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Liqnid-crystalline cationic complexes of lanthanides with azomethines containing the 
alkyt sulfate anion as the counterion were synthesized. The temperatures of existence of the 
mesophase of the complexes with the alkyl sulfate anion were by 80--100 ~ lower than 
those of similar complexes with. the CI- and NO 3- counterions. 
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The majority of works on liquid-crystalline metal com- 
plexes are devoted to their synthesis. 1-3 High tempera- 
tures (often higher than 200 ~ of existence of their 
mesophases, resulting in the decomposition of the com- 
pounds in the mesopha-se or oil going to the isotropic 
liquid, is a substantial disadvantage of thermotropic 
metallomesogens. The problem of decreasing temperatures 
of phase transitions is especially urgent for liquid-crystal- 
line complexes  of  lanthanides with azomethines  
[L(LH)2Ln]X~, 3 possessing a high anisotropy of magnetic 
susceptibility. 475 The study of these compounds has shown 4,6 
that their temperatures of phase transitions decrease by 
30--40 ~ when the CI-  counterion is replaced by the 
NO 3- anion; however, they remain sufficiently high. 

In this work, we describe the synthesis of lanthanide 
complexes containing the alkyl sulfate group RO--SO 3- 
as the counterion and possessing substantially lower 
temperatures of phase transitions, and their mesogenic 
properties were studied. 

The complexes were obtained by the reaction of  
sodium alkyl st,lfate with LnCI 3 followed by the interac- 
tion of equimolar  amounts of the corresponding ligand 
with lantha~fide alkyl sulfate in ethanol (scheme 1) 
(H~_SO4 formed during the reaction is not hadicated). 
The precipitate formed was washed from admixtures 
with ethanol and dried in vacuo. The structures of  the 
ligand and the diamagnetic La n~ complex were con- 
firmed by the IH N M R  spectroscopic data, mad the 
compositions of other complexes were established by 
elemental a,aalysis. 

When we at tempted to obtain coordination com- 
pounds of lanthanide alkyl sulfates with 13-arninovinyl 
ketones, we could not isolate the expected products, 

Scheme 1 

LnCI 3 + 3 R--OSO3Na --- Ln(R--OSO3) 3 + 3 NaCI, 
where Ln -= La, Tb, Dy, Gd; R = C12H25, Pr i 

L'H OH 
+ Ln(R--S04) 3 , [LrlL'(L'H)2J(SO4--R)2 

H 2 5 C 1 2 0 ~ C  U 
" - - - - " k  N--C18 H37 
L"H OH 

+ Ln(R---S04) 3 ,,,_ [LnL"(L"H)2](SO4---R}2 

although the mesogeltic complexes of [3-aminovinyl ke- 
tones based on rare-earth elements have been synthe- 
sized successfnlly. 7 

The l iquid-crystall ine properties o f  the compounds 
obtained were studied by polarization microscopy and 
differential scanning calorimetry. 

As can be seen from the data presented in Table 1, 
the compounds of different lanthanides possess similar 
l iquid-crystalline properties: they have close tempera- 
tures of  phase transitions, the fan-like texture is ob- 
served in polarized light, and all compounds studied 
exhibit smectic A mesomorphism. 
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Table 1. Elemental analysis data and temperatures of phase 
transitions in the L(LH)~M(CI2H25--OSO3)2 lanthanide 
complexes 

M L Found ,~ ,  Temperatures of phase 
- -  - -  7 0  ) 

Calcula ted}  transitions/~ * 

C H C~S~ Sa~l A T 

La L' 71.00 ~ 113 132 19 
71.04 9.94 

La L" 71.25 11.00 78 92 14 
71.39 tl.32 

Tb L" 70.55 9,~I 106 126 20 
70.50 9.87 

Tb L" 70.32 !0.70 71 86 15 
70.58 10.89 

Dy L' 70.!2 9.80 102 124 22 
70.40 9.85 

Dy L" 7 0 . 2 5  L0.~8[ 61 90 29 
70.47 10.87 

Gd L" ~0,0fi ~ 106 tl3 7 
70.56 9.88 

Gd L" 70,4! 10.8~ 61 tl0 49 
70.65 10.90 

* C is the crystalline, S A is the smectic A, and I is the isotropic 
phase. 

On going from the complexes with 4-(n-alkyloxy-4"- 
benzoyloxy)-2-hydroxybenzaldehyde (L ' )  to the com- 
pounds containing 4-n-alkyloxy-2-hydroxybenzaldehyde 
(L") as the ligand, the temperatures of both phase 
transitions decrease by 35--40 ~ 

Comparison of  the results obtained with the pub- 
lished data 4-6 makes it possible to estimate the effect of 
the X- counterion on the character of phase transitions 
in the compounds studied (Table 2). 

