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The promesogenic hexacatenar tridentate ligands L3°" (I shape) and L4" (V shape) react with trivalent lanthanide
trifluoroacetates, Ln((CF3CO,)s, to give either monometallic [Ln(L/®")(CFsCO,)s] or trifluoroacetato-bridged bimetallic
[Ln(Li")(CF3CO,)s], complexes in the solid state, as exemplified by the crystal structures of [Lu(L4%?)(CF3CO,)s-
(H20)], [Lu(L4%%)(CF3CO,)3)p, and [La(L3%*)(CF3CO,)s)o. Although the dimerization process is influenced by the
competiting complexation of anions or solvent molecules, the coordination of CFsCO,~ instead of NO;~ to Ln(lll)
produces a significant lengthening of the Ln—N(ligand) bond distances. This translates into a considerable decrease
of the affinity of the Li®®? (i = 3, 4) ligands for Ln(CF3CO,); in solution, thus leading to significant dissociation of
the [Ln(Li®*)(CFsCO,)s] complexes at millimolar concentrations. The thermal properties of these complexes also
suffer from their limited thermodynamic stability, and the thermotropic liquid crystalline phases produced at high
temperatures reflect mixtures of different species. However, a hexagonal columnar organization characterizes the
main component in the mesophases obtained with [Ln(L3%*?)(CF3CO,)s] at high temperature. A tentative interpretation
of the small-angle X-ray scaterring (SAXS) profiles suggests that disklike dimers of [Ln(L3%*?)(CF3CO,)s], are packed
along the columnar axes. For [Ln(L4¢%)(CF3CO5,)s], SAXS profiles are compatible with a lamellar organization in
the mesophases originating from the existence of rodlike dimers of [Ln(L4¢'?)(CF3CO,)s], as the major component
in the liquid-crystal state.

Introduction coordinated to rodlike carbengémine® or diimine* ligands
remain rare examples of mesomorphic octahedral complexes
producing nematic and smectic mesomorphism. The con-
comitant observation that an increase of the curvature of the
interface separating the flexible and rigid parts in metal-
lomesogens may help to overcome the deleterious effect of

three-dimensional expansion on mesomorphic properties,

Driven by the attractive magnetic and optical properties
resulting from the introduction of open-shell 3d- and 4f-block
metals in mesophasésnuch effort has been focused on the
design of thermotropic metallomesogens, metal-containing
liquid crystals* However, the considerable three-dimensional
expansion brought by multivalent metal ions severely limits
the preparation of complexes displaying large rodlike or (2) (a) Serrano, J. LMetallomesogens, Synthesis, Properties and Ap-
disklike anisometries compatible with mesomorphic proper- plications VCH: Weinheim, Germany, 1996. (b) Donnio, B.; Bruce,
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leads to the successful incorporation of pseudo-octahedralChart 1

[M(f-diketonatej] complexes (M= Cr(lll), Mn(lll), Fe-

(1)) & and nine-coordinate trivalent lanthanides, Ln(THj,

in thermotropic mesophases. Polycatenar ligands, receptors

possessing a central rigid core decorated with a large number .

(m = 4) of divergent flexible alkyl residues, play a crucial ,\N: -
role in this domain because the considerable entropy release (T
accompanying the melting of the alkyl chains compensates ™
for the intermolecular enthalpic cohesion provided by the
charged and polarizable metal-containing cores. Thermotro-/—/‘/ﬂ
pic mesophases are thus obtained at accessible tempera-

tures!® and the large ratio of the volumes of the two
incompatible partsVaiyichaif Viigiscors found in polycatenar

complexes usually favors the formation of columnar and

cubic mesomorphisnmid.The beneficial effect produced by
the increase of th®aiyi chai Viigia core ratio on the induction
of thermotropic mesomorphism is illustrated for Ln(lll)
embedded in the sandwich complexes [Lt{2H),] made

up of two phthalocyanine platforms decorated with eight

alkyl residues? or for the trimetallic bis(hexacatenar) tabular
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Schiff baseg [M(L2-2H)],.Ln(NOs)s} (M = Ni(ll), Cu(ll)),®
both types of complexes display hexagonal columnar meso-
phases at “low” temperatures (melting temperatures in the
range of 20-95°C, Chart 1). A recent thorough reexamina-
tion of the mesophases obtained with [L@¢2H),] along
the lanthanide series (L& Pr—Lu) shows that the size of
the metals does not significantly affect the transition tem-
peratures, which is strong support for the existence of an
entropically driven melting process combined with an
efficient protection of the coordinated metals by the two
planar macrocyclic units

Inspired by these results, we argue that slightly reduced
protection of the Ln(lll)-containing core within the hexacat-
enar complexes [Lh@'9)(NO3)4] (V shape, Figure 1a) and
[Ln(L4%1)(NO3)4] (I shape, Figure 1b) could provide size-
dependent mesomorphism along the lanthanide sErfem.

(13) (a) Sleven, J.; Gtier-Walrand, C.; Binnemans, KMater. Sci. Eng.
C 2001, C18 229. (b) Binnemans, K.; Sleven, J.; De Feyter, S.; De
Schryver, F. C.; Donnio, B.; Guillon, BLhem. Mater2003 15, 3930.
(14) Terazzi, E.; Beech, J.-M.; Rivera, J.-P.; Bernardinelli, G.; Donnio,
B.; Guillon, D.; Piguet, CDalton Trans 2003 769.
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Figure 1. Formation of (a) monometallic V-shaped [ILZC")(NOs)s] complexes, (b) monometallic I-shaped [LAC")(NOs)s] complexes, and c) rodlike
dimers of [Ln(4")(NOs)s].. The molecular structures of the rigid cores of the complexes correspond to those found in the solid state by X-ray diffraction

studies for (a) [YB(3S%)(NO3)s], (b) [Lu(L4C%)(NOg)s], and (c) [Eu4C)(NO3)3],.1°

small Ln(lll) atoms, the compact packing of the monome- smectic or fast-reorienting nematic organizations, a prereg-
tallic hemidisklike [LnLi®*)(NOs)s] complexes produces uisite for the design of new materials for liquid-crystal
hexagonal columnar organization in the mesophases, whiledisplays (LCD}® with improved magnetfe'’ and optical (i.e.,
the loosening of intracolumnar interactions for midrange Ln- luminescenff properties. The previous isolation of the
(i) transforms columnar organization into body-centered H-shape bimetallic dimers [LUB)(CFCOy)3]2%° and [Lu-
cubic organizatio”® Finally, the formation of rodlike nitrato-  (L6)(CFCO,)3(H20)]2,%° in which the two Ln(lll) cations
bridged dimers, [LN(i®*)(NOs)s]2, with large Ln(Ill) atoms are bridged by trifluoroacetate anions (Figure 2), combined
reduces the curvature of the molecular interface to such an .

extent that layered organization (lamello-columnar) results 8% Ei';sn%hr;,:r',;s?&e_;r?,:rr; B"g“u”ng,i? ;-éﬂﬁ?},‘gl'{;fr}f %(_);Ogai%e?\z/vl? Bruce,

(Figure 1c)*® D. W.; Malykhina, L.; Galyametdinov, Y. Gviater. Sci. Eng. @001,
H i H H C18 247.

This minute manipulation of the m_olecular_structures of (18) (a) Binnemans, K.: Moors, Gl Mater. Chem2002 12, 3374. (b)

the complexes suggests that X-bridged [WLi?)(X)s]2 Van Deun, R.; De FreB.; Moors, D.; Binnemans, Kl. Mater. Chem

dimers could be interesting candidates for forcing the 2003 13, 1520. (c) Driesen, K.; Binnemans, Kiq. Cryst 2004 31,

. .. .. . . 601.
lanthanide-containing liquid-crystalline phases to adopt fluid (19) Nozary, H.: Piguet, C.. Rivera, J.-P.; Tissot, P.; Bernardinelli, G..
Vulliermet, N.; Weber, J.; Bozli, J.-C. G.Inorg. Chem.200Q 39,

(15) Terazzi, E.; Torelli, S.; Bernardinelli, G.; Rivera, J.-P/nBeh, J.- 5286.
M.; Bourgogne, C.; Donnio, B.; Guillon, D.; Imbert, D.; Bali, J.-C. (20) Nozary, H.; Piguet, C.; Rivera, J.-P.; Tissot, P.; Morgantini, P.-Y.;
G.; Pinto, A.; Jeannerat, D.; Piguet, £.Am. Chem. So2005 127, Weber, J.; Bernardinelli, G.; Bizli, J.-C. G.; Deschenaux, R.; Donnio,
888. B.; Guillon, D. Chem. Mater2002 14, 1075.
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Figure 2. Formation of bimetallic H-shaped dimers bridged by trifluoroacetate anions. The molecular structures of the complexes correspond to those
found in the solid state by X-ray diffraction studies for [L8)(CFCOy)3]2*° and [LulL6)(CFCO;)3(OHy)]2.2°

with the well-established trend of substituted acetate anionsmixing of Li¢'? (1 equiv}® with Ln(CRCQO,)3:xH,0 (X =

CRsCO; ™ acting as a bridging ligand with Ln(I1B; encour-

1-3) in acetonitrile/dichloromethane (1:1). Slow recrystal-

age us to investigate the related complexes formed betweenlization from pure dichloromethane provides-886% of mi-

Li®2 (i = 3, 4) and [Ln(CRBCO,)3]. In this contribution, we

report on the solid-state and solution structures of the poly-

catenar [LULi®®)(CRCOy)4], (i = 3, 4;n =1, 2) complexes,

together with their thermodynamic stabilities and mesomor-

phic properties.

