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The valence states of the nucleogetife arising from the nuclear disintegration of radioac#i@o by electron
capture decay,’Co(ECy’Fe, have been studied by Msbauer emission spectroscopy (MES) in¥i@o-labeled
systems: J’Co/Co(terpy)]Cl:5H,0 (1), [>’Co/Co(terpyl](ClO4)2/>H,0 (2), and P’Co/Mn(terpy}](ClOg)2:
1,H,0 (3) (terpy = 2,2:6',2"-terpyridine). The compounds 2, and3 were labeled with ca. 1 mCi 6fCo and

were used as the Msbauer sources at variable temperatures between 300 K and ca. 4 K. [Fgiers/a
diamagnetic low-spin (LS) complex, independent of the nature of the anion X, while [Codtpgpmplexes
show gradual spin transition as the temperature is varied. The Co(ll) ibfifeels” a somewhat stronger ligand
field than that in2; as a result, 83% of stays in the LS state at 321 K, while ththe high-spin (HS) state
dominates at 320 K and converts gradually to the LS state with a transition temperafuge0180 K. Variable-
temperature Mssbauer emission spectra for2, and3 showed only LS¥Fe(ll) species at 295 K. On lowering

the temperature, metastable HS Fe(ll) species generated BYOhECP’Fe process start to grow at ca. 100 K

in 1, at ca. 200 K in2, and at ca. 250 K ir8, reaching maximum values of 0.3 at 20 Kin0.8 at 50 K in2,

and 0.86 at 100 K i3, respectively. The lifetime of the metastable HS states correlates with the local ligand field
strength, and this is in line with the “inverse energy gap law” already successfully applied in LIESST relaxation
studies.

Introduction relaxes to the LS state. The metastable HS-Fe(ll) state was for

Electron capture (EC) decay ©fCo in metal complexes gives the first time Obs.erve.d in MES oP{Colpo(phertg](CIO4)2,4
rise to a variety of physical and chemical aftereffects, which Where the Fe(ll) ion in the corresponding [Fe(ph#iQIOx).
can be most elegantly studied by Bbauer emission spec- compound is in théA; ground state due to the fairly strong
troscopy! Méssbauer emission spectra (MES)%€o doped ~ligand field, but the Co(ll) ion in [Co(phegl(ClO4). is in the
in Co(ll) complexes with weak or intermediate ligand field HS *T1 ground state. At room temperature, the MESGCp/
strengths, for which the corresponding iron(ll) compounds €0(Pheng](ClO4), shows only the poorly resolved doublet of
showed either HS behavior at all temperatures or temperaturethe LS-Fe(ll) state, while the additional doub_let characteristic
dependent spin crossover behavior, gave only HS-Fe(ll) reso-Of HS-Fe(ll) was observed at200 K. The fraction of the HS-
nance lines over the entire temperature réh@n the other Fe(ll) species increases as th_e temperature is Iowe_red at the
hand, MES of theé’Co(ll) complexes with relatively strong ~ €Xpense of the L_S-Fe(ll) fraction. This means, provided that
ligand fields, for which the corresponding iron(ll) compounds t_he .|n|t|al population does not depend on temperature, that the
showed LS behavior at all temperatures, revealed that metastabldfetime of the metastable HS-Fe(ll) state is on the order of the
high-spin (HS) Fe(ll) doublets were also observed in addition MOssbauer time scale and becomes longer at cryogenic tem-
to a low-spin (LS) Fe(ll) species. The intensity of the metastable Perature. Approximately 10's after the electron capture decay
HS-Fe(ll) species was increasing on lowering the temperature. Of *’CO(EC}’Fe, the oxidation state of the nucleogeige is
The time differential Mesbauer emission technidueas proven ~ Mainly 2+ and the electronic structure has decayed from highly
the HS-Fe(ll) to be a metastable state after EC decay, which €Xcited electronic levels (Scheme 1) to the initial population of
theA; ground state and the fir&T, excited state, the lifetime
* Dedicated to Professor Dieter Sellmann on occasion of his 60th birthday. Of which is on the order of the Misbauer time scale and
Tohoku University. becomes longer at cryogenic temperature. A minor fraction of
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Scheme 1
STC2t
EC decay

5TRe2+ excited electronic levels

5T2 : metastable state

lAl : ground state

studies, which is believed to be due to incomplete electronic
recombination and/or to redox processes following radiolysis
in the ligand sphere.

