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Synthetic, structural and luminescence studies of stoichiometric crown ether compound& afi Mell-defined
coordination environments were undertaken in an effort to understand the origin of emitting crystal defects found
in cubic F23 [(K18C6),MnBr4][TIBr 4], crystals (Fender, N. S.; et dhorg. Chem.1997 36, 5539). The new
compound [Mn(12C4][MnBr 4]2[N(CHz3)4]2 (3) features MAT ions in eight- and fourfold coordination environments
of [Mn(12C4)]?+ and MnBg2~ respectively, while M&" in [Mn(15C5)(HO)][TIBrg] (4) is in the sevenfold
coordination polyhedron of [Mn(15C5)¢),]2". Crystal data foB: monoclinic,P2;/c (No. 14);a = 14.131(3)
A, b=12.158(1) Ac = 14.239(2) A8 = 110.37(1}, Z= 2, R1= 0.039 and wR2= 0.083. For3, long-lived
emission (77 K decay rate3 x 10 s'1) from [Mn(12C4)]2" (the first for eight-coordinate Mt in stoichiometric
compounds) is observed (ax =546 nm) along with that of the sensitizing MnBT (Amax =513 nm), which is
partially quenched. Emission from the seven-coordinate [Mn(15GE)dH" species oft and [Mn(15C5)(HO),]-
[MnBrg4] (the first for seven-coordinate Mh in stoichiometric compounds) peaksiaiax =592 nm. Unusually
intense absorptions attributable to the seven-coordinate species are observedBi(81 7 °A1), 342 (T1(*P)

— 6A), 406 CE(*G) — ®A;), and 531 {T1(*G) < A7) nm.

Introduction halide$15-19 have revealed interesting information on thea¥in
electronic response to changing ligand field, detailed interpreta-
tion of these data is difficult because of uncertainties in the
|hature (location and symmetry) of the emitting ¥nsite.
Besides these ambiguities, doping often leads to crystal defects
which further complicate luminescence behavior through elec-

crystalline or amorphous materials have also attracted muchtronic interactions with the MiT ions or by their own

ieq] 6,17 i ieqj
attention. Whereas intensive spectroscopic studies of manyemlssmnl._ . Therefor_e, in order to underst_and the emission
Mn2+, doped oxide€:l15 oxo salt5%14 sulfidess®14 and characteristics of M# in non-O, and T4 environments, it is

desirable to study stoichiometric manganese(ll) compounds with
* Author to whom correspondence should be addressed (Fax, 876-977- Well-defined Mri#* coordination sites which exhibit the lumi-

Strong luminescence from tH&1(*G) state of MA™ ions in
On (red) andTy (green) oxide coordination environments is the
basis of successful applications of manganese(ll) in commercia
phosphors= However, violet £425 nm)? blue (=460 nm)&’
and orange<£590 nm¥$~19 emissions from M#'" ions doped in

1835; e-mail, ikahwa@uwimona.edu.jm). nescence characteristics of interest. However, to our knowledge,
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524. Mn?#* in coordination environments other th&y and Ty, or
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understand the nature of the defect emitted jinve sought to [MNn(12C4)2][MNnBr 4]2[N(CH3)4l2  (3), [MNn(12C4)][MnBr 4]x-
prepare relatively simple manganese compounds with well- [ZnBraz— [N(CHs)z (7), and [Mg(12C4}]1-[Mn(12C4)]x-
defined noncubic M# coordination environments and study —[MNBr 42[N(CHs)d]2 (8). MnBr,-nH0 (3 mmol), 12C4 (2.06 mmol),
their luminescence spectroscopic characteristics and decay?"d tetramethylammonium bromide (2 mmol) were dissolved in a 3:1
dynamics. It was hoped that these studies would shed new Iightacetonltrlle/methanol mixture and refluxed overnight. The solution was

on the origin of the intriquing emission behavior of Supramo- then decanted into a 250 éroonical flask and slowly evaporated on
9 guing P a hot plate. After 24 h large crystals were deposited. The crystals

