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Thermochromic liquid crystals operating in the room temperature region have been successfully designed
and synthesized. The reaction of 3,5-dialkdy#H-1,2,4-triazol-4-ylbenzamide ligands with Fe(4-Mel
SG;);, salt have afforded a family of complexes with the general formula [Fe@s](4-MeCsH4SOs),
H.O, n being the number of carbon atoms of the alkyl chainl(8 {0 @), and 12 8)). It appears that
spin-crossover (SCO) behavior occurs in the temperature range at which the materials show a discotic
columnar mesophase,p As a result of the ability of liquid crystals to form thin layers, it is possible to
obtain thermochromic SCO films. Understanding of possible interplay/synergy between the different
phase transitions occurring in these materials is still a perspective study but certainly is exciting and
attractive to chemists as well as physicists.

Introduction crystalline (LC) behavior. SCO materials reversibly switch
between a nearly diamagnetic low-spin (LS) state and a

Thermochromism is a well-know and useful property ,.amagnetic high-spin (HS) state under temperature varia-
frequently observed in many different types of matefishe tion, pressure, or light.A sharp change of the structure,

change of color with temperature is certainly a phenomenon magnetism, color, and dielectric constant of the system in

which is of interest in the field of liquid crystatsand many  o5ponse to these stimuli may occur in the solid state. As a

applications are based on this property: thermometers (fever g it of their switchable properties the SCO materials may

indicators, gadgets, design applications, etc.) or waming yyentially be useful for rewritable optical, thermal, or
signals (e.g., on heaters). While this type of color change ,eqqure memories at a nanometric séaleThe specific
has rarely been observed for nonchiral organic liquid oo jiarities of SCO and LC materials have stimulated the
crystals® several papers have reported thermochromism in idea of combining both properties in a single material.
nonchiral metal-containing liquid crystalfiowever, inmany  gynergetic systems with two or more phase transitions of

cases in a rather anecdotal fashtdviore successful has been different physical nature may lead to a number of advantages

the de\(elopment of cholesteriF: qu.uid crystaltor t,he in practical applications, for example, enhancement of spin
production of colored electrooptical films together with the ., <ition signals, switching, and sensing in different tem-

liquid crystal organic light-emitting diod€siorth mention- o a1 e regimedi2 A first step in this direction was done
ing is also the achievement of photochromic liquid crystals. by Galyametdinov and co-workers, who reported an iron-

We have recently investigated the tailoring of multifunc- (j11) complex combining both LC and SCO propertié8oth
tional materials combining spin-crossover (SCO) and liquid properties are not synchronous in that material and appear
in different temperature regimes. Hayami and co-worKers
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Figure 1. (a) Schematic drawings of the ligand 3,5-dialkdXy4H-1,2,4-triazol-4-ylbenzamide and (b) of the structure of complexes [Fefd3](4-
MeCsH4S03)2-H20 (1—3), [ZN(Cr-trz)s](4-MeCsH4SOs)2-H20 (4—6), and [Fe(Grtrz)s] (4-MeCsHsSOy)2 (7—9).

have recently observed a spin transition around 230 K in incorporation of the LC moiety into the SCO system, which
the mononuclear iron(ll) complex [Fe(3C16,(NCS)] implies the attachment of the aromatic core with the alkyl
(3C16-L: 3,4,5-tris(hexadecyloxyN-((pyridin-2-yl)meth- chains to the triazole ligand (Figure 1). The mixture of 3,5-
ylene)benzenamine), which subsequently revealed the smetidialkoxy-N-4H-1,2,4-triazol-4-ylbenzamide ligands and Fe-

phase above 350 K. (4-MeGH,;S0s) salt have afforded a family of complexes
We have investigated the possibility to synchronize both with the general formula [Fe(@rz)s](4-MeCsH4SOs),*H20,
transitions, the spin transition and crystifjuid—crystal n being the number of carbon atoms of the alkyl chain (8

transition, in Fe(ll) complexes, where SCO takes place (1), 10 2), and 12 8); Figure 1). In a similar synthetic way
between thes = 0 (*A;g) and theS= 2 (°T,y) states. The  the analogous systems with Zn(ll), [Zn{€z)s](4-MeCsHs-

first step in the tailoring of these multifunctional materials SG3),H,O (4—6), have also been synthesized. These materi-
has been the choice of SCO systems showing abrupt spinals do not exhibit SCO properties and serve as reference
transition near or above room temperature. This is the rangesystems in the study of SCO and LC properties in [Re(C
of temperatures at which usually the LC phase transition is trz);](4-MeCsHsS0s)2*H.O materials.

