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In this paper, we report the syntheses of a series of title complexes from the reaction of azine, imine
or azo ligands with Pd(OAc), and with different bridging groups. Moreover we have investigated the
mesomorphic properties of these complexes using DSC and polarizing microscopy. The results show
that the mesophase temperature ranges of complexes are wider than that of corresponding organic
ligands. The role of the central organic ligands, the bridging ligands between two metallic nuclei, and
terminal carbon number on the mesomorphic behavior was also determined. When the bridging ligands
contain an opticaily active group, the complexes appear to exhibit chiral smectic C phase (S&).

Keywords: FLC, organometallic, synthesis

Ferroelectric liquid crystals (FLCs) are attractive for devices, because they permit
direct interaction of the liquid crystal with an electric field, optical field, and
magnetic field and may be turned-on turned-off by reversing the polarity of the
field. As a result, FLCs are currently major area of interest in mesogenic material
science both in basic and applied research.!=> A recent development in FLC is the
appearance of organometallic ferroelectric liquid crystals (OMFLCs), which ap-
propriately have both characterization of metallic complexes and organic FLCs.
For OMFLC based on rodlike organometallic molecules with chiral centers in the
group bridging between two metal atoms or at main chain, three novel aspects may
be noted: (1) unprecedented molecular shape; (2) a new way of introducing chir-
ality; and (3) the presence of metallic atoms in the molecule. In this paper, we
report the effect of central bridging group of organic fragment, the bridging ligands
between two metallic nuclei, and number of carbon atoms in the side chains on
the mesomorphic properties of organometallic ferroelectric liquid crystals. We have
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discovered that their mesomorphic performances are better than the corresponding
organic mesogens.

RESULTS AND DISCUSSION

We synthesized three series of ortho-palladated dimers (Pd(C,N)(n — X)), which
are azine, azo and imine derivatives with structures I, I, III, respectively (Figure

1).
The molecular structures of organometallic complexes have been characterized
by elemental analysis, IR and NMR.

Effect of Central Metal on the Mesomorphic Properties of Organometallic Me-
sogens. The phase behavior determined by DSC data and polarizing microscopic
results are shown in Table I.

N—N\\
P -
d\ H/C <:> OCmHQm-H n
X
2

n~CHopiq OQN\\N o
~ mH2m+1"n I1

H
. /
! G"‘HZ“‘“OQC%N—@-OC H 111
-n
P d/ m 2m+1
N
X
2
X=CH,C00", CI' I-CHC'H-CO0™ I~ (CH,) ,CHCH,-CH-CO0™
Cl Ci
(8) (©) ™) (®)

FIGURE 1 Structures of ortho-palladated binuclear complexes.
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TABLE I
Phase transition of organic and organometallic mesogens
Compounds Phase transition |Temp.CC) | AII(KJT / mol)
LI c,——-C, 98.3 26.50
Cy—~C, 169.0 38.50
Cs———8¢ 121.0 62.00
Se——-1 128.0 20.50
IB-Cl14:(PdL' (u-CH;C00)), C——S$¢ 109.0 146.10
8c——-1 143.0 13.60
1C-C14:(PdL' (u~CD), C——-5¢ 114.0 20.60
8——~1 220.0
ID—CH:(PdL'(p—S(—-)-CH,(l:'HCOO)); C——-8¢ 70.6 76.00
Cl 8o———8, 99.9 27.64
S,——~1 127.0 10.70
FD'-Cl4:a’dL‘@-S(—)-(CH,),CHCH,?'HCDO)), C-—~8¢ 45.9 12.5
c 85—-1 57.6 1.96
LI c-—-1 1124 75.08
1---8 (107.7) -14.60
§———C (105.6) -63.70
11B-C14:(PdL*(u—CH,C0Q)), C-—-8¢ 92.1 87.00
Sg—-1 104.5 14.30
1IC-C14:(PdL*(u—CY)), C——-8g 150.0 21.00
Sy——-1 180.0
IID—CM:(PdL’(p-—S(—)—-CH,('J'HCOO'))2 C-—-8¢ 67.1 102,70
a Se——=8, 84.0 49.90
§,~~-1 91.0 7.10
LI Tl e—1 | mse | sers
1IB-C14 | 179.9 47.42
HIC-C14:(PAL>(u—CD), C-—-8, 123.0 60.00
§——-1 240.0
um—cu:(PdL’m-S(-)—cu,(l:‘ HCOO0)), | C-—-8¢ 106.0 16.10
Cl 8¢——-1 146.8 7.47