Iecular.sys?[eml while openlng new opportunltles for probing were harvested and dried by being rolled quickly and gently in tissue
Mn?* sites in complex coordination environments, such as those paper. Compounds and8 were prepared in a similar manner using
of industrial mineral®-24 and compound®> Crown ether and 1 mmol of MnBe-nH,O and 2 mmol of ZnB#nH,O or 2 mmol of
MnBr42~ compounds were targeted because of our interest in MnBr,-nH,O and 1 mmol of MgBsnH-0, respectively. The prepara-
systeml as well as the simplicity and flexibility of the crown  tion procedure foi8 was repeated with 2.5 mmol of ZnBnH,0 to
ether framework, which adapts to a variety of coordination obtain crystals of9 (vide infra). Crystal colors and yields are as
requirement3® follows: 3, lime-green, 72%7, light-green, 64%8, yellow-green, 70%.
Herein we report the preparation, crystal structures, and Anal- for3. Calcd for BeCaHsMnsNzOg: Br, 49.0; C, 22.1; H, 4.3;

. . - N, 2.1. Found: Br, 48.7 (average of several analyses in the range 48.3
luminescence behavior of new compounds [Mn(12[[MhBr 4] 49.9): C, 21.87: H, 4.32: N, 2.17. Anal. far Calcd for B§CadHes

[N(CHz)al2 (12C4 = 12-crown-4)3) and [Mn(15C5)(HO)I-  \inN,0.7n,: C, 21.8; H, 4.3; Mn, 4.1; N, 2.1; Zn, 9.9. Found: C
[TIBrs] (15C5 = 15-crown-5)4), which feature MA" in eight- 22.3; H, 4.39; i\/ln, 4'.31’; N, ’2.28;’ Zn,’10’.4. Anal. fér Calcd for
and sevenfold coordination environments. BreCosHseMgMn,N;0s: C, 22.6; H, 4.4; Mg, 1.9; Mn, 8.6; N, 2.2.
) , Found: C, 22.33; H, 4.40; Mg, 1.80; Mn, 8.9; N, 2.18. Anal. for
Experimental Section Calcd for BECoaHssMnN,OsZny: C, 21.8: H, 4.3; Mn, 4.1; N, 2.1: Zn,

Materials. The materials used, their purity, and sources are as 9-9- Found: C, 21.75; H, 4.26; Mn, 3.80; N, 2.28; Zn, 10.4.
follows: magnesium, manganese, and zinc bromides, Analar, BDH; _ Structural Determination. Data for3 were collected on a Siemens
tetramethylammonium bromide, 99%, Matheson Coleman and Bell; 12- P4/PC diffractometer using graphite-monochromated Mo ® =
crown-4, 98%, and 15-crown-5. 98%, Aldrich: thallium bromide was 0-71073 A) radiation and scans. The structure was solved by direct
obtained by neutralizing pure thallium(ilf) oxide (99.99%, Aldrich) with ~ Methods and refined by full-matrix least squares basef’orThe H
hydrobromic acid (99.999%, Aldrich). The solvents used were reagent atoms were placed in calculated positions, assigned isotropic thermal
grade. parameters.J(H) = 1.2Ue(C) [U(H) = 1.8J¢{(C-Me)], and allowed to

Elemental Analysis. Bromine, carbon, hydrogen, and nitrogen fide on their parent atoms. Computations were carried out using the
analyses were performed by MEDAC Ltd., Brunel Science Center, SHELXTL PC program system (version 5.03, Siemens Analytical
Egham, Surrey, U.K. Magnesium, manganese, and zinc analyses were<"Ray Instruments, Inc., Madison, WI, 1994). Essential data3for
obtained using an atomic absorption spectrometer described previ-empirical formula= BraCodHseMnsN2Os; formula weight= 1304.81;
ously2s T = 293(2) K; crystal systerss monoclinic; space groug P2;/c (No.

