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Smectic A Mesophases from Luminescent Sandic Platinum(II)

Mesogens

Square planar platinum(Il) thienyl pyridyl complexes with board-shaped
structures assemble into lamellar (SmA) liquid crystal phases at elevated
temperatures. Liquid crystals of this type are expected to have stronger biaxial
correlations than typical calamitic mesogens. The mesophase stability improves
with decreasing alkyl chain lengths with CgH;; having the widest range of

stability. All complexes are luminescent in solution.

Keywords: Pt(Il); sandic; SmA, Coly,

1. Introduction

The tunable assembly of molecules into bulk materials by the facile manipulation of
structural components is of central interest to materials chemists.[1-3] Third row
transition metal complexes are particularly useful building blocks and have played an
essential role in devices including light emitting diodes,[4,5] photovoltaic cells,[6]
sensors,[7,8] polarized electroluminescent devices,[9-11] and field effect
transistors.[11] These complexes often serve as dopants or secondary components[12]
in established and emerging systems [6,13-16a]. Strong luminescence and absorption in
the visible region of some third row transition metal complexes make them appealing
candidates for electrooptical devices.[16b-d] Endowing functional molecular building
blocks with structural components that encourage liquid crystallinity, and the bulk
organizations produced therein, has often expanded their utility and applications. [11]
Towards this end, expanding the scope of the structural motifs that can create these

organized assemblies is important for the creation of new functional materials.

As part of our ongoing interest in ordered luminescent materials, we report
herein liquid crystalline ortho-platinated aryl-pyridyl biscyclometalated complexes. In

prior work, our group demonstrated that the core platinum(Il) complexes with thienyl
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pyridine ligands exhibited strong solid-state and solution luminescent sensory responses
to highly toxic cyanogen halides.[17] Square planar non-calamitic metallomesogens
adorned with multiple aliphatic sidechains are well known to display columnar
phases.[18] Although the one-dimensional columnar structure is attractive, we have
been interested in creating lamellar (smectic) phases, which promote robust two-
dimensional interconnectivity between molecules. An additional attractive aspect of
smectic liquid crystals is that they are generally easier to align than columnar phases
and hence these two-dimensional nature would appear to be a better choice for creating
charge-transporting and polarized electroluminescent devices. In designing board-like
or sandic mesogens'® rather than more typical calamitic structures we hoped to create
superior intermolecular interactions within the smectic layers. We also note that there

are limited examples of smectic phases based on sandic molecules.[10,27,28]

The present study describes our investigation of a series of homoleptic ortho-
platinated thienyl pyridyl complexes that are functionalized with alkyl chains of varying
lengths and we also examine an alternate regioisomer. The mesophases of the

molecules, when cooled from the melt, form ordered luminescent solutions.

The homoleptic Pt(Il) complexes were prepared by lithiation of the ligands
thpyR (R = Cy;Hys, C1oH21, CsHy7, or CgHy3) with fert-BuLi or n-BuLi in a THF/Et,O
mixture, followed by metalation with #rans-PtCl,(SEt,),, according to the procedures of
von Zelewsky and coworkers (Scheme 1).[20] The corresponding ligands were prepared
via a Sonogashira cross-coupling from common dibromide intermediates as described in
the electronic supplementary information (ESI). These two intermediates allowed for
the facile cross-coupling with alkylalkynes of varying lengths, which are readily

hydrogenated to produce alkyl sidechains. The final complexes were chromatographed
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under ambient conditions on silica gel and isolated as single stereoisomers, which are
cis in agreement with literature precedent as confirmed by single crystal X-ray

structures (Figure 1, S24-26).[17] All the compounds were characterized by 'H and *C

©CoO~NOUTA,WNPE

10 NMR and elemental analysis.

R= C12H25 Pt(thpyc12)2
C4 H21 Pt(thpyC1p)2
Ce 17 Pt(thpyCpg),
CegHiz  Pt(thpyCq),

Pt(thpyC,,B),

26 Scheme 1. (i) ~-BuLi, =78 °C — 0 °C, Et,O/THF (ii) n-BuLi, —78 °C — 0 °C, Et,O/THF

36 Figure 1. Pt(thpyCs); crystal structure and dimer formation

2. Results and Discussion

41 We obtained X-ray quality single crystals of Pt(thpyCq;B), and Pt(thpyCs), with a
44 space group of P2,/ ¢ and Pt(thpyCs), with a space group of P2; (Figure 1). We found
46 that the Pt(thpyCs), complex crystallizes in a dimer structure with the closest
48 intermolecular association between two aromatic protons of the pyridyl ligands of the
50 neighboring complexes (2.646 A, Figure 1). In contrast, the complex with —C¢Hj3
chains contain longer intermolecular associations (>3 A). In previous work, we found
55 that the non-alkylated complexes showed comparatively shorter distances between the

57 platinum centers.[17]
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To further probe these trends, we investigated the luminescent properties of
these homoleptic series and found them to be highly emissive with lifetimes similar to
their parent complex.[17,21] The Pt(thpyC,) compounds exhibited very similar
photophysical properties and the regioisomer Pt(thpyC;,B), is blue shifted. This
confirms that the luminescence is not dependent on chain length, but on the direct
ligand environment.[22] The thin film luminescence decreased in intensity with
temperature (the quantum yield, @, and lifetime, t,/pus, were determined at 77 K), and
the complexes are only weakly emissive in the thin films (Figure S29). The excited state

properties of the complexes are understood to have its origin that is comprised of an

admixture of *ILCT and *MLCT character.

