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The synthesis and structural, spectral, and magnetic characterizations of two new complexes of formula [Pt(IM,-
Py)Cl,] (A) and [Pd(IM2Py)Cl,] (B) are reported. IM;Py stands for the imino-nitroxide radical ligand 2-(ortho-pyridyl)-
4,45,5-tetramethylimidazoline-1-oxyl. Their crystal structures were solved at room temperature and at 120 K revealing
structural phase transitions from pseudo-orthorhombic to monoclinic systems for the two compounds which remain
isostructural in the whole temperature range explored. Structural parameters for A: T = 293 K [120 K], monoclinic
(P24/n) [P24/c], a = 7.906(2) [7.989(3)] A, b = 17.872(9) [10.168(4)] A, ¢ = 10.357(3) [17.623(6)] A, B = 90.732-
(13)° [95.940(2)]°, Z = 4 [4]. Structural parameters for B: T = 293 K [120 K], monoclinic (P2:/n) [P24/c], a =
7.900(3) [7.9730(2)] A, b = 17.907(9) [10.1806(3)] A, ¢ = 10.299(3) [17.7171(4)] A, B = 90.524(14)° [95.747(2)]°,
Z = 4 [4]. In both complexes, the metal coordination is essentially planar. The average Pt—N, Pt—Cl and Pd—N,
Pd—Cl bond lengths are 1.996(6) [1.88], 2.295(2) [2.248(8)] A and 2.015(7) [2.029(8)], 2.287(3) [2.294(3)] A,
respectively. The solid state structure is characterized by a pairlike molecular packing stacked in columns parallel
to the a axis; this dimer character is reinforced at low temperature. Despite their structural similarity, the investigation
of the magnetic properties revealed that dominant ferromagnetic interactions govern the behavior of the Pt derivative
A, whereas antiferromagnetic interactions take place for the Pd compound B. A rationalization for this rather intriguing
difference is proposed in light of the spin population deduced from density functional theory calculations. The
electronic absorption spectra of A and B present structured absorption bands in the visible which are attributed to
MLCT transitions. Both compounds are nonluminescent at room temperature. However, a weak emission is detected
for A in butyronitrile glasses at 77 K, indicating that the MLCT excited state is strongly quenched at low temperature.

Introduction: gies adopted, coordination chemistry stands as a powerful

Molecular magnetic materials have attracted an increasing'©°! fOr the design of such materials. The systems achieved

interest during the last two decades because of their potential
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vary from discrete molecules to 1D chains, and 2D and 3D Scheme 1
networkst™® For the materials made up from discrete

molecules, it is usually rather difficult to gain control over w

the molecular packing. Nevertheless, molecular planarity as L0—N__N -O=N 2N\ /Cl
a geometrical criterion was shown to be of great importance. + MCL(PhCN), /M\
This fact is exemplified by the first molecular ferromagnet, 2N Z >N«
Fe(Cp*pTCNE°In this context, the coordination chemistry | ~

of nitronyl nitroxide radical based ligands afforded, in X M= Pt Pd

addition to few 1D and 2D systems, a large number of
discrete molecule speciés2® Taking into account the  spin population deduced from the density functional theory
planarity criterion, the coordination chemistry of group 10 calculations, and the magnetic characteristics of the two
metals represents the model system of choice when these€ompounds Pd(IPy)Ch (A) and Pt(IMPy)Ck (B).

metals are coupled to conjugated chelating ligands bearing
a nitroxyl radical. Another attracting feature is the possibility
of synergy between the optical properties of the complex Syntheses2-(ortho-Pyridyl)-4,4,5,5-tetramethylimidazoline-1-
and magnetic properties as encountered in the recentlyoxyl*” and dichlorobis(benzonitrile)M(ll) (M= Pd, Ptj® were
reported photosensitive magnété2425 These metals fitthis ~ Synthesized following literature procedures.

objective owing to their potential photophysical properties, PY(IM 2Py)C> (A). PtCInghCN)Z (24 g;5 mmol) and Py (2
namely luminescence. Indeed, square planar complexes ar ; 9 mmol) were reacted in 50 mL of dimethylformamide at room

