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Synthesis and magnetic properties of liquid crystalline lanthanide
complexes with alkylsulfate counterions
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The reaction of Schiff’s base L with lanthanide alkylsulfates affords liquid crystalline
complexes with the general formula L;Ln(C,H,,+;0S03);. The liquid crystalline structure and
magnetic properties are studied by polarization thermal microscopy, differential scanning
calorimetry, X-ray diffraction, and measurement of magnetic susceptibility. The temperatures
of the existence of the mesophase and magnetic anisotropy of the complexes with the same
lanthanide depend on the chain length of the alkyl fragment in the sulfate anion.
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The most works on liquid crystalline metal com-
plexes are devoted to methods of their synthesis.1=3 The
physicochemical (dielectric4 and optical®) properties of
this class of liquid crystals have been reported recently.
The introduction of lanthanides into mesogenic sub-
stances allowed the creation of liquid crystalline materi-
als with a high magnetic anisotropy.8—7 For this reason
we hope that thermostable and low-viscosity liquid crys-
tals, which could easily be controlled by weak magnetic
fields and undoubtedly find use in the magnetooptics of
liquid crystals, exist among these compounds. Thermo-
tropic metallomesogens have a substantial disadvantage:
high (often >200 °C) temperatures of the existence of
their mesophase resulting in the decomposition of the
compounds in the mesophase or during the phase transi-
tion to the state of an isotropic liquid. The study of the
liquid crystalline lanthanides L;LnX; (Ln = Tb, Er;
X =CI7, NOs~;

L= C12H250@CZN_C15H33 )

OH

showed that the temperatures of phase transitions in
them can decrease by 30—40 °C when the C1~ counterion
is replaced by NO;~ remaining, however, rather high.8—9
The temperature of their isotropization is ~150—160 °C.
The lanthanide complexes containing the dodecylsulfate
anion as a counterion were prepared later.1® They pos-
sess much lower (as compared to the nitrates and chlo-
rides) temperatures of phase transitions.10

In this work, we studied the influence of the alkyl
chain in the alkylsulfate C,H,,+;0SOj3; counterion on

the temperature of phase transitions and magnetic prop-
erties of the lanthanide complexes with Schiff’s bases.

Results and Discussion

The L;LnX; complexes were synthesized by the reac-
tion of sodium alkylsulfate with LnCl; followed by the
interaction of equimolar amounts of the corresponding
ligand and lanthanide alkylsulfate in ethanol (Scheme 1).

Scheme 1

LnCl; + 3 ROSO3Na —> Ln(R—0S03)3 + 3 NaCl, (1)
where R = C,H,,+1, n = 2—10, 12, 13, 15, 18, 19

3L+ Ln(R—0S03)3 — > LsLn(R—OS03)s. )

The liquid crystalline properties and type of the
mesophases of the synthesized compounds were studied
by polarization thermal microscopy, differential scanning
calorimetry (DSC) (Fig. 1), and X-ray diffraction (XRD).

The influence of the alkyl chain length in the
counterion on the temperatures of transitions from the
crystalline (Cr) to the smectic phase (S4) and from the
smectic to the isotropic phase (I) in some lanthanide
complexes is illustrated in Table 1.

The pronounced fanning texture characteristic of the
S, mesophase was observed in a microscope when the
samples were heated.

The DSC contains two peaks corresponding to the
phase transitions Cr—S and S—I, whose enthalpies
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Fig. 1. DSC curves of the mesogenic L;Er(CgH;70S0O3); com-
plex: 1, heating and 2, cooling.

AHc,_g =~ 5 kJ mol™! and AHg_; = 0.5 kJ mol™! agree
well with the presence of the smectic A phase. Note a
good convergence of the results of microscopic studies
and DSC for the reproduction of several "heat-
ing—cooling" cycles, which indicates the stability of the
prepared compounds.

The ability to supercooling is a remarkable feature of
these compounds. In the same "heating—cooling" cycle,
the temperatures of phase transitions can be shifted
by 5—25 °C.