Results and Discussion

Preparation and Characterization of the [Ln(Li¢?)-
(CF3COy)3 (i = 3, 4; Ln = Pr, Sm, Gd, Ho, Yb, Lu, Y)
Complexes in the Solid StateThe [Lu(Li®*?)(CFRCO,)4]

(i = 3, 4) complexes are obtained by the stoichiometric

(21) (a) Junk, P. C.; Kepert, C. J.; Min, L. W.; Skelton, B. W.; White, A.
H. Aust. J. Chem1999 52, 437. (b) Junk, P. C.; Kepert, C. J.; Min,
L. W.; Skelton, B. W.; White, A. HAust. J. Chem1999 52, 459. (c)
Kepert, C. J.; Min, L. W.; Semenova, L. |.; Skelton, B. W.; White, A.
H. Aust. J. Chem1999 52, 481. (d) Zhang, J.; Morlens, S.; Hubert-
Pfalzgraf, L. G.; Luneau, DEur. J. Inorg. Chem2005 3928.
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crocrystalline powders, whose elemental analyses (Table S1,
Supporting Information) correspond to those of [LBf)-
(CRCOy)3 (Ln = Pr,1; Ln = Sm,2; Ln = Gd, 3; Ln = Ho,
4;Ln=Yb,5 Ln=Lu, 6;Ln=Y, 7) and [Ln4°*)(CF=-
COy)3]'nHO (Lhn=Pr,n=2.5,8,Ln =Sm,n=0,9; Ln
=Gd,n=0,10, Ln=Ho,n=0,11, Lhn=Yb,n=0, 12
Lh=Lu,n=0.5,13 Ln =Y, n=0, 14). For the anhydrous
complexesl—7, 9—12, and14, thermogravimetric analyses
(TGA) confirm the absence of weight loss prior to decom-
position occurring around 24270 °C (Table 8). For the
hydrated complexe8 and 13, TGA shows that 2.2 and 0.8
water molecules are respectively lost prior to decomposition
(Table 8), in good agreement with the elemental analyses
(Table S1, Supporting Information). Attempts to obtain
monocrystals with complexe$—14 only failed, but the
analogous less lipophilic model complexes, [L4¢%)(CFs-
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(a) c3 Table 1. Selected Bond Distances (A) and Angles (deg) for
SRS T -4 [Lu(L4)(CRCO:) (157
A C36
A Lo @i’\ 24 ns Bond Distances
P~ W Xy @ Lus-Lu' 5.7170(5) Lu-02b8 2.271(2)
S\ 0 b, , 03 . cis ca Lu—Ola 2.356(4) LerN2 2.460(3)
c1 on ) - i i Lu—O1b 2.264(3) Le-Olc 2.206(3)
B~gjcie 01 | Py N F3b c2e Po—A K u— . oy .
d Aew f c,°;3,, M Yo o o5 200 Lu—N1 2.498(3) Lu-N4 2.398(3)
P~c1z cop caN Claf T 0 R e300 Lu—02a 2.481(3)
€16 Qe [ ey ) Oz

cis ©o02

F1b
b

g F2a ..:,

o - 1 N—Lu—N Bite Angles

N1-Lu—N2 65.0(1) N2-Lu—N4 131.2(1)
N1-Lu—N4 66.2(1)
N—Lu—O Angles
N1-Lu—Ola 73.2(1) N4Lu—Ola 85.1(1)
N1-Lu—Olc 76.1(1) N4Lu—Ol1c 88.9(1)
N2—Lu—02a 130.4(1) NtLu—0O1b 144.5(1)
N2—Lu—Olc 78.0(1) N2Lu—Ola 83.0(1)
N4—Lu—O1b 87.9(1) N2 Lu—02b 76.1(1)
N1-Lu—02a 116.0(1) N4Lu—02a 74.5(1)
N1-Lu—024 135.88(9) N4-Lu—024 148.1(1)
N2—Lu—0O1b 133.7(1)
O—Lu—0 Angles
Ola-Lu—02a 54.4(1) OlbLu—Olc 79.6(1)
Ola-Lu—02b 82.5(1) OlaLu—Olc 148.6(1)
02a-Lu—024 74.4(1) 0O2a-Lu—0lc 151.4(1)
Olc-Lu—-02b 116.2(1) Olb-Lu—02f 78.5(1)

Ola-Lu—01b 130.8(1)
02a-Lu—01b 76.8(1)

¢
%%h? 2 The atoms with a prime correspond to those obtained by the symmetry
operation 1- x, 1 —y,1— z

Figure 3. Perspective views of [LW@C%)(CRCO,)3)2 in the crystal of
15; a) almost perpendicular to the aromatic planes of the tridentate binding A leads to an average value of £iN(corr) = 2.51(5) A for

unit with numbering scheme for the asymmetric unit and b) along the [LU(L4CO)(CF3COZ)3]2 (Table 2, entry 3) which perfectly fits
Lu---Lu direction. Ellipsoi he 40% ility level. ’ y
u---Lu direction. Ellipsoids are represented at the 40% probability leve the Lu—N bond length found in [LU(SCO)(CF3COZ)3]2. We

CO,)3], provide X-ray quality crystals upon recrystallization conclude that, e_xcept _for the replacement of one termi_nal
from dry propionitrile ([Lu(4%)(CFsCO5)s],, 15) or from monodentate with a bidentate trifluoroacetate when going
a wet nitromethane solution upon slow diffusion of diethyl from [LU(L4<)(CRCO,)4]2 to [LU(LE)(CRLCO)3]>, ™ both
ether ([LUL4%%)(CFsCO)(H,0)]-0.3H0, 16). Despite con- structures are similar (Figure S1, Supporting Information).
siderable efforts dedicated to the preparation of related Interestingly, the LerN distances in trifluoroacetate
monocrystals with [Lr(3°")(CF:CO,)s], we only succeeded complexes are s!gnlﬁcantly longer than those reported for
in isolating crystals of sufficient quality for [L&BS4)(CFs- the analogous nitrato complexes, [L4(°)(NO3)s]** and
CO)4l2 (17). [Lu(L5)(NO3)s]*° (Table 2), but the ionic radii of Lu(lIl)
Crystal and Molecular Structures of the Complexes calculated according to Shannon’s definifidwith r(N) :3
[LU(L4 9)(CF4CO5)3]» (15), [Lu(L4Y)(CFsCO,)3(H-0)]- 1.46 A r(Oituoroacetaty = 1.35 A, andr(Oniratd = 1.31 R
0.3H,0 (16), and [La(L3%4)(CFsCO,)g), (17). The crystal for trifluoroacetate dimers and for nitrato complexes, re-
structure ofl5is composed of centrosymmetric dimers [Lu- SPectively, match those expected for eight-coordinate Lu-
(L4SY)(CR,COy)3],, in which the metals are separated by () (0-977 A) and nine-coordinate Lu(lll) (1.032 A, Table

5.7170(5) A, connected by two bridging trifluoroacetate 2).22We deduce that no special constraints occur within the
anions (Figure 3 and Table 1). Each Lu(lll) is eight- lanthanide coordination spheres, but a detailed geometrical

coordinated by the three heterocyclic nitrogen atoms of the @nalysis shows that, after adaptation of alli\ bond

I-shaped tridentate aromatic ligahd<and by five oxygen ~ distances for CN= 9, the Ln-N(pyridine) and the Le-
atoms of two bridging monodentate €FO,” units, one N(benzimidazole) bonds are systematically longeriiy1

terminal monodentate GEO,~ and one terminal bidentate A'in the trifluoroacetate dimers (Table 2). The origin of this
CFsCO,", the two terminal anions being located on opposite 100S€ning of the Le-N bonds in [Luti)(CRCO)2 (i =
sides of the meridional plane defined by N1, N2, N4 (Figure 4 °) can be thus assigned to the replacement of peripheral
3b). Lu(lll) lies only slightly out of this plane (deviation of nitrate with tnfluoroacetate anions. Thls effect can be
0.063(5) A toward the bidentate trifluoroacetate a, Figure "€asonably attributed to the larger negative charge borne by
3b), and it displays LN distances (2.3982.498 A, average the oxygen atoms of the trifluoroacetates, which reduces the
2.45(5) A) slightly shorter than those found in [ILE)(CFs- global positive charge of the metal upon complexation and,
CO))4l» (2.460-2.544 A, average 2.50(4) A§. However consequently, its affinity for the additional neutral tridentate
Lu(lll) is nine-coordinate in the latter complex, but itis only ~19and.
eight-coordinated in [LU(4°%)(CRCO,)3]». The application @ s R DAca Cryer 1976 A32 751