K to h . ited states | ticular het emperature. Afte4 h of stirring, the mixture was filtered and the
nown to ) ave emissive excited states In particuiar Net- o, nt removed under vacuum. The residue was washed thoroughly
eroaromatic chelates such as Pt(bpy)@bpy = 2,2-

O e LA . with acetone and air-dried. The product was recrystallized from
bipyridine)?® which has a structural similarity with the new dimethylformamide. Anal. Obsd (Calcd) for PiBi-H1OClL: C

compounds reported herein. Along this line, we have 29.70 (29.75); H 3.20 (3.30); N 8.66 (8.68). IR (KBr): 2986 (m),
investigated the coordination chemistry of the ligand 2-(ortho- 2930 (m), 1612 (m), 1480 (s), 1456 (s), 1428 (s), 1376 (s), 1346
pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl (BRy) with (s), 1256 (m), 1212 (m), 1144 (s), 1098 (m), 1060 (m), 778 (s),
MCI, precursors (M= Pd(Il), Pt(ll)) (Scheme 1). Two new 746 (m), 652 (s) cm.

complexes have hence been isolated. We report herein the Pd(IMzPy)Cl; (B). PACL(PhCN) (1.9 g; 5 mmol) and IMPy
synthesis, the X-ray single-crystal structures at room tem- (¢ 9; 9 mmol) were reacted in 50 mL of acetone at room

perature and at low temperature, the spectral properties, thdSmperature. Afte 2 h of stiring, the brown precipitate was
collected by filtration, washed thoroughly with acetone, and air-

Experimental Section:

(7) Sato, O.; lyoda, T.; Fujishima, A.; Hashimoto, 8ciencel 996 272, dried. Recrystallization from dimethylformamide afforded paral-
704. e , lelepipedic brown crystals. Anal. Obsd (Calcd) for RENH: 6
O e g Fulishima, A Hashimoto, . Am. Chem. Sod 998 OCl,: C 36.60 (36.42); H 4.19 (4.05); N 10.58 (10.62). IR (KBr):

(9) Mathoniee, C.; Sutter, J.-P.; Yakhmi, J. V. Magnetism: molecules 2986 (m), 2930 (m), 1610 (m), 1540 (m), 1488 (m), 1454 (s), 1374
to materials Miller, J. S., Drillon, M., Eds.; Wiley-VCH: Weinheim, (m), 1352 (s), 1268 (m), 1205 (m), 1142 (s), 1096 (m), 780 (s),

(10) %\/IOiICIEF,YJC.)IISf.Epstein, A. J.; Reiff, W. MSciencel988 240, 40. 744 (m), 654 (s) cr. .

(11) Inoue, K.; Hayamizu, T.; lwamura, H.; Hashizume, D.; Ohashi.Y. Spectral and Magnetic MeasurementsThe IR spectra were
Am. Chem. Socl996 118 1803. recorded from KBr pellets on a Perkin-Elmer FTIR spectropho-

(12) Caneschi, A.; Gatteschi D.; Sessoli, R.; Rey\ét. Chem. Red989 tometer (16F PC). The UWvis electronic absorption spectra were

(13) f:%gi,?zk_; Luneau, D.; Belorizky, E.; Novac, M.; Tholence, J. L.: recorded on a Perkin-Elmer Lambda 9 spectrophotometer. The
Paulsen, C.; Ohm, T.; Rey, fhorg. Chem.1998 37, 4524. emission spectra were obtained with a Jobin Yvon Spex Fluorolog

(14) Caneschi, A.; Ferraro, F.; Gatteschi, D.; Rey, P.; Sessolindtg. FL 111 spectrofluorimeter. All luminescence measurements were

Chem.199Q 29, 4217.

