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Abstract of Thesis

In recent years, investigation about single organic molecule as an active electronic component for electronic
device is growing up rapidly. The pioneers of single molecule device are Aviram and Ratner. In 1974
theoretically they proposed the construction of a very simple single organic molecule device that consists of
donor 7 — insulating bridge - acceptor 7 system which has rectifier properties.! Single molecule device can
reduce the size of molecular device so that it can miniaturize the device. Compared to traditional
inorganic-based device, such as silicon device, organic molecule device has some advantages such as
high-speed fabrication which makes it is low cost, low temperature processing on flexible substrate, and
tunable properties of the molecule. As a consequent, single organic molecule device is promising for alternation

to inorganic-based device.>?

Polyoxometalates, which is abbreviated as POMs, are discrete metal oxide clusters consist of early transition
metal ions and oxygen atoms.** POMs are very special molecules. They are capable to accept many electrons
so that they are utilized in many electrochemical and electrocatalytic processes such as molecular cluster

battery,®’ photoanode of dye-sensitized solar cells®, and catalyst.”!°

Recently we have reported a molecular neuromorphic network device consisting of single-walled carbon
nanotubes (SWNT) complexed with POM. Experimentally, we observed dynamic properties of SWNT-POM
complex networks where that networks can generate spontaneous spikes and noises. By introducing reservoir
computing through modelling, it shows that SWNT-POM complex networks can be applied to a molecular
device as a neuromorphic device construction.!! Achieving this phenomena, now our research is focusing on
investigation of single molecule POM whether those kind of spikes and noises can also be generated by single

molecule not only by SWNT/POM network using mechanically controllable break junction method.

There are two POM molecules were addressed in this work. (1) POM-to-Rings (labelled as POM-1) was
synthesized by Okujima and Uno et. al.'?. It is a double decker complex of cyclo[8]pyrrole coordinating to
Keggin type POM, dodecatungstosilicate ion (SiW12040)* (Figure 1a). In this molecule, cyclo[8]pyrrole acts as
anchoring group that will tether to gold electrode. According to our recent results, transmission probability of
free-base porphyrin ring interacting with the gold electrode is greater than transmission probability of thiolate
and gold electrode.!® Similar with free-base porphyrin ring, cyclo[8]pyrrole has m conjugation system so that

it will work as good anchoring group attached to gold electrode.

(2) POM-2 is the ammonium salt of (PW;;039)”" that has been modified by linking thiol groups as anchoring
group. Molecular structure of POM-2 contains two -(CH»)3;SH groups connected to the POM core through Si
atoms (Figure 1c). This -(CH2);SH group is as anchoring group (which is different from POM-1) that will
attach to gold electrodes via covalent bonding Au-S. The molecule was synthesized based on the reported

procedure.*




Figure 1. (a) Polyhedral shape of cyclo[8]pyirele-Siw 1Oy, Polyhedral (¢) and  ellipsoid  (d)  shape  of
called as POM-to-Rings or POJ\ll Al SIW 0y, i l'BA«PWnU;g[{HS((_‘H)J~Si}20]. called as POM-2Z
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Current versus voltage (I-V) curve of the POM-1 was measured with the bias scan from 0V to 0.5V
(forward) and from 0.5 V' to @ V (backward) at RTV condition (Figure 2). A typical I-V curve was shown
with red and blue line for the forward and backward scan, respectively. The I-V curve switch stochastically
between low conductance (~4.4 ¥ 107% § = 5.7 x ]_l:l_EfF9 at 0.3 V) and high conductance

(*8.2x 10785 = 1.x 107* G, at 0.3 V) states, to afford the high/low ratio ~19. 2D histogram of the
I-V curves of 6 scans indicates the high reproducibility of the stochastic fluctuation of the single molecule
conductance between the two states. It can be concluded that POM molecule can generate dynamic signals or
noises. Stochastic fluctuation appears at some threshold voltage which means that redox reaction is responsible
for this fluctuation.
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Figure 2. (a) Current versus voltage (I-V) curve of POM-to-Rings when bias voltage (red = bias forward:
blue = bias backward) applied at room temperature and its 2D histogram of bias forward from 6 data {b).

Current versus voltage (I-V) of the POM-2 was measured with the bias scan from O ¥ to 1.0 V¥ (forward)
and from 1.0V to OV (backward) at RTV condition (Figure 3). Clearly, the conductance fluctuated
stochastically between two values at any bias voltage. The two conductance differs four or five times

depending on the bias voltage.
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Figure 3. A typical /-J"and G(conductance)- ¥ curves were shown with red line for the forward scan, and with blue line for the backward scan.




In order to clarify the mechanisms of the dynamic properties of the single molecule conductance, time courses
of current were conducted to single molecule POM-1 and POM-2. Hidden Markov Model (HMM) was applied
to the data for conductance state. The HMM models the dynamics of an observed time series (Y) as

conditionally dependent on a hidden process (X).'*
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(2) Time traces of single molecule (b)  Corresponding HMM fitting

POM-2 when 0.3 V bias voltage was analysis (leftj and ifs histogram (right)

applied at room temperature under of () ! !
vacuum condition (¢) Corresponding HMM 2D histogram

Stochastic fluctuations appear in both POM-1 and POM-2 as a response of voltage. POM-1 shows multistate
of conductance with large high/low ratio. While in case of POM-2, two states of conductance appear with small

high/low ration. It can be concluded that stochastic current fluctuation is depending on molecule.

However, constant frequency oscillation which were observed in the cases of SWNT-POM complex networks
did not occur in the case of single molecule POM measurements. The result indicates that the oscillation occurs

by cooperative phenomena of the POM networks.

*RTV = Room Temperature under Vacuum
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