions. The energy levels of the ground are given in Table 1. The temperature dependence of the
and excited states, as well as the five subtransitions, areintensity,l.ea(T), is then calculated as
summarized in Figure 5. Each subtransitiSc,,S 20—

IS,ScwSizl0has an intensity relative to the intensity [af3/,,10 E(SS)
— |1,%,,10+ |1,Y,,00) given by é (2S+ 1)I(SS.) exp — -
2 5 3 leaT) = — (14)
S,s'cgz,su P (S’SCU’SLZ* /Z’S'SCu*le’ /2) ! E(S’S:LI)
(S = (13) gc (2S+ 1) exd —

Z PA(1.%,,1.51.15,S,5,)
2 where l¢5(0) is taken as unity. Least-squares fitting of the
experimental data leads b= —33.8 cnTl. Both theoretical

(23) Weissbluth, MAtoms and moleculecademic Press: London, 1978.  and experimental curves are compared in Figure 6. Let us recall
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Table 1. Transition Moments and Relative Intensities of
Subtransitions

subtransition PASScu,S12.52,8 . SuS12,32) 1(SScw)
113,10 [1,3,,10 0
113,10 |1,Y5,10 0.5 1
1,3/, 10— |1, 4,00 0.5
12,35, 10 [2,35,10 0
12.302,10~ |2,42,10 0.233 0.467
123,10 |2.Y5,00 0.233
12,45,10~ 235,10 0.067
235,10 [2Y.100 0.267
12.4,,10~ [2.45,00 0.267 10
|2.3/,00— [2.3/5,100 0.067 :
245,00~ |2,4,100 0.267
|2.3/5,00— 245,000 0.267
1335, 10 [33/5,100 0 0
|3,42,10— |3,3/2,10 0.333 0.333
|3,42,00— |3,3/2,10 0.333 0.333

Table 2. Relative Energies of Subtransitions

subtransition E(S&uS. &)
113,00 |1,4,00 0

122350 24,0 23— 20

12 Yo 23,00 702 — 712
12,450 24,0 7312 — 23
13,0 |3.3/,00 1302 — 7342

that the interaction parameter deduced from magnetic data is

—27.5cnml,

Let us come back to the energy shift of the band in the range

4—300 K. To interpret this shift, the energy of the subtransitions
must be examined very carefully. In FigureJ®was assumed

to be negative. The energy of each subtransition depends o
the two parameterd andJ*. These energies are tabulated in

Table 2. Assuming that the subtransitions have the same

bandwidth and that this bandwidth is not changing in the studied

temperature range, the subtransitions may be reproduced with
Gaussian shapes. From Table 2 and the ground state BoItzmanH1

populations, the profile of the loc&A; — “A; transition can

be represented as a function of temperature. A theoretica
spectrum can be built with the functiafy, J*,T,v,w), defined

as

s(J,J*, Tv,w) =
E(S&)
; (25+ 1)g(v,w;E(SS; S SIS exp — T
F( E(sch))
é (2S+ 1) exg———
u (15)

where g¢,0;E(SSy;S,Sy) is a Gaussian function written as

0.0 ES %S &) =
p(_(zm(v - E(SSCU§SchU)))2)

ex (16)

wherew is the energy of the incident photan,is the bandwidth,
and E(S&;S,&u) is the transition energy given in Table 2.
The position of the band is determined by canceling the first
derivative ofs(J,J*, T,v,w) with respect tow.The problem was
solved numerically by fixing), J*, w, andT. The best results
are obtained withJ* 45 cntlin the 4-170 K range. The
simulations with = —33.8 cn1l, w = 300 cnTl, andJ* =

—45, 0,445 cnt! are compared to the experimental data in
Figure 7. The uncertainty on th¥ value is probably rather

Inorganic Chemistry, Vol. 36, No. 9, 19971927
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Figure 7. Energy shift of the absorption bamxE = Eo(T) — Eg(4.2
K) at 24 130 cm? for [Mn{Cu(oxpn}3](ClO4)2-2H,0: (O) experi-
mental data and~) calculated curves (see text).

-100 L
0

large and difficult to estimate. However, the comparisons in
Figure 7 emphasize that is negative. As a matter of fact, for

a positiveJ* value the energy of the band would be much more
temperature dependent. The discrepancies at higher temperature
will be discussed below.