(15) Luneau, D.: Risoan, G.; Rey, P.; Grand, A.; Caneschi, A.; Gatteschi, made with deoxy_genated s:ol_utions, in various solvents at room
D.; Laugier, J Inorg. Chem1993 32, 5616. temperature and in butyronitrile at 77 K. At low temperature, we

(16) Sayama, Y.; Handa, M.; Mikuriya, M.; Hiromitsu, |.; Kasuga,Ghem. used cylindrical cells, and the solutions were cooled in a quartz

an hel};nlggg 7F7'7Wei H.H.: Lee, G. H.; Wang, forg. Chim. Acta Dewar containing liquid nitrogen. Some luminescence experiments
1008 279 233. 7 ' ' ' in the solid phase were carried out with a laser flash photolysis

(18) Fettouhi, M.; Khaled, M.; Waheed, A.; Golhen, S.; Ouahab, L.; Sutter, setup using an excimer laser (Lambda Physik EMG 100, 308 nm
M. J. Chem. Soc.,’ Dalton TranéOdQ 129. Y ’ solvents were used as supplied.

(20) Cogne, A.; Laugier, J.; Luneau, D.; Rey,IRorg. Chem.200Q 39, Magnetic measurements were carried out on a Quantum Design
5510. SQUID SPMS-5S magnetometer. The temperature dependence of

(21) Dasna, I.; Golhen, S.; Ouahab, L.; Pena, O.; Daro, N.; Suttéx.C. ; i
R. Acad. Soi., Ser. lle: Chin2001. 4, 125. the molar magnetic susceptibilityy, for compoundsA andB was

(22) Daro, N.; Guionneau, P.; Golhen, S.: Chasseau, D.; Ouahab, L.; Sutter,M€asured in the temperature range3R0 K, with an applied field
J.-P.Inorg. Chim. Acta2001, 326, 47. of 1000 Oe. Data were corrected for the contribution of the sample

(23) Rancurel, C.; Leznoff, D. B.; Sutter, J.-P.; Guionneau, P.; Chasseau, holder, and diamagnetic contributions were estimated from Pascal’s
D.; Kliava, J.; Kahn, Olnorg. Chem.200Q 39, 1602. tant

(24) Escax, V.; Bleuzen, A.; Cartier dit Moulin, C.; Villain, F.; Goujon, constants.
A.; Varret, F.; Verdaguer, MJ. Am. Chem. So2001, 123 12536

and references therein. (27) Ullman, E. F.; Call, L.; Osiecki, J. H. Org. Chem197Q 35, 3623.
(25) Turner, S. S.; Michaut, C.; Kahn, O.; Ouahab, L.; Lecas, A.; Amouyal, (28) Evans, D.; Osborn, J. A.; Wilkinson, @org. Synth 1968 11, 99.

E. New J. Chem1995 19, 773. (29) Amouyal, E.; Mouallem-Bahout, Ml. Chem. Soc., Dalton Trans.
(26) Miskowski, V. M.; Houlding, V. H.Inorg, Chem.1989 28, 1529. 1992 5009.
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Table 1. Crystallographic Data for Compoundsand B Scheme 2 Relationship between the R¥{ and LT (-++) Unit Cell
Parameters
A B
b,
293K 120K 293K 120K

formula Q2H150|2N30Pt Q2H15C|2N30Pd
fw 484.27 395.58
cryst syst monoclinic monoclinic monoclinic monoclinic
space group  P2i/n P2,/c P2:/n P2,/c
1A 0.71073 0.71073 0.71073 0.71073
a(A) 7.906(2) 7.983(3)  7.900(3) 7.9730(2)
b (A) 17.872(9) 10.168(4)  17.907(9) 10.1806(3)
c(A) 10.357(3) 17.623(9)  10.299(3) 17.7171(4)
B (deg) 90.732(13) 95.940(2)  90.524(14) 95.747(2)
V (A3) 1463.3(9) 1423.8(9) 1457.0(10) 1430.87(6)
z 4 4 4 4
o (grem3) 2.198 2.259 1.803 1.836
indices for 2406 2681 2237 3044 (ADF) prograni® developed by Baerends and co-workers was