Luminescence Decay Dynamics and Spectroscopic Studiehe 14); unit cell dimensionsa = 14.131(3) Ab =12158(1) Ac -
Perkin-Elmer LS5 fluorescence spectrometer, the Photon Technology 14-239(2) Azﬂ_: 110.37(1); Z = 2; number of reflections= 3739;
PL 2300 nitrogen and PL 201 dye lasers, and the homemade data= 3596; finalR indices | > 24(I)], R1= 0.039, wR2= 0.083.
computational programs used were described previdaslyariable- All other structural data are given as Supporting Information.
temperature measurements {8320 K) were carried out using our new
APD Cryogenics Inc. CSW-202 Displex helium refrigerator system
with the sample in contact with cryocon conducting grease. Syntheses and Structure. Direct preparation of compounds

Syntheses. [Mn(15C5)(HO)[TIBY 5] (4). MnBrz-4H,0 (1 mmol), 3, 7, and 8 as good-quality crystals is straightforward and of
thallium tribromide (1 mmol), and 15C5 (1 mmol) were mixed in 120 . - - . .

high yield. The single-crystal X-ray diffraction study &f

cn® of a 3:1 dichloromethane/methanol mixture and then refluxed i 1 fi the f fi fth dwich d
overnight, yielding a clear solution; thallium(lll) bromide dissolves (Figure 1) confirms the formation of the sandwich compound,

slowly. Hydrobromic acid (5 cA) was added, and the solution was ~ [MN(12C4R]IMnBr4]o[N(CHz)4)2. One of the manganese atoms,
decanted into a 250 éeonical flask and allowed to evaporate slowly ~ Which coordinates to the 12C4 macrocycle, is positioned on a
on a warm hot plate until lime-green crystals were deposited. The crystallographic inversion center. The macrocycle has ap-
crystals were harvested and dried by being rolled quickly and gently proximate moleculaC, symmetry, i.e., all four oxygen atoms

Results and Discussion

on tissue paper; yielek61%. Anal. Calcd fod +1.5H,0 (BrsCioHar- lying on one face of the crown are coplanar to within 0.08 A
MnOesTl): C, 12.7; H, 2.9. Found: C, 12.48; H, 2.56. and are bound to the manganese atom which adopts a perching
[Mn(15CS)(Hz0)][MnBr 4]-2H20 (5). MnBrznH:0 (2mmol)and  geometry. The 12C4 molecule exhibits rotational disorder about

15C5 (1 mmol) were mixed in 40 chof methanol, from whicts was its C, axis; two discrete 50% occupancy orientations rotated

crystallized by vapor diffusion using diethyl ether in a desiccator that . o . )
contained silica desiccants. Anal. Calcd forGiHsgMn,Os: B, by about 36 were identified (Figure 2). The crown-complexed

443 C. 16.64' H 3.91. Found: Br. 43.84: C.16.67° H. 3.64 Mn atom is eight-coordinate, but because of the inversion center
[MN(15C5)(H50)>(D:0)[TIB 5]+(H20)s(D:0).) (0 < x < 2) and the rotation disorder, it is not possible to distinguish between
(6). Deuterates was prepared by suspending compodrid DO and the two probable coordination geometries, i.e., square bipris-
evaporating to dryness the resulting mixture in a desiccator containing matlc_: anq square antiprismatic. Indee(_j both gepmetrles could
concentrated sulfuric acid. The dry compound was subsequently keptcoexist within the crystal, although only in approximately equal

in a sealed glass tube. populations. The square biprismatic geometry is known for the
similar iron(Il) sandwich, [Fe(12C4)",%’ but the square
(22) Bakhterev, V. V.; Solomonov, I. Mnorg. Mater.(Transl. ofNeorg. antiprismatic geometry known for [Mn(lZCﬂﬁ* in [Mn-
Mater) 1995 31, 526. (12C4})[Br3]2,28 [Na(12C4)] 7,2%-3L and [Ca(12C4)>" *2is the

(23) Kononov, O. V.; Nesterov, |. Wineral. Geokhim. VoI’ framoykh
Mestorozhd., Tr. Vses. 8eshch., 3rdl975 364.