The temperature plot of the d distance between the
layers of the molecules in the smectic phase of the
L;Tb(C,H30S03)5 complex at room temperature exhib-
its a peak at 41.1 A corresponding to the calculated
length of the molecule (Fig. 2). The X-ray diffraction
curve has several diffuse peaks at 4.2 A corresponding to
the calculated distance between the alkyl chains
(Fig. 3, a). For other compounds of this series, the
interlayer distance increases noticeably with the chain

Table 1. Temperatures of phase transitions (7) and mesophase
width (AT') in some lanthanide complexes L;Ln(C,H;,+;0S03);3

Ln n 7/°C AT/°C
Cr—SA SA—I

Tb 2 85 123 38
3 102 138 36

4 107 142 35

5 103 138 35

6 100 131 31

7 106 140 34

8 69 115 19

9 56 72 16

10 61 80 19

12 71 86 15

13 72 90 18

15 74 104 30

18 75 84 9

19 72 89 17

Er 2 90 129 39
8 100 113 13

18 70 90 20
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\
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Fig. 2. Temperature plot of the interlayer distance (d) in the
L;Tb(EtOSO3)3 complex.

length of the alkyl substituent: n =8, d =41.8 A; n =18,
d=43 A.

Transition to the smectic A phase (~60 °C) is accom-
panied by a strong broadening of the peak at 4.2 A,
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Fig. 3. X-ray diffraction curves for the L;Tb(EtOSO3); complex
at different temperatures: a, 30; b, 80; and ¢, 100 °C.
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which implies the complete disordering of the molecules
inside the smectic layers. The shift of the interlayer peak
from 41.1 A to 39 A (see Fig. 2) indicates the profound
rearrangement of the mesophase structure by the incli-
nation of the alkyl chains of the molecules by 20—30°
due to the rotation and/or mutual penetration of the
alkyl chains (see Fig. 3, b). However, the peak begins to
shift at lower temperatures than it could be expected
from the data of polarization microscopy. This behavior
of the mesocomplexes may indicate the existence of a
more highly ordered liquid crystalline phase, which is
evidenced by two weak reflections at 31.8 and 24.9 A in
the small-angle region at ~20 °C.

Transition to the isotropic phase (~100 °C) is accom-
panied by a sharp decrease in the intensity and a broad-
ening of both peaks at 4.2 and 33 A.

After cooling to 25 °C, the peak of the interlayer
distance at 41.1 A (see Fig. 2) and that at 4.2 A are
recovered in the spectrum.

The Tb and Er compounds with different lengths of
the hydrocarbon radical possess similar liquid crystalline
properties: on heating their melts exhibit in the polarized
light the fanning structure typical of the smectic A
mesophase. However, the temperature intervals of the
existence of the mesophases (A7) decrease substantially
with an increase in the length of the alkyl substituent in
the alkylsulfate group (see Table 1). Nevertheless, in
several cases, they are much lower than the corre-
sponding intervals for similar complexes with the
NO;~ anion (for example, for Tb!l, T = 96,
Ts, = 149 °C).8

The influence of the number of carbon atoms in the
alkylsulfate fragment on the temperatures of phase tran-
sitions of the Tb complexes is presented in Fig. 4. When
the chain length of the alkyl fragment in the alkylsulfate
ion increases to n = 4, the temperatures of phase
transitions increase insignificantly, and then at n = 9
they decrease sharply. Perhaps, this is related to an
increase in the mobility and volume of the rotating alkyl
chains in the alkylsulfate chain on heating, this results in
the loosening of the liquid crystalline system and its
faster disordering.

T/°C
140} /AA‘\]A A
120}
wof .\'\2./\ /‘

/ Ve \/‘
sor / _—m—
o

2 4 6 8 10 13 18 n
Fig. 4. Temperatures of phase transitions of the alkylsulfate
complexes L3Tb(C,H;,+10S03)5: 1, Spa—I transition and
2, Cr—S, transition.

The temperatures of the smectic-isotropic transition
are maximal at the average length of the alkyl chain
(n = 4—7), and at n = 9 the phase transition tempera-
ture decreases sharply. With the further elongation of the
alkyl chain, the isotropization temperatures increase
slowly but do not reach the maximal value at » = 8. No
distinct alternation of the clearing-up temperatures for
the terbium complexes with this ligand is observed (the
corresponding curve is smoothened).