LI = L! = n-C,;H,,0-CH,~CH = N-N = CH-C(H,~OC,,H,-n
LI = 12 = n-C,,H,;0-C{H,~N = N-C¢H,-OC,,H,o-n
LII = L? = n-C,,H,,0-CeH,~CH = N-C(H,-OC,,H,-n

If the mesomorphism and phase transition temperatures of organic molecules
are compared with those of the corresponding organometallic complexes, we find
that the mesogenic temperature ranges of the organometallic complexes are not
only wider, but the phase transition temperatures are also lower and the mesogenic
performances are better than those of corresponding organic mesogens. For ex-
ample, the organic molecule (LIII) is non-mesomorphism, whereas ITIC-C,, and
IIID-C,, possess enantiotropic smectic phases. Similarly, IIB-C,, and IIC-C,, dis-
play better mesomorphic behavior than LII, and the palladated complexes of LI
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exhibit a wider smectic phase than the organic mesogen LI. Two factors may be
attributed to this improvement of mesomorphic behavior: (i) the formation of five
membered metallocycles enhance the rigidity of complexes; and (ii) the large and
polarizable electron density of Pd”** in the organometallic mesogens increases the
intermolecular action, these aspects lead to organized arrangements between mol-
ecules and facilitate the formation of liquid crystal phases.

Effect of Central Bridging Groups on the Mesomorphism. We defined the li-
gands LI, LII, LIII, groups linking two conjugated systems, —CH=N—N=CH—,
—N=N-—, and —CH=N—, respectively. It is noticed from Figure 2 that these
central bridging groups participate in the formation of five-membered metallocy-
cles. Therefore, we predicted that they will have an important effect on the me-
somorphism of the FLCs.

It was well known that the ortho-palladated binuclear azine complexes exhibit
trans- and cis-isomers, when the central part containing two metallic atoms has a
non-planar structure. The corresponding azo and imine complexes display only a
trans-isomer, however, they exhibit D- and L-enantioisomers. Whether the isomers
are geometrical or optical, the presence of isomers will effect the mesomorphism
of the organometallic complexes.

We investigated the effect of the azine, azo, and imine bridging groups by com-
paring a homologous series keeping the chiral bridging group and sidechain length
constant. As shown in Figure 2 the isotropic transition temperatures of the organ-
ometallic complexes decreased according to the order azine < imine < azo. The
temperature range of mesophase azo < imine < azine order. Thus, the ortho-

240 T(OC)
aH
200 - \ / A c—s,
(] C— Sy
160 a~ SA——' 1
B 5,—1I
120 7
A PaN
80 ! T T
IC~-14 1IC-~14 I1IC-14
(azine) (azo) (imine)

FIGURE 2 Effect of central bridging of organic ligands on the mesomorphism of organometallic
complexes.
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palladated binuclear azine complexes have lower crystal to mesophase transition
and wider mesophase ranges. It is likely that their better mesogenic properties are
related firstly with the presence of trans- and cis-isomers, and secondly with the
presence of free —C—=N— group. Owing to the —C—N— group which is con-
jugated with other benzene ring, the molecular rigidity and planarity were en-
hanced, the intramolecular interactions were enhanced, and the ordered arrange-
ment of molecules increased. The combination of these features produces a reduction
of phase transition temperatures and an enhancement of clearing point tempera-
tures.

Effect of Bridging Ligand between Two Metallic Nuclei on the Mesogenic Prop-
erties of Organometallic Complexes. It was known from Table 1 that the phase
transition temperatures of azine, azo and imine complexes decrease according to
Cl-, AcO-, L—CH,—C*H—COO~, L—(CH;),CHCH,C*H—COQO~. When

| |

Cl Cl
bridged ligand is C1~ ion, the central bimetallic core of complexes exhibits a planar
structure as shown:

™N -

A ~

This structural characterization promotes intermolecular order. Therefore, their
melting points and clearing points are higher. For other complexes, because of
steric hindrance and directional bonding of the bridging ligands, the central bi-
metallic core of complexes have a ‘“half-open book” structure, and molecular
rigidity of complexes is decreased. Owing to the steric hindrance of bridging ligands
increased according to above order, the intermolecular interaction and the molec-
ular rigidity is decreased according to the same order. Therefore, the molecular
order is decreased, the clearing point decreased successively, and the range of
phase transition temperature also decreased successively.