(24) Loh, E.Am. Mineral.1975 60, 79. (27) Meir K.; Rihs, G.Angew. Chem., Int. Ed. Endl985 24, 858.

(25) Knops-Gerrits, P.-P. H. J. M.; Schryver, F. C. D.; Auweraer, M. van (28) Hughes, B. B.; Haltiwanger, R. C.; Pierpont, C. G.; Hampton M.;
der; Mingroot, H. V.; Li, X.; Jacobs, P. AChem. Eur. J1996 2, Blackmer, L.Inorg. Chem.198Q 19, 1801.
592. (29) Remoortere, F. P. van; Boer, F.IRorg. Chem.1974 13, 2071.

(26) Fairman, R. A.; Gallimore, W. A.; Spence, K. V. N.; Kahwa, I. A.  (30) Boer, F. P.; Newman, M. A.; Remoortere, F. P. van; Steiner, E. C.
Inorg. Chem.1994 33, 823. Inorg. Chem 1974 13, 2826.
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Figure 1. The crystal structure of [Mn(12C4)MnBr 4]2[N(CHz3)4]2 (3).

Q O
Q)
Ci3) C(2)
O C(3) ' ) O
ci21
O

Q o cu2)
\ QL o >

cts)

<®

0i4)
()

\N

o N
O e e
./ & cig

Figure 2. The two orientations of the 12C4 unit &

more frequently encountered conformation. The-Mh dis-
tances are in the range 2.26¢D.42(1) A for one of the 12C4
orientations and 2.24(32.41(1) A for the other. The Mn atom
lies 1.34 and 1.31 A out of the planes of each set of four oxygen
atoms, respectively.

The MnB2~ anion lies in a general position within the unit
cell and has roughlify symmetry typical for this specie8;2!
Mn—Br distances are in the range 2.494-2)515(1) A and
Br—Mn—Br angles in the range 107.4(2)12.2(1y. The
tetramethylammonium cations are ordered with noncrystallo-
graphic Tqy symmetry. The shorter through-space vin

TIBrs>~ anions and the trans configuration of the two water
molecules in the [Mn(15C5)(#D);]%" cation were evident, but
extensive disorder of the 15C5 chelate made complete solution
of the structure difficult.

Compounds3 and4 featuring well-defined noncubic Mn
coordination environments are, as desired, luminescent and
indeed attractive for emission studies seeking to establish man-
ganese(ll) luminescence behavior beyond cubic crystal fields.

Luminescence Spectra of Compounds 3, 7, and 8There
are two potential sources of emission in [Mn(12gMINBr 4] -
[N(CHa3)4]2 (3), namely, the MA* species, [Mn(12C4)?+ and
MnBr42-. It was therefore prudent to attempt physical isolation
of [Mn(12C4)]?" and MnBg?~ species from each other and
then study the luminescence behavior of each one of them in
the absence of the other. It is well establistiéd that the
stability order for MX?~ anions (M= divalent element; X=
halogen) is Zn¥2~ > MnX42~ > MgX4?~. Therefore, in a
preparative procedure similar to that3)fthe presence of excess
ZnBr; should transform manganese(ll) to predominantly the
sandwich [Mn(12C4)2* while the formation of MnB#~ is
suppressed in favor of Zngr. On the other hand, an excess
of Mg?" ions over Mi@* should favor conversion of manganese-
(1) to mainly MnBr/2~ and magnesium(ll) to the sandwich
cation [Mg(12C4))2". These expectations are indeed realized
synthetically (see Experimental Section); reaction mixtures
containing manganese(ll) and zinc(ll) bromides yield
[Mn(12C4%][MNBr 4], ZNnBra]2—x [N(CHa)4]2 (7), while those
containing manganese(ll) and magnesium(ll) bromides yield
[Mg(12C4p]1{MN(12CA4p][MNBr4]2[N(CHs)4]> (8). Both
elemental analysis (vide supra) and luminescence spectroscopy
(Figure 3;Tq and Ty denote delay and gating times respectively)
show (vide infra) that the magnitude »fn the stoichiometries
of 7 and8 is small but not 0.