EE' > 20(1)] used3* The Vosko-Wilk —Nusair parametrizatiéh was used for
\?vgezb gzgg% géégg g:gggg 8:%22 the local density approximation (LI_DA) with gradient corrgc_tio_n for

exchange (Becke 88)and correlation (Perdew 88) Relativistic

aR1= 3 ||Fo| — [Fell/XIFol. *WR2 = { S [W(Fe® — FAF/Z[W(FHT}2 corrections were added using the ZORA (zeroth order regular
Table 2. Selected Bond Lengths (A) and Bond Angles (deg)&oand apprOXImatlon) Scallar Hamlltolnléﬁ.The atom eIeF:tronIC Conflgq
B at 293 K and 120 K rations were described by a tripfeSlater-type orbital (STO) basis

set for H 1s, C, N, O 2s and 2p, and CI 3s and 3p augmented with

A M =Pt B,M=Pd a 3d singlef polarization function for C, N, O, and ClI, and with a

293K 120K 293K 120K 2p singleé& polarization function for H. A doublé-STO basis set
M—N(2) 1.995(5) 1.761(13)  2.015(6) 2.019(7) was used for Pd 4s and Pt 5s, and a tripl8TO basis set was
M—(’\:ll((l)) %-gggg %gég&;) %ggég)) g-gggg)) used for Pd 4p, 4d, 5s and for Pt 4f, 5p, 5d, and 6s augmented
M—CI(1 . . . ) : ; ; )
M—CI(2) 2.303(2) 2.287(6) 2311(2) 2.306(2) with a smgle§ 59 and 6p for Pd and Pt, respectively. A frozen
N(3)-0(1) 1278(6)  1.27(2) 1265(8) 1.269(10)  Ccore approximation was used to treat the core electrons of C, N,
N@2)-M—N(1)  79.4(2) 81.1(6) 79.9(2) 79.8(3) O, ClI, Pd, and Pt.
N(2)—M—CI(1) 98.29(15) 97.8(4) 97.88(16) 97.1(2)
Cl(1)-M—CI(2)  87.52(7) 87.2(2) 87.95(9)  88.06(8) Results and Discussion

N(1)-M—CI(2) 94.81(16)  94.0(6) 94.30(19)  94.94(19)
Crystal Structures. The crystal structures for both and

X-ray Data Collection and Structure Determination. Crystals B were solved at 293 K and 120 K, revealing substantial
were mounted on an Enraf-Nonius CAD4 diffractometer equipped differences. The molecules remain isostructural, but their
with a graphite monochromatized MooKradiation ¢ = 0.71073 crystal packing is different for the two temperatures inves-
R). At 293 K, the unit cell parameters were obtained by least- tigated. At room temperature, a monoclinic crystal system
squares fits of the automatically centered 25 reflections. Intensity js pbserved with & angle very close to 99we will call it
data were corrected for Lorentz and polarization effects. Data 4 pseudo-orthorhombic phase. At low temperature, a transi-
reduction and absorption correction, using ghecan method, were tion from the pseudo-orthorhombic to the monoclinic phase
performed with MoIEN program® Low temperature (120 K) data is found. As shown in Scheme 2, the low temperature phase

were collected on an Enraf-Nonius four circle diffractometer be ded df th ¢ ¢ h ina th
equipped with a CCD camera and a graphite-monochromated Mo can _e e uce_ rom theé room empera ure phase u5|_ng €
following matrix (100, 001, 010); i.e., tha parameter is

Ka. radiation source A = 0.71073 A). Structure solution and ) >
refinements were conducted with SHELXS-86 and SHELXL-97, the sameb andc parameters are inverted, and the transition
respectively?1-32 We can notice that, despite several data collections IS followed by an opening of therr angle.

performed forA at low temperature, the refinements yielded high For both compounds, the metal atoms adopt the square
reliability factors. Crystallographic data are given in Table 1. planar coordination geometry expected for the&enetal
Hydrogen atoms were included at calculated positions with isotropic jons, The ORTEP atomic labeling scheme for compoAnd
thermal parameters proportional to those of the connected carbongt room temperature is given in Figure 1. The imino-nitroxide

atoms. Selected bond lengths and angles are given in Table 2.radical is bound to the metal through the imino and the

Complete bond lengths and bond angles, anisotropic thermal

parameters, and calculated hydrogen coordinates are deposited 8&3) amsterdam Density Functional program (ADF 2000;@vision of

Supporting Information. Theoretical Chemistry, Vrije Universiteit: Amsterdam, The Nether-
Computational Details. Single-point density functional theory lands; http://www.scm.com.