Effect of Terminal Carbon Number on the Mesogenic Properties. The experi-
mental results are shown in Table II and Figures 3, 4, and 5. In Figure 3 it is shown
that the phase transitions of ID series of complexes are C———8¢——-S,——-1, ex-
cept when the terminal carbon number N is 7, 16, which exhibit a C——-S¢&——~1I
phase sequence. However, they all have a chiral smectic C phase (S&), and their
clearing point transitions follow an odd-even dependence on the terminal carbon
number.

It was known from Figure 4 that the IIIB series of complexes display only
monotropic mesomorphism when the terminal carbon number is 8, 9 or 12, while
other complexes of this series were non-mesomorphism.

It can also seen from Figure 5 that the mesomorphism of ITIC series of complexes
are more complicated. When the terminal carbon number is 8 or 10, these com-
plexes appear to be non-mesomorphism. However when N = 12, the complex
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TABLE II
Phase transition and enthalpy of organometallic mesogens
Complexes Terminal gy, 0e transition| Temp.CC) [AHXKI/ mol)
carbon number el
iD Cé C---8¢ 1340 2337
Sa———8, 141.8 7.37
S,——-1 148.3 0.82
C? C——-8¢ 141.6 32.27
8¢——1 150.2 1.20
Ccs C---8¢ 189 18.00
S¢——-8, 1173 9.34-
S,——1 133.4 2.07
c9 C———8¢ 80.3 36.43
8¢——-8, 170.0 16.44
S,———1 187.8 28.72
(31} C-—-8¢ 121.0 24.29
Se¢——-8, 133.0
S,——-1 144.8 4.12
C11 C---8 126.0 32.63
Sg——=§, 140.0
S,——1 145.9 5.65
C12 C——-8¢ 107.1 27.00
S¢———8, 119.4 10.16
Sy-—1 1407 4.95
Cl4 C——-8¢ 70.9 36.52
So~—-8, 99.0 15.07
S,~—-1 127.0 5.80
Cié C---8g 71.3 85.84
$o———1 114.0 5.12
1B Cé c-—1 2126 64.70
c? C-—-1 204.7 50.63
cs c-—-1 283.7 55.4%
(o] C-—-1 1994 52.93
1-—-8¢ (131.5)
§c———C 90.0)
c1e C——-1 192.7 39.23
I-—-8, (125.0) -15.46
S¢e———C 01.7) ~26.46
Cli C-—-1 185.6 49.42
1-——8¢ (128.6) -18.89
Sc——-C 5.7 -37.72
Cl4 C-——-1 179.9 47.42
1IC Cé6 C——-58¢ 1554 18.39
Sc——-1 239.0 11.40
c? C——~S¢ 1422 17.43
8c——-1 231.6 8.0
cs Cc——-1 201.6 49.12
c9 C—~-8¢ 124.4 17.00
Se——-1 225.2 7.33
C10 c—-1 1215 13.08
Ci12 Cc-—-1 117.8 48.53
1-——§, 171.5) -5.68
§,——=S¢ (151.8) -17.14
Sg~——C (163.9) —6.42
Cl4 C——~8¢ 123.0 57.61
Se———1 240.0
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FIGURE 3 Effect of terminal carbon number (N) on the mesomorphism of ID complexes.
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FIGURE 4 Effect of terminal carbon number (N) on the mesomorphism of IIIB complexes.
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FIGURE 5 Effect of terminal carbon number (N) on the mesomorphism of IIIC complexes.

displays only monotropic mesomorphism. Other derivatives appeared to exhibit
C——-Sc~—-I enantiotropic mesomorphism.

Generally speaking, the effect of terminal carbon number on the mesomorphism
of three series of complexes is importantly different, and is related to the central
bridging group, the bridging ligand between two metallic nuclei, the rigidity of
organometallic molecule, and the planarity of the structure of the molecule.

EXPERIMENTAL SECTION

General Procedures. The "H NMR spectra were recorded on 300 MHz Brucker
AC-P300 spectrometer, using CDCI; as solvent and TMS as internal standard. The
IR spectra (nujol) were performed on NICOLET FT-MX-1E spectrometer. Ele-
mental analyses were obtained from CARLO ERBA-1106 microanalyzer. The
thermotropic behaviors were determined by DSC using Perkin-Elmer 7 series anal-
ysis system. The textures of mesophases were observed under ORTHLUX-IIPOL-
BK polarizing microscope.

