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ceramics in the environment

Pilot fog catcher system simultaneously collects and cleans water
Researchers led by ETH Zurich developed a system for 

simultaneously harvesting and cleaning the water collected 
from fog nets.

Fog nets are used by people living in arid countries such as 
Peru, Bolivia, and Chile to catch droplets of water from the 
misty air. These droplets then trickle down the mesh and are 
collected to provide water for drinking, cooking, and washing. 

In areas with air pollution, hazardous substances also collect 
in the droplets of water. As such, any water harvested from the 
fog is not clean enough to be used untreated. But establishing 
treatment facilities to properly clean the water may not be eco-
nomically feasible for these communities.

In August 2023, researchers at ETH Zurich in Switzerland 
and Max Planck Institute for Polymer Research in Germany 
published an open-access paper describing a system for simul-
taneously harvesting and cleaning the water collected from fog 
nets. The system, which requires little maintenance and only a 
small but regular dose of sunlight, has potential as an affordable 
system for communities that harvest water from polluted air.

The system consists of a metal mesh coated with anatase 
titanium dioxide nanoparticles embedded in a polymer matrix. 
The polymers ensure that droplets of water collect efficiently on 
the mesh and then trickle down into a container as quickly as 
possible before they can be blown off by the wind. The titanium 
dioxide acts as a chemical catalyst, breaking down the organic 
pollutants contained in the droplets to render them harmless.

Half an hour of sunlight is enough to activate the titanium 
dioxide for 24 hours. With periods of sunlight often rare in 
areas prone to fog, this quality is very useful.

The researchers tested the system in the lab and in a small 
pilot plant in Zurich. It demonstrated a good fog harvesting 
performance and exceptional organic pollutant reduction val-
ues of 85% and 94% when the ultraviolet index was low and 
high, respectively, during outdoor tests.

Additionally, the system successfully treated water contami-
nants such as diesel or bisphenol A, “underpinning the possibil-
ity of using such a concept in a real-world environment against a 
range of pollutants,” the researchers write in the paper.

The open-access paper, published in Nature Sustainability, is 
“Photocatalytically reactive surfaces for simultaneous water har-
vesting and treatment” (DOI: 10.1038/s41893-023-01159-9). ■

Picture of a fog net in Lima, Peru. Fog nets provide people living 
in dry but foggy areas with a stable water source, but air pollu-
tion can make the collected water unsafe for use.
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Researchers with the Sarasota Bay Estuary Program 
(Sarasota, Fla.) found replacing concrete seawalls with vinyl 
may adversely affect oyster populations.

Oysters are a crucial component of global ocean health. 
These animals not only filter and clean the surrounding water, 
but they can also serve as barriers to storms and tides, prevent-
ing erosion and protecting productive coastal ecosystems.

Oysters were once plentiful in coastal areas throughout the 
United States. But decades of overfishing, habitat loss, pollu-
tion, and disease proved devasting for the mollusks, leaving 
oyster populations at historic lows.

While significant progress is being made toward oyster reef 
restoration along the U.S. Atlantic and Gulf coasts, the use of 
vinyl seawalls may be detrimental to these initiatives.

Seawalls are vertical onshore structures that protect popu-
lated land areas against tides, currents, waves, and storm surges. 
Vinyl seawalls have grown in popularity compared to traditional 
concrete due to being less costly and unsusceptible to saltwater.

In the recent study, the researchers observed 32 seawalls in 
the Sarasota Bay area, 16 concrete and 16 vinyl. All the con-
crete seawalls had many oysters growing on them. But only six 
vinyl seawalls had any oysters attached, and only a few at that.

“It doesn’t look like they have the same capacity to allow 
oysters to attach,” says program director Dave Tomasko in an 
Observer article. “And so that is not a good thing for the bay.” 

The researchers are not sure why oysters are failing to attach 
to vinyl seawalls. But they suggest it could be due to the vinyl 
being too smooth, in which case manufacturers could “rough-
en up” the surface in some manner. Alternatively, there could 
be additives in the vinyl that are toxic to oysters, in which case 
different additives could be used.

“We are WAY early on this topic, ... [but] we would be 
remiss if we did not mention this as a relevant topic to raise 
with policy makers and regulators—as well as the general pub-
lic,” Tomasko says in a director’s note on the study. ■

Replacing concrete seawalls with vinyl may adversely affect oyster populations
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On April 10, 2024, the U.S. Environmental Protection 
Agency (EPA) issued the first legally enforceable national 
drinking water standards for several common types of per- and 
polyfluoroalkyl substances (PFAS) chemicals.