: : H H H annon, R. DACta Crys .
of the standarq correctl%r:liccompanylng tthlgé:rease of I0NiC 53) Binzli, J.-C. G.- Klein, 3{3.; Chapuis. G.: Schenk, K.Idorg. Chem
radiug? on going fromR)"° = 0.977 A toR > = 1.032 1982 21, 808.
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Table 2. Geometrical Analysis of L&N Bond Distances and Lu(lll) lonic Radii in [Lu@C%)(CFRCOy)3]2 (15), [Lu(L4C%)(CRCO,)3(H20)] (16),
[Lu(L5)(CRCOy)3]2, [Lu(L49)(NO3)3], and [LulL5)(NOs)]

R Ln—N(py) Ln—N(bzim) av Ln—N

complexes CR A A) (R)b (A)b ref
[Lu(L4CY)(CRCOy)3)2 8 0.976 2.498 2.42(4) 2.45(5) this work
[Lu(L4CO(CRCOy)3(H20)] 8 0.962 2.499 2.43(3) 2.45(5) this work
[Lu(L4C%)(CRCOy)3)2 9 2.553 2.48(4) 2.51(5) this work
[Lu(L4CS%)(CRCO)3(H20)] o° 2.554 2.48(3) 2.51(5) this work
[Lu(L5)(CFCOy)3]2 9 1.031 2.544 2.47(1) 2.50(4) 19
[Lu(L4C%(NO3)3] 9 1.032 2.466 2.39(2) 2.42(4) 15
[Lu(L5)(NO3)3] 9 1.028 2.445 2.383(8) 2.40(4) 19

aCN = coordination number Standard deviations of the average values are given in parenthdskspted for nine-coordinate Lu(lll) according AR
= R0 — ROV = 1,032-0.977= 0.055 A2

(a)

1y o
c30 C29 03 c23 Cc22

Figure 4. Perspective views of [L@C%)(CFRCO,)3(H20)] in the crystal ofl6: (a) almost perpendicular to the aromatic planes of the tridentate binding
unit with numbering scheme and (b) along the-INil direction. Ellipsoids are represented at the 40% probability level.

Upon crystallization from wet nitromethane, one water acterizing the minor torsions of the aromatic rings within
molecule replaces the bridging trifluoroacetate anion around each tridentate binding unit ih5 and 16 (7—28°) can be
Lu(lll), and the monometallic eight-coordinate complex [Lu- found in Tables S2 and S3, while the specific weak
(L4C9)(CRCOy)3(H0)] is found in the crystal structure of  intermolecularr-stacking occurring in the crystal structures
16 (Figure 4 and Table 3). Lu(lll) still lies slightly out of  of 15and16is illustrated in Figures S3 and S4 (Supporting
the N1, N2, N4 plane defined by the coordinated nitrogen Information).
atoms of the I-shaped tridentate aromatic ligand (deviation  Although the scattered intensities collected for [La-
of 0.250(4) A toward the bidentate trifluoroacetate a, Figure (L34 (CFsCOy)32 (17) are rather weak because of the large
4b), and the La-N bond distances strictly parallel those disorder affecting the butyloxy chains and some trifluoro-
obtained for the dimer [LW@<)(CRCO;)3]2 (15, Table 2).  acetate anions (see Experimental Section), they correspond
The metallic coordination spheres 18 and16 are roughly  to the best results obtained with these types of complexes,
superimposable (Figure S2, Supporting Information). The and the refinement of the central rigid core is satisfactory.
only noticeable difference concerns the metallic ionic radius The crystal structure df7 is composed of centrosymmetric
REN"8 = 0.962 A in16, which is slightly smaller than that  dimers of [La{3%%)(CFsCO,)s],, in which the metals are
expected for eight-coordinate Lu(lll) centers (0.9772A}, separated by 4.7955(8) A (Figure 5 and Table 4). Since we
value indeed found 15 (Table 2). This minor change can observe that trifluoroacetate c is distributed over two
be assigned to the replacement of two bridging—Ln positions, one corresponding to a monodentate binding mode
O(trifluoroacetate) bonds in the dimer (average distance (40%) and the second displaying a bidentate binding mode
2.268(5) A) with one Lu-O(water) bond (Le-O1w= 2.276- (60%, Figure S5, Supporting Information), we calculate that
(3) A) and one monodentate HD(trifluoroacetate) bond  each La(lll) atom possesses an average coordination number
(Lu—O1b= 2.201(3) A). Detailed interplanar angles char- of 8.6 with three nitrogen atoms of the tridentate ligand, four
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Table 3. Selected Bond Distances (A) and Angles (deg) for
[Lu(L4<%)(CFCO)3(H20)]-0.3H0 (16)

Bond Distances

Lu—Ola 2.435(3) Le-Olw 2.276(3)

Lu—0O1b 2.201(3) La-N2 2.446(3)

Lu—N1 2.499(3) Lu-Olc 2.190(4)

Lu—02a 2.370(4) Le-N4 2.407(3)

N—Lu—N Bite Angles
N1-Lu—N2 66.11(9) N2-Lu—N4 131.9(1)
N1-Lu—N4 66.4(1)
N—Lu—0O Angles
N1-Lu—O1la 111.66(9) N4Lu—O1la 73.9(1)
N1-Lu—0Olc 77.0(1) N4Lu—Olc 85.0(1)
N2—Lu—02a 81.0(1) NtLu—O1b 138.8(1)
N2—Lu—0O1c 77.5(1) N2-Lu—Ola 132.1(1)
N4—Lu—01b 148.74(9) N2 Lu—Olw 134.38(9)
N1-Lu—0O2a 74.6(1) N4Lu—0O2a 93.7(1)
N1-Lu—Olw 140.8(1) N4Lu—O1w 82.4(1)
N2—Lu—0O1b 77.9(1)
O—Lu—0O Angles

Ola-Lu—02a 54.7(1) 02alLu—01b 80.8(1)
Ola-Lu—Olw 79.6(1) OlbLu—Olc 115.0(1)
0O2a-Lu—0O1w 132.99(9) Olalu—Olc 150.3(1)
Olc-Lu—0O1w 77.2(1) O2alu—0Olc 149.5(1)
Ola-Lu—0O1b 78.0(1) OlbLu—Olw 79.4(1)

oxygen atoms of four bridging trifluoroacetate anions, and
1.6 oxygen of the disordered trifluoroacetate c. The V-shaped
arrangement of the meridionally tricoordinated ligdr&f*

in 17 precludes the head-to-head approach of two monomeric
[La(L3C4)(CRCOy)3] units, as found for the related I-shaped
ligand L4 in [Lu(L4%%)(CRCOy)3)2 (16, Figure 3) or in
[Lu(L5)(CRCOy)s), (Figure 2)!° Consequently, the two
aromatic tridentate binding units in [Ua8%%)(CRCO,)3]2
adopt a parallel face-to-face arrangement, which forces the
lanthanum atoms to occupy positions significantly outside
the chelating N1, N2, N4 plane (deviation of 1.03(1) A
toward the second metal ion, Figure 5b), thus offering
sufficient access for the formation of four intermetallic
trifluoroacetate bridges.

The La—N and La-O bond distances are standard (Table
4), as exemplified by the ionic radiR®)® = 1.14 A
(expected 1.160 &% andR°Y™® = 1.20 A (expected 1.216
A)22 calculated for [Lal(3%%)(CFsCQ)4] for both isomers
containing either a monodentate (GN 8) or a bidentate
(CN = 9) trifluoroacetate c, respectively. If we apply the
correctionRY—® — RE"% = 1.160— 0.977=0.183 K2 to
the La—N bonds found in [Lal(3%%)(CF:CO,)s]2, We predict
average bond distances of £d(pyridine) = 2.525 A and
Lu—N(benzimidazole} 2.465 A, which compare well with
related Lu-N bonds observed in [LUé4C%)(CRCO,)3]2 (15
and [Lul49)(CRCOy)3(H20)] (16) (Table 2). This observa-
tion confirms that the loosening of the &N interaction is
asssociated with the concomitant binding of trifluoroacetate
anions and not with the specific anisometries of the tridentate
ligands.

Stabilities and Structures of the [Ln(Li¢*?)(CFsCO,)3]
Complexes in Solution.To investigate the effect of the ionic
radius of Ln(Ill) on the solution structures of the complexes
[Ln(Li®)(CRCOy)4 (i = 3, 4), we have investigated the
diamagnetic complexes with L=a La (the largest lanthanide),

Figure 5. Perspective views of the major nine-coordinate isomer [La-
(L3%4)(CRCOy)3)2 in the crystal ofL 7: (a) representation of the asymmetric
unit with numbering scheme and (b) view perpendicular to the-La
direction. Ellipsoids are represented at the 30% probability level, and the
C atoms of the butyl chains are shown with a fixag, of 0.1 A2 for clarity.