The 5’"Co(ECP’Fe process may be regarded as an internal

Oshio et al.

prepared by using aqueous solutions of MaH,O (M = Co and Mn)
doped with 1 mCi 0f’CoChL+6H,0 (Amersham Buchler) and enriched
by 5 mol % of5"FeCb-6H,0, respectively.

Physical MeasurementsMagnetic susceptibility data were collected
in the temperature range 2:800 K and in an applied field of 10 kG
of a Quantum Design model MPMS SQUID magnetometer. Pascal’s
constants were used to determine the diamagnetic correétions.
Méssbauer absorption spectra were obtained with a conventional
spectrometer operated in constant acceleration mode. The principle of
the resonance detector is based on the registration of electrons of internal
conversion, appearing during the decay of excited resonance nuclear
levels. Due to the great difference in efficiency of conversion electron
registration on the one hand and and X-rays on the other, the
resonance detector counts practically only the conversion electrons,
emitted after resonance absorption of recoillessadiation. The
resonance counter is very suitable for transitions with a high degree of
conversion, which in the case ofe is 8.2. The generally high value
of the signal/noise ratio is an important feature of the resonance detector.
In our experiment the gas-filled counter with internal one-line-converter
made of5"Fe enriched stainless steel was used. This construction
provides the signal/noise ratio of ca. 10:1. The absorber was encap-

molecular excitation source, of which the energy release causesulated in a Plexiglas container and mounted in a cryostat for variable

self-excitation leading to the population of excited electronic

levels. This phenomenon has been termed NIESST (nuclear

decay induced excited spin state trappinig) analogy to the
LIESST (light-induced excited spin state trappfhghenom-

temperatures down to ca. 4 K. THE€o/Rh source (Wissel, Starnberg/
Germany) was kept at room temperature.dgloauer emission spectra
were obtained by using th€Co-labeled complexes as a source at
various temperatures. A homemade so-called resonance detector was
employed, which operates as a conversion electron detector, whereby

enon, the trapping of long-lived metastable states by external an unusually high counting efficiency is obtained by placingFe-

light irradiation. It has been well established that the thermally

enriched stainless steel absorber inside the detector chamber. Counting

induced spin crossover behavior is very sensitive to chemical efficiency is 16-20 times higher than with conventional detectors. Both

and physical effects like metal dilutidigounteraniong solvent
molecules, external fieldsi® and applied pressufé.We have

the Mtssbauer absorption and emission spectra were fitted. All the
isomer-shift values in this report are given with respect to stainless

found that the lifetimes of the metastable HS states generatedStee! at room temperature.

by 5’Co(ECP"Fe are also affected by the ligand field strength
and parent matrixes embedding tHEo atom. We report here
the Mossbauer emission spectroscopic studies 6€d/Co-
(terpy)]Cl2-5H,0 (1), [>"Co/Co(terpyd](ClO4)2+/2H,0 (2), and
[5"Co/Mn(terpy}](ClO4)2-%-H,0 (3), wherel and2 are the first
MES studies on cobalt(ll) spin crossover complexes.

Experimental Section

SynthesesChemicals were purchased from Wakko Chemical Co.
and were used without further purification. [Co(ter&)»-5H.0 (1m),
[Co(terpy}](ClO4)2-Y2H,0 (2m), [Mn(terpy)](ClO4)+-H,0 (3m), and
[Fe(terpy)](ClO4)2+-.H.0 (4m) were prepared according to the reported
methods?? Recrystallization oPm, 3m, and4m from water gave dark
red, pink, and dark red crystals, which were suitable for the X-ray
structural analysis®’Co-labeled and’Fe-enriched complexes were