observed. In this respect, the polymeric SCO compounds

based on the triazole-based ligands are among the best Experimental Section

candidates, showing abrupt spin transition above or near to

room temperature accompanied by a pronounced change of Synthesis of Materials. Starting reagents and solvents were
color!516 The second step in this approach concerns the obtained commercially from Aldrich or Acros and used as received.

(14) Hayami, S.; Danjobara, K.; Inoue, K.; Ogawa, Y.; Matsumoto, N.; (15) Kahn, O.; Kider, J.; Jay, CAdv. Mater. 1992 4, 718.
Maeda, Y.Adv. Mater. 2004 11, 16. (16) Kahn, O.; Martinez, C. Bciencel998 279, 44.
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General Procedure for 3,5-Dialkoxybenzoic AcidPotassium

Chem. Mater., Vol. 18, No. 10, 208615

3,5-DioctyloxyN-4H-1,2,4-triazol-4-ylbenzamide. 'H NMR

3,5-dihydroxobenzoate (5.46 g, 28.4 mmol), 1-bromoalkane (85.2 (400 MHz, CDC}): 6 8.20 (2H, s, Tr#l), 7.17 (2H, d,J = 2.0

mmol), anhydrous BCO; (7.88 g, 56.8 mmol), tetrabutylammonium
bromide (0.3 g, 0.3 mmol), and a pinch of Li@s a catalyst were
mixed in a flask and heated f@ h with stirring at 120°C in

Hz, ArH), 6.63 (1H, tJ = 2.0 Hz, AH), 3.98 (4H, tJ = 7.0 Hz,
OCH,), 1.77 (4H, mJ = 7.0 Hz, OCHCH,), 1.48-1.36 (20H, m,
(CHy)s), 0.88 (6H, tJ = 7.0 Hz, GHs). FT-IR (KBr; cnY): 3116,

solventless conditions. After cooling the product was extracted with 2923, 2853, 1671, 1605, 1329, 1169, 1072, 856, 714, 626. Anal.

CHCI; and filtered, and the solvent distilled off under reduced

Calcd for GsHaoN4Os: C, 67.53; H, 9.07; N, 12.60. Found: C,

pressure. The resulting compound was suspended in a solution of67.51; H, 9.16; N, 12.55.

KOH (4 g, 71.4 mmol) in an ethanol/water solution (19:1, 100 mL)

3,5-DidecyloxyN-4H-1,2,4-triazol-4-ylbenzamide.'H NMR

and heated under reflux for 1 h. The reaction mixture was cooled (400 MHz, CDCh): ¢ 8.20 (2H, s, Tr#l), 7.11 (2H, d,J = 2.0

to room temperature and brought to pHb with 10% (v/v) formic
acid. The 3,5-dialkoxybenzoic acid precipitated upon further cooling

Hz, ArH), 6.69 (1H, tJ = 2.0 Hz, AH), 3.98 (4H, t.J = 7.0 Hz,
OCH,), 1.77 (4H, mJ = 7.0 Hz, OCHCH,), 1.48-1.32 (28H, m,

was filtered and then recrystallized from hot ethanol before being (CH,);), 0.89 (6H, t,J = 7.0 Hz, CH). FT-IR (KBr; cm%): 3116,

dried in vacuo to yield a white crystalline solid. Yield 560%.