A comparison of the results shows that the tempera-
ture of transitions for all alkylsulfates L;Tb(C;5H5,0505);
are lower than that for the nitrate derivative.

The compounds with the radical chain length with
n = 8, 9 (L3Tb(C8H17OSO3)3, L3EF(C8H17OSO3)3,
L;Tb(C9H190S03);3) have the minimal temperatures of
phase transitions.

The magnetic properties of the complexes are pre-
sented in Table 2. The magnetic moment observed at
~20 °C corresponds to the L;LnX; composition and
elemental analysis data.

The orientational behavior of the mesophases in the
magnetic field was studied by the photodetection of the
X-ray spectra. The cycle of measurements included heat-
ing of a capillary filled with the sample to the tempera-

Table 2. Magnetic moment (Ws) in various phases and magnetic parameters of the mesogenic

L;Ln(C,H,,+10S03); complexes

Ln n Tlfs Tstr ueff/“B (Xor - Xiso) ° 106 * AXmin**
3 -1
°C Calculation 1T s ¢ /om’mol

™ 2 84 44 9.7 964 974 974 760 —2280
8 85 45 9.71 984 9.84 970 -2910

10 71 56 929 9.44 9.44 1040 —3120

18 70 55 931 947 947 1125 —3375

Er 2 129 69 95 9.19 935 955 2465 3700
8 95 71 9.44 959 974 2085 3130

18 73 56 9.76 9.79 9.85 670 1000

* All data on the magnetic susceptibility y correspond to the temperature 7g_c;.
** The sign of Ay, Was determined by the X-ray diffraction data in the oriented mesophases.
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Fig. 5. X-ray diffraction pattern of the L3;Er(CgH;7;0S03);
complex in the magnetic field at 80 °C.

ture, which exceeded by several degrees Tg_j, and cool-
ing in the magnetic field to the transition to the
mesophase. The Er''l complexes are oriented by their
long axis parallel to the magnetic field (Fig. 5), and the
TbII complexes are perpendicularly oriented. This be-
havior of the mesocomplexes agrees well with the Bleaney
theory of magnetic anisotropy of lanthanides.!!

Typical curves of the temperature plot of the ef-
fective magnetic moment p.; of the mesogenic
L3Er(CgH,7,0S03);5 and L;Er(EtOSO3); complexes are
presented in Fig. 6. The cycle of measurements included
heating to temperatures several degrees exceeding the
transition temperature 75_p and cooling of the sample to
~20 °C. On the first heating in the studied temperature
interval, the magnetic moment remained unchanged. On
cooling of the sample in the temperature region of the
transition of the smectic A phase to the isotropic phase,
we observed a noticeable increase in Mg, which is
resulted by the magnetic field-induced orientation of the
liquid crystalline sample at which the axis with the
maximal magnetic susceptibility is arranged parallel to
the field direction. With the further temperature de-
crease, the magnetic moment continues to increase to a
higher value.

In studying the compounds of this class, the ErllI
complexes were first to exhibit the second noticeable
jump of the magnetic moment p.(Cr) in the tempera-
ture region of the transition of the crystalline to the
smectic A phase. This indicates, perhaps, the existence
of a more highly ordered liquid crystalline phase, which
correlates to the XDA data.

Using the y,, — %o difference measured at 7Tg_c,
(see Table 2) and XRD data on the orientation of the
mesophases, we estimated the minimal molecular mag-
netic anisotropy Axmin = —3(Xor — Xiso) for the Tbll
complexes and Aypnin = 1.5(tor — Xiso) for the Ertl
complexes. The increase in the magnetic anisotropy of
the Tb!I complexes with the elongation of the alkyl
counterion chain can be a consequence of a decrease in
the mesophase viscosity and/or of an increase in the
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Fig. 6. Temperature plot of the effective magnetic moment (W)

of the mesogenic L3;Er(CgH[70S03); (a) and L;Er(EtOSO3);
(b) complexes: I, heating and 2, cooling.

axial distortion of the complex, which, according to the
published data,!3 increases its magnetic anisotropy. A
reverse tendency is observed for the Er!l compounds
with the opposite orientation in the magnetic field.

Thus, our study revealed a substantial influence of
the chain length of the alkyl fragment on the liquid
crystalline properties and orientation in the magnetic
field of the mesogenic lanthanide complexes.