. . . . 34) (a) Baerends, E. J.; Ellis, D. E.; Ros,Ghem. Phys1973 2, 41. (b
(DFT) calculations were carried out on the triplet state of the dimers (34) éazerends, E. J.. Ros, Mt. J. Quantum Chemlg78 S12 169. ((C))

of A and B as they are in their X-ray molecular structur& ( Boerringter, P. M.; te Velde, G.; Baerends, Hni. J. Quantum Chem.
symmetry). The high and low temperature structures yielded iggg gg %1- (d) te Velde, G.; Baerends, Eldt. J. Quantum Chem.

qualitatively similar results. The Amsterdam density functional (35) Vosko, S. H.; Wilk, L. Nusair, MCan. J. Phys198Q 58, 1200.

(36) (a) Becke, A. DJ. Chem. Phys1986 84, 4524. (b) Becke, A. D.

(30) Crystal Structure Analysis, (MolEN)Enraf-Nonius:

Netherlands, 1990.

Delft, The

(31) Sheldrick, G. M.SHELXS-86, Program for the solution of Crystal
Structures University of Gdtingen: Gidtingen, Germany, 1985.

(32) Sheldrick, G. MSHELXL-93, Program for the refinement of Crystal

Structures University of Gdtingen: Giatingen, Germany, 1993.
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(37) Perdew, J. PPhys. Re. B 1986 33, 8882.

(38) (a) van Lenthe, E.; Baerends, E. J.; Snijders, JJ.GChem. Phys.
1993 99, 4597. (b) van Lenthe, E.; Baerends, E. J.; Snijders, J. G.
Chem. Phys1994 101, 9783. (c) van Lenthe, E.; van Leeuwen, R.;
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Figure 1. ORTEP view of the molecular structure Afat 293 K. Thermal

ellipsoids are drawn at the 50% probability level. Q. o
oﬁ%ﬁ R
2, 2
%‘\ & Figure 3. View of the 1D packing along tha axis. Dashed lines indicate
[Fo—9, the shortest intradimer MN1 contactds = 3.697(6) [3.61(2)] and 3.683-
9 °\ q (7) [3.574(7)] A for A and B, respectively. The intra- and interdimer
bﬁ\,
separations between the mean molecular planeshare 3.651(4) [3.48]
\ 8 ' and 3.64 [3.48] A andi, = 4.17 [4.44] and 4.19 [4.39] A foA andB,
respectively.
o 3 /c xg \b\\ __9
\?' \‘oud’ L4 o\w [3.48 ] and 4.17 [4.44]A forA and 3.64 [3.48] and 4.19
o o0 /o.__az%"o/ [4.39]A for B. Unlike the short Pt-Pt distances (3:23.4
o ,',/"’ “"..0——?1'?. A) observed in the linear chains of Pt(Il) diimine complexes,
o TIT, % o9 |,;. such as the red form Pt(bpy)P the Pt--Pt and Pet-Pd
o0 q/,d. + o C11 g0, Q/é‘I - separation found along the columns within and between pairs
o™ 301 e™ are 4.124(2) [3.68(2)] A, 4.402(2) [4.54(2)] A fa&k, and
e ‘h,d'/ o e 4.078(2) [3.69(1)] A, 4.435(2) [4.696(1)] A fdB. Beside
\a---#\’_,,\ the metat-metal distances, the shortest intermolecular
Cur -y distance within a pair is found between the metal of a

molecule and the N atom of the pyridyl of the second
molecule, Pt-N1 = 3.697(6) [3.61(2)]JA and P&:N1 =
3.683(7) [3.574(7)]A forA andB, respectively (see Figure
3). The phase transition from room temperature (RT) to low
Figure 2. Projection of the crystal structure in the plane. Dashed lines  temperature (LT) led to reinforced dimer character and very
indicate the shortest intercolumn contacts- @111 = 3.30(1) [4.73(2)] weak intercolumn interactions.