3,5-Dioctyloxybenzoic Acid.'H NMR (400 MHz, CDC}): 6
7.25 (2H, d,J = 2.3 Hz, AH), 6.71 (1H, d,J = 2.3 Hz, AH),
4.00 (4H, t,J = 7.0 Hz, O-CHy), 1.81 (4H, quintJd = 7.0 Hz,
O—CH,—CHy), 1.48-1.35 (20H, m, (CH)s), 0.92 (6H, tJ=7.0
Hz, CH3)

3,5-Didecyloxybenzoic AcidH NMR (400 MHz, CDC}): ¢
7.24 (2H, d,J = 2.3 Hz, AH), 6.70 (1H, d,J = 2.3 Hz, AH),
4.00 (4H, t,J = 7.0 Hz, O-CH,), 1.82 (4H, quintJ = 7.0 Hz,
O—CH,—CHy), 1.49-1.35 (28H, m, (CH)7), 0.90 (6H, tJ = 7.0
Hz, CHg)

3,5-Didodecyloxybenzoic Acid!H NMR (400 MHz, CDC}):
0 7.23 (2H, d,J = 2.3 Hz, AH), 6.71 (1H, d,J = 2.3 Hz, AH),
3.98 (4H, t,J = 7.0 Hz, O-CH_), 1.81 (4H, quint,J = 7.0 Hz,
O—CH,—CHy), 1.49-1.35 (36H, m, (CH)g), 0.90 (6H, tJ=7.0
Hz, CH3)

Diphenyl(2,3-dihydro-2-thioxo-3-benzoxazoleyl)phosphatd.o
a solution of 2-benzoxazolethiol (4.53 g, 30 mmol) and triethyl-

2921, 2851, 1671, 1605, 1329, 1169, 1073, 856, 714, 628. Anal.
Calcd for GgHagN4O3: C, 69.56; H, 9.66; N, 11.19. Found: C,
68.85; H, 9.31; N, 12.24.
3,5-DidodecyloxyN-4H-1,2,4-triazol-4-ylbenzamide 1H NMR
(400 MHz, CDC}): 6 8.23 (2H, s, Tr#l), 7.17 (2H, d,J = 2.0
Hz, ArH), 6.69 (1H, t,J = 2.0 Hz, AH), 3.98 (4H, t,J = 7.0 Hz,
OCHy), 1.77 (4H, mJ = 7.0 Hz, OCHCH,), 1.48-1.35 (36H, m,
(CH,)g), 0.88 (6H, t,J = 7.0 Hz, CH). FT-IR (KBr; cnm1): 3115,
2921, 1851, 1729, 1670, 1604, 1329, 1169, 1074, 856, 714, 628.
Anal. Calcd for GisHseN4Os: C, 71.18; H, 10.14; N, 10.06.
Found: C, 71.19; H, 10.02; N, 10.05.

Synthesis of 1-6. To a hot methanolic solution of 3,5-dialkoxy-
N-4H-1,2,4-triazol-4-ylbenzamide was added a methanolic solution
of the M(4-MeGH;SGs), (M3 equiv, M= Zn or Fe). The mixture
was refluxed for 5 min, then concentrated by evaporating, and
allowed to cool to room temperature. The precipitate of a complex
was filtered off and dried in air. Yield 6680%.

1. FT-IR (KBr; cm™1): 3094, 2926, 2855, 1697, 1605, 1216,

amine (4.2 mL, 30 mmol) in benzene (35 mL) was added dropwise 1164, 1124, 1033, 1009, 854, 813, 684, 628, 567. Anal. Calcd for

at room temperature with stirring a solution of diphenyl phospho-
chloridate (6.2 mL, 30 mmol) in benzene (10 mL). The addition
was completed in 30 min, and stirring was continued at room
temperature for an additional 1.5 h. Triethylamine hydrochloride
was removed by filtration, and the solvent was distilled off in vacuo.
The syrup-like residue was dissolved with stirring in boiling

CsoH13FeN016S,: C, 61.08; H, 7.83; N, 9.60; S, 3.66. Found:
C, 61.43; H, 7.98; N, 9.60; S, 3.78.