PFAS are a large group of synthetic chemicals used in a 
variety of consumer products due to their ability to resist heat, 
grease, and water. But these chemicals also have numerous 
negative environmental and health effects, so many any U.S. 
states have passed laws regulating the presence of PFAS in 
consumer products. These laws do not tackle the problem of 
PFAS that already exist in the environment, however.

Until this year, no federal regulations existed to address 
PFAS pollution. Under the new EPA rule, drinking water 
concentrations of perfluorooctanoic acid (PFOA) and perfluo-
rooctane sulfonate (PFOS), two of the most prevalent PFAS 
chemicals, will be capped at about 4 parts per trillion. This 
value is the lowest limit that the EPA believes is technologically 
possible, reflecting scientists’ understanding that there is no 
safe exposure level for them. Three other common PFAS will 
be limited to 10 parts per trillion, either measured on their 
own, in combination with each other, or with one otherwise 
unregulated chemical.

These compounds represent only a fraction of the entire class 
of PFAS, which is estimated to include between 4,700 chemicals 
(per the European Environment Agency) and 15,000 chemicals 
(per the EPA). But even these limited regulations will protect 
some 100 million people from exposure and prevent tens of 
thousands of serious illnesses, according to the EPA. ■

EPA finalizes limits on ‘forever chemicals’ in 
US drinking water

A map by the United States Geological Survey showing the 
number of PFAS detected in tap water samples from select sites 
across the nation. As of July 2023, at least 45% of the nation’s 
tap water is estimated to have one or more types of PFAS. 
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Engineering SiC quantum systems 
through precision implantation 
and analysis

Quantum information science holds 
immense promise for revolutionizing 

computation, communication, and sensing. 
Central to these advancements are solid-state 
defect centers in wide bandgap semiconductors.

Defect centers are tiny imperfections in a material’s atomic 
lattice caused by various factors, including missing atoms 
(vacancies), atoms in places that are typically vacant (interstitial 
atoms), and the presence of foreign atoms not inherent to 
the material’s compositional makeup. These defects can have 
specific spin states associated with them. These discrete spin 
energy states can be used as quantum bits (qubits) for storing 
and manipulating information. While similar to the binary 
system of 0s and 1s in classical computing, qubits have added 
unique behaviors such as superposition, enabling significantly 
higher information density.

Diamond-hosted nitrogen-vacancy centers have attracted the 
most attention in the field of solid-state quantum information 
processing as possible spin defects for qubits. But silicon car-
bide (SiC), a sought-after wide bandgap semiconductor that is 
typically used for high-power electronic and harsh environment 
applications, also holds much promise as a quantum platform.1

SiC benefits from better material availability, scalability, 
and fabrication methodologies than diamond.2–4 Most impor-
tantly, SiC can host a variety of interesting optically active 
spin defects, some of which can be coherently driven at 
room temperature.

There are challenges with using SiC as a platform for quan-
tum information systems, however, that must be addressed 
to enable scaling of this technology. Researchers at Argonne 
National Laboratory and Sandia National Laboratories recently 
conducted a study to address one of these challenges: implant-
ing qubits in SiC with extreme precision.5 The results of their 
efforts are described in the sections below.

Challenges to scalable quantum technologies based 
on spin defects in semiconductors 

Some of the most interesting optically active spin defects 
in SiC are the neutrally charged divacancy complexes (VV0), 
which consist of a neighboring silicon atom and carbon 
vacancy. These defects feature mid-gap electronic energy states, 
which separate them from the host material’s energy bands. 
This separation allows the defects to behave like isolated and 
discrete energy levels reminiscent of atomic systems, which, 
with the help of some intermediate energy levels, make it easy 
to initialize and readout the qubits’ spin states.2–4

While this “isolated atomic system” approximation is quite 
useful for quantum processing, designing and harnessing VV0 
defects for use as qubits is extremely difficult. The energy level 
structures in these defects are defined by the intricate interplay 
between the defect’s symmetry group, spin-lattice coupling, and 
the broader host material’s electrostatic environment. This reli-
ance on numerous variables makes the VV0 defects intrinsically 
sensitive to their local charge, magnetic, crystallographic, and 
strain environments—all of which can have diverse and difficult-
to-quantify effects on the spin defect’s quantum performance.6

The inherent variability in spin-defect environments and, by 
extension, properties and performances poses a significant chal-
lenge to the deterministic and homogeneous synthesis of spin 
defects, limiting the full potential of defect-based quantum tech-
nologies. Because of this limitation, many state-of-the-art quan-
tum demonstrations rely on pre-screened defects that are hand 
picked because they show the best properties for the intended 
experimental demonstration. Concurrently, any unidentified 
sources of variance are actively dismissed as being due to limited 
characterization capabilities at the relevant scales.