[LU(L3%)(CRCOy)3) (6) in CD,Cl, (1072 mol dnr3, 298

K) shows twelve aromatic signals assigned to two indepen-
dent sets of protonsiHi = 1—6, numbering in Figure 6),
together with two quartets originating from two sets of
enantiotopic methylene protons, H8 and Kfgure 6a). This
pattern corresponds to the coexistence of t@gp-sym-
metrical ligands|.3%*?, in different environments in an 85:
15 ratio and under a slow exchange regime on the NMR
time scale. Comparison with tH&l NMR spectrum of the

free ligandL3? shows an exact match with the spectrum

of the minor component (15%, Table 5), while the large
downfield shift Ao = 0.36 ppm) of the proton H1 in the

major species is diagnostic for the complexation of the
pyridine ring to Lu(ll1)}524 Variable-temperature measure-

Ln =Y (a midrange cation similar in size to H®and Ln
= Lu (the smallest lanthanide). THel NMR spectrum of

(24) Lavallee, D. K.; Baughman, M. D.; Phillips, M. P.Am. Chem. Soc
1977, 99, 718.
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Table 4. Selected Bond Distances (A) and Angles (deg) for
[La(L3%)(CRCO)5]2 (17)2

Bond Distances

La---La"’ 4.7955(8) La-02b 2.504(6)
La—Ola 2.495(8) LaO2c 2.70(1)
La—0O1b 2.475(9) La-N2 2.642(7)
La—O1c 2.66(1) La-01¢ 2.27(1)
La—N1 2.708(9) La-N4 2.654(8)
La—02a 2.474(7)
N—La—N Bite Angles
N1-La—N2 60.9(2) N2-La—N4 114.8(3)
N1—La—N4 60.1(2)
N—La—O Angles
N1-La—Ola 140.4(2) N2La—Olc 104.0(3)
N1-La—Olc 113.6(4) N4 La—02a 126.5(3)
N2—La—Ola 157.6(3) N4La—02b 68.8(2)
N2—La—02b 122.0(2) NtLa—O1lb 143.4(2)
N4—La—Ola 82.3(3) NtLa—02c 76.1(4)
N4—La—O1c 76.9(4) N2-La—O1b 83.6(3)
N1-La—O2a 83.5(3) N2La—02c 62.0(4)
N1-La—02b 78.6(2) N4La—O1b 154.7(2)
N2—La—02a 69.2(2) N4La—02c 79.4(4)
O—La—0 Angles

Ola-La—02a 113.3(3) OleLa—02c 46.4(5)
Ola-La—02b 76.5(2) OlbLa—02c 96.1(4)
02a-La—02b 66.5(2) Olala—O1lc 64.3(4)
Olc-La—02b 130.6(3) 0O2ala—Olc 156.6(4)
Ola-La—02c 110.6(4) OlbLa—02b 117.4(3)
Ola-La—0O1b 76.0(3) 02elLa—02b 146.4(4)
O2a-La—01b 75.0(3) 0O2ala—02c 131.1(4)
O1b-La—0Olc 82.0(4)

Nozary et al.

K, Table 6). Considering the density found in the crystal
structures olL.3%* (d = 1.186 g cm®)** and [Lu(L6)(CFs-
COy)3(0OHy)]2 (d = 1.464 g cm®)?° as reasonable ap-
proximations for respectivelyi(igand * and Fcompled ™ in
solution, we calculate with eq 1 that Md¥hpie! MM Ligand =
1.3(2). This translates into MBmpiex= 2330(250) g mole',
which matches the value of MM= 2227.6 g mole!
calculated for the monomer [LLIB')(CRCOy)3] but cannot
account for the value of MM= 4455.2 g mole! predicted
for the bimetallic bridged dimer [Li@C*?)(CRCO,)s].. We
conclude that [LU(3¢1)(CRC0,);] exists as a monomer in
CD,Cl,, which is partially dissociated according to eqi2 (
=3, Lh= Lu).

Li®®+ Ln(CF,CO,), =

[Lu(Li®*)(CF,C0O,)4] CF3CO2 (9)

LnLi

Closely related behaviors compatible with eq 2 are
obtained for [Y{3%')(CRCO,);] (8) and [LnL4CH)(CRs-
COy)4 (Ln = Lu, 13 Ln =Y, 14; Tables 5, 6, and S6
S8), while the occurrence of intermediate ligand-exchange
processes on the NMR time scale for [L#{9)(CFRCOy,)3]

(i = 3, 4) broadens théH NMR signals to such an extent

aThe atoms with a prime correspond to those of the minor isomer, in that a detailed ana!y5|s_ of thermOdynamIC equ'“b_”um 1S
which the trifluoroacateate c is monodentate (Figure S5, Supporting precluded. The partial dissociation of the neutral tridentate

Information). The atoms with a double prime correspond to those obtained

by the symmetry operatiofrx, -y, 1 — z

ments indicate that the quantity of fre8*?increases with

ligand Li®? seen in the trifluoroacetate complexes at
millimolar concentration in noncoordinating solvent, strongly
contrasts with the quantitative formation of related nitrato

increasing temperature from 0% at 273 K to 20(2)% at 313 complexes [Lni(i®*?)(NOs)3] (Ln = Lu, Y) under the same

K (Figure 6b and Table S5, Supporting Information).
Assuming that (i) the EinsteinSmoluchowski-Stokes

auto-diffusion theory holds for our lipophilic complexes in

conditions® We thus conclude that the loosening of the
Ln—N bonds exemplified in the solid state upon the
replacement of coordinated NOwith CRCO,~ is main-

CD,Cl, and that (ii) both the free ligand and its complexes tained in solution. The quantitative treatment of the ratios
in solution can be roughly modeled with spheres possessingof bound and free ligands observed for [Lif*3(CF:CO;)3]

specific hydrodynamic radius,, the auto-diffusion coef-
ficients for a component mDn, at a fixed temperature in
CD,Cl, is proportional to §m» MM )~ where MM, stands
for the molecular weight of the molecule ang, for its

specific partial volumé® The ratio of the auto-diffusion

coefficients of the two species (complex and free ligand
L3¢ in CD.Cl, is related to their molecular weights
according to eq 1. Diffusional NMR is thus an efficient tool
for deducing the molecular mass of the unknown complex

MM complex €Xisting in equilibrium with the free ligantf.

3=
_ \/VComplmMMComplex

VLigandl\/”vI Ligand

DLigand

1)

DCompIex

NMR-DOSY experiments for [LU(3°19)(CFRCOy)3] (6)
glve DLiganJDCommex: 1.04(4) (CQCIZ, 10_2 m0| dm_s, 293

(25) (a) Stilbs, PProg. NMR Spectrosd 986 19, 1. (b) Waldeck, A. R;
Kuchel, P. W.; Lennon, A. J.; Chapman, B.Ffog. NMR Spectrosc

1997 30, 39. (c) Pregosin, P. S.; Martinez-Viviente, E.; Anil Kumar,
P. G.Dalton Trans 2003 4007. (d) Pregosin, P. S.; Kumar, P. G. A.;

Fernandez, IChem. Re. 2005 105, 2977.
(26) Greenwald, M.; Wessely, D.; Goldberg, I.; CohenNéw J. Chem.
1999 337.
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at each temperature (L Lu, Y, i = 3, 4, Tables S5S8,
Supporting Information) by using the van't Hoff equation
(eq 3)5 allows far a a rough estimation of logf3°®3,
together withAH™ 3°°?and AS7 2°°?in CD,CI, at 293 K

(Table 7).

CF3CO02
AHLnLi F3CO2

~Ringgereeey = S pgera

®3)

Interestingly, the value of logf >“®) (3.1-4.2) esti-
mated from the VT-NMR data for [Lih(i®9)(CRCO,)3]
(Table 7) is approximately 2 orders of magnitude smaller
than the one (logle) = 5.3-6.1) reported for [Ln-
(L3¢ (NOs)5] in acetonitrile/dichloromethane (1:1, Table
7).15To obtain comparable thermodynamic data, we perform
complementary spectrophotometric titrationsL82 with
Ln(CRCO,)-xH-0 (x = 1—3) in CH;CN/CH,Cl, (1:1). We
systematically observe a single smooth end point for the ratio,
L3%9Ln = 1.0, together with isosbestic points during the
complete titration (Ln= La, Eu, Y, Lu, Figure 7). The
experimental data can be satisfyingly fitted with nonlinear
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Figure 6. H NMR spectra of [LU(3¢13)(CRCOy)3] (6) with numbering scheme (18 mol dm-3, CD,Cl,) at (a) 298 K (complex/liganeg= 85:15) and (b)
283 K (complex/ligand= 98:2). The indexes L and C stand for ligand and complex, respectively.

