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step, we have achieved the LOD range covering 70 ng/L, 
the health advisory for perfluorooctane sulfonate and 
perfluorooctanoic acid in drinking water established by 
the US EPA. The experimental results are in quantitative 
agreement with the model we derived from classical 
nucleation theory. We further tested the specificity of 
this method for detecting surfactant analytes by adding 
an excess of nonsurfactant interference, polyethylene 
glycol (PEG, 400 g/mol), which has a similar molecular 
weight as PFOS. The addition of PEG leads to a negative 
shift of the HER onset potential as compared to the 
PFOS-only sample, but the ipeak does not show any 
notable difference. Apart from that, we have also tested 
different concentrations of humic acid and lysozyme. 
We observed no trend in the peak current compared 
to that of the blank. These results show the exceptional 
specificity of our method for surfactant analytes. This 
research provides the proof of principle study of a bubble 

nucleation-based sensing platform, which will be further 
developed toward a low-cost and portable tool for on-site 
detection of PS compounds in water. In addition, our 
method has the potential of further developing into a 
universal electrochemical detector for surfactant analysis 
due to its surface activity-based detection mechanism.
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Photovoltaic Technology

One of the major challenges humanity must address 
is to transition away from a reliance on fossil fuels for 
energy production to clean, renewable sources of energy. 
There are three major motivations which drive research 
in renewable energy; 

•	 Combatting the nonlinear climate changes that are 
occurring as a result of global warming, resulting 
from the significant emission of greenhouse gasses 
particularly CO2 produced by burning of fossil fuels.

•	 The need to find sustainable and cost effective 
solutions to the depletion of conventional fossil 
fuel sources, since the demand for fossil fuels is 
predicted to increase dramatically with the growth 
of the global population.

•	 The need for many nations to improve energy 
security, which requires them to reduce dependence 
on other (less stable) nations for energy. 

	 Energy generation from sunlight (both heat and 
electricity) is an ideal way to replace fossil fuel sources 

of energy in many situations, since the sunlight it is an 
abundant, clean and renewable source of energy: The 
energy in the sunlight incident on the Earth’s surface in 
one hour is sufficient to meet the annual global energy 
demands. One of the major breakthroughs in modern 
science, which has attracted a great research interest is 
in the photovoltaic (PV), which are devices that convert 
sunlight directly into electricity without moving parts 
(except electrons!), noise or emissions. According to the 
International Energy Authority (IEA) it is predicted that 
by 2050, PVs will be the largest contributor to the global 
renewable energy landscape. 

	 At present the commercial PV market is dominated 
by PVs based on conventional semiconductors, primarily 
silicon. However, there are drawbacks to silicon PVs 
technology, namely; (i) highly purity silicon is required, 
which is relatively expensive to produce; (ii) very high 
temperatures are required to process silicon because 
single crystal ingots are grown from melted silicon, thus 
leading to high energy outlay in production and long 
energy payback times; (iii) by comparison with other 
single junction PVs, silicon requires very thick layers 
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(100 - 300 µm) in order to achieve optimal efficiency due 
to its weak light absorption for long wavelength light. 
Consequently they are restricted to a rigid and flat plate 
designs1 making them unsuitable for use in automobiles 
and many buildings integration applications, where 
curved PVs, or flexible substrates are needed.

	 The basic structure of a thin film PV devices is a hole-
transport layer, a light harvesting layer and an electron-
transport layer, all of which are sandwiched between two 
electrodes. The difference in work function between the 
electrodes generates a built-in electric field that facilities 
the extraction of photo-generated charge carriers, and at 
least one of the electrodes must be transparent to allow 
light into the device. 

Perovskite photovoltaics

	 Perovskites are a class of inorganic materials with 
the general structure ABX3 where A is an organic or 
an inorganic cation in oxidation state +1 or +2 (e.g.: 
CH3NH3

+, Cs+, Rb+ etc.) and B is a metal cation of 
oxidation state of +2 and +4 (Pb2+, Sn2+ etc) and X is 
usually either a halide anion or oxygen anion (Figure 1)2. 

Figure 1: Crystal structure of a perovskite semiconductor 
with chemical formula ABX3. 

	 To address the drawbacks of conventional silicon 
PVs, perovskite photovoltaics (PPV) have begun 
to emerged.3 PPV devices using lead (Pb) halide 
perovskite as the light harvesting semiconductor have 
shown an unprecedented evolution over the span of 
less than a decade, with the power conversion efficiency 
increasing from 3.8% in 20094 to 25.2% in 20195. The 
ease of synthesis of perovskites is a key reason for the 
rapid and intensive research interest in this area. Lead 

halide perovskites are also compatible with lightweight 
flexible substrates6 because they can be processed from 
solution at low temperature7, which ensures a greatly 
reduced energy outlay in production in comparison to 
conventional silicon solar cells, and are amenable to 
facile tuneability of the absorption spectrum via halide 
mixing/exchange, which is important for applications 
where the aesthetics are important such as buildings 
integration applications8. Most importantly PPVs offer 
a potentially very low carbon footprint in production as 
a result of the low processing temperature and potential 
for fast roll-to-roll manufacturing,  so they can return 
the energy used in their production within a few months 
of installation, much less than the 1 year energy payback 
time of conventional silicon PVs9.  

PPV device architecture and operating principles 

	 The typical structure of a PPV device consists of 
a light harvesting semiconducting layer sandwiched 
between electron and hole transporting materials 
(Figure 2). The charge transporting layers are chosen to 
ensure optimal alignment of the electrode Fermi levels 
with the relevant band edges in the light harvesting 
semiconductor. 

	

Figure 2: Simplified device architecture of a general 
perovskite PV device 

	 Initially light passes through the transparent, wide 
band gap metal oxide electrode; usually Indium tin oxide 
(ITO). The light harvesting material absorbs photons of 
light with energy equal to or greater than the band gap 
via the excitation of electrons from the valence band 
into the conduction band. Due to the relatively large 
dielectric constant in perovskite semiconductors the 
photo-generated electron and hole are not coulombically 
bound to one another at room temperature. These free 
charge carries are selectively extracted by an electron 
transport layer (ETL) and a hole transport layer (HTL) 
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respectively. The separated charge carriers move from 
their respective transport layers to Fermi level (Ef) of 
the respective electrodes from which they can flow into 
the external circuit.  

	 When the two materials in the PPV device come into 
contact, charge transfer will occur causing an alignment 
of the Ef, as the electrons will move from higher lying Ef 
to the material with the lower lying Ef. The equilibration 
of the Efs of the perovskite and the metal results in 
formation of a depletion region (W) where all of the 
transferred charge is concentrated. This charge transfer 
causes a VL shift at the interface forming a Schottky 
barrier.10 (Figure 3). 

Figure 3: Band diagram for the operation of a Schottky 
PV device.

	 The disadvantage of lead halide perovskites for utility 
in PV devices is the possibility of lead contamination of 
the environment due to failure of the device encapsulants 
or improper disposal at the end of life, which is a barrier 
to commercial exploitation in many parts of the world.11 
This is because lead is well-known to be a highly toxic 
element that accumulates in the food chain12 and lead 
halide perovskites readily decompose upon exposure 
to moisture and water to form lead compounds with 
significant solubility in water.13 Consequently, there is 
great interest in the development of lead-free alternatives 
matched to the needs of PV applications.
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