2. FT-IR (KBr; cm™1): 3095, 2924, 2854, 1696, 1606, 1215,
1164, 1125, 1034, 1010, 854, 812, 685, 629, 569. Anal. Calcd for
CroiH1sdFEeN2O16S,: C, 63.23; H, 8.41; N, 8.76; S, 3.34. Found:
C, 63.93; H, 8.81; N, 8.51; S, 3.48.

n-hexane, and the turbid solution was decanted and placed in a 3. FT-IR (KBr; cm™1): 3096, 2923, 2853, 1696, 1605, 1217,
refridgerator overnight. The procedure was repeated several times1164, 1125, 1034, 1009, 857, 812, 684, 628, 568. Anal. Calcd for

to provide colorless or slightly violet block crystals. Yield 5.9 g
(52%).

MS-EI (relative intensity): 383.0 [M] (100%).1H NMR (400
MHz, CDCl): ¢ 7.41—7.23 (14H, m)1C (CDCk, 100 MHz): ¢
180.11 (G=S), 148.29, 147.40, 131.78, 131.71, 125.90, 125.30,
123.89, 114.64, 109.97. FT-IR (KBr; cf): v (P=0) 1284,v (C—
O—P) 1178, 979. Anal. Calcd for;gH14/NO4PS: C, 59.53; H, 3.68;

N, 3.65; S, 8.36. Found: C, 59.40; H, 3.16; N, 3.74; S, 8.39.
3,5-Dialkoxy-N-4H-1,2,4-triazol-4-ylbenzamide To a batch of
4-amino-1,2,4-triazole (1 g, 11.89 mmol) was added at room
temperature a tetrahydrofuran solution of a mixture of the corre-
sponding dialkobenzoic acids (15.47 mmol), triethylamine (1.56
g, 15.47 mmol), and diphenyl(2,3-dihydro-2-thioxo-3-benzoxazo-
leyl)phosphate (5.9 g, 15.47 mmol). The mixture was refluxed for

CuHisdeNi2016S;: C, 65.04; H, 8.89; N, 8.05; S, 3.07. Found:
C, 65.44; H, 8.71; N, 7.69; S, 3.29.

4. FT-IR (KBr; cm™): 3114, 2925, 2854, 1697, 1605, 1210,
1168, 1124, 1034, 1010, 856, 812, 684, 628, 570. Anal. Calcd for
CgoH13dN120165:Zn: C, 60.75; H, 7.79; N, 9.55; S, 3.64. Found:
C, 60.93; H, 8.02, 9.92; S, 3.68.

5.FT-IR (KBr; cm™1): 3100, 2923, 2853, 1698, 1604, 1210 (as
h), 1165, 1124, 1034, 1009, 858, 814, 683, 626, 568. Anal. Calcd
for CioiH160N120165:Zn: C, 62.92; H, 8.36; N, 8.72; S, 3.39.
Found: C, 63.21; H, 8.87; N, 8.53; S, 3.32.

6. FT-IR (KBr; cm™1): 3100, 2923, 2853, 1699, 1605, 1210,
1167, 1124, 1033, 1009, 857, 817, 683, 627, 567. Anal. Calcd for
Ci11H18N1:0165Z0: C, 64.74; H, 8.85; N, 8.02; S, 3.06. Found:
C, 65.21; H, 9.31, N, 7.87; S, 2.88.

2 h and allowed to cool at room temperature. The resulting solution ~ Magnetic Susceptibility MeasurementsThe variable-temper-
was evaporated to dryness to provide a viscous oil, which was ature magnetic susceptibility measurements were performed by
dissolved in chloroform (10 mL) and placed in a refridgerator using a Quantum Design MPMS2 SQUID susceptometer equipped
overnight resulting in precipitation of unutilized 4-amino-1,2,4- with a 5.5 T magnet and operating & T and 1.8-400 K.
triazole. The mixture was filtered, and the filtrate was subjected to Experimental data were corrected for diamagnetism using Pascal’s
column chromatography using CHfNeOH (gradient from 100/0 constants.