Complex Absorbance A, /nm (rt) Emission A,,/nm Table 1.
D, T,/Hs

rt 77K Photophysic
Pt(thpyCyy), 435 606 571 030 45 al
Pt(thpyCio)s 435 605 569 028 4.4
Pt(thpyCs), 435 604 570 030 4.6 characterizat
Pt(thpyCq), 435 605 571 029 45
Pt(thpyCy,B), 443 585 572 028 4.4 ion of

Pt(thpyR), complexes
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We probed phase behavior via differential scanning calorimetry (DSC) and
observed several phase transitions suggestive of crystal and liquid crystal phases (Figure

2a, S11-15). Polarized optical microscopy (POM) confirmed this behavior (Figure S17—

20).
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Figure 2. (a) DSC trace from second cycle and (b) POM image at 160 °C of
Pt(thpyCy),.

As a representative example, Pt(thpyCs), displayed two low temperature low
enthalpy endotherms, suggestive of transitions between minority crystal polymorphs
(Figure 2a). The larger enthalpy melting peak at 136 °C gave rise to a smectic A phase.
Cooling from the isotropic mixture nucleates as battonets and produces a typical SmA
texture (Figure 2b). Homeotropic alignment was also observed below the melting
transition on hydrophobic slides treated with hexamethyldisilazane (HMDS) (Figure
S31). Characteristic SmA textures and similar melting behavior were observed for all
compounds we investigated except for Pt(thpyCg),. In addition, a Smectic A to
columnar phase sequence is both observed for Pt(thpyCi,); (Figure S33).

To further characterize the liquid crystalline behavior, we conducted variable
temperature X-ray diffraction studies on compounds Pt(thpyCs), and Pt(thpyC;i,),. We

observed narrow small-angle and broad wide-angle peaks with little variance over the
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temperature range displaying SmA textures (Figure 3, S21-23). As a representative

example, Pt(thpyCsg),, exhibited a small angle peak of 25 A, which is similar to the

distances between adjacent platinum centers in neighboring lamellae in the crystal

structure (Figure 1). The observation of weak (002) and (003) peaks indicate that the

layer structure is highly regular. The broad peak at 4.5 — 4.6 A represents the alkyl tails,

while the peak at 3.9 — 4.0 A represents the core-core distance in the layer.

(001)

-}
o
T

og(intensity) (a.u.)

AN ,»/

Scattering vector ¢ =2vd (nm™')

Figure 1. Characteristic smectic A diffraction pattern of Pt(thpyCs), at 160 °C

The trends in the liquid crystal behavior are summarized in Table 2. The

mesogenic 2-thienyl substituted complexes were enantiotropic, while in contrast the

Pt(thpyC,B); exhibited a monotropic Smectic A. Pt(thpyCe), did not display liquid

crystalline behavior and melted to give an isotropic liquid. The melting temperature is

relatively similar for Pt(thpyCs),, — Pt(thpyCio), and Pt(thpyCiz), compounds, while

the clearing temperature increases with decreasing sidechains.

T(C)(AH(kJ/mol))

Compound Phase > Phase
102 (25.0 128 (43.0) 153 (5.0)
Pt(thpyCy), Cr . Coly, > SmA > 1
47* 114 (38.2) 151 (6.3)
96 (19.2) 129 (36.1) 164 (6.0)
Pt(thpyCy); Cr < > Cr'
33% 105 (31.1) 160 (6.3)
86 (0.8) , 136 (31.6 181 (6.7)
Pt(thpyCy),  Cr > Cr b Sma
114 (27.5) 179 (6.5)
149 (26.3)
Pt(thpyCq), Cr
122 (24.4)
116 (23.9)
Pt(thpyCy,B), Cr SmA
98 (15.8) 111 (4.1)

Table 2. Phase transitions and
corresponding enthalpy
values for the Pt(thpyR),

series
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bScan rate for all runs was 10 °C/min and phase transitions represent peak maxima and

second/third runs.
*Corresponds to a kinetic trapping of crystalline phase
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3. Conclusions

In summary, we have designed luminescent Pt(Il) square planar complexes that form
sandic mesogens, displaying SmA liquid crystal phases. The temperature range of the
liquid crystalline phase is dependent upon the alkyl chain length and can be stable over
65 °C. Accessing smectic A phases from sandic square planar cores has attractive

prospects for the formation of semiconductive and electrooptical materials.
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General

Synthesis and Characterization

All reactions were performed under an argon atmosphere despite the stability of the product toward
air and moisture, using oven-dried glassware and standard Schlenk techniques. Anhydrous CH,Cl,
and THF were obtained from a solvent purification system (Innovative Technologies), and stored
under argon.