(5) (a) Gilich, P.; Hauser, A.; Spiering, Hingew. Chem., Int. Ed. Engl
1994 33, 2024. (b) Gtlich, P.; Hauser, A.; Spiering, HAngew. Chem
1994 106, 2109. (c) Gtlich, P. Mol. Cryst. Lig. Cryst 1997, 305,
17.
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Chem. Phys. Letfi984 105, 1. (b) Decurtins, S.; Gtlich, P.; Kéhler,
C. P.; Spiering, H.; Hauser, Anorg. Chem.1985 24, 2174. (c)
Hauser, AJ. Chem. Physl991 94, 2741. (d) Hauser, AComments
Inorg. Chem 1995 17, 17.
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Spiering, H.; Meissner, E.; Kipem, H.; Muler, E. W.; Giilich, P.
Chem. Phys1982 68, 65.

(8) (a) Renovitch, G. A.; Baker, W. A., J3. Am. Chem. Sod 967, 89,
6377. (b) Wiehl, L.; Kiel, G.; Kaler, C. P.; Spiering, H.; Glich, P.
Inorg. Chem 1986 5, 1565.

(9) (a) Sorai, M.; Ensling, J.; Hasselbach, K. M.itB1h, P.Chem. Phys
1977, 20, 197. (b) Gtlich, P.; Kgppen, H.; Steinhaser, H. GChem.
Phys. Lett198Q 74, 3.

(10) Qi, Y.; Muller, E. W.; Spiering, H.; Gtlich, P. Chem. Phys. Lett
1983 101, 503.
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Lett 1983 95, 163. (b) Kdnler, C. P.; Jakobi, R.; Meissner, E.; Wiehl,
L.; Spiering, H.; Gtlich, P.J. Phys. Chem. Solids99Q 51, 239.

X-ray Structure Analyses. Each single crystal dm (0.2 x 0.2 x
0.3 mnf), 3m (0.1 x 0.2 x 0.3 mn¥), and4m (0.25 x 0.3 x 0.3
mm?®) was mounted with epoxy resin on the tip of a glass fiber.
Diffraction data were collected at30 °C on a Bruker SMART 1000
diffractometer fitted with a CCD-type area detector, and a full sphere
of data was collected by using graphite-monochromated Mo K
radiation ¢ = 0.71073 A). At the end of data collection, the first 50
frames of data were re-collected to establish that the crystal had not
deteriorated during the data collection. The data frames were integrated
using SAINT and were merged to give a unique data set for the structure
determination. Empirical absorption corrections by SADABS (G. M.
Sheldrick, 1994) were carried out, and relative transmissions are-1.000
0.958, 1.006-0.997, and 1.0060.966 for2m, 3m, and4m, respec-
tively. Totals of 7345 (2 < 6 < 26°), 14511 (2 < 0 < 26°), and
7345 (2 < 6 < 26°) reflections were respectively collected fam,
3m, and4m, which yield 1552 Rn = 0.0433), 6075R = 0.0277),
and 5600 R = 0.0226) independent reflections, respectively. Crystal-
lographic data are listed in Table 1. The structures were solved by direct
methods and refined by the full-matrix least-squares method d¥ all
data using the SHELXTL 5.1 package (Bruker Analytical X-ray
Systems). Non-hydrogen atoms were refined with anisotropic thermal
parameters. Hydrogen atoms were included in calculated positions and
refined with isotropic thermal parameters riding on those of the parent
atoms.

Results

In the following sections, the’Co-labeled and the unlabeled
complexes are numbered without and with a charaoter
respectively.

(12) (a) Baker, A. T.; Goodwin, H. AAust. J. Chem1985 38, 207. (b)
Figgis, B. N.; Kucharski, E. S.; White, A. Hiust. J. Chem1983
36, 1527. (c) Figgis, B. N.; Kucharski, E. S.; White, A. Aust. J.
Chem 1983 36, 1537. (d) Figgis, B. N.; Kucharski, E. S.; White, A.
H. Aust. J. Chem1983 36, 1563.