to 97/3) as the eluent. The second fraction was collected and Md&ssbauer Spectroscopy’Fe Méssbauer spectra were recorded
evaporated to dryness to provide 3,5-dialkdsy#H-1,2,4-triazol- using a constant-acceleration conventional spectrometer and helium
4-ylbenzamide as a white waxy solid that was then recrystallized bath cryostat or nitrogen cryostat. The sample and tHiesddauer
from methanol. Yield 76-80%. source’’Co/Rh were immersed in liquid helium to record the spectra
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Figure 2. Magnetic properties of the complexés 3 in the form ofymT
vs T recorded at a rate of 1 K/min. Inset: "M&bauer spectra of complex
2 acquired at 4.2 K, dark gray doublet (LS), and light gray doublet (HS).
HS population (%), 4.76; I, 1.15(3) mm/sAEgus, 3.38(6) mm/s; LS
population (%), 95.24; IS, 0.48(1) mm/s;AEqLs, 0.20(1) mm/s. For
complexesl and3 the Méssbauer parameters at 4.2 K are as follows: HS
population (%), 9.29%) and 0 @); ISus, 1.18(1) mm/s 1); AEghs, 3.262-
(2) mm/s @); LS population (%), 90.711) and 100 B); IS.s, 0.47(1) mm/s
(1) and 0.47(3) mm/s3); AEqrs, 0.20(1) mm/s 1) and 0.20(2) mm/s3).

T
320 400

at 4.2 K. The Recoil 1.03a Misbauer Analysis Software was used
to fit the experimental spectra.
Polarizing Optical Microscopy. The temperatures and textures

Seredyuk et al.

not exceed more than 10% of iron(ll) ions in all materials
(inset, Figure 2). Upon heatingyT increases abruptly within

a few kelvin, attaining the values of 3.58)(cm® K mol 1,

3.74 @) cm® K mol™%, and 3.47 8) cn?® K mol™ at 346,
342, and 359 K, respectively. This clearly indicates the
occurrence of SCO behavior, which additionally is ac-
companied by a pronounced change of color [from purple
(LS state) to white (HS state); Figure 3]. The characteristic
temperatured;; at which 50% of the molecules are in the
LS and HS states, respectively, are 330Kgnd 340 K for

1 and 3. Thermogravimetric analysis (TGA) experiments
have shown that dehydration takes place in the same
temperature region where SCO occurs (Supporting Informa-
tion). Dehydration of the materials is accomplished at around
360 K for1, 350 K for2, and 370 K in the case & Synergy
between dehydration and SCO as observed in these materials
has been reported in several cas®dt should be noted here
that the magnetic properties of dehydrated materials have
been also investigated and are reported below (Figure 6).

Temperature-Dependent XRD for 1-6. XRD spectra
of the complexed—6 have been measured in the 36875
K temperature region and at 230 K (Figure 4). The XRD
patterns of the mesophase in most of the complexes gave a
series of reflections witkl spacing which could be indexed
as belonging to a two-dimensional hexagonal lattice. Only

of phase transitions were determined with a polarization microscope, in the pattern of4 are some additional narrow reflexes in
equipped with a hot stage and with a temperature control of better {ha region of 1d = 0.17-0.25 observed. All patterns also

than+0.5 K13
X-ray Powder Diffraction (XRD). X-ray measurements where
obtained with a STOE STADI 2 diffractometer, equipped with a

linear position-sensitive detector (STOE mini PSD). Monochromatic
Cu Ko radiation was obtained by using a curved germanium

detector (111 plane).
Differential Scanning Calorimetry (DSC) Measurements.

gave a halo atl ~ 4.4 A (1d ~ 0.23 A1) which corresponds

to the melt of the alkyl chains. On the basis of these findings
a disordered discotic columnar mesophasg as been
identified in all the cases with the lattice constaat&298

K) shown in Table 1.

DSC and Optical Polarizing Microscopy Experiments

DSC measuremnts were performed on a Mettler model DSC 822e.for 1—6. To identify the thermotropic LC mesomophism of
DSC profiles were recorded at the rate of 7 or 5 K/min and analyzed 1—6, a polarizing optical microscopy apparatus was used.
with a Mettler model STARe system. The samples were located in For gl complexes, a discotic columnar mesophase at 230 K

sealed sample pans.