Engineering SiC quantum systems 
through precision implantation 
and analysis

By Nazar Delegan 

Silicon carbide holds much promise as a platform 
for quantum systems. New research at Argonne and 
Sandia National Laboratories unlocks this potential 
through precision engineering and analysis.
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Basics of nanoimplantation 
Nanoimplantation is a technique commonly used in the 
semiconductor industry. It enables the manipulation 
of material properties and behaviors by introducing 
a wide array of defects and dopants into materials at 
the nanoscale. 
The approach involves extracting atomic species 
from a source material via thermal or electrostatic 
means, and then these ions are accelerated toward 
a solid target material. During impact, the energized 
ions will displace atoms in the target material and 

create defects, such as vacancies and interstitials, or 
embed themselves in the target material as dopants. 
The size, distribution, and type of defects generated 
can be tailored by precisely controlling the ion beam 
parameters, such as energy and dosage. 
The nanoimplantation technique developed at Sandia 
uses a series of electromagnetic lenses to focus the 
accelerated ions down to areas as small as 25 x 25 nm2. 
Learn more about the specifics of the Sandia technique 
in References 7 and 8. ■

In response to this challenge, research-
ers globally are involved in a focused, 
multifaceted, and multimodal effort to 
understand the causes behind defect-to-
defect variability on both the nano- and 
microscale. Understanding these causes 
will improve researchers’ deterministic 
and homogeneous synthesis capabilities.

The development of tools capable of 
generating and studying crystallographic 
defects has been essential to progress in 
this field of research. In the recent work 
led by Argonne and Sandia National 
Laboratories,5 we explored the interplay 
between VV0 spin defects and their host 
material (4H-SiC single crystal wafers 
ranging from a few mm to 6 inches) using 
a focused ion beam nanoimplantation 
technique developed at Sandia (see side-
bar “Basics of nanoimplantation”) and 
X-ray nanodiffraction performed at the 
Advanced Photon Source at Argonne.7,8

Figure 1. a) Photoluminescence map of VV0 defects obtained via silicon implantation of 4H-SiC with 10,000, 5,000, 1,000, 500, 100, 
50, and 20 ions/spot per row, organized from top to bottom. The implantation array curvature is due to experimental error, resulting 
in initial array drift during implantation. LP is the laser power used to obtain the spectra. b) 2D tensile strain profile extracted from the 
Gaussian component of the two-component fitting model for a 104 ion/spot implantation with the as-implanted spot shown above and 
the annealed spot below. The strain is set to 0 when the area of the Gaussian component is less than 0.1% of the Darwin component. 
c) Strain response of the host 4H-SiC crystal extracted from the Darwin component for the as-implanted spot above and annealed 
sample below. It needs to be noted that the interaction volume from the Darwin and Gaussian components differ greatly and as such 
the extracted strain cannot be compared directly numerically, but it can be considered qualitatively.
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Mapping strain effects on the 
behavior of VV0 spin defects 

The photoluminescence mapping in 
Figure 1a shows the precise control of 
VV0 synthesis in 4H-SiC that is possible 
using the ion beam nanoimplantation 
technique developed at Sandia. The 
implantation arrays were composed of 
identical implantation columns and flu-
ence rows starting at 10,000 ions/spot 
and decreasing down to 10 ions/spot. 
The columns allowed for statistical 
repeatability, whereas the rows allowed 
for isolation of the implantation 
fluence effect and creation of a single 
defect regime.

The device used for nanoimplanta-
tion can allow for implantation spot 
sizes as small as 25 x 25 nm2. However, 
the equipment calibration was slightly 
off during testing (noticed post-situ), 

so the obtained implantation spot sizes 
were about 66 x 56 nm2.

Processing of the samples at 850°C in 
argon resulted in a significant increase of 
VV0 photoluminescence. This increase is 
explained by the diffusive mobilization of 
implantation-generated silicon and car-
bon vacancies, which formed additional 
divacancy centers while reducing local 
damage. Unfortunately, lower ion fluences 
did not reveal single VV0 defects with 
expected count rates, which may have 
been due to charge state instability from 
excessive local damage caused by implan-
tation or insufficient thermal processing.

To better understand the mechanisms 
underlying these observations, we probed 
the local strain profiles at the defect 
scale using a nondestructive coherent 
nanoscale focused X-ray technique.9 The 
synchrotron X-ray beam was focused 
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