(13) Hatfield, W. E. InTheory and Application of Molecular Paramagnet-
ism Boudreaux E. A., Mulay, L. N., Eds.; Wiley and Sons: New
York, 1976; 491-495.
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Table 1. Crystallographic Data for [M(terpy)(ClOg)2-%.H>O

[Co(terpy)](ClO4)2Y2H0 [Mn(terpy)](ClO4)2-,H,0 [Fe(terpy}](ClOg)2-.H20
(2m) (3m) (4m)

chem formula GoH23Cl,CoNsOg C30H23ClbMNNgOg C3oH23ClLFeNsOg
fw 724.37 736.38 722.29
temp €C) -30 -30 -30
cryst syst tetragonal tetragonal monoclinic
space group P4(2)in PA(3) P2(1)
a(h) 8.849(2) 8.8079(3) 8.8102(6)
b (A) 8.8967(6)
c(A) 20.076(5) 40.035(2) 19.923(1)
f (deg) 100.712(1)
vol (A3 1571.9(6) 3105.8(2) 1534.4(2)
z 2 4 2
peaica(Mg/m?3) 1.530 1575 1.563
u (mm™Y) 0.776 0.663 0.728
AR 0.71073 0.71073 0.71073
final Rindice$ R10.0349 R1 0.0507 R1 0.0435

[I >20(1)] wR2 0.0774 wR2 0.1235 wR20.1115

aR1 = Y ||Fo| — |Fcl/3|Fol. WR2 = [S[W(Fo? — FA/S [W(F?)F]°®. Calcdw = 1/[03(Fo?) + (0.0520P)? + 0.00@P] for 2m, w = 1/[0¥(Fs?) +
(0.063%P)? + 3.0103] for 3m, andw = 1/[o*(F,?) + (0.0847P 3 + 0.72@] for 4m, whereP = (F2 + 2F:2)/3.
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Figure 2. Temperature dependence of the HS fraction4n [Co-
(terpy)]Cl2+5H,0 and Q) [Co(terpy)}](ClO4)2+%/-H0.

nitrogen temperature, depends on the counteranions and solvent
molecules'® Temperature dependent magnetic susceptibilities
for [Co(terpy}]Cl2:5H,0 (1m) and [Co(terpy)](ClO4)2--H,0
(2m) have been reinvestigated by us down to 2.0 K, and the
temperature dependences of the HS fractions calculated by the
simple additive property of the susceptibilities are depicted in
Figure 2.

TheymT value at 322 K for2m is 2.30 emu moit K, which
would be an expected value for the isolated HS Co@)~

Figure 1. ORTEP diagram of [Mn(terpy)*" with 30% of thermal
ellipsoids.

Structures of [Co(terpy)2](CIO 4)+%2H20 (2m), [Mn(terpy) 2]-
(ClO4)2:Y2H,0 (3m), and [Fe(terpy)](CIO 4)2:1/,H,0O (4m).
The X-ray structure analyses f@m!* and4m?> have already
been reported. In this study, we found that the dslwauer

S . . . 3/,) ion with g = 2.022. TheymT values for2m gradually
emission spectra f6fCo in2m and3m shows quite a dn‘ferent. decrease as the temperature is lowered, and more than 96% goes
temperature dependence. Therefore, we decided to reinvestigat:

the structure analyses of our samples, and the crysta?snof To the LS states below ca. 80 K. On the other hand, ke

44 d'in this stud firmed to be i h value at 321 K forlmis 0.68 emu mol® K, which corresponds
andam prepared in this study were confirmed to be ISOMOrpnous 1, g3e4, of 1m being in the LS state. As the temperature is
with the reported complexes. The structure of the caBionis lowered, 96% oflm is in the LS state at 200 K and the,T
de_?;}céerié?ar!gﬁ;e.é'm 3m. and4m have pseudo-octahedral reaches the minimum value of 0.42 emu MdK at 2.0 K. In