Experimental

The temperatures and types of phase transitions were deter-
mined on a Perkin Elmer DSC-2C differential scanning calo-
rimeter and a polarization microscope provided with an auto-
mated temperature block (accuracy of temperature determina-
tion £0.1 °C). 'H NMR spectra were recorded on a Varian
UNITY-300 spectrometer (300 MHz) in CDClj; using Me,Si as
an internal standard.

X-ray diffraction curves were recorded by the photomethod
in the magnetic field with 0.8 T and using a STOE STADI 2
diffractometer (the setup was described in more detail in Ref. 14).

The magnetic susceptibility was measured by the Faraday
method within the 20—150 °C temperature interval at a mag-
netic field intensity of 15 kG on a setup described in Ref. 12.
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The magnetic susceptibility at ~20 °C was used to calculate the
effective magnetic moment (LUegp):

e = [3kTlxm — xa)1/(&Na) = 8T(m — %a)

where k is the Boltzmann constant, 7 is the temperature, y is
the molar magnetic susceptibility, x4 is the diamagnetic correc-
tion calculated using the Pascal scheme, and g; is the Lande g
factor. The measurements of the magnetic susceptibility at
different temperatures were processed and the magnetic param-
eters of the compounds were calculated by the previously de-
scribed method.15

The L ligand was synthesized by the alkylation of 2,4-di-
oxybenzaldehyde using a known procedure.3

The structure of the L ligand was confirmed by the data of
IH NMR, &: 0.88 (t, 6 H, Me); 1.10—1.50 (m, 44 H, CH,);
1.67 (m, 2 H, NCH,CH,); 1.77 (m, 2 H, OCH,CH,); 3.57 (t,
2 H, NCHy); 3.95 (t, 2 H, OCH,); 6.31 (dd, 1 H, Ph,
J,=2.5Hz);6.35(d, 1 H, Ph, J,=8.5 Hz, J,, = 2.5 Hz); 7.05
(d, 1 H, Ph, J, = 8.5 Hz); 8.08 (s, 1 H, CH=N); 14.09 (s, 1 H,
OH). C35H43NO,.

The composition of complexes was found by elemental
analysis (Table 3) and comparison of the measured and calcu-
lated magnetic moments at ~20 °C.

Sodium ethylsulfate. EtOH (3.5 mL, 45 mmol) was added
to conc. H,SO4 (3.5 mL, 65 mmol) with stirring at ~20 °C. The
mixture was stored for 5 min at 50 °C and poured in ice-cold
water (50 mL). The resulting solution was neutralized with
powdered BaCOj; to pH 7. The precipitate of BaSO, was
filtered off, and the filtrate was evaporated. Dried barium
ethylsulfate (4.5 g, 1072 mol) was dissolved in water, and
Na,CO;3 + 10H,0 (5.72 g, 20 mmol) was added to the solution.
The precipitated BaCO5 was filtered off. The solution was
evaporated, and the formed sodium ethylsulfate was dried above
P,05. Sodium isopropyl-, butyl-, and amylsulfates were pre-
pared similarly.

Sodium hexylsulfate. C¢H;30H (4.8 mL, 45 mmol) was
added to conc. H,SO4 (5 mL, 65 mmol) with stirring at ~20 °C.
The solution became lemon-yellow. The reaction mixture was
stirred for 30 min and poured in ice-cold water (50 mL). The
resulting solution was neutralized with Na,CO3; to pH 7 and
salted out with a 10% solution of NaCl. The prepared sodium

Table 3. Elemental analysis data for the lanthanide complexes with the alkylsulfate counterion