Normally, MnBrZ~ ions exhibit green emissiori (=510—

535 nm). Accordingly, the 77 K emission spectrum8pffor

separations between the two crystallographically independentWhich the conc;(intratipn_ of MnB#~ is much higher than that
manganese centers are 7.09 and 7.30 A. The shortest separatio?f [Mn(12C4)]?*, exhibits largely normal MnB#~ emission

of MnBrs2~ centers is 8.31 A while that between the most
proximal [Mn(12C4)]2* centers is 9.36 A.

The crystal structure of [Mn(15C5)¢@),][TIBrs] (4) was
determined. The nearl®s, trigonal bipyramidal geometry of

(31) Remoortere, F. P. van; Boer, F. P.; Steiner, EA&a Crystallogr.,
Sect. B1975 31, 1420.
(32) Rogers, R. D.; Voss, Hnorg. Chim. Actal987 133 181.

peaking at ca. 530 nm with a weak shoulder toward the 550
nm region (Figure 3c). The excitation spectrun8ahonitored
at 514 nm features normal absorptions of M§g#Br However,
the 77 K excitation spectrum of the long-wavelength emission
of 8 monitored in the shoulder at 585 nm shows absorptions

(33) Blake, A. B.; Cotton, F. Alnorg. Chem.1964 3, 5 and references
therein.
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Figure 3. Time dependent uncorrected 77 K excitation and emission
spectra of (a, b) [Mn(12C4MnBr]2[N(CHs)4. (3), (c) [Mg-
(12C4}]1{Mn(12C4p](MNBr4]2[N(CH3)a]2 (8), (d) [Mn(12C4}]-
[MNBra«[ZnBra]o-x [N(CH3)4]2 (7), and (e) [Mn(12C4)[MnBr 4]y
[ZNnBra]2-x [N(CH3)4]2 from reaction mixture with excess Zn(9).

The arrow indicates the unusually intense absorption attributed to
eight-fold-coordinated Mt in [Mn(12C4)]?" in compoundss, 7, 8,
ando.

typical of MnBr,2~ and an additional weak feature at 410 nm
(see arrow in Figure 3) for which the ratio of areas at-48R0
nm (A410) and 425-500 nm Qus0), As16Ag50 ~ 1:14, is small.

To establish whether the unusual absorption at 410 nm and
the long-wavelength emission shoulder are due to the sandwich

[Mn(12C4)]?*, we studied the emission characteristics o
which the concentration of [Mn(12C4%" species is much
higher than that of MnB#~. Upon excitation at 77 K and 360
nm, 7 exhibits weak emission at about 546 nm (Figure 3d), the
excitation spectrum of which is dominated by MaBrabsorp-
tions similar to those of the long-wavelength emission8of
(Figure 3c). However, the peak at 410 nm Tnis more
prominent with an intensity ratio &f410A4s50~ 1:3 (Figure 3d)
compared to a value of about 1:14 &¢Figure 3c)! This means
that direct excitation of the [Mn(12C4§" species is inefficient
and, without sensitization by MnEr, emission from the eight-

coordinate manganese(ll) cations would be extremely weak. To

firm up this interpretation, the proportion of MnBr anions

in samples of typ& was further minimized; a samp&from

a reaction mixture containing a larger (2.5:1) than stoichiomet-
rically required (2:1) ZnBZ~:MnBr42~ ratio was obtained and
its emission behavior studied. The emissio® &f indeed weak

and dominated by the 546 nm peak; the unusual 410 nm

absorption is now the dominant featufg{zAsso~ 1:1) in the
excitation spectrum (Figure 3e). The unusual weak long-
wavelength emissions froify on one hand, an8land9, on the

other, are thus sensitized by the relatively abundant and trace

amounts of MnBg~, respectively. Guided by the benefit of
knowledge of the luminescence behavior of [Mn(120%)and
MnBr4~ when mutual interference is minimal, we sought to
establish if the more complex emission characteristic3 arfe
consistent with this interpretation.