and 3.29(1) [4.74(1)] A for andB, respectively. Absorption and Emission Properties. The electronic
pyridyl nitrogen atoms forming planais-MNCl, units (M absorption spectrum of Pt(I)®y)CkL is strongly perturbed

= Pt, Pd). This coordination scheme is in agreement with compared to that of Pt(bpy)&Ibecause of the presence of
the weak basic character of the NO group which renders the pyridine-imino-nitroxide ligand IMPy. By comparison
this group difficult to coordinate even to strongly electrophilic with Pt(bpy)Ch,*° the absorption band with a maximum at
metal ions'#*5The Pt-Cl and Pt-N average bond distances 410 nm ¢ = 6010 Mt cm™1) observed in chloroform
are 2.295(2) [2.248(8)] and 1.996(6) [1.88] A, respectively. solutions has been assigned to a spin allowed MLCT
These values are in agreement with those found for Pt(bpy)-transition associated with the promotion of a platinum d
Cl,.*° The solid state structure is depicted in Figure 2 as a electron into ar* orbital of the pyridine moiety of IMPy.
projection in thébc plane. It shows a head to tail arrangement An interesting feature of the Pt(I}y)Ch spectrum is the

of the molecules in pairs, these dimers being packed in appearance of two less intense absorption bands with two
columns parallel to the axis. At 293 K, the intercolumn  maxima each in the visible region. In chloroform solutions,
interactions are characterized by a hydrogen bonding schemehese maxima are found at 468, 504, 649, and 715 nm with
involving the aminoxyl units. The shortest intercolumn molar extinction coefficients of 3920, 3810, 2000, and 1730
distances are found between the oxygen atom of the NOM~! cm™, respectively. The two visible absorption bands
group and the carbon atom of the methyl group of an adjacentcan be clearly associated with the imidazoline-nitroxide
column (O%--C11: 3.30(1) [4.73(2)]A foA and 3.293(14)  moiety2”4143 |t should be stressed that these bands in the
[4.82(3)]A for B) developing, at room temperature only, visible are sensitive to the solvent polarity. The short-
pseudochains through short N@H(methyl) contacts (O1
--H11C, 2.765 A forA) (see Figure 2). A side view of a (40) %idﬁe)i,gs.al\gézGillard, R. D.; Heaton, B. 7. Chem. Soc., Dalton
column parallel to thea direction is depicted in Figure 3. (41) Uﬁmz'n, E. F.: Osiecki, J. H.; Boocock, D. G. B.; Darcy, R.AM.

The separations between the mean molecular planes within ~ Chem. Soc1972 94, 7049-7059 and references therein.
(42) Richardson, P. F.; Kreilick, R. WJ. Phys. Chem1978 82, 1149-

the pairsd;, and between pairsl,, are, respectively, 3.651 1151
(43) Oshio, H.; Watanabe, T.; Ohto, A.; Ito, T.; Nagashima,Adgew.
(39) Osborn, R. S.; Rogers, D. Chem. Soc., Daltoirans.1974 1002. Chem., Int. Ed. Engl1994 33, 670.
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Figure 4. Experimental @) and calculated) temperature dependence T/K
of ymT for complexA. Figure 5. Experimental @) and calculated-f) temperature dependence

L. . . of ymT for complexB.
wavelength pair is blue-shifted in more polar solvents,

appearing at 451 and 484 nm (shift of about 800 §nin for A. Moreover, the curve for the Pt derivative exhibits a
acetonitrile, the most polar solvent used. The long- small step around 220 K. We have shown recently that such
wavelength pair also shows hypsochromic shifts of about an anomaly might find its origin in a slight crystal packing
600 cnt* on changing the solvent from chloroform to  reorganizatio? For the present compounds, the crystal
acetonitrile. Such a solvent effect seems to indicate that thestudies revealed as well a different lattice arrangement for
new bands have charge transfer charattétote that the the structures at 293 and 120 K (vide supra).