Formula Molecular Found (%) Molecular
weight Calculated formula
C H N

L3;Tb(EtOSO3)3 2123.94 2.79 9.65 1.97 Ci11H204N3013S3Tb
62.76 9.68 1.98

L3;Tb(C3H,0S03)3 2166.01 63.26 9.72 1.92 Ci14H210N3018S3Tb
63.21 9.77 1.94

L;Tb(C4Ho0S03)5 2208.09 63.67 9.82 1.89 Ci17H16N3013S3Tb
63.64 9.86 1.90

L3Tb(CsH{0S03)3 2250.17 64.07 9.90 1.85 Ci20H222N3013S3Tb
64.05 9.94 1.87

L3;Tb(CcH{,0S03)3 2292.25 64.52 10.00 1.81 Ci23H2sN3014S3Tb
64.45 10.02 1.83

L3Tb(C;H50S03)3 2334.33 64.78 10.05 1.78 Ci26H234N30,3S3Tb
64.83 10.10 1.80

L3Tb(CgH7;0S03)3 2376.41 65.20 10.15 1.76 Ci29H»49N304S5Tb
65.19 10.18 1.77

L3;Tb(CyH9OS03)5 2418.49 65.49 10.19 173 C32H46N3018S3Tb
65.55 10.25 1.74

L3Tb(C,yH,;0S03)3 2460.57 65.78 10.27 1.69 C35H25)N30,5S3Tb
65.89 10.32 1.71

L3Tb(C;,H,50S03)3 2544.73 66.48 10.43 1.63 Ci41H264N3013S3Tb
66.55 10.46 1.65

L;Tb(C;3H,7,0803)3 2586.81 66.82 10.49 1.59 C44H770N3013S3Tb
66.86 10.52 1.62

L3Tb(C;5H3,0S03)3 2670.97 67.42 10.59 1.55 C50H282N3015S3Tb
67.45 10.64 1.57

L3Tb(C;3H37,0S03)3 2797.21 68.17 10.74 1.49 Ci59H309N304S5Tb
68.27 10.81 1.50

L;Tb(C9H390S03)5 2839.29 68.46 10.80 145 Ci62H306N3018S3Tb
68.52 10.86 1.47

L3Er(EtOSO3)3 2132.27 62.50 9.59 1.95 Ci11H204ErN304S3
62.53 9.64 1.97

L3Er(CgH7,0S503); 2384.75 64.88 10.11 1.72 Ci29Hy49ErN3;05S3
64.97 10.14 1.76

L3EF(C]8H37OSO3)3 276347 6759 1062 & C156H294ETN3OISS3
67.80 10.72 1.52
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hexylsulfate was filtered off and recrystallized in hot EtOH. The
filtrate was evaporated and dried above P,Os5. Sodium heptyl-,
octyl-, nonyl-, dodecylsulfates were prepared similarly.

Tb!!T ethylsulfate. Equimolar amounts of alcohol solutions
of TbCl; (0.17 g, 0.64 mmol) and ethylsulfate (0.31 g, 1.9 mmol)
were mixed at ~20 °C. The precipitated NaCl was filtered off,
the filtrate was evaporated, and the residue was dried in vacuo
above P,0s5. The product was obtained in 92% yield (3 g).
Found (%): C, 12.95; H, 2.71. C4H50,S3Tb. Calculated (%):
C, 12.90; H, 2.69. Isopropyl-, butyl-, amyl-, hexyl-, heptyl-,
octyl-, nonyl-, and decylsulfates were prepared similarly.

TbhI! dodecylsulfate. Equimolar amounts of aqueous solu-
tions of Tb(NOj3);:6H,O (0.3 g, 0.65 mmol) and sodium
dodecylsulfate (0.6 g, 1.8 mmol) were mixed at ~20 °C. Then
the solution was heating to boiling. The white precipitate of
Tb!!! dodecylsulfate was formed. The precipitate was filtered off
and dried. The product was obtained in 92% yield (1 g).
Found (%): C, 45.27; H, 7.91. C,H;50,S5Tb. Calculated (%):
C, 45.17; H, 7.95.

Preparation of L3Th(C;,H,50S03); complex. A solution of
the L ligand (0.42 g, 0.75 mmol) in EtOH was gradually added
dropwise to an alcohol solution of terbium dodecylsulfate (0.23 g,
0.25 mmol) at 50 °C. The solution was left for 2 h, and a yellow
precipitate was formed. The precipitate was filtered off, twice
washed with EtOH, and dried in vacuo above P,Os. The yield of
the product was 0.52 g (80%). Found (%): C, 66.48; H, 10.43,
N, 1.63. C]41H264N301883Tb. Calculated (%)Z C, 6655,
H, 10.46, N, 1.65.
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