'H and "C{'H}NMR spectra were recorded on a Varian 500 MHz spectrometer and referenced to the
residual proton or carbon resonance of the deuterated solvent. Electrospray ionization (ESI) high-
resolution mass spectrometry (HRMS) was measured on a Bruker Daltonics APEXIV 4.7 Tesla
Fourier Transform Ion Cyclotron Resonance Mass Spectrometer and the most abundant masses are
reported.

Low-temperature diffraction data (¢-and m-scans) were collected on a Bruker-AXS X8 Kappa Duo
diffractometer coupled to a Smart Apex2 CCD detector with Mo Ka radiation (A = 0.71073 A) from
an IuS micro-source. Structures were solved by direct methods using SHELXS' and refined against
F2 on all data by full-matrix least squares with SHELXL-97.> following established refinement
strategies.” ® All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were included
in the model at geometrically calculated positions and refined using a riding model. The isotropic
displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms they
are linked to (1.5 times for methyl groups).

Liquid Crystalline Characterization

Optical microscopy was carried out using standard glass microscope slides on a Leica DM RXP
Optical Microscope equipped with a Mettler FP82HT hot stage controlled by Linkham TMS 94
Temperature Controller. Differential scanning calorimetry (DSC) experiments were performed on a
TA Instruments Q10 DSC and a TA instruments Discovery DSC. Each sample (3 — 5 mg), sealed in
aluminum pans, underwent three heating/cooling cycles from 20 °C to 130 — 190 °C with the rate of
10 °C/min.

High temperature powder X-ray diffraction (XRD) data were collected using a Bruker-AXS X8
Kappa Duo diffractometer coupled to a Smart Apex2 CCD detector with Cu Ka radiation (A = 1.5418
A) from an IuS micro-source. Kapton tubing and a single-crystal mounting pin were used to mount
the crushed powder samples. XRD data is shown as the intensity as a function of the length of 6 and
the (layer) spacing d is calculated using nk = 2d sinf, Bragg’s Law, where 0 is the scattering angle, n
is an integer and A is the wavelength. The data workup was performed using the FullProf:WinPlotr
program, which allowed for baseline correction and easy interconversion from 6 to d.

Photophysical Characterization

UV/Vis spectra were recorded on an Agilent 8453 diode-array spectrophotometer. Emission spectra
were acquired on a SPEX Fluorolog fluorometer (model FL-321, 450 W xenon lamp) using right-
angle detection (solution measurements). All room temperature solution samples for emission spectra
were degassed with Ar in an anaerobic cuvette. Quantum yields of phosphorescence were determined
by comparison to Ru(bpy); in deoxygenated water and are corrected for solvent refractive index and
absorption differences at the excitation wavelength.
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Preparation of 5-bromo-2-(5-bromothiophen-2-yl)pyridine N\
A mixture of 5-bromo-2-iodopyridine (5.77 g, 20.0 mmol) and Pd(PPhs;), | Na S

in 1,2-dimethoxy ethane (35 mL) was purged with argon for 15 mins. To 5 P
.

Br

this solution (5-bromothiophen-2-yl)boronic acid (4.14 g, 20.0 mmol) in
ethanol (35 mL) was added and the resulting mixture was stirred for 15 mins with further argon
bubbling. The reaction mixture was heated at reflux for 24 h, cooled down and concentrated in vacuo.
The residue was extracted with CH,Cl,, washed with water and saturated brine. The combined
organics were dried over MgSO, and concentrated in vacuo. Chromatography on silica gel (2:1
hexanes/CH,Cl,) gave 1.8 g of the product (28%).

Preparation of 5-dodecyl-2-(5-dodecylthiophen-2-yl)pyridine

A mixture of 5-bromo-2-(5-bromothiophen-2-yl)pyridine (1.80 M =
g, 5.64 mmol), 1-dodecyne (2.99 g, 17.4 mmol), PdCIl,(PPh;), CoaH S \»—CyoHps
(0.22 g, 0.31 mmol), Cul and triethylamine (30 mL) was purged 2 *° N

with argon for 15 mins. After 30 h of heating at reflux, the reaction mixture was cooled down and the
solvent removed by reduced pressure. The residue was extracted with CH,Cl,, washed with water and
saturated brine. The combined organics were dried over MgSOQy, filtered and concentrated in vacuo.
Chromatography on silica gel (1:2 CH,Cly/hexanes) gave 1.8 g of 5-(dodec-1-yn-1-yl)-2-(5-(dodec-1-
yn-1-yl)thiophen-2-yl)pyridine (65%).
5-(dodec-1-yn-1-yl)-2-(5-(dodec-1-yn-1-yl)thiophen-2-yl)pyridine (2.0 g, 4.0 mmol) and Pd/C (2.0 g)
in ethyl acetate (35 mL) was reacted in a parr bomb with H, at a pressure of 45 psi for 12 h. The
reaction mixture was then filtered over celite. The residue was washed with CH,Cl, and EtOAc and
the filtrate was evaporated in vacuo to yield an off-white solid. The solid was chromatographed on
silica gel using CH,Cl,/hexanes (1:1) as the eluent to yield a white solid (1.9 g, 52%).