absorption bands observed at 464 and 766 nm for a copper o, the basis of the structural information, two pathways
complex* and at 650 nm for a vanadyl compl€xboth o the exchange interactions can be envisaged. One may
bearing the chelating pyridine-imino-nitroxide ligand, have regyit from the pair arrangement of the molecules; the second

been assigned to MLCT transitions. . may be operative through the hydrogen bond network
The electronic absorption spectrum of Pd¢R)Cl in involving the aminoxyl units. When considering the crystal

butyronitrile exhibits (i) in the near-UV, anlabsoiptlon band  giryctures obtained at 120 K, it appears that the intermo-

with a maximum at 403 nme(= 4630 M cm™) and & |ecylar NO-H—C have become rather long and no sub-

shoulder at 378 nme(= 4040 M™* cm™), and (ii) in the  g(antial exchange along these contacts is anticipated. Indeed,
visible, a weak and structured absorption band with three \hen the experimental data for the Pt derivatife,were
pe_alks fitl 502 nme(= 730 M™* cm:ll), 5_317 nm ¢ = 640 analyzed with a theoretical model for a 1D arraySof /s
M~ cm™), and 591 nmd = 460 M~ cm™). These bands,  |ocal spins in ferromagnetic interactidf? the fit to the
which shift to higher energy in more polar solvents, as in eyperimental data below 100 K was poor. These data are,
the case of PY(IMPy)Ch, are also assigned to MLCT  nowever, perfectly reproduced by a dimer modéE —JS;-
transitions. S,) suggesting that the dominant exchange interactions take
No luminescence has been detected for PiCL and place within the pairs. The best fit to the experimental data
Pd(IM.Py)Ck at room temperature either in solution fol- i, the temperature domain-200 K (Figure 4) was obtained
lowing excitation at different wavelengths from 300 to 650 o, 3 = 54 + 0.1 entt andzJ = 0.06 cntl (g = 2.00,
nm or in the solid state (laser excitation at 308 nm). However, fiyad). The parametezJ accounts for the weak interactions
a very weak emission with a broad band centered at 694 NMp 4t exist between the pairs; they have been considered in
was observed only for the Pt complex in butyronitrile glassy the mean-field approximation. The data above 200 K were
solutions at 77 K. This indicates that the emitting state, ot taken into account because of the modification of the
presumably a MLCT state, is strongly quenched even at 77 ¢rystal arrangement for the dimers above this temperature.
K. ) . The magnetic behavior for compour8 was perfectly
Magnetic Properties. The temperature dependence of the reproduced by the dimer model as well, and the best fit to

molar magnetic susceptibilityy, for compoundsA andB the experimental data (Figure 5) yielddes — 4.25+ 0.06
has been investigated in the temperature rang80® K. cmL

Figures 4 and 5 show theuT versusT curves drawn for
pairs of A andB, respectively. For the Pd derivativ@, the
continuous decrease of th@T value as the temperature is
lowered is consistent with dominant antiferromagnetic
interactions; conversely, a ferromagnetic behavior is found

Obviously, whereas the structural features for the Pt and
Pd derivativesA and B are very much the same, their
magnetic properties appear to be rather different. Further
information about these compounds was obtained from DFT
calculations of the spin density borne by each atom of the

(44) (a) Houlding, V. H.; Miskowski, V. MCoord. Chem. Re 1991 111,
145. (b) Tsukahara, Y.; Kamatani, T.; Lino, A.; Suzuki, T.; Kaizaki, (46) McConnell, H. M.J. Chem. Phys1963 39, 1919.
S. Inorg. Chem 2002 41, 4363. (47) Okumura, M.; Mori, W.; Yamagushi, KMol. Cryst. Liq. Cryst1993
(45) Richardson, P. F.; Kreilick, R. WI. Phys. Cheml978 82, 1149. 232 35.
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Table 3. Selected Atomic Spin Densities Calculated on the Dimers of  on the yuT versusT plot for A whereas no anomaly is