Indeed, excitation of the manganese(ll) compo@nd the
near UV (360 nm), leads to very intense green-yellow emission

Inorganic Chemistry, Vol. 37, No. 15, 1998871

at both 77 and 300 K which is time-resolvable into a short-
lived component at 514 nm (Figure 3a) and an unusual long-
lived one peaking at about 546 nm (Figure 3b). The excitation
spectra (Figure 3a,3b) of both emission features (77 K) are
dominated by electronic transitions typical of MpBrions®-36
except, again, for the unusually intense absorption at ca. 410
nm (peak on arrow, Figure 3By10A450~ 1:10) in the excitation
spectrum of the (long-lived) 546 nm emission. We conclude
that the intense long-lived emission peaking at 546 nm is indeed
from the sandwich [Mn(12C4)*" cations and is efficiently
sensitized by MnBg£~ anions. Taken together, the lumines-
cence behavior of compoun8sand 7—9 means that there are
active MnBg2—+++[Mn(12C4)]?* electronic interactions which
are responsible for the sensitized emission from [Mn(12|€4)
On the basis of the spectral results, we also conclude that the
ligand field strength around the eight-coordinate?¥im the
sandwich [Mn(12C4)%" species is closer to that of Mhin
Tg environments.

Figures 3e-e shows that the 410 nm peak is a poorly resolved
doublet; we attribute this absorption to the transitt&f'G) —
6A;1 of [Mn(12C4)]?". Normally the Mt (“A1,*E) — ®A;
transitions are narrow and nearly resonant; in [Mn(123{24)
these transitions have noticeably different energie¢'G) <
6A1 (410 nm) and*A1(*G) — 6A; (432 nm)) even under the
low spectral resolution conditions of our experiment (maximum
resolution£2 nm). Two weak peaks, one at 255 and the other
at 260 nm, in the excitation spectri. = 585 or 546 nm) of
7—9 (Figure 3c-e), have greater intensity compared to the
excitation spectra o8 (Figure 3a,b). We speculate that these
peaks may have been generated by the splitting of ThgF)
state of the [Mn(12C4)%" cation.

Luminescence Decay Dynamics of Compounds 3, 7, and
8. Encouraged by the above luminescence spectral results,
we studied the energy transport dynamics of crystal8, of,
and 8 in order to gain more insight into the [Mn-
(12C4)]?*---MnBr42~ electronic interactions. Pulsed laser
excitation of3, 7, and8 at 360, 410, and 479 nm produced
similar luminescence decay kinetics. All decay curves were
subsequently recorded following excitation into ffig(‘G) state
of MnBrs2~ at 479 nm.

The 77 K emission from the MnB&~ species in7, where
the concentration of these anions is very low, monitored at about
520 nm decays nonexponentially and is largely quenched. For
example, the tail decays at a faster rate of roughly 60* s™*
compared to the normal decay &’ -38of MnBr,2~ emission
of roughly ks ~ 2.8 x 10° s71. Consistent with the low
population of [Mn(12C4)%" traps in8 (compared to7) and
the higher abundance of diamagnetic [Mg(124%) cations,
complicated decay kinetics of the MnBr 77 K emission from
8 still prevail, but quenching is considerably diminished
compared to the high levels found in (vide supra). For
instance, the tail of the Mng#~ 77 K emission fron8 decays
at a normal rate of roughly & 10° s™1, compared to ca. &
10* s1 for 7. By contrast, for compoun@ in which the
concentrations of both MnB¥ energy donors and [Mn-
(12C4)]?* acceptors are high, luminescence of the M@Br
species fem = 520 nm) is largely quenched and follows
nonexponential decay kinetics. Consequently, the taiB of

(34) Furlani, C.; Furlani, Alnorg. Nucl. Chem1961, 19, 51.