The azine, azo and imine long-chain ligands were synthesized by similar methods
previously described. The aceto-bridging binuclear complexes were first obtained
through ortho-palladated reaction of above ligand with palladium acetate.*~7 Sec-
ondly, the corresponding chloro-bridging complexes were prepared by ligand ex-
change reaction. Finally, the chloro-bridges were splitted by using AgBF,, and the
chloric ions were isolated from the reaction system as AgCl form, at this moment
obtain binuclear organometallic complexes containing optical active groups, when
L-(—)-chlorocarboxylic acid were added into the resulting solution. The synthetical
route is shown in Scheme 1.
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Pd(0ke),
B-Cgl O A=z — "%, n-ck o—(}rx\
o201 — n"2n+ Sz
P
R4 OAc
2

HC1/CH,OH AgBF, /acetone
— 3 nc Hops1© N 4 -
CHG » N—2 r.t., dark reaction

3 Pa”
1
L
2
G D 11
" H2 +1O Xy L~{-)}-chlorocarboxylic aciﬂ:_
B <y NNz r.t., dark reaction
7
Pd
7\

I: X=CH, Z=n—C,HhﬂOC°H4CHN;
II: X=N, Z=n-—CnHz,,NOCGH4
HI: X=CH, Z=1-C,H,.OCH,:

SCHEME I Syntheses of organometallic mesogens.

Aceto-bridging ortho-palladated dimers: A mixture of PD(Ac), and azine (azo
or imine) ligand (Pd/ligand = 1:1) in acetic acid was refluxed until the appearance
of palladium black, cooled, filtered and washed the residue with acetic acid. The
crude product was soluted in CHCIl, and filtered to remove non-soluble impurities,
the filtrate was concentrated and poured into alcohol to separate out the product,
which was filtered off, washed with alcohol and dried.

Chloro-bridging ortho-palladated dimers: To the solution of aceto-bridged dimers
in CHCIl; was dropwise added 0.7026 mol/L methanol solution of HCI (Cl/Pd =
1:1), the mixture was stirred for 1 h, concentrated, precipitated the product by
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TABLE III
Elemental analyses data of organometallic complexes
C% H% N%

Complexes | pound Cald. | Found Cald. | Fond Cawd. Color
IB-Cé6 57.51 58.69 6.58 6.68 4.77 4.89 yellow
1B-C7 59.25 59.95 7.19 6.99 4.50 4.60 yellow
1B~C8 59.92 61.12 7.34 7.32 430 4.45 yellow
1IB~-C9 62.54 62.06 177 1.76 4,20 4.26 yellow
IB-C10 62.86 63.10 8.03 7.94 403 4.09 yellow
IB~-C11 64.08 63.99 8.30 8.13 3.93 3.93 yellow
1IB—-C12 6371 6485 3.32 8.37 3.68 3.78 yellow
IB-Cl4 66.27 66.27 9.62 8.78 347 3.51 yellow
IB-Cl16 66.80 67.59 9.27 9.15 3.25 3.28 yellow
1IC-C6 S6.44 56387 657 6.43 494 5.14 yellow
1C-C7 57.81 58.73 691 6.81 4,76 4.89 yellow
1c-cs 59.86 59.54 6.84 17.11 443 4.63 yeliow
1C-C9 59.89 60.56 742 1.62 422 4.41 yellow
1C-C18 60.89 61.72 765 1.77 4.06 4.23 yellow
IC~-C1t 63.15 62.73 8.18 8.04 406 4.06 yellow
1c-C12 63.18 63.63 .44 8.23 3.84 3.9 yellow
1C~-C14 65.22 65.18 892 8.73 3.61 3.62 yellow
IC-C16 65.58 66.61 9.26 9.05 332 3.38 yellow
ID~C6 55.87 S56.07 641 6.28 436 4.51 yellow
ID~-C?7 56.16 57.27 691 6.77 4.08 4.30 yellow
ID-C8 58.41 58.53 6.53 6.94 3.86 4.13 yellow
ID-CY 58.98 59.62 7.22 1.24 318 3.97 yellow
ID~-C10 60.31 60.57 7.82 1.5¢0 3.77 3.32 yellow
ID-Cl11 61.33 61.53 799 175 369 3.68 yellow
ID-C12 60.15 62.39 8.05 798 3.22 3.53 vellow
ID-C14 63.66 63.89 §.48 8.46 3.15 3.31 yellow
ID-C16 64.21 65.25 §.94 3883 2.92 13.10 yellow
ID/~-C14 65.09 64.8S 8§93 8.84 3.07 3.14 yellow
IIB~-Cl4 65.60 65.44 9.21 8.83 3.64 13.63 dark red
IIC-C14 64.08 64.25 8.87 8.70 3.71 3.4 red
1ID~-C14 62.41 62.99 8.58 8.42 3.32 3.42 red
111B-C6 59.22 59.40 7.09 6.83 2.52 2.57 yellow green
HIB-C7 60.27 60.68 7.08 7.20 235 2.44 yellow green
11B~C8 61.86 61.84 7.68 17.53 232 2.33 yellow green
111B~-C9 62.65 62.90 8.16 7.84 2.16 2.22 yellow grecn
1I1IB-C14 63.41 6387 8§.05 8.12 204 2.13 yellow green
111B~-C12 65.15 65.58 8§.28 8.61 1.92 1.96 yellow green
IB-C14 67.04 67.04 9.25 8.97 1.83 1.32 yellow green
111C~C6 5747 5747 6.88 6.51 2.7% 2.68 yellow
HIC-C? 58.32 58.91 6.64 691 244 2.54 yellow
IIcC-C8 60.20 60.21 732 .21 2.26 239 yellow
nmc-c9 60.83 61.39 7.30 7.64 224 231 yellow
IHIC-Cl0 62.57 62.46 8.13 7.89 2.02 221 yellow
IIIc-C12 64.02 64.34 9.21 §.46 1.99 2.03 yellow
111IC~C14 65.18 6595 8.93 8.84 1.78 1.87 yellow
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TABLE 1V