Preparation of 5-decyl-2-(5-decylthiophen-2-yl)pyridine

A mixture of 5-bromo-2-(5-bromothiophen-2-yl)pyridine (1.0 g,

3.1 mmol), 1-decyne (1.33 g, 9.44 mmol), PdCI,(PPh;), (0.109 g, [ N \ \ CiH
0.215 mmol), Cul (0.033 g) and triethylamine (30 mL) was CiHaz~ S N 1072
subjected to argon bubbling. After 30 h of heating at reflux, the

reaction mixture was cooled down and the solvent removed by reduced pressure. The residue was
extracted with CH,Cl,, washed with water and saturated brine. The combined organics were dried
over MgSO,, filtered and concentrated in vacuo. Chromatography on silica gel (1:2 CH,Cly/hexane)
gave 0.9 g of 5-(dec-1-yn-1-yl)-2-(5-(dec-1-yn-1-yl)thiophen-2-yl)pyridine (91%).
5-(dec-1-yn-1-yl)-2-(5-(dec-1-yn-1-yl)thiophen-2-yl)pyridine (0.88 g, 0.63 mmol) and Pd/C (0.033 g)
in ethyl acetate (35 mL) was reacted in a parr bomb with H, at a pressure of 45 psi for 12 h. The
reaction mixture was then filtered over celite. The residue was washed with CH,Cl, and EtOAc and
the filtrate was evaporated in vacuo to yield an off-white solid. The solid was chromatographed on
silica gel using CH,Cl,/hexanes (1:1) as the eluent to yield a white solid (0.33 g, 26%)).

Preparation of 5-octyl-2-(5-octylthiophen-2-yl)pyridine

A mixture of 5-bromo-2-(5-bromothiophen-2-yl)pyridine (1.0 g,

3.1 mmol), I-decyne (1.03 g, 7.45 mmol), PdCl,(PPhs), (0.11 g, Mj\

0.22 mmol), Cul (0.033 mg) and triethylamine (30 mL) was CgH{;~ S N7 CeHiz
subjected to argon bubbling. After 30 h of heating at reflux, the

reaction mixture was cooled down and the solvent removed by reduced pressure. The residue was
extracted with CH,Cl,, washed with water and saturated brine. The combined organics were dried
over MgSQy,, filtered and concentrated in vacuo. Chromatography on silica gel (1:2 CH,Cly/hexanes)
gave 1.1 g of 5-(oct-1-yn-1-yl)-2-(5-(oct-1-yn-1-yl)thiophen-2-yl)pyridine (82%).
5-(oct-1-yn-1-yl)-2-(5-(oct-1-yn-1-yl)thiophen-2-yl)pyridine (1.1 g, 2.9 mmol) and Pd/C (1.0 g) in
ethyl acetate (35 mL) was reacted in a parr bomb with H, at a pressure of 45 psi for 12 h. The reaction
mixture was then filtered over celite. The residue was washed with CH,Cl, and EtOAc and the filtrate

was evaporated in vacuo to yield an off-white solid. The solid was chromatographed on silica gel
using CH,Cly/hexanes (1:1) as the eluent to yield a white solid (0.6 g, 54%).
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Preparation of 5-hexyl-2-(5-hexylthiophen-2-yl)pyridine

A mixture of 5-bromo-2-(5-bromothiophen-2-yl)pyridine (2.0 g, I\ -

6.3 mmol), 1-hexyne (2.1 g, 25.0 mmol), PdCl,(PPh;), (0.22 g, CeHis S l\\l /)~ CeHig
0.22 mmol), Cul (0.066 g, 0.31 mmol) and triethylamine (30 mL)

was subjected to argon bubbling. After 30 h of heating at reflux, the reaction mixture was cooled
down and the solvent removed by reduced pressure. The residue was extracted with CH,Cl,, washed
with water and saturated brine. The combined organics were dried over MgSQO,, filtered and
concentrated in vacuo. Chromatography on silica gel (2:1 CH,Cl,/hexanes) gave 1.3 g of 5-(hex-1-yn-
1-y1)-2-(5-(hex-1-yn-1-yl)thiophen-2-yl)pyridine (65%).
5-(hex-1-yn-1-yl)-2-(5-(hex-1-yn-1-yl)thiophen-2-yl)pyridine (1.3 g, 4.0 mmol) and Pd/C (1.2 g) in
ethyl acetate (35 ml) was reacted in a parr bomb with H; at a pressure of 45 psi for 12 h. The reaction
mixture was then filtered over celite. The residue was washed with CH,Cl, and EtOAc and the filtrate
was evaporated in vacuo to yield an off-white solid. The solid was chromatographed on silica gel
using CH,Cly/hexanes (2:1) as the eluent to yield a white solid (1.1 g, 83%).