Results and Discussion

Magnetic Properties of 1—-3. The magnetic properties of
1-3 in the form of ymT versusT, ym being the molar
susceptibility andl being the temperature, are depicted in
Figure 2. At 300 K the values of 0.03)cm® K mol™1,
0.20 @) cm?® K mol™%, and 0.10 8) cm?® K mol~? indicate
that these complexes are in the LS statésbbauer spectra

has been identified. On warming, isotropization occurs near
500 K, where the clearing points afg= 490 K (1), 488 K

(2), 480 K (3), 497 K (@), 491 K (5), and 485 K 6).
Realization of the crystalline state on these materials is
difficult; in fact, no melting point has been observed.

DSC experiments performed at a rate of 7 K/min, in the
warming mode, are shown in Figure 5. For compound
broad peaks are observed at temperaturds of 329 K, T,
= 353 K, T3 = 381 K, T, = 489 K, andTs = 589 K. The

recorded at 4.2 K confirm that the residual HS fraction does thermal dependence of the heat flow fand3 is similar

Figure 3. Change of color in the SCO LC films around 60.
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Figure 4. XRD patterns of complexe$—3 (right) and4—6 (left) at different temperatures (K).

Table 1. Thermal Dependence of the Interlayer Distances and
Lattice Constant a in A for 1—6

T,K dinterlayes A a, A T,K dinterlayes A a, A

1 298 25.9 299 4 298 26.4 30.5
302 25.7 29.6 363 27.7 32.0
366 27.1 31.2
374 27.7 32.0

2 298 27.1 313 5 298 27.4 31.7
302 27.6 31.8 328 28.4 32.8
328 28.0 32.3 366 29.2 33.7
366 28.6 33.0
374 29.2 33.7

3 230 28.2 326 6 230 28.2 32.6
298 29.0 33.5 298 28.6 33.0
303 29.2 33.7 331 30.5 35.2
331 29.4 33.9 363 31.0 35.8
374 31.2 36.0

to that of 1 despite the fact that in these compounds two
peaks are observed in the 36885 K temperature interval.

Anomalies are observed @t = 327 K, T, =351 K, T, =

486 K, andTs = 583 K in 2 and atT; = 349 K, T, = 377

K, Ts = 489 K, andTs = 589 K in the case 08. The peaks
located at temperaturds, T,, andT; correspond to the SCO
and dehydration processes, which match exactly with the
reported magnetic and TGA dafg, andTs are assigned to

the isotropization and decomposition temperatures, respec-
tively, as has been well-confirmed by optical polarizing
microscopy and TGA analysis. For the comple®es, the
peaks observed 8 = 333 K 4), 343 K (5), and 328 K 6)
correspond to the dehydration processes. The anomalies in
the heat flow observed a, = 479 K (4), 479 K (6), and

476 K (6) and atTs = 581 K (4—6) are assigned to the
isotropization and decomposition temperatures, respectively.
Table 2 summarizes the derived thermodynamic parameters
AHsco and ASsco together withAHpy for the compounds
1-3; the values are in the range of the values expected for
Fe(I) compound$” DSC measurements performed at a rate
of 5 K/min between 175 and 400 K, in the cooling and
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Figure 5. DSC data of complexe$—3 (a) and4—6 (b) in the warming
mode recorded at the rate of 7 K/min.

Table 2. Thermodynamic Parameters of the SCO and Dehydration

Processes
AHph, kJ mof1 AHsco, kJ mof? ASsco, J mollK-1
1 4.5 14.5 42.7
2 5.0 15.0 45.5
3 4.0 16.6 48.8

warming modes, have proved the reversibility of the pro-
cesses (Supporting Information).

An interesting and important feature is the possibility to
obtain these materials in the form of thin films. Ap-
proximately 10 mg of a complex were dissolved in CEICI
(2 mL), and subsequently the solution was layered onto a
glass plate and the solvent was allowed to evaporate (Figur

e

XL (em’ K mol™)

1 I T T 1 1 T
50 200 250 300 350
T,K

(©

igure 6. Magnetic properties of complex&s-9 in the form ofymT vs T

T r 1 M
100 150

F

3). Areversible change between purple (LS state) and white recorded at the rate of 1 K/min. Inset: “Sbauer spectra of compl

(HS state) coloration of the films by heating or cooling
around 60°C was observed without fatigue under sealed

conditions.