Table 5. H NMR Shifts (in ppm with Respect to TMS) for the

LigandsLi2 and for the Complexes [Lh(C1)(CRCOy)4] (i = 3, 4;

Ln = Lu, Y, CD:Cly; 298 K@

Hl H2 H3 H4 H5 H6 H7 HS8
L3€12 8.10 8.40 7.63 7.55 7.22 7.46 142 4.87
[Lu(L3€)(CRCOy)s] 8.47 8.18 8.34 7.63 7.40 7.46 1.77 4.69
[Y(L3C13)(CRCOy)s] 8.44 8.12 8.24 7.60 7.39 7.42 1.77 4.66
L4c12 8.10 8.39 7.39 7.85 7.17 7.46 1.38 4.84
[Lu(L4C1)(CRCOy)s] 8.47 8.17 7.52 851 7.34 7.45 1.76 4.67
[Y(L4C1)(CRCOy)s] 8.42 8.11 7.47 838 7.26 7.44 1.73 4.62

aNumbering of the protons iHn Figure 6.

least-squares techniqdéso eq 2 to give log 2% =

4.4—4.5 (Table 7), which confirms a decrease in stability of
about -2 orders of magnitude when nitrate counteranions

are replaced with trifluoroacetates.

We can safely conclude that, in poorly coordinating

solvents, Ln(CECQOy,); less efficiently interacts with the

(27) (a) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubdrlau, A. Talanta
1985 32, 1133. (b) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubéiby

A. Talanta1986 33, 943.

tridentate ligand4.i*? than does Ln(Ng)s, thus leading to
monometallic [LnLi®?)(CFRCO,)s] complexes, which are
partially dissociated at millimolar concentrations. Moreover,
we do not detect dimerization processes occurring in solution,
which strongly contrasts with the solid-state structures of
15and17. In this context, we suspect that the entropic cost
of the dimerization process cannot be overcome by the minor
enthalpic gain accompanying the transformation of two
bidentate trifluoroacetates (2 [LnQ]) into two bridging
trifluoroacetates ([LAO—C—O—Ln]) in solution. Finally,

the enthalpicAH " 3°%?and entropicA S 2“%contributions

to the free energy of formation of the complexes [Ln-
(Li®*H(CRCOy)3] (eq 2) point to an enthalpically driven
complexation process in noncoordinating dichloromethane
(AHF3C92 < 0, Table 7). The entropic trend; TAS 3©?

> 0 implies that dissociation is favored at high temperature,
a situation which occurs when solid-state samples are heated
to form thermotropic liquid crystals. The limited enthalpic
stability of the trifluoroacetate complexes is thus expected
to be deleterious for the conservation of the molecular

Inorganic Chemistry, Vol. 45, No. 7, 2006 2997
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Table 6. Auto-Diffusion Coefficients P in m? s™t) Obtained by DOSY-NMR for the Ligandsi®'? and for the Complexes [Lh(')(CFRCOy)3)
([Li%4t = [LN(CF3CO)3]iot = 102 mol dm 3, i = 3, 4; Ln= Lu, Y, CD.Cl,) and Ratios of Molecular Weights Estimated with eq 1

T (K) DLigand DCompIex DLigant/DCompIex MM LigandlMM Complex
[Lu(L3C13)(CRCOy)4] 293 4.7(1)x 10710 4.5(1)x 10710 1.04(4) 1.3(2)
[Y(L3C1)(CFCOy)3) 293 4.7(1)x 10710 4.4(1)x 10710 1.08(4) 1.5(2)
[Lu(L4C1)(CRCOy)4] 303 5.2(1)x 10710 5.1(1)x 10710 1.03(4) 1.3(2)
[Y(L4C1)(CFCOy)4) 293 4.6(1)x 10710 4.3(1)x 10710 1.09(4) 1.6(2)

Table 7. Thermodynamic Parameters Obtained for the Formation of the Complexds3fiA)(CFRCO,)3], [Ln(L4CA)(CRCOy)4], and
[Ln(L3C1)(NOs3)g] in Solution

ligand Ln(I) anion solvent logf’ )2 AHE B AS i © method ref
L3¢12 La NOs~ CHzCIo/CH3CN (1:1) 5.7(2) spectro 15

L3¢12 Eu NO;~ CH2CI/CH3CN (1:1) 5.3(2) spectro 15

L3c12 Y NOs~ CH,Clo/CHACN (1:1) 5.9(1) spectro 15

L3C12 Lu NO3z~ CH,Cl/CHZCN (1:1) 6.1(1) spectro 15

L3¢12 La CRCOy™ CH2CIo/CH3CN (1:1) 4.5(1) spectro this work
L3C12 Eu CRCO,~ CH,CIo/CHZCN (1:1) 4.6(1) spectro this work
L3c12 Y CFsCO,~ CH,Clo/CHLCN (1:1) 4.6(1) spectro this work
L3¢12 Lu CRCO;™ CHzCIo/CH3CN (1:1) 4.6(1) spectro this work
L3c12 Y CFsCO;~ CD.Cl, 3.1(2) —14(7) 10(15) VT-NMR this work
L3c12 Lu CRCO,- CD.Cl, 3.6(2) -32(7) —40(15) VT-NMR this work
L4c12 Y CFsCOy~ CD.Cl, 3.8(2) —-37(7) —53(15) VT-NMR this work
L4c12 Lu CFRCOs CD.Cl, 4.2(2) —24(6) —43(12) VT-NMR this work

aGiven at 293 K for the equilibriuni €12+ LnX3<=[Ln(Lic*?Xz]. P Units of kJ mot™L. ¢ Units of J mott K1, d Spectro stands for spectrophotometric
titrations at 293 K. VT-NMR is decomplexation followed by variable-temperature NMR.

structures of the complexes when entering mesophases ateflections characteristic of the mesophase (Figure S6,
high temperature. Supporting Information). We also note that some hysteresis
Thermal and Mesomorphic Properties of [Ln(Li¢?)- occurs during the cooling process, thus allowing the collec-
(CF3COy)3] (1—14). The thermal and mesomorphic proper- tion of SAXS profiles in the mesophase at temperatures
ties of complexed—14 have been investigated by using a slightly lower than those mentioned for the AS LC
combination of thermogravimetric analysis (TGA), dif- transition in Table 8. However, the scattered peaks recorded
ferential scanning calorimetry (DSC), polarized light mi- in the mesophases are often broad and poorly resolved, and
croscopy (PLM), and small-angle X-ray scattering (SAXS). they belong to different species, as deduced after peak-shape
Except for the loss of cocrystallized water molecules8in  analysis, which are diagnostic for the coexistence of different
and 13, TGA shows that the complexes do not decompose phases or organizations. Consequently, the unambiguous
prior to isotropization, which occurs around 26848 °C indexation of the reflections is difficult, but we systematically
(Table 8). Isotropization is rapidly followed by decomposi- observe a sequence of-8 reflections at low angle with
tion in the liquid phase and natural textures reliable for squared spacing ratios bf + k* + hk=1, 4, 7, 9, and 13
investigation by PLM cannot be obtained upon cooling from (Table 9), compatible with the formation of a hexagonal
the isotropic liquid. We are thus limited to observe textures columnar arrangement for the major component of the
(PLM) or to record SAXS profiles on mesophases formed mesophase (Cglplane groupp6 or pémn).14% The non-
during the heating and cooling processes, which have notobservation of the reflections corresponding to the squared

reached the critical isotropization temperature. spacing ratios 3 and 12 are likely the result of the poor quality
For the V-shaped complexes [lLEC?)(CRCO,)3] (1— of the X-ray pattern. The concomitant systematic observation
7), the DSC traces reveal several €r Cr or Cr — AS of a broad diffuse band centered at 4.6 A, characteristic of

transitions occurring at low temperature (ASamorphous  the molten alkyl chains, confirms the liquidlike nature of
solid or conformationally disordered crystal phase), which the mesophases. The analysis of the X-ray diffraction profiles
strongly depend on the mode of isolation of the sample obtained for [PH(3¢'9)(CRCOy)3] (1) and [Sm{3¢*)(CFs-
(crystallization, precipitation), followed by a single endo- CO,);] (2) leads to an intercolumn separation in the range
therm at high temperature (22848°C) assigned to isotropi-  of a = 40.0-40.7 A, with associated cross section areas of
zation by PLM. However, PLM observations also indicate S= 1383-1432 & (Table 9). The additional broad reflection
that, for each studied complex, the amorphous solid or observed at 5.2 A is reminiscent of the intermetallic
conformationally disordered crystal phase transforms into a separation measured for the [L&C*)(CFRCO,)s), dimer in
liquid crystalline phase about ¥20 °C prior to isotropiza- the crystal structure of 7 (4.7955(8) A). Taking the latter
tion (Table 8). The observed birefringent textures are poorly distance as the average separation between two slices within
developed and cannot be used for the unambiguous assignthe column i ~ 5.2 A), we calculate unit cell volumes bf
ment of the supramolecular organization in the meso- = Sh= 7192 (Ln= Pr) and 7446 A(Ln = Sm). Assuming
phases. However, the associated SAXS profiles collected ata realistic density ofi ~ 1 g cnm2 in the mesophase, we
high temperature for Ln= Pr (1) and Lh = Sm @) eventually estimate with eq 4 that the number of molecules
systematically show the collapse of the fine peaks of the per unit cell in [Ln{.3%*?)(CRCO,);] amounts taZ = 2 (Ln
crystalline phase to give a few residual, but significant, = Pr, Sm), in agreement with the existence of bridged
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(a)

l mesophases displaying shorter intercolumn separatéoss (
50000 -

31.2-31.9 A)15 However, we again stress here that SAXS
profiles collected in the temperature range of the mesophases
occurrence are complicated and are not easy to analyze
because of the coexistence of various molecular species and
thus various phases, which points to a likely partial entropi-
cally driven dissociation of [Li(3¢*%)(CRCO,)3]» occurring

at high-temperature according to eq 5. This provides mixtures
of mesomorphic complexes together with liquid ligdr&f*2

and solid lanthanide salts [Ln(@EQOy);]. Obviously, the
transition temperatures given in Table 8 reflect the behavior
of the mixtures.