Preparation of 5-bromo-2-(5-dodecylthiophen-3-yl)pyridine

A mixture of 5-bromo-2-iodopyridine (1.66 g, 5.53 mmol),

Pd(PPh;3)s (0.32 g, 0.33 mmol) and 2M Na,CO; in 1,2-dimethoxy -
ethane (100 mL) was purged with argon for 15 min. To this solution gy 7 N\ NS
(5-dodecylthiophen-3-yl)boronic acid (2.1 g, 7.1 mmol) was added =N

and the resulting mixture was stirred for 15 min with further argon

bubbling. The reaction mixture was heated at reflux for 24 h, cooled down and concentrated in vacuo.
The residue was extracted with CH,Cl,, washed with water and saturated brine. The combined
organics were dried over MgSO, and concentrated in vacuo. Chromatography on silica gel (1:1
CH,Cl,/hexanes) gave 1.3 g of the product (58%).

Ci2Hos

Preparation of 5-dodecyl-2-(5-dodecylthiophen-3-yl)pyridine

A mixture of 5-bromo-2-(5-dodecylthiophen-3-yl)pyridine (1.4 g, CioHos
3.43 mmol), 1-hexyne (1.1 g, 14 mmol), PdCl,(PPh;), (0.12 mg, 72\ =
0.10 mmol), Cul (0.032 mg, 0.22 mmol) and triethylamine (30 Ci2Has S

mL) was subjected to argon bubbling. After 30 h of heating at
reflux, the reaction mixture was cooled down and the solvent removed by reduced pressure. The
residue was extracted with CH,Cl,, washed with water and saturated brine. The combined organics
were dried over MgSQy, filtered and concentrated in vacuo. Chromatography on silica gel (2:1
CH,Cl,/hexanes) gave 1.3 g of 5-(dodec-1-yn-1-yl)-2-(5-dodecylthiophen-3-yl)pyridine (77%).
5-(dodec-1-yn-1-yl)-2-(5-dodecylthiophen-3-yl)pyridine (1.3 g, 2.6 mmol) and Pd/C (1.2 g) in ethyl
acetate (100 mL) was reacted in a parr bomb with H, at a pressure of 45 psi for 12 h. The reaction
mixture was then filtered over celite. The residue was washed with CH,Cl, and EtOAc and the filtrate
was evaporated in vacuo to yield an off-white solid. The solid was chromatographed on silica gel
using CH,Cly/hexanes (2:1) as the eluent to yield a white solid (0.8 g, 60%).

Preparation of Pt(thpyC,),
A solution of trans-PtCl,(Et,S), (0.34 g, 0.75 mmol) in diethyl ether

and THF was added dropwise to a stirred solution of lithiated ligand 7\ S 1 Craftes
from 5-dodecyl-2-(5-dodecylthiophen-2-yl)pyridine (1.0 g, 3.0 mmol) CraHas —N N

and 1.6 M #BuLi (3.6 mL, 6.0 mmol) in ether at —78 °C. After the :Pt

solution was stirred for 30 min at —78 °C, the temperature was allowed j '\i /R

to rise slowly to 0 °C. The reaction mixture was hydrolyzed at 0 °C. CraHas = _ S7NCoHos

The organic phase was washed with saturated brine and the aqueous

phase was extracted with CH,Cl,. The combined extracts were dried over MgSO,. The organic layer
was evaporated to yield a red oily residue. The residue was chromatographed on silica gel with
CH,Cly/hexanes (1:2) as the eluent to give 0.14 g (21%) of Pt(thpyCi,); as an orange solid.

Anal. Calcd. for C¢HosN,-PtS,: C, 66.68; H, 9.16; N, 2.36. Found: C, 66.41; H, 9.08; N, 2.18.
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'H-NMR (500 MHz, CDCls): 8 8.40 (1H, s), 7.53 (1H, dd, J = 8.1, 1.2), 7.32 (1H, s), 7.28 (1H, d, J =
8.1),2.93 (2H, t, J=7.5), 2.62 2H, t, J = 7.5), 1.74 (2H, quin, J = 7.4), 1.65 (2H, quin, J = 7.0), 1.52
—1.20 (40H, b), 0.91 — 0.85 (6H, b).

3C-NMR (126 MHz, CDCl;): 8 160.4, 149.6, 148.3, 148.0, 140.6, 139.2, 134.0, 117.6, 33.7, 32.6,
32.6, 32.6, 32.0, 31.4, 30.4, 30.4, 30.4, 30.4, 30.4, 30.3, 30.3, 30.2, 30.2, 30.1, 30.0, 30.0, 29.9, 29.9,
23.4,23.4,23.4,14.8, 14.8.
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37 Figure S1: 'H NMR of Pt(thpyCi2),
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Figure S2: °C NMR of Pt(thpyCj,),

Preparation of Pt(thpyC,,B), the other isomer

trans-PtCl,(Et,S), (0.5 g, 1.1 mmol) in diethyl ether and THF (4:1) at

-78 °C was added dropwise to a stirred solution of lithiated ligand Ci2Hzs
from 5-dodecyl-2-(5-dodecylthiophen-2-yl)pyridine (0.6 g, 1.3 mmol)

and 1.6 M #-BuLi (0.8 mL, 1 mmol) stirred at —78 °C for 1 h. The
mixture was reacted for 30 min before the temperature was raised to CizHas
0 °C and allowed to stir for another 30 min. Ethanol was added and
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the organic layer was separated and extracted with CH,CL,. The combined organic phases were dried
over NaySOy, filtered and dried in vacuo. Chromatography on silica gel (1:3 CH,Cly/hexanes) gave

0.2 g (44%) of Pt(thpyC,B), as a brown solid.