Discussion and Conclusion

This paper is the third one dealing with the optical absorption
properties of MACU' compounds. Having started with the
simplest pattern, a dinuclear unit MnCu, and then following
with a trinuclear unit MNCuMn, we have been studying here a
tetranuclear unit MnGu All these compounds show several
Mn'" spin-forbidden transitions activated by an exchange mech-

n .

anism. We focused on tH&; — *A4, “E(G) (symmetryOy)
transition corresponding to a spin flip of an electron in its orbital.
As the nuclearity of the compounds increases, the Tanabe
formalism used to interpret the temperature dependence of both
e intensity and the energy shift of the band becomes more
sophisticated. However, we can now draw some general
jconclusions concerning the optical properties of these systems.
(i) The Tanabe formalism describes fairly well the temperature
dependence of the intensity of the band. For MgQugives

rise to five subtransitions, all polarized in the plane containing
the four metal ions. Al value of—33.8 cnT! was determined.
This value is slightly higher (in absolute value) than that deduced
from magnetic susceptibility measurement27.5 cntl). A
similar difference was observed for MNCuMn. These differ-
ences are probably due to the approximations inherent to the
theory. Indeed, the model based on symmetry considerations
is not valid anymore if the compound deviates from the ideal
symmetry Dz, for MNnCuMn andDs for MnCug). (i) For all

the Mn'Cu' systems we studied, we noticed an asymmetry of
the 8A; — 4A4, “E(G) (symmetryOy,) transition on the low-
energy side of the band. Moreover, for MniCa new feature
appears at higher energy as the temperature is lowered. This
new feature is present in all the compounds studied so far with
the D3 symmetry around the Mhion24 In the theoretical
treatment, we have neglected the contribution of (&) state.

In fact, the*A; and“E(G) states are not degenerate when the
symmetry is lower tharOp. In D3 symmetry, normalized
spherical harmonic (NSH) potential calculations have shown
that the“E state is below théA; state, whatever the distortion

of the octahedron (elongation or compression) mayeb#.is

clear that the low-energy asymmetry of the band is related to
an intensity provided by thtE(G) state. This does not change

(24) Cador, O.; Mathonre, C.; Kahn, O. Unpublished results.
(25) Hempel, J. CJ. Chem. Phys1976 64, 4307.
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the intensity mechanism developed above. Indeed, taking intogoverned by a strongly antiferromagnetic term involving two
account théE state changes only tH& coefficient values. The magnetic orbitals located in the same plane and pointing to each
relative intensities of the transitions were determined, irrespec- other.
tive of these values, so that the model remains valid if we  The optical and magnetic techniques allowed us to investigate
consider both théA; and “E states. To sum up, in all our the ground states as well as the optically reached excited states.
compounds the low-energy side of the 24 @3 500 cnt? The magnetic techniques are a probe of the sublevels in the
bands can partially be assigned téEastate component. Then  ground state, whereas the optical techniques imply only some
we are faced with the origin of the new feature at higher energies levels of the ground and excited states. Nevertheless, the
for MNnCw. This cold band appears at 333 chabove the agreement between information deduced from both techniques
major one at 10 K. It is more strongly temperature dependent is very satisfying.
in the 5-100 K range than the main feature, raising up in a  To summarize, we have shown the consistency and the
ratio 5:1. Further studies will be necessary to specify the origin complementarity between the optical and magnetic technigues
of this band. We can say that this band is associated with thefor paramagnetic MiCu' molecules. In the future, we would
Ds topology. (iii) For the second time we have been able to like to extend these studies to infinite MU' systems. In
estimate the interaction parameter in the first excited state. Theparticular, we would like to study the effect of a long-range
energy shift of the band has been simulated by a theoreticalmagnetic ordering on the optical properties.
law derived from the model developed above. Whkeis fixed
at —45 cnT?, the experimental shifts are correctly reproduce
in the 4-170 K range. At higher temperature, the discrepancy  Perchlorate salts of metal complexes with organic ligands are
between experimental and theoretical curves increases with thepotentially explosive. In the synthesis described here, we used
temperature. Our model does not take account of the asymmetryonly small amounts of material (the preparations were carried
of the band, which becomes more and more pronounced aboveout at the millimole scale), and the starting perchlorate salt was
170 K. We suppose that this asymmetry influences the position an aquo complex. The dilute solutions were handled with great
of the absorption band maximum. This could explain the caution and evaporated slowly at room temperatfire.
deviation of the experimental data with respect to the theoretical
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ones. Finally, we determined a negative value indicating an
antiferromagnetic coupling in the excited state as in the ground (26) (a)J. Chem. Educ1973 50, A335. (b)Chem. Eng. New983 61,
state. That seems reasonable becausd #rel J* values are 4;1963 41, 47.
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