€ /M'1-em!

[Ln(Li°*)(CF,CO,)4, =
2[Ln(Li“¥)(CF,CO,)5) = 2Li“*?+ 2Ln(CF,LCO,); (5)

250 270 290 310 330 350 370 390

For the I-shaped complexes, [WL#CY)(CRCO,)3] (8—
50000 - 14), we also detected Cr LC transitions at high temperature
(b) occurring prior to isotropization (Table 8). PLM observations
show viscous bhirefringent textures, typical of liquid-crystal-
line behaviors. Again, isotropization occurs around 208

A /nm

/

40000 -

A= 280 nm 245°C, and it is followed by fast decomposition. Although
first-order transitions are detected by DSC for the€LC
g 30000 4 p73m transition during the first heating process (Table 8), subse-
—.; A =360 nm guent cooling freezes the organization in the mesophase, and
= 20000 4 A =255nm no further endotherm or exotherm can be detected by DSC

during subsequent heating/cooling cycles. SAXS reflections
are again broad and poorly resolved, and they show lamellar
10000 - organizations in the mesophase for EnPr (8), Ho (11),

and Yb (@2). The interlayer separation in the lamellar
mesophase amountsdo= 43.5-44.3 A, and the molecular
areas aré\ = 84—85 A2 (Table 9), in agreement with related
values found in the lamello-columnar mesophases character-
o . Variation of absorbii o o for th ized for [Ln(L4C)(NOs)3] (d = 39—41 A andA = 88—90
B vaiation f sbserplon spectobseried or 18 SRS A2 The interlayer separation is indeed smaller than the
romethane (1:1)) with Y(CO)3-2H,0 at 293 K (YL3C12 = 0.1-3.1) total length of the coordinated I-shaped ligand in its elongated
and (b) the corresponding variation of observed molar extinctions at 5 form (58 A), estimated from the crystal structure of [Lu-
different wavelengths. (L5)(CFsCO5)4]2,1° which implies partial chain interdigitation

disklike dimers packed along the columiis Avogadro’s between the layers or chain-coiling to accommodate the large
number, MM, is the molecular weight of the molecule in g Molecular surface area. Such lamellar organization has been

0 . . .
0.00 1.00 2.00 3.00
[YV[L3"]

mol-%, andV is the volume of the unit cell in #.15 found to be diagnostic for the existence of bridged dimers
[Ln(L4%1)(NO3)4]2 in the mesophase, and we propose a
Z=(dN,V x 10‘24)/|\/||\/|m (4) similar behavior for8, 11, and12, which are thus assigned

to exist as dimers [Lh@4C)(CRCOy)3), in the lamellar
By using the crystal structure of [La8¢%)(CRCOy)3); as phase.

a structural model, a diameter of 20 A can be estimated for  Altogether, these thermal, PLM, and crystallographic data
the projection of the rigid organometallic core along the show that the trifluoroacetate complexes [Lif{*)(CFs-
columnar axis (Figure 8). The further connection of do- CQO,);] display liquid-crystalline behaviors at high temper-
decyloxychains in their elongated forms (15'# to the ature. The poor quality of the birefringent textures and of
gallic acid residues in [Li(3*?)(CRCOy)3),, instead of the  the associated SAXS pattern strongly suggests that, depend-
butyloxy chains found in the model compound [La¢%)(CF- ing on the lanthanide and on the shape of the ligand, the
CO,)32, gives a total diameter of 50 A, which implies two successive entropically driven equilibria illustrated in
important coiling of the chains or partial interdigitations eq 5 produce mixtures of complexes, ligands, and lanthanide
between the molten alkyl chains in the hexagonal columnar salts at high temperature, a process which is deleterious for
mesophases to fill the available volume. These structural datadeducing precise structural correlations between molecular
contrast with the existence of monomeric elliptic hemi- shapes and mesoscopic organizations. Nevertheless, the
disklike nitrato complexes [LREBC*?)(NO3)s], which are interpretation of the SAXS profiles suggests that the dimeric
responsible for the formation of related hexagonal columnar units of [Ln(Li®9)(CRCO;)3), are the major component of
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Table 8. Phase-Transition Temperatures and Associated Thermodynamic Parameters Observed by DSC, PLM, and Thermogravimetric Analyses for the
Complexes [LN(3¢13(CRCOy)3] (1-7) and [LnL4C1)(CRCOy)3]-nH20 (8—14)

T AH AS weight loss
transitior? (°C) (kJ mol?) (I mortK™Y (%) decomp
[Pr(L3%13(CRCOy)3] (1) Crl—AS 102 4.8 13 0 240
AS — Col, 220 c c
Col,— 1 227 73
[SM(L3C)(CRCOy)4] (2) Crt—AS 37 45 146 0 250
AS — Col, 220 c c
Col,— 1 240 50 97
[Gd(L3C1)(CR:COy)4] (3) Crt—AS 38 38.7 124 0 260
AS — Col, 225 c c
Colh— 1 248 48.7 93.4
[Ho(1L3C1)(CFCOy)4] (4) Crt—cCr? 37 18.6 53.8 0 261
Crz— AS 151 6.26 14.6
AS — Col, 230 c c
Col,— 1 247 62 119
[Yb(L3C13)(CR:COy)4] (5) AS—LC 219 c c 0 265
LC—1I 234 78 134
[Lu(L3C13)(CRCOy)4] (6) crt—cr? 33 0.5 1.5 0 265
Crr—AS 45 0.4 1.3
AS—LC 210 c c
LC—1I 225 56.6 113.6
[Y(L3C1)(CRCO)4] (7) Cri— AS 37 d d 0 255
AS—LC 230 c c
LC—1I 245 d d
[Pr(L4C13)(CRCOy)3]-2.5H;0 (8) crt—cCr? 15 13 45.6 1.77 250
cr—Cr 37 7.8 25 (2.2 HO)
cr—Crt 56 21.4 55.6
Cr4— lamellar 215 22.7 46
lamellar— | 245 e e
[SM(LAC)(CRCO,)4] (9) crt—cr? 56 18 55 0 260
Cr2— lamellar 219 24 48
lamellar— | 226 10 20
[Gd(L4C13)(CRCOy)4] (10) Crt—cCr? 16 38 131 0 270
Crr—Cr 34 20 64
Cr¥— lamellar 213 235 48
lamellar— | 236 24.3 47
[Ho(L4C1)(CRCOy)4] (11) Cr— lamellar 155 22 51.7 0 >260
lamellar— | 216 134 27.4
[Yb(L4C13(CRCOy)3] (12) Cr— lamellar 189 25.4 55 0 270
lamellar— | 235 23.9 47
[Lu(L4C1)(CRCO,)3]-0.5H0 (13) Cr—LC 92 37.6 103 0.69 250
LC —| 208 14.8 31 (0.8 KO)
[Y(L4C1)(CRCOy)3] (14) Crt—cCr? 42 4.8 15.3 0 270
Cr2— lamellar 184 19.1 42
lamellar— | 240 25.8 50

aCr = crystal, AS= amorphous solid or conformationally disordered crystal phases=Li€uid crystalline phase, # isotropic fluid. Enthalpic and
entropic changes are obtained by DSTemperature is given for the first heating process (see teRf)ase transition assessed by PLM and SAXS
measurements.Values ofAH and AS were not fully reproducibles Masked by decomposition.