NMR spectra of representative title complexes

5 6
A Ha _
1 1 -
n-Cgl; L0 Nyone 2 4 X = GH,0007, IB-C9
AN -

3 2 P07 ¢ OCH,CgH, -0 CH, CHC00™ , ID-C9

" 2Cgt1y 54 ’
X 6' 51 Cl

2

H
A / 2| 3'
=G,y ., CH,0 el A ITIB-C14
13727772 Ny OCH.C. H..~n
2%13"27

JH Chemical Shift, ppm Coupling Constant,Hz
Compd.
H‘ HS H, Hrﬂ H,rjl H. Ii-l A A, X }IS-}IE Hf“ll: Hzl—'I{]l
7.04 6.42 6.29 7.52 6.87 7.63 8.53 3.98 3.96 2.08
1B-C9 @) dd) d) @ @ @) &) ) ) &) 9.0 3.0 990
7.07 6.47 6.27 7.54 6.88 7.71 8.42 4.00 31.97 4.41
-G we) @ @ @ e 00 #0300 90
FIIB-C14{ 7.68 6.47 6.39 7.12 6.69 7.50 3.87 3.75 2.03 9.8 3.0 8.8
W) dd) @) @ @@ @6 @) @ ()

addition of acetone, filtered off, washed with acetone and dried in vacuo, the
products are pure enough for further reaction.

Syntheses of ID, IID and ITID complexes: To the suspension of 1 mmol chloro-
bridging ortho-palladated dimers in 40 mL. acetone, 1 mmol AgBF, was added,
the mixture was refluxed in dark for 12 h, filtered the white precipitate off. To the
filtrate, 1 mmol L-( —)-chlorocarboxylic acid was added. The resulting solution was
stirred for 24 h in dark under room temperature, filtered, concentrated, a yellow
precipitate was isolated from the concentrated solution by added alcohol, filtered,
washed the residue with alcohol, dried in vacuo.

The elemental analyses data of these organometallic complexes are summarized
in Table I1I.

NMR and mesogenic textures of the representative title complexes are shown
in Table IV and Figure 6, respectively.
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IIID-C14: S,, fan-shaped texture, crossed polarizers.
118°C, on cooling run. x220.

(b)

IIID-Ci4: S¢, fan-shaped texture with equidistant liners.
Crossed polarizers, 58°C, on cooling run. x220.

FIGURE 6 Typical textures of organometallic mesogens (a—c). See Color Plate XIV,

Table IV shows that the 'H chemical shifts of two benzene rings are different
and the chemical shift of one ring is shifted into higher field, this result suggests
that this benzene ring is deshielded with a net transference of electron density from
benzene ring into central metal palladium, thus conforming that the ortho-palla-
dation reaction between benzene ring and palladium has occurred.
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()
IIC-C14: S, phase, 55°C, on cooling run, x220.
FIGURE 6 Continued. See Color Plate XIV.
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