(35) Cotton, F. A.; Goodgame, D. M. L.; Goodgame, 84.Am. Chem.
Soc.1962 84, 167.

(36) Foster J. J.; Gill, N. SJ. Chem. Soc. A968 2625.

(37) Wrighton, M.; Ginley, D.Chem. Phys1974 4, 295.

(38) Vala, M. T.; Ballhausen, C. J.; Dingle, R.; Holt, S. Mol. Phys
1972 23, 217.
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decays at a higher rate of cax810* s~ compared to both the Excitation (—)y  Emission ()
frequently encountered natural MnBr luminescence decay rate
(ks) of ca. 2.8 x 10° s120.37.38gnd the corresponding value Kem=592nm

(ca. 3x 10 s71) for 8. The similarities in the 77 K decay :'-‘7~ex=3“°nm
rates of MnBg2~ emission fronB and7 are due to the presence '
of large amounts of [Mn(12C4f*+ excitation traps in both
compounds. At 300 K, MnB#~ emission fronB is weak, fast,
and obscured by the more intense and longer lived [Mn-
(12C4))?" luminescence. A variable-temperature£BDO0 K)
study of the emission decay behavior of MgBr revealed
weakly temperature dependent decay curves which are com- \M

Intensity/abu

plicated for 10< T < 77 K but single exponential for

>100 K. Decay rates varied from ca. 4810* s71 at 10 K (B Sl S A S
to ca. 8 x 1P s at 300 K. An Arrhenius plot utilizing 220 3°3vgsg|:ﬁgtf“/‘:r:2° 700
rates derived from single-exponential curves is linear and

gives a phonon-type, thermal barrier of only ca.67 cnr!
which is similar to thev, (bending) vibrational absorption for

MBr,? 'ons'z_o o to-MnBr>~ energy transfer is also active, especially Tor
The long-lived emission of decays very slowly at rates of  120K. Since the partially quenched emission of [Mn(12{24)

1.3 x 107 and 3.0x 10 st at 300 and 77 K, respectively. The  follows exponential decay behaviol (< 220 K), energy

long-lived emission o8, in which the concentration of [Mn- migration on the [Mn(12C4)2* sublattice should also be fast

(12C4y)** is low, is too weak to measure with our setup at sq that the combined [Mn(12GA3+-to-[Mn(12C4}]>* and
300 K, but this emission monitored at 550 nm and 77 K decays [\Mn(12C4)]2+-to-MnBr,2~ energy transport behavior is in the

exponentially at roughly 3 10 s* as found for7. The long- dynamic regimes

lived emi_ssion of3_mo_nitor<_ed atilem = 550 nm follows Luminescence of Compounds 4, 5, and 6The [Mn(15C5)-
exponential decay k_metlcs with a rate of only310 st at 77 ~ (Hz0)]%* complex ion in [Mn(15C5)(HO)][TIBr 5] (4) emits

K, the decay behavior at 300 K being more complex but with \yeakly, while stronger emission is obtained for the deuterate
an exponential tail corresponding to a decay rate of about 3.6 [Mn(15C5)(D,0)]2" in [MN(15C5)(H0),-x(DO)[TIBr 5]+-

x 10? s'1. Compared to the behavior af, the long-lived ((H20),x(D:0)y) (0 < x < 2) (6). However, [Mn(15C5)-
emission of3 at 300 K is significantly quenched, which indicates (D,0),]2" in the deuterated derivative of [Mn(15C5®l),]-
active back Mn(12C4)**-to-MnBr,>~ energy transfer atroom  [MnBr,]-2H;0 (5) gives an intense orange emission when
temperature. There was no rise on the decay curves of the long-excited in the UV. The emission at 77 K peaks (Figure 4) at
lived emission of3, 7, and8 when monitored at wavelengths 592 nm and decays exponentially at a rate of ca<1 B s!