Anal. Calcd for CgsH19sN,PtS,: C, 66.68; H, 9.16; N, 2.36. Found: C, 66.40; H, 9.24; N, 2.11.

'H-NMR (500 MHz, CDCLy): § 8.39 (1H, s), 7.53 (1H, d, J = 8.1), 7.29 (1H, d, J = 8.1), 6.91 (1H, s),
2.82 2H, t,J = 7.6), 2.59 (2H, t, J = 7.6), 1.73 (2H, quin, J = 7.5), 1.64 (2H, quin, J = 7.6), 1.4 — 1.2

(30H, m), 0.9 (6H, m).

PC-NMR (126 MHz, CDCls): § 159.8, 149.0, 147.8, 147.4, 140.1, 138.6, 133.4, 117.1, 33.1, 32.1,
32.1,31.4,30.8,29.8,29.8,29.8,29.7,29.7,29.5, 29.5, 29.3, 29.3, 22.9, 22.8, 14.3, 14.3.
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Figure S3: '"H NMR of Pt(thpyC;,B),
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Figure S4: °C NMR of Pt(thpyC;,B),
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Preparation of Pt(thpyCi):

trans-PtCl,(Et,S), (0.5 g, 1 mmol) in diethyl ether and THF was added /A )
dropwise to a stirred solution of lithiated ligand from 5-decyl-2-(5- CroHes =\
decylthiophen-2-yl)pyridine (0.9 g, 6 mmol) and 1.6 M #BuLi (6.6 Pt
mL, 11 mmol) at —78 °C. Chromatography on silica gel (2:1 N” y
CH,Cly/hexanes) gave 0.6 g of an orange solid, Pt(thpyCy); in 51%  CioHas !

yield.

Anal. Caled. for CsgHooN,PtS,: C, 64.71; H, 8.61; N, 2.60. Found: C, 64.79; H, 8.76; N, 2.30.

'H-NMR (500 MHz, CDCls): 8 8.40 (1H, s), 7.53 (1H, dd, J= 8.2, 1.7), 7.32 (1H, s), 7.27 (1H, d, J =
8.2),2.93 (2H, t, J=7.5), 2.61 (2H, t, J = 7.5), 1.74 (2H, quin, J = 7.4), 1.65 (2H, quin, J = 7.4), 1.42

(2H, m), 1.37 - 1.20 (28H, m), 0.87 (3H, t, J=6.9), 0.87 (3H, t, /= 6.9).

PC-NMR (126 MHz, CDCls): § 159.8, 149.0, 147.8, 147.4, 140.1, 138.6, 133.4, 117.1, 33.1, 32.1,

32.1,31.4,30.8,29.8,29.8, 29.8,29.7,29.7,29.5, 29.5, 29.3, 29.3, 22.9, 22.8, 14.3, 14.3.
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Figure S5: "H NMR of Pt(thpyC o),
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Figure S6: C NMR of Pt(thpyCj),

34 Preparation of Pt(thpyCs),

35 trans-PtCl,(Et,S), (0.50 g, 1.1 mmol) in diethyl ether and THF was /1 S )
36 added dropwise to a stirred solution of lithiated ligand from 5-octyl-2- CeH17 \
37 (5-octylthiophen-2-yl)pyridine (0.91 g, 5.6 mmol) and 1.6 M #BulLi
38 (6.6 mL, 11 mmol) at —78 °C. Chromatography on silica gel (2:1 N

39 CH,Cly/hexanes) gave 0.54 g of a dark orange solid, Pt(thpyCs), in CgH,, 7 N\

40 51% yield. = S~ CgHyy

42 Anal. Caled. for CsgH76N,PtS,: C, 62.27; H, 7.94: N, 2.90. Found: C, 61.91; H, 7.67; N, 2.74.

45 'H-NMR (500 MHz, CDCLy): § 8.39 (1H, s), 7.51 (1H, d, J = 8.2), 7.32 (1H, ), 7.26 (1H, d, J = 8.3),
46 2.93 2H,t,J = 7.2), 2.60 (2H, t, J = 7.2), 1.74 (2H, quin, J = 7.2), 1.64 (2H, quin, J = 6.9), 1.42 (2H,
47 quin, J = 6.9), 1.38 — 1.11 (18H, b), 0.93 — 0.82 (6H, b).