A andB? observed foB. As already mentioned, such a step might be
[Pt(IM2py)Cly] [Pd(IM2py)Cl] the signature for a sudden crystal lattice reorganizéfion.
M 0.2337 0.1004 The X-ray structure analyses performed at 293 and 120 K
C:l g-gggo 8-8‘23;; show indeed that such a reorganization takes place for both
ﬁlz _0:0113 00077 compounds. For compourfd this subtle reorganization has
N2 0.3320 0.2968 a visible effect on the exchange interactions as exhibited by
(N)31' 8-;21% 8-%‘;8(15 theymT versusT plot; clearly, the ferromagnetic contribution
c1 0.0062 0.0023 is enhanced b_e!ow_220 K. _It is interesting to notlce that_the
c2 —0.0211 —0.0087 structural modification foB is not revealed by its magnetic
C3 0.0067 0.0027 properties_
C4 —0.0264 —0.0097
C5 0.0149 0.0083 Concluding Remarks
C6 —0.1062 —0.0625 . o ) o
c7 —0.0052 —0.0102 This work was initiated in order to explore the coordination
gg —%-%%)297 _06032237 chemistry of the imino nitroxide radical bearing ligand
c10 0.0058 0.0112 2-(ortho—pyridyl)-4,4,5,5-tetramgthylimidazoline-l-oxyl to-
Ccl1 0.0045 0.0087 ward Pt(ll) and Pd(ll) metal ions. To the best of our
C12 0.0058 0.0169 knowledge, compound® is the first platinum complex
aTriplet state, low temperature X-ray structure. involving such a ligand.

The magnetic properties studies performed on these
molecules in the isolated dimers AfandB considering the ~ compounds revealed ferromagnetic intermolecular interac-
low temperature X-ray molecular structures (see computa-tions to be operative for the Pt derivative whereas an overall
tional details). Selected data are given in Table 3. For the Ptantiferromagnetic behavior was found for its Pd counterpart.
derivative, for instance, the highest positive spin density is Both compounds undergo a phase transition at low temper-
found as expected on the NO group of the aminoxyl unit. A ature; nevertheless, they remain isostructural in the whole
positive density is also found on the metal ion whereas the temperature range explored. DFT calculations suggest that
N-atom of the pyridine ring displays a weakly negative spin the apparent metal effect might be related to the spin density
density. Thus, for a pair with short distances between the distribution. Indeed, whereas for bothandB an alternation
Pt(Il) of one molecule and the pyridine N-atom of the second of the sign of the spin densities on the closest atoms of two
molecule, an alternation of the sign of the spin density borne adjacent molecules is found, the densities obtained for the
by the atoms in close contact is found. This is a favorable Pd derivative are much weaker than those for the Pt
situation for a ferromagnetic interaction to occur between compound. Thus, the ferromagnetic intermolecular interac-
the paramagnetic unité-4” The same spin distribution holds  tion foreseen by the McConnell exchange mechanism applies
for the Pd derivative but with much weaker densities found for the Pt compound, but the smaller spin density values for
on the atoms as compared to those of the Pt compound. Itthe Pd derivative might prevent it from taking place.
has been reported before that the intermolecular ferromag- The study of the absorption and emission spectra of
netic exchange mechanism foreseen by the McConnell modelcompoundA revealed only a weak luminescence forat
may not apply when the alternating spin densities are too 77 K, indicating that the emitting state is strongly quenched.
small®49 It is very likely that the rather intriguing differ-  The finding of this luminescence is promising for the design
ences found in the magnetic properties of compoukdsid of new {M(Il) imino-nitroxide radica} complexes with
B are related to the actual spin population on the adjacentimproved photophysical features, in order to achieve materi-
atoms. Thus, for the Pt derivative for which substantial spin als which couple both magnetic and optical properties.
densities are found on both the metal and N-atoms, aCurrent investigations are being carried out toward this
McConnell type exchange mechanism accounts for a ferro- direction.
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