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Magnetic Excitations of CsMn(SQy),-12D,0,
Measured by Inelastic Neutron Scattering
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. L yS p and 30 K measured on FOCUS with an incident neutron wavelength of
eXpenmemal problem. Thls is because con\_/ent|ona| EPR SPEC~) — 5.32 A. The transitions are labeled at the bottom of the figure.
troscopy is usually confined to the detection of “forbidden”

transitions, as the energies of then, = £1 transitions can rarely 20 -

be bridged using commercial spectrometers. In recent years, ~[20)
efforts to redress the dearth of experimental data have concentrated s Y BB

on utilizing the high-field, multi-frequency EPR technigté.It wo ] )=

is the purpose of this communication to show that under favorable
circumstances, the energies of the low-energy excitations can be
determined more directly, and more precisely, using the technique
of inelastic neutron scattering (INS).

INS measurements were performed on powdered CsM){SO
12D,0, prepared from manganese(lll) acetate, cesium sulfate, and ) }~1242)

6 ;
D-SO, (6 M) and recrystallized from £50; (6 M). The Figure 2. Experimentally determined energy-level diagram of the zero-

pompound was prepared Clos,e to fully deuterated, as the Iargefield splitting in the ground state of CsMn(9212D,0. The observed
incoherent neutron cross section of the proton often precludes ansitions are depicted as arrows and labeled as in Figure 1.

the possibility of observing INS transitions. This compound
undergoes a cubid@3) to orthorhombicPbcg phase transition
at~156 K, driven by the cooperative Jahieller effect, resulting
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ranging from—16 cnt! (neutron energy gain) te-16 cnt?

; . . e (neutron energy loss) with a resolution of 0.52¢nThe spectrum
in the lowering of the site symmetry of the [Mn(Qle>" cation at 1.5 K can be reproduced with a linear background and the

from S to Ci.” Consequently, théE, (Ss) ground term is split e : : :

S 5 _ ; . superposition of two Gaussian functions, | and I, of equal width,
o rAngiffe cﬁ% (gg O ents. tggg”;f‘%{gt#geeocft;’gs"gg‘ﬁhiswbee” centered at 12.795(6) cthand 14.44(1) cmt, respectively, on
temperature neutron diffracti 3{1 m pr m pnt hay th wn th the neutron energy-loss side. As the temperature is increased to
emperature neutro actio easurements have sho 345 and 30 K, three hot transitions, /3, y, emerge with energies

below the transition temperature, the aqua ion is tetragonally 1.61(2), 3.747(6) : o
: : . , 3. , and 5.418(6) cmrespectively. All transitions
elongated, with MA-O bond distances of 2.129(2), 1.929(1), and are also observed on the neutron energy-gain side (designated

309°274T(ﬁ)e ﬁg(@:ng)f,iealtgilzlcl) ﬁ:;ll\s/lg_laggzotrr]igoinjlgcs)rxvpl)t:r:gnlt!lw%fich by primed labels) at elevatgd temperatures. On. the basis of these

is rﬁanifested primarily by a concomitant rotation of the’ water resplts, the energy level dlagrarT_l shown in Figure 2 cou_lt_j be

molecules about the MrO bond vectors, to accommodate the de;nyed. Arrows show the expenmentally obsgrved transitions

hvdrogen-bondina constraints of the Iatt'i’@e within the five sublevels. The experimental energies and intensities
yarog 9 : are presented in Table 1.

In Figure 1 are shown INS spectra of CsMn»12D,0 at - _ . .
temperatures of 1.5, 15, and 30 K, recorded on the time-of-flight The spl!ttlng of th.éAg ((.:') ground te;rm can_be P'esc“be.d using
the following effective spin Hamiltonian, acting in a basis of the

spectrometer FOCUS at the Paul Scherrer Institute (PSI) in _ . .
Villigen, Switzerland'® An incident neutron wavelength df= five = 2 spin functions,
5.32 A was selected, which afforded an energy-transfer window
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Table 1. Experimental, and Theoretical, Energies and Relative Intensities of the INS Trarfsitions
normalized intensities
energy [cn?] 15K 15K 30K

label exp calc exp calc exp calc exp calc
I 12.795+ 0.006 12.794 1.08-0.02 1.00 0.72: 0.03 0.73 0.56t 0.02 0.58
I 14.44+0.01 14.45 0.8% 0.04 0.83 0.62: 0.04 0.61 0.46t 0.04 0.48
o 1.61+0.02 1.66 - — 0.156+ 0.007 0.099 0.22-0.01 0.14
p 3.747+ 0.006 3.746 - - 0.220+ 0.009 0.267 0.3%0.01 0.42
y 5.418+ 0.006 5.402 - - 0.25+ 0.01 0.28 0.38: 0.01 0.40
I’ —12.797+ 0.007 12.794 - - 0.179+ 0.005 0.216 0.27% 0.005 0.312
I —14.46+ 0.01 14.45 - - 0.117+ 0.005 0.154 0.196- 0.006 0.241
o —1.758+ 0.008 1.656 - - 0.045+ 0.003 0.084 0.08%: 0.004 0.132
p —3.715+ 0.006 3.746 - - 0.15+ 0.01 0.19 0.28: 0.01 0.35
Y —5.400+ 0.006 5.402 - — 0.147+ 0.005 0.165 0.26% 0.007 0.311

@ The experimental intensities were scaled against tranditadriL.5 K. The theoretical energies were calculated using eq 1 with the parameters
D = —4.524 cmt* andE = 0.276 cnt’. The intensities were calculated using eq 2, and the wave functions listed in Table 2.