48 3C-NMR (126 MHz, CDCl;): & 160.4, 149.5, 148.3, 148.0, 140.6, 139.1, 134.0, 133.9, 117.6, 33.7,
49 32.6,32.6, 32.0, 31.4, 30.2, 30.2, 30.0, 30.0, 29.9, 29.9, 23.4, 23.4, 14.8, 14.8.
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Figure S8: C NMR of Pt(thpyCs),
Preparation of Pt(thpyCq),
A solution of trans-PtCLy(Et:S), (0.34 g, 0.75 mmol) in diethyl ¢y ¢ N
ether and THF was added dropwise to a stirred solution of =N
N
CeHis )
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lithiated ligand [from 5-hexyl-2-(5-hexylthiophen-2-yl)pyridine (1.0 g, 3.0 mmol) and 1.6 M #BuLi
(3.6 mL, 6.0 mmol) in ether at —78 °C. After the solution was stirred for 30 min, the temperature was
allowed to rise slowly to 0 °C. The reaction mixture was hydrolyzed at 0 °C. The organic phase was
washed with saturated brine and the aqueous phase extracted with CH,Cl,. The combined extracts
were dried over MgSQO,. The organic layer was evaporated to yield a red oily residue. The residue was
chromatographed on silica gel with CH,Cl,:hexanes (1:2) as the eluent to give 0.140 g (21%) of
10 Pt(thpyCé): as an orange solid.

©CoO~NOUTA,WNPE

12 Anal. Calcd for C4HgoN>PtS,: C, 59.20; H, 7.10; N, 3.29. Found: C, 59.01; H, 6.78; N, 3.05.

14 'H-NMR (500 MHz, CDCL): & 8.39 (1H, s), 7.52 (1H, dd, J = 8.2, 1.8), 7.32 (1H, s), 7.26 (1H, J =
8.1),2.94 (2H, t, J=7.5), 2.61 (2H, t, J = 7.6), 1.74 (2H, quin, J = 7.6), 1.64 (2H, quin, J = 7.6), 1.43
(2H, m), 1.4 — 1.2 (12H, m), 0.89 (6H, m).

18 3C-NMR (126 MHz, CDCl;): 8 159.9, 149.0, 147.8, 147.5, 140.1, 138.6, 133.4, 117.1, 33.1, 32.0,
19 31.9,31.8, 31.4,30.8,29.0, 29.0, 22.8, 22.7, 14.3, 14.2.
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49 Figure S9: 'H NMR of Pt(thpyCq),
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Figure S10: °C NMR of Pt(thpyCs),
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DSC and TGA Data

All DSC were collected using a heating and cooling rate of 10 °C/min.
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Figure S11: Pt(thpyC,;;), DSC Cycle 1
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Figure S12: Pt(thpyC,,B), DSC Cycle 2
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Figure S16: TGA data of Pt(thpyCs).
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Polarized Optical Microscope Studies

b_—JZOpm 2\ a2 -_‘»-»\1 A
Figure S17: Photomicrographs of the smectic A phase of Pt(thpyCj;), between untreated glass slides
obtained by cooling from the isotropic liquid to 145 °C.

obtained by cooling from the isotropic liquid to 158 °C.

) 20 p 2i LA% o
Figure S19: Photomicrographs of the smectic A phase of Pt(thpyCs), between untreated glass slides
obtained by cooling from the isotropic liquid to 166 °C.
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Figure S20: Photomicrographs of the smectic A phase of Pt(thpyC;;B), between untreated glass
slides obtained by cooling from the isotropic liquid to 105 °C.

Powder X-Ray Diffraction

Scattering vector q = 2n/d (hm™")
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Figure S21: Powder X-Ray Diffraction patterns of Pt(thpyC;;), showing a Col, ordering at 130 °C.

Distances in A are shown in above each reflection.
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Figure S22: Powder X-Ray Diffraction patterns of Pt(thpyCs), showing a SmA ordering at 160 °C.

Distances in A are shown above each reflection.
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Figure S23: Powder X-Ray Diffraction patterns of Pt(thpyCs), showing a SmA ordering at 160 °C.
Distances in A are shown above each reflection.

Single Crystal Diffraction Data

Low-temperature diffraction data (¢-and m-scans) were collected on a Bruker-AXS X8 Kappa Duo
diffractometer coupled to a Smart Apex2 CCD detector with Mo Ka radiation (A = 0.71073 A) from
an IuS micro-source. Structures were solved by direct methods using SHELXSS' and refined against
F2 on all data by full-matrix least squares with SHELXL-97,> following established refinement
strategies.”® All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were included
in the model at geometrically calculated positions and refined using a riding model. The isotropic
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1

2

2 displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms they
5 are linked to (1.5 times for methyl groups).

