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The aim of this project was to investigate a series of hybrid

polyoxometalate molecules (hybrid-POMs) with non-linear

optic (NLO) properties at the single molecule level, looking

at comparable 1-dimensional and 2-dimensional motifs to

determine differences between them. To-date no single

molecule studies of non-linear behaviour in POM materials has

been made. Polyoxometalates (POMs) are composed of

several transition metal ions linked by oxygen ions to form a

3D framework. Their novel composition offers potential for

applications including as catalysts, quantum computation and

medical therapeutics. In recent years several POMs have been

synthesised with organic groups attached onto the metal

subunit, forming hybrid-POMs. Functionalising POMs allows

electronic communication between the accepting POM

subunit and donating organic group.

A series of functionalised Arylimido-Lindqvist ([Mo6O19]
2-)

anions investigated by the Fielden group at the University of

East Anglia showed NLO behaviour. The energy transfer

mechanism within these donor-acceptor hybrid-POM systems

is not fully understood, and furthermore the nature of what

enhances and protects their NLO properties are often poorly

identified. Typically, optical spectroscopy of materials is

performed on an ensemble, i.e. on large numbers of

molecules/particles. This delivers an ensemble average of all

present and optically active states in a system. In many

instances however, there can be sub-ensemble populations that

are hidden by the average. To observe these, single molecule

spectroscopy (SMS) can be used.

Introduction

Figure 1.1 Example NLO hybrid POM displaying second harmonic

generation. Two red 800nm photons are absorbed and converted into

one blue 400nm photon. Organic donating group is shaded in green.

Figure 1.2 Vector graphic of SMS image scan. Each spot represent

individual POM molecules. Organic donating group is shaded in

green.
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SMS relies on dilution of the molecules of interest until there is

only one within a diffraction limited laser spot at any one time.

This can be achieved either with freely diffusing molecules in

solution, or by holding the molecules in an optically inert thin

film matrix deposited on a glass substrate and moving the laser

beam to each molecule. Every molecule can therefore be

measured independently of one another. To begin our

investigations we used conventional one-photon 400 nm

excitation to determine the emissive properties of these POMs.

We looked at high concentration thin film samples to analyse

the photoluminescence (PL) emitted from small aggregates

of hybrid-POMs. Due to time constraints, investigation into two

photon absorption is yet to be explored in detail.

Figure 1.3 Hybrid-POMs dissolved in dimethylformamide solution.

Right to left: BRH2-221, BRH2-116, BRH2-112 and BRH2-166
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Measurements were taken at room temperature under ambient

conditions using an inverted confocal microscope (figure 2.1). A

400 nm laser set at 40 MHz was used to excite the sample. PL was

detected by the detector and processed. Thin films were scanned

and analysed using TCSPC to extract PL decay lifetimes from

individual spots picked on the scan image. The time delay between

an excitation laser pulse and detection of single photons from a

sample is measured over multiple cycles as a function of time to

gradually build a histogram of photon counts to give the observed

PL decay from the sample.

.

Figure 2.2 Image scan displaying single molecule spots (left). PL decay of

single molecules can measured from one spot (shown in red).

Figure 2.1 Inverted confocal microscope laser detection set-up used.

Experimental Method and Materials
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Four donor-acceptor hybrid-POMs (figure 2.4) were

shown to display NLO behaviour with two 1-dimensional

and two 2-dimensional motifs. All materials are stable in air.

Molecules were synthesised and provided for this project by

the Fielden group at UEA.

Figure 2.4 Molecular structures of hybrid-POMs used for the

project provide by Fielden group at UEA. 1-dimensional

structures include BRH2-116 (dark yellow) and BRH2-166 (light

orange) and 2-dimensional structures include BRH2-112 (bright

yellow) and BRH2-221(bright orange). Organic donating groups

unfortunately cannot be shown in detail and have been blanked

out by vector graphic shapes.

Thin film samples were prepared by dissolving hybrid-POM

molecules in dimethylformamide solvent and diluting till

desired concentration solution of molecule was found.

Samples were then spincoated in a polymer PMMA matrix

(figure 2.3).

Figure 2.3 Dilution and spincoating process for thin film sample

used in SMS measurements.

Glass slides were cleaned before spincoating thin film

samples for measuring. New 20x20 mm glass slides were

placed in a specially designed glass cleaning jar filled with 2%

Hellmanex-deionised water solution. Slides were sonicated

three times before rinsing with deionised water. The slides

were then dried with a nitrogen gun and stored in a probe

box until required for spincoating.



Results and Discussion 

PL decays lifetimes were seen to range from

approximately 2 ns to 4 ns. 2-Dimensional structures

BRH2-221 and BRH2-112 showed longer PL lifetimes

than their 1-dimensional counterpart. BRH2-221

displayed the longest PL lifetime (table 3.1).

BRH2-221 aggregates displayed strong blinking. Blinking is

mostly regarded as a single molecule property hence it is unusual to

observe small clusters of molecules acting as a single particle.

Blinking behaviour occurs when molecules enter in and out dark

energy states in which no light is emitted. Other hybrid-POMs

displayed some indication of blinking but not as strongly as BRH2-

221. All measurements were taken at 1 μW laser excitation power.

A power series of BRH2-221 was carried out to

investigate the relationship between the power and

intensity of photons emitted. As laser excitation

power was increased no clear linear relationship was

found hence the emission of photons with respect to

laser excitation power is non-linear.

The data collected suggests POM cluster formation may

have a large effect on the amount of photons emitted.

Our next steps include:

• Measure POMs with two-photon excitation to see whether similar results are observed as in small aggregates.

• Further investigate the effect of cluster formation on photoluminescence

• Look closer at the single particle properties of small POM clusters such as blinking

• Focus on diluting BRH2-221 species to single molecule concentrations to isolate single POM molecules

From our investigation we have managed to successfully measure single particle behaviour of POMs for the first time.

Outlook

Table 3.1 PL delay lifetimes extract from PL decays shown in

figure 3.1

Figure 3.2 Time-intensity trace (left) showing blinking from spot circled

in orange on the scan image taken whilst measuring (right)

Figure 3.3 Time-intensity trace BRH2-221 power series taken

at 0 , 0.5 and 1 μW excitation laser power

Figure 3.1 Comparison of all four hybrid-POMs PL decays.


