
A ?gr eener ? path t o solar  power
Organic (carbon-based) photovoltaics 
(OPVs) offer many advantages over 
tradit ional silicon solar panels. OPVs 
can be manufactured inexpensively at 
industrial scale using solut ion-based 
deposit ion techniques onto rolls of 
flexible substrates. The end result  is a thin, 
lightweight, and bendable photoact ive 
material that can take on different colors 
and varying degrees of transparency. 
While less efficient in convert ing light into 
electricity than classic silicon solar cells, 
OPVs can potent ially be used in more ways, 
including in tensile-fabric architectural 
structures, rollable solar panels for 
disaster relief operat ions, and printed 
bioelectronic devices.

However, fabricat ion of photoact ive OPV 

films typically involves solut ions of organic 
semiconductors dissolved in toxic solvents. 
Although a cleaner way is possible by 
synthesizing organic semiconductor 
nanopart icles dispersed in water, it  has 
so far resulted in lower power-conversion 
efficiencies. In this work, an internat ional 
team of researchers discovered a way to 
opt imize the makeup of the nanopart icles, 
which allowed water-processed OPV films 
to reach higher efficiencies. 

A mor e int imate mor phology
Optimizing the mixing between 
electron-donating and electron-accept ing 
phases in the photoact ive layer is key to 
increasing solar-cell efficiency. Thorough 
intermixing encourages the separat ion of 
electron?hole pairs created by the 

absorpt ion of light. It  also facilitates the 
efficient transport of the charges to 
produce an electric current. Many organic 
molecules? polymers and fullerenes, for 
example? offer great potent ial as donor 
and acceptor phases, respect ively. 

However, studies have shown that, 
because of high surface energy (which 
tends to minimize surface area), 
fullerene acceptor phases will migrate 
to nanopart icle cores, while the polymer 
donor phases form an outer shell. 
Such core?shell arrangements (morph-
ologies) can trap charges in the core, 
degrading device performance. Thermal 
annealing can help by creat ing connect ions 
between nanopart icle cores, but a more 
int imate morphology is st ill needed to 
increase efficiency.

Scient i f ic 
Achievement
As revealed by x-ray microscopy at 
the Advanced Light Source (ALS), 
researchers controlled the mixing of 
electron-donating and -accept ing 
const ituents of an organic photo-
voltaic (OPV) material made using a 
process that replaces toxic solvents 
with water.

Signi f icance 
and Impact
With efficiencies comparable to less 
eco-friendly OPVs, this material 
shows promise for many advanced 
device and building applicat ions.Art ist ic depict ion of an organic photovoltaic film fabricated from a water-based nanopart icle 

solut ion. (Credit : Jean-Bapt iste Burguet / jb.burguet@gmail.com)
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A closer  look at  non-
ful ler ene acceptor s
In this study, the researchers prepared 
two types of OPV nanopart icles: one 
with fullerene acceptors (PC61BM) and 
the other with non-fullerene acceptors 
(Y6). The latter was chosen to have a 
surface energy that more closely matched 
that of the polymer donor phase (PTQ10), 
reducing the interfacial energy difference 
between them.

Scanning transmission x-ray microscopy 
(STXM) at ALS Beamline 5.3.2.2 was 
used to compare the result ing nano-
part icle morphologies. The beamline 
covers the carbon K edge with high 
energy resolut ion, enabling the 
researchers to dist inguish between 
organic semiconductors with similar 
chemical structures at the nanoscale.

Nar r owing t he eff iciency gap
The STXM data confirmed that a large 
surface-energy difference between 
donor and acceptor materials leads to a 
core?shell morphology. The smaller 
energy difference in the non-fullerene 
case resulted in a well-mixed morphology, 
which improves performance. 
Moreover, this intermixing persisted even 
after heat ing, which removes surfactants 
used during nanopart icle synthesis and 
fuses crystalline domains, both of which 
improve performance. 

The power-conversion efficiencies 
measured for photoact ive films produced 
using these two types of nanopart icles 

dispersed in water yielded about 1% for 
the fullerene material and 9.98% for the 
non-fullerene material. To the researchers? 
knowledge, the lat ter value is the highest 
performance achieved for water-processed 
OPV devices without addit ives. It  

significant ly closes the gap with the 
11.2% efficiency of films produced 
using a chlorine-based solvent, a 
promising development for the eco-
friendly processing and fabricat ion 
of organic photovoltaics.
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Study first  author Hugo Laval and principal 
invest igator Natalie Holmes at  ALS Beamline 
5.3.2.2.
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STXM composit ion maps of nanopart icle assemblies with fullerene (top row) and non-fullerene 
(bot tom row) elect ron-acceptor phases, before and after annealing at  200 °C. Scale bars are 
500 nm, and light  colors correspond to higher acceptor-phase concentrat ions. With fullerene 

acceptors, nanopart icles display a core?shell morphology, which after annealing coalesces 
into large donor and acceptor domains  that  reduce efficiency. With non-fullerene acceptors, no 
clear phase separat ion can be observed within the nanopart icles and the morphology appears 
intermixed, even after annealing.
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