6

7 Crystals were obtained as long needles by slow evaporation of a saturated CH,Cl, solution.
8

9

10 4

11 v A /7 \

12 1

13 ) Nt

14 7 ! :

15 A / Y
16 1 .
17 /@/\' /'\/\/i"\ /f’\//-i

18 ' ¢ 7 N 1/\

19 il ' "/L\/L\r
20

g; Figure S24: Pt(thpyCs), single crystal structure obtained by recrystallization from DCM.
23

gg Table: Crystal data and structure refinement for Pt(thpyCs),

26 Compound Pt(thpyCs),

27 Empirical formula CsoH76N,PtS,

28 Formula weight 964.379

29 Crystal system monoclinic

30 Space group P2,

31 Unit cell dimensions a=7.7798(5) A

32 b =20.8106(14) A

gi ¢=28.619(2) A

35 o =90°

36 B =97.6462(14)°

37 vy =90°

38 Volume 4592.3(5) A®

39 Temperature 100 K

40 7 4

41 Density (calculated) 1.395 Mg/m’

42 Absorption coefficient 3.181 mm

ji F(000) 2000 3
45 Crystal size 0.310 x 0.290 x 0.025 mm
46 Theta range for data collection 1.214 to 30.507°

47 Index ranges -11<h<11,-29<k<29,-40<1<40
48 Reflections collected 169170

49 Independent reflections 27969 [R(int) = 0.0514]

50 Absorption correction 3.181

51 Goodness-to-fit on F2 1.035

52 Final R indices [[>2sigma(I)] 0.0525

53

54

55

56

57

58

59

60
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Figure S25: Pt(thpyCs), single crystal structure obtained by recrystallization from DCM

Liquid C

rystals

Table: Crystal data and structure refinement for Pt(thpyCe).

Compound Pt(thpyCo):
Empirical formula C4HgoN,PtS,
Formula weight 852.13
Crystal system monoclinic
Space group P2,/c
Unit cell dimensions a=24.378(2) A
b=7.7398(7) A
c=21.2759(19) A
a=90°
B =107.883(2)°
Yy =90°
Volume 3820.4(6) A°
Temperature 100 K
Z 4
Density (calculated) 1.482 Mg/m3
Absorption coefficient 3.814 mm’
F(000) 1744
Crystal size 0.30 x 0.15 x 0.05 mm’
Theta range for data collection 2.43 to0 30.68"
Index ranges -33<h<33,-10<k<10,-29<1<29
Reflections collected 82261
Independent reflections [R(int) = 0.0336]
Absorption correction 3.814
Goodness-to-fit on F2 1.048
Final R indices [I>2sigma(I)] 0.0385

Pt an i o 8

Figure S26: Pt(thpyC,B), single crystal structure obtained by recrystallization from DCM.
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550

1

2

2 Table: Crystal data and structure refinement for Pt(thpyC,,B),

5 Compound Pt(thpyC,B),

6 Empirical formula CosH10sN2PtS,

7 Formula weight 1188.75

8 Crystal system monoclinic

9 Space group P2,/c

10 Unit cell dimensions a=35.690(4) A

11 b=17.6972(18) A

ig ¢ =9.7953(10) A

14 a=90°

15 B =92.398(2)°

16 vy =90°

17 Volume 6181.4(11) A’

18 Temperature 100 K

19 Z 4

20 Density (calculated) 1.277 Mg/m®

21 Absorption coefficient 2.377 mm’

22 F(000) 2512

gj Crystal size 0.20 x 0.20 x 0.04 mm’

o5 Theta range for data collection 2.38 t0 30.47°

26 Index ranges -49<h<49,-24<k<24,-13<1<13
Reflections collected 128735

27

28 Independent reflections 17348 [R(int) = 0.0617]

29 Absorption correction 2.377

30 Goodness-to-fit on F2 1.041

31 Final R indices [I>2sigma(I)] 0.0599

32

33

34

35

36

37 .

38 Photophysical Data

39

40

j; 1.2 v T v T T v T v T

43 1.0 . — PithpyC,), | =

44 : —_— Pt(thpyCB)z —C6

45 o~ 08 Pt(thpy, ), | — 207

46 g | — Pi(thpyC,), | E 5l

47 _IQ 0.6 PithpyCB), | g

48 E ' ‘:C_) 1.0 4

49 = %

50 E 0.4 ? osd

l N’
22 “ 0.2 oo
gj 0.0 400 4%0 560
PR SR | [ SR T Wavelength (nm)

gg 400 425 450 475 500 525 550

57 Wavelength (nm)

gg Figure S27: a) UV-vis absorption spectra of the Pt(thpyR), series in THF (10'4 M) b) UV-vis

60 absorption spectrum of Pt(thpyCg), in 1,2,4-trichlorobenzene (10'4 M)
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Figure S28: Photoluminescence spectra of the Pt(thpyR), series in THF (10 M) at room temperature

under Ar
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Figure S29: Thin film UV-visible spectra of Pt(thpyCs), at room temperature, 150°C, and 170 °C, the

crystalline, liquid crystalline, and isotropic points, respectively
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28 Figure S30: Thin film luminescence spectra of Pt(thpyCs), at various temperatures (different colored
29 lines in °C). LCI is after 1 minute, LC2 is after 5 mins, and LC3 is after 10 mins of equilibration.
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56 Figure S31: d-spacing of small angle X-ray diffraction peaks in the mesophase based on alkyl chain
57 length
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Figure S32: Polarized optical microscope images of Pt(thpyC,), at 114 °C with crossed polarizers
showing both coexistence of SmA and Col, mesophases
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