> metatl irem, om, a ave pseudo- . .accord with the lower spin-pairing energy for the Fe(ll) ion
coordination geometry, and six coordination sites are occupied compared with that for the Co(ll) ion, [Fe(terpl(ClO.)s
by nitrogen atoms from the terpy ligand. The coordination bond 1,H,0 (4m) is diamagnetic (LS), while ’[Mn(terpy]XCIO4)2-
lengths between Cb, Mn?*, and F&" ions and the coordinated 1/,H,0 (3m) is in the HS state with &5/,
nétri)geznegtgmz arﬁdlnltgggangegsg(zj.(3)22;(3.)14ri1(ﬁ) A 2213 MdOssbauer Spectroscopic StudiesMdssbauer absorption
6)—2. .( ) A a L (3). -990(3) A, serially. spectra (MAS) for Fey 0sCp.oterpy)]Cl2:5H,0, [PFeyos

Magnetic Properties. A series of [Co(terpy) X2 has been Cpogterpyb](ClO2)oHoH,0, and FFey oMo os(terpy bl(ClO):
reported to show the thermally induced spin transition between Y.H.0 at variable tempera’tures were measured. af or
2E (LS) and*T; (HS) states. The temperature dependence of 2 2 :

the magnetic behavior, which has been reported down to liquid (16) (a) Hogg, R.; Wilkins, R. GJ. Chem. Sacl962 341. (b) Schmidt, J.

G.; Brey, W. S., Jr.; Stoufer, R. @norg. Chem 1967, 6, 268. (c)
(14) Figgis, B. N.; Kucharski, E. S.; White, A. Hust. J. Chem1983 Figgis, B. N.; Kucharski, E. S.; White, A. HAust. J. Chem1983

36, 1537. 36, 1537. (d) Figgis, B. N.; Kucharski, E. S.; White, A. Hust. J.
(15) Baker, A. T.; Goodwin, H. AAust. J. Chem1985 38, 207. Chem 1983 36, 1527.
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Table 2. Selected Parameters of ebauer Absorption and Emission Spectra

high-spin Fe(ll)

low-spin Fe(ll) HS?® HS2
temp IS Qs S IS Qs S IS Qs S
compound (K) (mms?YH  (Mms?YH) () (MmsH (@MmsH) () (MmsH (Mms?Y (%)
[5"Fe/Co(terpyjICl. 300 0.19 1.01
80 0.27 1.00
[5"Fe/Co(terpy)(ClO4)2 300 0.21 1.00
80 0.28 1.00
[5"Fe/Mn(terpy)](ClO.), 300 0.23 0.98
80 0.31 0.95
[5"Co/Co(terpy)ICl, (1) 295 0.22 1.08
150 0.28 1.07
100 0.29 1.07 96 1.12 1.30 1 0.70 3.00 3
70 0.30 1.07 89 1.09 1.30 8 0.76 3.21 3
4.5 0.30 1.05 68 1.02 1.28 30 0.58 2.89 2
[5"Col/Co(terpy3](ClO4)2 (2) 295 0.24 1.06
250 0.26 1.06 98 0.90 2.52 2
200 0.28 1.05 93 1.02 1.45 2 0.90 2.48 5
150 0.30 1.04 76 1.03 1.59 15 0.91 2.64 9
100 0.30 1.05 33 1.02 1.85 59 0.94 2.77 8
4.5 0.30 1.09 13 1.02 1.95 79 0.93 2.82 8
["Co/Mn(terpy}](ClO4)2 (3) 295 0.26 1.03
250 0.28 1.02 78 1.06 1.21 17 1.04 1.91 4
200 0.29 1.02 50 1.00 1.62 48 1.05 2.35 2
150 0.29 1.15 19 1.03 1.93 78 1.08 2.55 3
100 0.27 1.32 13 1.06 2.08 84 1.08 2.65 3
4.5 0.25 1.39 11 1.07 2.13 86 1.09 2.72 4

aHS1 and HS2 are long- and short-lived species generated by EC-decay, respethiighyspin or low-spin fractions estimated from Skbauer
peak area.