A sharp decrease in the temperatures of  phase transi- 
tions of the complexes with the long-chain alkyl sulfate 
structure is an especially significant result of this work. 
As shown previously, 5 when the CI -  counterion is re- 
placed by NO 3- in the lanthanide complexes with Schiff 
bases of the L" type, the temperatures of  phase transi- 
tions decrease by -40 ~ Our data show that the use of  
the dodecyloxysulfate counterion Ct2H25--OSO3 (see 
Table 2) results in a sharp decrease in the temperatures 
of existence of  the mesophase. In this case, the tempera- 
ture of the isotropic transition decreased more sharply 
(by 100 ~C), whereas the temperature of the crystal - -  
smectic transition decreased by 66 ~ As a result, the 
interval of  existence of  the mesophase (A 7) decreased by 
34 ~ Perhaps, this is due to a stronger intermolecular 
interaction of the complexes with the chloride ion in the 
mesophase as compared to that with the alkyl sulfate 
group. The mobility of  alkyl chains in the sulfate group 
increases on heating; they "loosen" the liquid-crystalline 
system, which is more rapidly disordered. The degree of 
temperature decrease depends on the length of the alkyl 
fragment in the sulfate counterion (see Table 2, Pr i -  

OSO 3 and C12H25--OSO3). 

Table 2. Effect of the X- cotmterion on temperatures of 
phase transitions in the L"(L"H)2TbX~ " complexes 

X- Temperatures of phase transitions/~ 

C~S A SA-+I AT 

C1 137 186 49* 
NO 3 96 148 52* 
Pri--OSO3 102 138 36 
Ct2H25--OSO3 71 86 15 

* By the data in Ref. 4. 

The enthalpies of melting (AHc_+s = 75.2 kJ mol - l )  
and isotropic transition (AHs__,I = 5.9 kJ mol - t )  for the 
Tb 1~I complex (see Table 1, T b L ' )  were calculated from 
the data of  differential scanning calorimetry. 

Thus, the introduction of long-chain alkyl-contain- 
ing cotmterions makes it possible to considerably de- 
crease the temperature of existence of  the mesophase in 
the liquid-crystalline lanthanide complexes.  

Experimental 

Temperatures and types of phase transitions were deter- 
mined on a polarization microscope with an atttomated tem- 
perature unit. The accuracy of temperature determination was 
+0. l ~ ~H NMR spectra were recorded on a Varian-300 
instrument (300 MHz). 

The synthesis of the ligands has been described previ- 
ously.4, 5 The lanthanide complexes were obtained under con- 
ditions analogous for all ions. 

Sodium isopropyl sulfate, priOH (3.5 mL, 45 mmol) was 
added to concentrated H2SO 4 (3.5 mL, 65 mmol) at room 
temperature with stirring. The mixture was stored at 50 ~ for 
5 min and poured into 50 mL of ice-cold water. The solution 
obtained was neutralized by powdered BaCO 3 to pH 7. The 
BaSO 4 precipitated was filtered off, and the filtrate was con- 
eentrated. Dried barium isopropyl sulfate (4.5 g, 10 .2 reel) was 
dissolved in water and added to a solution of Na2CO 3 �9 10 H20 
(5.72 g, 20 mmol). The BaCO 3 precipitated was filtered off. 
The solution was concentrated, and the sodium isopropyl 
sulfate was dried above P~O 5. 

Tb Il l  isupropyl suifate~" Equimolar amounts of alcohol solu- 
tions of TbC13 (0.17 g, 0.64 mmol) and sodium isopropyl 
sulfate (0.31 g, 1.9 retool) were mixed at room temperature. 
The NaCt that precipitated was filtered off, the filtrate was 
concentrated to dryness, and the residue was dried in vacuo 
above P205 to obtain the product in 92% yield (3 g). Found 
(%). C, 18.81; H, 3.62. CgHTIOI2S3"I"b. Calculated (%): C, 
18.65; H, 3.60. 

La 111 flidodeeyi sulfate [bis(4-dodeeyloxy-N-octafleeyl)- 
benzaldimino-2-oi] [(4-dodeeyioxy-N-octadecyi)benzaldimino- 
2-olate]. A solution of the lig:ind (0.36 g, 0.65 mmol) in 
EtOH was added dropwise with stirring at 50 ~ to an 
alcohol solution of lanthanum dodecyl sulfate (0_26 g, 0.25 
mmol). The reaction mixture was stirred at room tempera- 
ture for 2 h. A yellow precipitate that formed was filtered 
off, washed with ethanol two times, and dried in vacuo 
above P205. The yield was 0.40 g (80%). Found (%): 
C, 71.25; H, I1.00. CI35H250OI4I'43La. Calculated (%): 
C, 71.39; H, 11.32. IH NMR (CDCI3) , 8:1.0--2.2 (214 H, 
alkyl); 3.50 (6 H, N--CH2); 3.81 (6 H, Oph--CH2); 4.00 
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(4 H, S--OCH2); 6.23 (d, 3 H, 3-Ar, 3Jbs = 7.8 Hz); 6.41 
(3 H, 5-Ar); 6.96 (d, 3 H, 2-Ph, 3J35 = 7.8 Hz); 7.83 (3 H, 
CH=N); t3.25 (2 H, OH). 

This work was financially supported by the Russian 
Foundation for Basic Research (Project No. 96-03- 
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