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Introduction

MO Calculations

Liquid crystals are part of a mesophase that has both solid and liquid
properties. They have been studied from a materials stand point for
their ability to conduct charge or polarize light while remaining fluid.
Platinum(II) bipyridine liquid crystals are of particular interest for their
interesting photo- and electrochemistry such as tunable photoluminescence and non-linear optical behavior.
Cyclic voltammetry, an electroanalytical technique in which current is
measured as a function of potential swept over time, was used to
characterize solution and thin film behavior of two types of platinum
(II) bipyridine liquid crystals. The goal is to better understand the
individual electrochemical properties of each molecule as well as the
bulk properties.

Thin Film Studies
2 methods for casting 4-4ʼ and 5-5ʼ phenylacetylide thin films

Density function theory calculations.

Direct melt

LUMO (orange-blue) does not extend beyond the ester
linkage, localized on platinum and bipyridine ring
HOMO (red-blue) largely on the phenyl and acetylide.
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5-5ʼ has a smaller HOMO-LUMO gap
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Experimental
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5-5ʼ

1st
-65.25
-52.54

2nd
-82.30

Films not “thin”/ uniform. Cast onto electrically conductive
indium tin oxide (ITO) and used as a working electrode.
5-5ʼ platinum phenylacetylide (below) response. Reversible
wave centered at -0.924 V vs. SHE. Changes color from
orange to green at -0.80 V.

-70.52
5-5ʼ MO diagram

Platinum Phenylacetylide: Solution
The liquid crystals being studied have three major
components:
•Bipyridine ring with ester chains at either the 4-4ʼ or
5-5ʼ positions
•Platinum(II) metal center chelated at the 2-2ʻ positions
•Ligands such as benzenedithiolate or phenylacetylides.

Platinum Dithiolates
Typical dithiolate cyclic voltammetric response in 0.1 M
Bu4NBF4 / DCE normalized back to standard hydrogen: two
reversible waves and one irreversible oxidation.
vs. SHE
4-2 PtS2
8-4 PtS2
10-6 PtS2
12-8 PtS2
Ligand

E˚ (first) E˚ (second)
-0.999 V -1.628 V
-0.968 V -1.602 V
-1.114 V
-1.703 V
-1.101 V
-1.711 V
-1.690 V
–

Oxidation
+0.465 V
+0.503 V
+0.619 V
+0.640 V
–

Electrochemical response is independent of chain length.
•Reversible reduction waves (approx. -1.0 V and -1.6 V vs. SHE are
injection of electrons into the "* orbital of the bipyridine ligand.
•Coordination to the metal atom results in easier reduction compared to
the free ligand.
•Oxidation involves removal of an electron from an orbital primarily on
the dithiolate ligand but with contribution from the metal atom.

Green reduction product: immediately decomposes in air,
decreases in peak current in subsequent scans !
solubility in DMSO. Possible ITO interference
CV response for 4-4ʼ platinum diphenylacetylide (left) and the 5-5ʼ platinum
diphenylacetylide (right). Both with a 2-ethylhexyl alkyl chain attached at the ester link.
Reversibility confirmed by linear Randles-Sevcik plots and peak current ratio of 1
•4-4ʼ has two reversible waves at -1.61 and -1.26 V vs. SHE, one irreversible reduction at
-1.13 V vs. SHE
•5-5ʼ has three reversible waves: -0.93 V, -1.19 V, and -1.43 V vs. SHE.
•Changing the ester chain position 1) lowers the energy of the LUMO, 2) facilitates reduction

Conclusions
Platinum dithiolates and phenylacetylides have interesting and
tunable electrochemical behavior. Chain length does not impact
behavior, but the ester chain position does. Electron charge
transfers can be reasonable deduced and are in agreement with
earlier works. Thin film studies have shown a different electrical
response.
Future work:
•Chronocoloumetry, a charge vs. time electroanalytical technique
and Anson relationships

Under UV light (365 nm), the peak current
response of the platinum phenylacetylide
(right) increases 30-45%.

• Cast more homogeneous thin films, explore anisotropy with ITO
alignment layers

Wavelength used well above HOMOLUMO gap and off sufficient energy to
excite !-!* transition on bipyridine ligand.
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