emission spectra (MES) forPfCo/Co(terpy)]Cl2:5H,0 (1), 5[ ' ' '
[5"Co/Co(terpy)](ClO4)2-,H,0 (2), and P’Co/Mn(terpy}]-
(ClOy)2%,H,0 (3) were measured as Msbauer sources at

different temperatures using a so-called conversion electron 3r ]
resonance detector with a built-¥Fe-enriched stainless steel 150K
foil as Mossbauer scatterer at room temperature. Detailed values 1

of the MGssbauer parameters resulting from the least-squares
fitting procedures are listed in Table 2 for a representative set
of temperatures. The MAS &fFe embedded in the different
matrixes under study revealed that thé'Fmns are LS over
the whole temperature range in all cases; the isomer shifts (IS:
0.19-0.31 mm s?) are characteristic of LS-Fe(ll) with quad-
rupole splittings of QSx 0.95-1.01 mm s1.17
MES for 1, 2, and 3 are depicted in Figures 3 and 4, and
temperature variations of the HS and LS fractions are shown in
Figure 5. MES ofl—3 at 295 K consist of a single quadrupole
doublet (LS) assigned to the LS-Fe(ll), which was identified
as the ground state by comparison with the very same parameters
derived from the MAS of J'Fey osC o ofterpy)]Cl-5H,0. On )
lowering of the temperaturd;—3 show two additional doublets Velocity / mm s
denoted as HS1 and HS2. The values of the isomer shift IS andFigure 3. Selected Mesbauer emission spectra &fGo/Co(terpy)]-
the quadrupole splitting QS for HS1 and HS2 are characteristic Cla*5H;0.
of HS-Fe(ll) ions (Table 2}°> HS1 in 1-3 shows variable ) .
fractions with temperature, and the temperature behavior DiSCussion
depends on the parent matrixes. The HS2 fractioris-i8 are Earlier MES studies of the valence states of nucleog®hie
relatively small and do not change so much within the generated by the electronic capture decay©b, >’Co(EC}Fe,
experimental error. HS1 peaks in MES fbr2, and3 start to embedded in Miy core complexes with Schiff base ligands of
grow at 100, 200, and 250 K in the direction of the decreasing different field strengths yielded, with the exception of a small
temperature, and the fractions reach their plateau values of 0.3 and temperature independent fractiof®fe>* signals, mainly
0.79, and 0.86 at 20, 50, and 100 K, serially, whereas the LS resonances characteristic of iron(ll) LS and HS states. At a very
fractions forl—3at 4.2 Kare 0.68, 0.13, and 0.11, respectively. early stage of such MES studies one has already found that the
The data are plotted in Figures 3, 4, and 5. resonance intensities of these states and their temperature
: - dependences could be correlated with the ligand field strength:
an g;‘]) dGljlgﬁ”L"t"gf’?_b ’;]‘a(';‘r-]?’Glg’;’i_T(-b“)g’.'(‘;;fﬁ“"‘gﬁrgﬁﬁcgfsffﬁcvaeﬁ’mi”. S7Co-labeled weak and intermediate field strength complexes,
X. Mossbauer Spectroscopy and Transition Metal Chemistry Whose iron(ll) analogues show HS behavior at all temperatures
Springer: Berlin, Heidelberg, New York, 1978. or undergo temperature dependent spin transition as confirmed
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Figure 4. Selected Mesbauer emission spectra of (&8)Jo/Co(terpy)](ClO.)2+%.H.0O and (b) "Co/Mn(terpy}](ClO)2*%-H,0.
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Figure 5. Temperature dependence of the low-spin (open mark) and high-spin (HS1) (filled mark) fractions observe) iit’@faf/Co(terpy)]-
Cl»*5H,0, (@) [¥"Col/Co(terpy)](ClO4)2+Y/:H20, and ) [S"Co/Mn(terpy}](ClO)2--H,0.