Figure 4. The 77 K uncorrected emission and excitation spectra of
the deuterated derivative &f

of Aem > 550 nm, WhiCh. suggests that Mngr-to-[Mn- for deuterated derivatives of both (i.e., 6) and 5 (i.e., 5
(12C4)]%" energy transfer is fast. Since the strengths of the recrystallized from BO). The excitation spectrum of the
crystal fields around the M ions in MnBr?~ and [Mn- deuterated derivative & (lem = 592 nm) is dominated by

(12C4)]** appear to be similar, the spectral overlap between pmnBr2- absorptions (Figure 4), but absorptions at 317, 342,
the absorption of [Mn(12C4)?* and the emission of MnB#~ 406, and 531 nm not typical of Mngr are also evident. We

is expected to be poor. Since the temperature dependence Ofssign these absorptions (usiigr 4500 cnt?) to direct?T,-

the quenching process of MnBr emission was insignificant,  (2) — 6a, 4T,(4P) — 6A,, 4E(4G) — 6Ay, and*T1(4G) — A,

we turned to the temperature evolution of the decay behavior transitions, respectively, of the seven-coordinate [Mn(15C5)-

of the long-lived emission & for more insight on the MnB# - (D;0);]2* species® The “E(*G) and “Ai(“G) states have
[Mn(12C4)]?* electronic interactions. noticeably different energies, 410 and 436 nm in the deuterated
The decay curves of the long-lived emission fr8flexc = derivative of5. The relatively broadA;-to-2T,(3l) transition

479 nm;lem = 550 nm) are perfectly exponential up to 220 K is doubly spin forbidden and is rarely sé&mith such high

but very complex for 240 T < 280 K. Simpler decay intensity as exhibited by the [Mn(15C5){D),]2" ion. Cova-
behavior approximating to double exponential kinetics is seen lence and spirrorbit coupling considerations do not satisfac-
at 330 and 320 K; the short-lived component decays at roughly torily explain the observed high intensities here.

(3—5) x 1 s ! while the long-lived one decays at roughly 4 We thus conclude that the good spectral overlap between the
x 1% s71. ForT < 120 K, the decay rates differ marginally  4T1(*G) — 6A; emission of energy-donating MnBr ions
(28-33 st at 56-120 K, respectively); the corresponding (usually at ca. 518535 nm) with the*T;(*G) — ®A; absorption
thermal barrier is small (18@ 40 cnt?). Greater temperature (531 nm) of the energy-accepting seven-coordinate [Mn(15C5)-
dependence is found foF > 120 K; the thermal barrier to  (H,0),]?" species in5 provides an efficient mechanism for
quenching of the long-lived emission derived from exponential MnBr42~ -to-[Mn(15C5)(H:0),]2" energy transfer. More lu-
decay curves (126 T < 220 K) or tails T > 220 K) is 700 minescent seven-coordinate manganese(ll) compounds are being
+ 30 cnTl. Whereas the thermal barrier of 18040 cnTtis sought in an attempt to shed more light on the electronic
close to thev; (symmetric) stretch of MnB#~ and there are properties of such systems.

suitable vibrations of 12C4 and (GJN" which can be )

attributed to the thermal barrier of 700 chpmore information Conclusion

seems essential for a full understanding of the complex The emission features 89 do show conclusively that M

luminescence decay behavior &f emission {T1(G) — 6Aj) is not restricted toTy and Oy
We conclude that emission from the sandwich species [Mn- coordination environments only; Mhions in seven- and eight-
(12C4))?+ is strongly sensitized via fast Mnpr-to-[Mn- fold coordination environments do emit too. Therefore man-

(12C4))?* energy transfer fof = 10 K but back [Mn(12C4)2*- ganese(ll) sites which have effective crystal fields of lower than
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Tq Symmetry can be expected to contribute to emission ftom  West Indies-Imperial College Collaboration. We are also

it is reasonable to invoke them to explain the unusual emission grateful for assistance from the InterAmerican Development
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information is given on any current masthead page.
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