Table 2. Calculated Energy Levels with Corresponding
Wavefunctions Expanded in the Bas&W[IObtained Using Eq 1

calculated wave functions
energy [cm?] ISMO
0 —0.70612 —20— 0.05262 0+ 0.70612 +20
0.050(4) —0.70712 —2[H 0.70712 +20
12.794(5) —0.70712 —100~ 0.70712 +10
14.450(5) +0.70712 —10- 0.70712 +10
18.197(4) +0.03722 —2[0— 0.99862 0[H- 0.03722 +20

Neighboring manganese(lll) cations in this compound are well-
separated by two water molecules and a sulfate anion, and th
INS data provide no indication of intermolecular magnetic

interactions in the temperature and energy range of this study.

The relative intensities of the INS transitions can be calculated
using the wave functions given in table and employing the dipole
approximation folN noninteracting ions; the differential neutron
cross section is then given By,
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where F(Q) is the magnetic form factork and k; are the

e

is dominated by a strong tetragonal elongation, driven by the
Jahnr-Teller effect, giving rise to a splitting of tH&, (Or) ground

term of comparable magnitudé&The dbm ligand is, however,
expected to be more nephelauxetic compared to water, because
of its conjugated chelate framework. The dominant contribution
to the magnitude oD is expected to arise from spiforbit
coupling matrix elements between the grouily (D4) and
excited®Eg (Da4y) termst2 Although the optical transitions between
these terms have not been reported for either system, a reduction
in the nephelauxetic parametgr would imply that the excited

3Ey4 (D4n) term occurs at lower energy for the Mn(dhyapmplex.

The fact that the magnitude &fis similar for the [Mn(ODR)g]*"

and Mn(dbmy complexes suggests that the likely reduction in
the Racah parameters, upon replacing water with dbm, is matched
by a reduction in the spinorbit coupling constant, such that the
ratio A2/ AE(’Eg — ®B,g) is of similar order for both complexes. A
measure of the degree of rhombicity is given by the rég®|,
which is ~0.06 for both [Mn(OBR)e]*" and Mn(dbm). The
structure of Mn(dbnyreveals the complex to be orthoaxial, and
the values ofD and E could be reproduced using the angular
overlap model (AOM), considering the Mg@amework only*
Using the same approach, we have not been able to account for
the degree of rhombicity found for [Mn(QR]®*, as the symmetry

of the MnQ; framework within the [Mn(ODB)g]®" cation is close

to idealizedD4,. To reproduce the experimental data, the structure

wavevectors of the incident and scattered neutrons, respectively,and bonding of the whole [Mn(Ofs]** complex needs to be

pi is the Boltzman factor of a statg y = —1.91 is the
gyromagnetic constant of the neutranis the speed of lightn
ande are the mass and charge of the elect®ns the component

considered. Our calculations suggest that a significant contribution
to the magnitude o arises as a consequence of fhanisotropic
nature of metatwater bondingg the calculated spin-Hamiltonian

of the total spin operator perpendicular to the scattering vector parameters are then dependent on the disposition of the deuterium

Q. ¥ and ¢ denote the wave functions of the initial and final
states. The cross section in eq 2 can be calculat@o=a0 A2,
whereF(Q) is equal to unity. The problem is then reduced to the
calculation of the squares of the transition moménts:

DS P = FRABASITF + B8l P+
TS 1P (3)

The calculated energies and relative intensities for all temperature

are presented alongside the experimental values in Table 1, wher
the agreement is seen to be excellent for the energies and ver

good for the intensities.

The zero-field-splitting parameters for the [Mn(QE}*" are
very similar to those determined for the Mn(dmlbpmplex D
—4.35,E = 0.26 cnt?),! where Hdmb is 1,3-diphenyl-1,3-

S,

atoms as they define the coordination geometry of the water
molecules'* The results of these calculations shall be presented
in a future publication, along with high-field multi-frequency EPR
data, which we have recently obtained.

In summary: the first INS study of a monomeric Mn(lll)
complex has been reported. It has been shown that these measure-
ments afford the direct observation of the low-energy electronic
excitations, from which the axial and orthorhombic zero-field spin-
Hamiltonian parameters have been precisely determined. It may
be concluded that the INS technique will be of great value in
characterizing the electronic structure of other integer-spin

Sransition metal ion complexes, provided the incoherent back-
yground of any H atoms can be avoided by complete deuteriation.

Acknowledgment. We thank Hggni Weihe and Jesper Bendix for
useful discussions. This work was funded by the Swiss National Science
Foundation.

propanedione. Both complexes are homoleptic consisting of JA003801A

oxygen-donor ligands; in both cases the low-symmetry ligand field
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