by, e.g., M®sbauer absorption spectroscopy, yield only resonance signals at room temperature. HS-Fe(ll) doublets
57Fe(l1)-HS doublets over the whole temperature under study. appear with increasing intensity on lowering of the temperature,
5’Co-labeled strong-field complexes such @€p/Co(pheny- e.g., below 220 K in the case 6fCo/Co(pheng(ClOy).. These
(ClOq4), or [5"Co/Co(bipy}](ClO4),,3* (phen = 1,10-phen- two additional HS-Fe(Il) doublets besides the stable LS-Fe(ll)
anthroline; bipy= 2,2-dipyridyl), whose analogous iron(ll)  state were proposed to be metastable states generated by the
compounds are typical examples for temperature independentEC decay. Further NMesbauer emission experiments by means
LS behavior, yield MES spectra consisting of only LS-Fe(ll) of the time-differential technique (TDMES)evealed that the
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metastable HS-Fe(ll) states observecPiCp/Co(pheny(ClO,), the larger the energy differenc&E, ° between the lowest
relax to the LS-Fe(ll) state. The lifetimes of the HS states vibronic levels of the HS and LS states and the faster the
increased as the temperature was lowered, and one of the HSrelaxation of the metastable HS1 state (or equivalently the
Fe(ll) states relaxed much faster (lifetime of 645 ns at 10 K) shorter its lifetime). This is known as “inverse energy gap law”.
than the otherx 10* ns). On the other hand, the light irradiation  This explains the faster relaxation of the metastable HS1 state
of the LS-Fe(ll) complex of [Fe(pheg]§" can convert the spin  in 1 as compared t@.

state of the Fe(ll) ion from the LS to the HS state, which is  The MES of 3 showed the longest lifetimes of the HS1
termed LIESST, and the light-induced excited HS state relaxes species among the compounds studied. The HS1 st@@as
back to the LS state. The application of the pulsed-laser already appeared at 250 K, and its fraction reached the plateau
technique on [Fe(phesf* embedded in a Nafion matrix  value of 0.86 at 100 K. It should be noted that #@o(ll) ions
enabled one to estimate the lifetime of the light-induced excited in 1m and2m were imbedded in the cobalt complexes, while
HS states, and the rate constint(T—0) of ca. 5x 10f s~118 the57Co(ll) ion was doped into the [Mn(terpfiClO4)2+/-H-0

is comparable to the reciprocal value of the lifetime for the short- (3m). Whereas the ligand field strengths at #@o ions in1m

lived HS state in Co/Co(pherg](ClO4), as determined by  and2m are exactly the same as at the nonradioactive Co(ll)
TDMS. Similar MES studies, both time-integral and time- jons, a relative ligand field strength of t§&Co(ll) ion in 3m

differential, were performed later by Deisenroth ef @in a cannot be estimated. It can only be concluded from the MES
single crystal of {'Co/Mn(bipy)](PFe)2. The measured lifetimes  that it must be somewhat weaker thanlimnd 2.
of the metastable HS states ®fFe(ll) were again, within Spin crossover behavior, in which cooperative interactions