the mixtures in the mesophase, which contrasts with the limits the thermal stabilities of these complexes at high
existence of monometallic hemidisklike complexes as the temperature. Although we are aware that the thermodynamic
major component of the liquid-crystalline material for the parameters of the complexation process (eq 2) are different

nitrato complexes [LA(i®*)(NO3);].*° when solid state or solution samples are considered, the
) observation in noncoordinating dichloromethane solutions of
Conclusion CF3C0O2

an enthalpically driven procesakl ;7 < 0), which can
Contrary to our initial assumption claiming that nitrates be balanced at high temperature by the entropic term
in [Ln(Li19(NOs)s] can be replaced with trifluoroacetetate  (—TAST~ 2> 0), is a strong support for related processes
in [Ln(Li¢?(CFCO,)] without affecting the metallic ~ occurring in the mesophases, in which solvent is excluded.
coordination spheres, except for an improved trend toward In this context, the detection of mesophases at high temper-
dimerization, the present results show that [Lng{¥Pand ature within a narrow range for [Lh{¢*?)(CRCO,);] sug-
[Ln(CFsCOy)s] behave quite differently toward neutral gests the existence of mixtures (complexes, dissociated
aromatic tridentate nitrogen ligands. Crystal structures col- ligands, and metal salts), which are responsible for the limited
lected on nonlipophilic models indicate that the-t) bond accuracy of the SAXS patterns. However, the analysis of
distances increase by0.1 A in the trifluoroacetate com-  residual organizations in the mesophases indicates that the
plexes, which is diagnostic for a reduced-tligand inter- dimeric disklike units [Ln3°'9)(CRCO;)3], correspond to
action. This trend is confirmed by thermodynamic data the major component in the mesophases, while hemidisklike
recorded in poorly coordinating solvents, which strongly monomers dominate the composition of the mesophases for
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Table 9. Indexation at a Given Temperatur€ (°C)) for the

Reflections Detected in the Liquid-Crystalline Phases by SAXS for the

Complexes [LN3C1Y(CRCOy)3] (LN = Pr (1), Sm @) and
[Ln(L4C19)(CRCOy)3] (Ln = Pr (8), Ho (11), Yb (12))2

Pr(L3€13)(CRCOy)s
T dhlﬁ‘nes) | Ohicalcd)
(°C) (A (au) h+k+hk hk (A
220 3470 VS 1 10 3460 a=40.0A
heating 17.45 M 4 20 17.30 S=1383 R
13.04 W 7 21 13.08 Cgl
1155 W 9 30 1153
958 VW 13 31 9.60
52 VW
46  Br
SML3C1)(CRCO,);
T Ohimes) | Ohicalca) Figure 8. CPK view of the molecular structure of [La§4)(CFCOy)3]2
(°C) (ﬁ) (au) h2+K+hk hk R) along the La-La direction showing the circular projection of the rigid
li .
220 3550 VS 1 10 3521 a=40.7A organometallic core
heating 17.96 M 4 20 17.61 S=1432 R ) )
13.01 W 7 21 1331 Cql hexacatenar ligands, the replacement ogN@ith CRCO,~
SR 9 80 1174 is disappointing, but it taught us that (i) the stability of the
46  Br Ln—ligand bonds can be modulated by the coordinated
PrLACI(CRCOY, counteranions, (ii) C¥&O;, mter'qctg, slightly strong'er with
= g | g Ln(lll) than does N@-, and (iii) increased LaLigand
O ) @ Rrk+hk bk Ry interactions (and associated larger enthalpically driven
205 376 S 001 2425 lameliar resistance to entropic dissociation at high temperature) may
heating 22.20 VW 002 2212 A=840R be implemented by using counteranions which display
4.6  Br weaker interactions with Ln(lll). In this context, we are
Ho(L4C12)(CRCOy)3 currently focusing our efforts on the use of trifluoromethane-
T Ogmesy | nicalcd) sulfonates, halides, and pseudo-halides, which are known to
(°C) ()i) (au) h2+k+hk hkl (i\) match the latter criteri&®
180 4351 S 001 43.48 lamellar ) )
heating 21.70 VW 002 21.74 A=847R Experimental Section
4.6 Br
Solvents and Starting Materials. These were purchased from
Yb(L4%19)(CRCO)3 Fluka AG (Buchs, Switzerland) and Aldrich and were used without
T dhk}imes) I s Chiiccalcd) further purification unless otherwise stated. The ligab8s!? and
() (A  (auy) kHk+hk hkl (A L4C12 were prepared according to literature proceddfeEhe
210 4351 VS 001 43.86 lamellar trifluoroacatate salts, Ln(GEQ,)3xH,O (Ln = La—Lu, Y; x =
heating 311682 B'\r/l 002 21.93 A=850R 1-4), were prepared from the corresponding oxides (Rhodia,

99.99%)3° The Ln content of the solid salts was determined by

a dmesanddcaicaare the measured and calculated diffraction spacirnsg,
the lattice paramete§ = av/3/2 is the cross section of the columh=
Vol [oo10= MM/(dNay x 10724 x 1/ldigo1Clis the molecular area for the
lamellar phased(is the density in the mesophase and-is g cn3, MM
is the molecular mass of the complex in g molandNa, is Avogadro’s
number). refers to the intensity of the reflection (VS, very strong; S, strong;
W, weak; VW, very weak; Br, broad).

complexometric titrations with Titriplex 11l (Merck) in the presence
of urotropine and xylene oran§eAcetonitrile and dichloromethane
were distilled over calcium hydride.

Preparation of the [Ln(L i®®)(CF;COy)3] (i = 3, 4; Ln = Pr,
Sm, Gd, Ho, Yb, Lu, Y; 1—14) Complexes. L3812 0or L4¢12(5.84
x 107% mol) in dichloromethane (5 mL) was added to Ln¢EF
. C *XxH,O (Ln = Pr, Sm, Gd, Ho, Yb, Lu, Yx = 2—4) in
the, nitrato cqmplexes [Lm@ClZ)(NO3)3]'15 Conversely, acoezt);nitrizle (ES mL). After the mixture was stirredpr(fm h atro)om
similar behaviors are obtained for th? complexes [Ln- temperature, the solvent was evaporated, and the white precipitate
(L4CP)(CRCO)4] and [Ln(L4“)(NOs)g] with the observa-  \as crystallized from pure dichloromethane30 °C) to give
tion of lamellar organizations associated with the existence microscrystalline powders (805%), whose elemental analyses
of rodlike dimeric units [Ln(4¢19)(X)s], (X = CRCO,, (Table S1, Supporting Information) correspond to [L3¢3)(CFs-
NO;~). These conclusions agree with the crystal structures CO,)3] (Ln = Pr (1), Sm @), Gd 3), Ho (4), Yb (5), Lu (6), Y (7))
of the model complexes, for which trifluoroacetato-bridged and [Ln4¢*3(CFCO)3]-nH20 (Ln = Pr,n= 2.5 @); Ln = Sm,
dimers are systematically observed in the absence of ad-n =0 (9); Lh=Gd,n=0 (10); Ln = Ho,n= 0 (11); Ln = Yb,
ditional water molecules, and with the crystal structures of " =0 (12 Ln =Lu,n =05 (13); Ln =Y, n =0 (14)).
Ln(NOs)z*xH20% and Ln(CRCOs)3-xH0 2P which display
monometallic and bridged-polymetallic structural patterns,
respectively. If we now focus on our search for inducing
smectic or nematic lanthanide-containing mesophases with®?

(29) Binzli, J.-C. G.; Milicic-Tang, A. InHandbook on the Physics and
Chemistry of Rare EarthsGschneidner, K. A., Eyring, L., Eds.;
Elsevier: Amsterdam, 1995; Vol. 21, Chapter 145, p 305.
Desreux, J.-F. InLanthanide Probes in Life, Chemical and Earth
SciencesBunzli, J.-C. G., Choppin, G. R., Eds.; Elsevier Publishing
Co: Amsterdam, 1989; Chapter 2, p 43.
(31) Schwarzenbach, GComplexometric TitrationsChapman & Hall:
London, 1957; p 8.

(28) Junk, P. C.; Kepert, D. L.; Skelton, B. W.; White, A. Must. J. Chem.
1999 52, 497.
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Table 10. Summary of Crystal Data, Intensity Measurements, and Structural Refinement faAfMUCRCO,)s]2 (15),
[Lu(L4%9)(CRCO2)5(H20)]-0.3H0 (16), and [La{3“)(CFCO,)]2 (17)

15 16 17
formula GgeHsgF18LU2N 10020 Cs3Hz1.d9LUN5O11 3 CiaH 154718l aoN10032
fw 2243.4 1145.1 3036.5
cryst syst triclinic triclinic monoclinic
space group P1 P1 P2:/c
a(A) 13.1421(12) 12.8253(11) 21.0157(13)

b (A) 13.2006(9) 13.7314(10) 15.7864(11)
c(A) 13.2886(11) 14.5785(10) 24.2601(13)
o (deg) 90.227(9) 90.854(9) 90

B (deg) 109.452(9) 115.333(9) 114.098(7)
y (deg) 100.751(10) 107.074(9) 90

V (A3) 2130.2(3) 2188.6(4) 7347.1(9)

z 1 2 2

cryst size (mm) 0.06¢ 0.164x 0.185 0.08x 0.13x 0.18 0.14x 0.27x 0.44
deatea (Mg m=3) 1.749 1.738 1.373

w(Mo Ka)) (mm~1) 2.422 2.362 0.670

Timin, Tmax 0.5389, 0.8789 0.6912, 0.8763 0.8113,0.9102
26 max (deg) 56.0 53.4 51.6

no. of reflns collected 27979 25885 77870

no. of independent refins 9527 8794 14101
criterion () for obsd reflna® 4 4 3

no. of obsd (used) refins 6665 (6872) 6623 (6798) 6416 (6823)
no. of variables 637 638 792
weighting schemep)© 0.00015 0.0001 0.0002

max and minAp (e A-3) 1.28,—0.84 1.10—1.00 1.67-1.12
Flack paramx)

GOF(F)d (all data) 1.011(9) 1.11(2) 1.73(2)
ReR,f 0.030, 0.029 0.026, 0.025 0.062, 0.063

a|F,| > qo(Fo). P Used in the refinements (including refins witfo| < qo(Fo) if |Fc| > |Fo|). CW = 1/[04Fo) + p(Fo)q. ¢S = [S{((Fo — Fo)lo(Fo))3/
(Nref = Nva)] 2. @R = 3 [|Fo| — [Fell/3|Fol. f Ry = [X(WIFo| — |Fcl)¥Zw|Fo|?]*2.