(17) (a) Ksenofontov, V.; Gaspar, A. B.; Levchenko, G.; Fitzsimmons, B.;
Gltlich, P.J. Phys. Chem. B004 108 7723. (b) Niel, V.; Martinez-
Agudo, J. M.; Muioz, M. C.; Gaspar, A. B.; Real, J. Aorg. Chem
2001, 40, 3838. (c) Moliner, N.; Gaspar, A. B.; Mz, M. C.; Niel,

V.; Cano, J.; Real, J. Anorg. Chem 2001, 40, 3986.

recorded at 200 K, dark gray doublet (LS), and light gray doublet (HS).
HS population (%), 48.1; k&, 1.14(1) mm/sAEghs, 3.38(2) mm/s; LS
population (%), 51.91S.s, 0.44(1) mm/sAEqLs, 0.22(1) mm/s.

Magnetic Properties for 7—9. The magnetic properties
of the dehydrated complexes [Fefttz)s](4-MeCsH4SOs),
(n=28(7), 10 @), and 12 9)) have been investigated (Figure
6). Dehydration of the complexes occurs upon heating the
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samples from 300 K up to 400 K. Subsequently, the magnetic Materials7—9 can be prepared as thin films by heating
susceptibility of the dehydrated samples was recorded fromfilms 1—3 up to 330 K under ambient conditions. Despite
375 K down to 10 K and up to 375 K. The complexes reveal the fact that only 50% of the iron(ll) atoms show SCO
an incomplete and abrupt SCO behavior accompanied bybehavior, the color change is perfectly detectable and
hysteresis and color change [from purple (LS state) to white reversible after many cycles. The water reabsorption process
(HS state)] in the temperature region of 25800 K. Around has been investigated and shows that the materials recover
50% of the Fe(ll) ions have changed the electronic config- the water molecules in an open atmosphere within 10 days
uration as can be inferred from the valuey@iT at 200 K. (Supporting Information).

In fact, Méssbauer spectra recorded for compo8rat 200

K have demonstrated that 50% of the iron(ll) ions are in the
LS state (Figure 6). Further decrease ofjth& value below
100 K, particularly below 50 K, is due to the zero field
splitting (ZFS) of the iron atoms remaining in the HS state.
Several measurements of the hysteresis cycl@s-have
confirmed their stability. It is worth noting that the abruptness
of the spin transition and the hysteresis width increase upon
increasing the length of the alkyl chain. Another remarkable
fact is the incompleteness of the spin transition which became
frozen below 200 K. A residual HS fraction of approximately
50% is unusuaf.

DiscussionXRD on the complexes [Fe(@rz)s](4-MeCsH,4-
SQG;)*H,0 (1-3) in the temperature range of 37@30 K
points out a decrease of interlayer distances of approximately . ) )
2 A (Table 1), which could favor the LS configuration of Acknowledgment. The authors wish to express t_helr grati-
the Fe(ll) centers and could be connected to the structuraltUde t Dr. H. Ehrenberg of the Darmstadt University of
variations occurring inside the mesophase, which have aIsoTeChmIOgy’ Darmstadt, for his help in carrying out XRD

been observed for the compounds [Zm€)s](4-MeCoHa- measurements. Ms. E. Muth and Ms. P.dBaof the Max-
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question, because it has not yet been confirmed experimen-

Conclusion. In summary, thermochromic liquid crystals
operating in the room-temperature region have been synthe-
sized. It appears that SCO behavior occurs in the temperature
range at which the materials show a discotic columnar
mesophase. As a result of the ability of liquid crystals to
form thin layers it is possible to obtain SCO films.
Understanding of possible interplay/synergy between the
different phase transitions occurring in these materials is still
a perspective study by chemists and physicists. We expect
that the electrical field should be a suitable physical variable
influencing the spin state in these multifunctional materials.
The influence of an electrical field on the SCO process is
currently being pursued in our group.
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