experimental error limits, the same as those determined of themust be involved, is influenced by many factors. Internal and
short-lived LIESST states after irradiation with an external light eyiermal pressure effects are one of the major effects and have
source. We have therefore concluded that the metastable HSyeen extensively studied in several ferrous spin crossover
Fe(ll) states generated by nuclear decay/0b(ll)—now termed gy qtems, e.g., [Fe(2-pidll, (2-pic = 2-picolylamine)i: The
nuclear decay induced excited spin state trapping (NIESST) gjze of the molecule in the LS state is smaller than that in the
are the same as those generated in a LIESST experiment. It isyg state, which has been proved by X-ray structural analfses;
noted that in {'Co/Co(pherd(CIOx), the fraction of the short-  hence, the increase in pressure will favor the LS state and the
lived HS fraction increased as the temperature was lowered atspin transition occurs at the higher temperature under the
the expense of the LS-Fe(ll) species, while the long-lived HS gleyated pressure. Variable-pressure and -temperatizstidoer
fraction was temperature independent. The origin of the long- experiments for [Fe(2-pig)Cl-EtOH revealed that the spin
lived HS-Fe(ll) state in MES, which might result from a defect ansition temperature was shifted toward higher temperature
caused by radiolysis, is unclear. The temperature dependencgyit increasing pressufé.Incorporation of the spin crossover
of the HS-Fe(ll) fractions and the Mebauer parameters derived - complex into a similar host lattice results in a similar pressure
from the emission spectra of’Co/Co(terpy)]Clo-5H,0 (1), effect. Metal dilution experiments on [Fe(2-pil§l>-EtOH and
[>"Co/Co(terpy)l(ClO4)2"/2H,0 (2), and P’Co/Mn(terpy}]- [Fe(phen)(NCS))] to host lattices of [Zn(2-pig]Cl,*EtOH and
(ClOy)2+/2H20 (3) must be viewed on the same grounds as the [\n(pheny(NCS)], respectively, with larger spacings (lattice
earlier studies on th&’Co-labeled phen and bipy complexes; parameters) as compared to the corresponding iron compounds
the HS1 and HS2 can be assigned to the short- and long-livedyeyealed that such dilution leads to the stabilization of the HS
metastable HS-Fe(ll) species, respectively. S states and lowered the spin transition temperature. This phe-
The temperature dependencies of the HS1 factiors—@ nomenon has been described as a negative image pressure
are dependent on the parent matrixes. The HS1 starts to effect” The metastable species 6fFe(terpy}]?+ generated
grow at 100 K and reaches a maximum value of 0.3 at 20 K, a¢ter EC-decay are supposed to experience similar pressure
while in 2 it appears at 200 K and increases its fraction to the offects. |t is difficult to predict the magnitude of the image
plateau (0.79) at 50 K. This temperature behavior of HS1 meanspressure onSfMFe(terpy)]2* in the different matrixes oPm
that the lifetime inl is shorter than ir2. The reason is that the  5n43m because@m, 3m, and [Fe(terpy)|(Cl04)z+Y-H,0 (4m)
ligand field strength irl is stronger than ir2 as can be seen  crystallize in the different space groupsRé/n, P4s, andP2y,

from the magnetic susceptibility data for [Co(terg@) > SH0 respectively. It should be noted, however, that the crystal
(1m) and P"Co/Co(terpy)](ClO4)-'/2H-0 (2m) which show a  gystems oPm and3m are tetragonal and the unit cell volume
higher HS fraction foR at all temperatures than far The two- of 3m is twice that of2m. Despite the near-doubling of the

potential-well Scheme 2 for an iron(ll) spin crossover syStem |attice constant, the packings o2m and3m are similar (Figure
visualizes the correlation between the relaxation rate of the HS1g

state and the ligand field strength: the stronger the ligand field, The cell volume oRm is 1571.9 & (Z = 2), while that of

Scheme 2 3mis 3105.8(2) A forz = 4 (or 1559.2 & converted forZ =

2). The molar volumes fa2m, 3m, and4m are estimated to be
786.0, 776.5, and 762.23knol, respectively, from the X-ray
data. The metastabl&’[Fe(terpy)]2" species is considered to
experience the negative pressureiand3, the former giving

the more negative pressure. EMS3a8, therefore, expected to
give the shorter-lived HS1 species; however, the longer-lived
HS1 in3 was observed. It seems that the image pressure effect
is not the only important factor. Recently, J. Kusz et al.
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Figure 6. Perspective views ohc- andac-planes for (a) [Co(terpy)ClO4)2Y/2H,0 and (b) [Mn(terpy)](ClO4)2Y/2H,0.

performed structural studies after and before LIESST on the energy, but the deformation is much more effective. In our EMS
spin crossover system [Fe(mg{BF4). (mtz = 1-methyltetra- system, such deformation effects might be more effective than
zole)2° They observed a drastic deformation of the unit cell the image pressure effect.

after the light conversion from the HS to LS states, but there is
not a measurable volume change after LIESST. From the

elasticity theory, the volume change contributes the elastic In Fe(ll) spin crossover systems, chemical modification and
physical treatments of the complexes result in different spin

(20) Kusz, J.; Spiering, H.; Renz, F.;"@ah, P. To be published. crossover behaviors. Msbauer emission spectroscopic studies

Conclusion
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