Single-Crystal Structure Determinations of [Lu(L4¢9)- extremely difficult, and only data collections for the [L&C%)(CFs-
(CF3COy)3)2 (15), [Lu(L4C0)(CF3CO,)3(H20)]-0.3H,0 (16), and COy)3]2 (17) complex were of sufficient (but still limited) quality
[La(L3 ¢4)(CF3COy)32 (17). A summary of crystal data, intensity  for being considered for refinements. The disordered trifluoroacetate
measurements, and structure refinements is collected in Table 10c was distributed over two positions, one corresponding to a
All crystals were mounted on quartz fibers with protection oil. Cell monodentate binding mode (population parameter 0;4) and
dimensions and intensities were measured at 200 K on a Stoe IPDShe second displaying a bidentate binding mode (population
diffractometer with graphite-monochromated Mat Kadiation ¢ parameter 0.6Uis, Figure S5, Supporting Information). The
= 0.71073 A). Data were corrected for Lorentz and polarization disordered Cggroup of the trifluoroacetate anion b was refined
effects and for absorption. The structures were solved by direct on two sites with population parameters 0.5 (udilgsy. The ethyl
methods (SIR97% all other calculation were performed with the  substituents of the benzimidazole rings were refined with isotropic
XTAL 3 system and ORTEP programs. displacement parameters. The three butyloxy residues connected

Comments on the Crystal Structure of 15.The disordered Gf to the phenyl ring C14C19 were disordered, and each was refined
groups of the trifluoroacetate anions a and b were each refined onwith isotropic displacement parameters on two sites with population
two sites with population parameters 0.7 (uslihgis) and 0.3 (using parameters 0.6 (standard numbering in Figure S7) and 0.4 (primed
Uiso)- The atomic positions of the hydrogen atoms were calculated. numbering in Figure S7). The three butyloxy residues connected

Comments on the Crystal Structure of 16.The disordered G to the phenyl ring C28C33 displayed rather large atomic displace-
group of the trifluoroacetate anion a was refined with restraints on ment parameters (refined withis;) but did not show specific
bond lengths and bond angles on two sites with population disorder.Ui, values for C38 C39, and C57 were fixed to 0.35
parameters 0.65 (usinganisg and 0.35 (usindJiso). The noncoor- A2 because they produced instabilities during the refinements. The
dinate water molecule O2w was refined with a population parameter atomic positions of the hydrogen atoms were calculated, and all
of 0.3 (usingUiss). The atomic positions of the hydrogen atoms butyloxy chains and trifluoroacetate anions were refined with
were calculated, except for the hydrogen atoms of the coordinatedrestraints on bond lengths and bond angles (127 restraints) but with
water molecule Olw, which were observed and refined with no restriction on torsion angles.
restraints on bond lengths and bond angles and blocked during the Spectroscopic and Analytical MeasurementsUV —vis elec-
last cycles. _ tronic spectra were recorded at 20 from solutions in CHCN/

Comments on the Crystal Structure of 17.The preparation of  c,cl, (1:1) with a Perkin-Elmer Lambda 900 spectrometer using
monocrystals with the coordinated V-shaped ligdr&F" were quartz cells of 0.1 and 1 mm path lengths. Spectrophotometric
titrations were performed with a J&M diode array spectrometer

' P DU o GG, W LedoLe (Tidas series) connected to an external computer. In a typical
g'r'ys?gﬁ?é'frfgég'éy cl)litg.ml' G Polidorl, G.; Spagna, & Appl experiment, 50 mL oL3%12in CH;CN/CH.Cl, (1:1) (2 x 10™*

(33) XTAL 3.2 User's ManualHall, S. R., Flack, H. D., Stewart, J. M., mol dn3) were titrated at 20C with a solution of Ln(CECOy)3:
Eds.; Universities of Western Australia and Maryland: Perth, Australia, xH,0 (10 mol dnr3) in the same solvent under an inert

and College Park, MD,1989. "
(34) Johnson, C. K. BTEP It Report ORNL-5138; Oak Ridge National ~ atmosphere. After each addition of 0.10 mL, the absorbance was

Laboratory: Oak Ridge, TN, 1976. recorded using Hellma optrodes (optical path length 0.1 cm)

(32) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo,
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immersed in the thermostated titration vessel and connected to thewhich the sample temperature was controlled withif.05 °C;
spectrometer. Mathematical treatment of the spectrophotometric dateperiodicities up to 60 A could be measured. The other set of
was performed with factor analydisand with the SPECFIT diffraction patterns was registered on Image Plate; the cell
program?” H NMR spectra were recorded at 26 on a Bruker parameters were calculated from the position of the reflection at
Avance 400 MHz. Chemical shifts are given in ppm with respect the smallest Bragg angle, which was in all cases the most intense.
to TMS. Diffusion experiments were recorded at a 400 MHz Periodicities up to 90 A could be measured, and the sample
proton—Larmor frequency at room temperature. The sequence temperature was controlled within0.3°C. The exposure times were
corresponds to Bruker pulse progréedbpgp2% using stimulated varied from 1 to 24 h depending on the specific reflections being
echo, bipolar gradients, and longitudinal eddy current delay as a z sought (weaker reflections obviously taking longer exposure times).
filter. The four 2 ms gradient pulses have sine-bell shapes and Elemental analyses were performed by Dr. H. Eder from the
amplitudes ranging linearly from 2.5 to 50 G/cm in 16 steps. The microchemical Laboratory of the University of Geneva.

diffusion delay was 100 ms, and the number of scans was 16. The Ack led t Thi Ki red th h N
processing was done using a line broadening of 5 Hz and the cknowledgment. ThiS workis supporte rough grants

diffusion rates calculated using the Bruker processing package. TG fom the Swiss National Science Foundation. We thank Ms.

studies were performed with a thermogravimetric balance Seiko A- Marechal for technical support.
TG/DTA 320 (under N). DSC traces were obtained with a Seiko

DSC 220C differential scanning calorimeter from 3 to 5 mg samples analyses (Table S1) and least-squares plane data (Tabts452
(5 °C min~%, under N). The characterization of the mesophases crystallographic data in CIF format for complexts—17, VT-1H

were performed with a Leitz Orthoplan-Pol polarizing microscope \ur data for complex [Ln(iC13(CF,CO);] (Tables S5-S8), and
with a Leitz LL 20x/0.40 polarizing objective, equipped with @ 4,re5 showing optimized superimpositions of molecular struc-
Linkam THMS 600 variable-temperature stage. The SAXS patterns tures (Figures S1 and S2), stereoviews of the unit cellsSiand

were obtained with two different experimental setups, and in all 16 (Figures S3 and S4), XRD patterns of [Sf8E1)(CFCO,)3]

cases, the crude powder was f|||_ed in Lmdemann caplllarl_es of 1 (Figure S6), and complementary views of the crystal structure of
mm diameter. The characterl_zat_qu of the W|d(_e-angle region _and 17 (Figures S5 and S7). This material is available free of charge
the measurements of the periodicities was achieved using a linear;; "tha |nternet at http://pubs.acs.org. CCDC-286529, CCDC-

monochromatic Cu i, beam obtained with a sealed-tube generator ,ges31  4nd CCDC-286530 contain the supplementary crystal-
(900 W) and a bent quartz monochromator. One set of diffraction lographic data forl5, 16, and 17 respectively. The CIF files can

patterns was registered with a curved counter Inel CPS 120, for be obtained free of charge via www.ccdc.cam.ac.uk/conts/

retrieving.html (or from the Cambridge Crystallographic Data

(35) Malinowski, E. R.; Howery, D. GFactor Analysis in Chemistry ; ; .
Wiley: New York, 1980. Centre, 12 Union Road, Cambridge CB2 1EZ, U.K.; fax 44)

(36) Wu, D.; Chen, A.; Johnson, C. S., Jr.Magn. Reson. A995 155 1223-336-033; or deposit@ccdc.cam.ac.uk).
260.
60 1C052017U
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