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cloth and leather for dyeing, in car 
washes and for cleaning and sanitis-
ing hospitals. Once they have per-
formed their cleaning task, the resi-
dues are simply washed away into the 
sewers and eventually released into 
the environment. Imagine that instead 
these residues could be recovered. 
This article describes some of the lat-
est research into recyclable detergents, 
and how they can be studied using 
advanced research methods.

Magnetic science: 
developing a new 
surfactant

Automatic car washes 
use a lot of detergent.
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By Julian Eastoe, Paul Brown, 
Isabelle Grillo and Tim Harrison

I t has been estimated that each 
person in the EU uses about 
10 kg of detergents annually. 

This includes not only the bars of 
soap, shampoos, toothpastes, wash-
ing powders and household cleaning 
agents we are familiar with, but also 
detergent-type compounds found in 
fuels, pharmaceuticals and even foods 
and beer. In industry, huge quantities 
of detergents are used, for example in 
commercial laundries, in preparing 

With the use of detergents and other 
surfactants on the rise, the resulting pollution 
is worrying. One answer: surfactants that 
can be collected and re-used simply by 
switching a magnetic field on and off.
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Detergent residues 
are washed into 
the sewers and 

ultimately released 
into the environ-

ment, where they 
can be harmful.
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 Toothpaste 
contains 

detergents. 
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Soaps, detergents and surfactants
Surfactants are compounds that lower the surface ten-

sion of a liquid, making them suitable for a number of 
applications – such as emulsifiers, foaming agents, wetting 
agents and dispersants, for example. Surfactants or mix-
tures of surfactants that are used in cleaning are known 
as detergents. The simplest and oldest of all detergents is 
soap, used in Babylon almost 5000 years ago; in fact, soap 
manufacture is one of the oldest chemical industries.

Sodium dodecanoate (figure 1) demonstrates the general 
structure for all surfactants: one part of the molecule is 
hydrophilic, meaning it will be soluble in water as it has 
a charged ‘head’, and the rest of the molecule is an oily 
hydrophobic ‘tail’. The ability of a detergent to dissolve 
in water is due to a balance of intermolecular forces. The 
head is a negatively charged carboxylate ion able to form 
hydrogen bonds with water, whereas the hydrophobic tail 
cannot hydrogen bond because it is a long alkane chain, 
with no electronegative elements present. This explains 
why surfactants aggregate in clusters, known as micelles 
(figure 2, page 24), which are essential for the action of 
detergent cleaners.

Image courtesy of the University of Bristol

Figure 1: Sodium dodecanoate, C11H23COO-Na+, showing 
the long hydrophobic hydrocarbon tail and the hydrophilic 
carboxylate head structure

The two ends of the detergent also behave differently 
with non-polar stains such as grease. The hydrophobic tails 
interact with the grease, while the hydrophilic heads attract 
water molecules through hydrogen bonding. After a little 
agitation, the grease leaves the material to which it was 
attached, forming detergent droplets containing grease; the 
droplet surfaces consist of the water-soluble hydrophilic 
heads. The grease is therefore removed from the material 

The earliest 
detergent: soap 
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that you really have produced a mag-
netic surfactant?

To begin with, the Bristol research-
ers took a known surfactant and 
replaced its bromine group with an 
iron-containing group (figure 3). They 
then demonstrated that the compound 
still functioned as a surfactant: it was 
capable of lowering the surface ten-
sion of liquids, and could cause them 
to foam. Next, the group demon-
strated that the iron in the head group 
had conferred the desired magnetic 
activity.

To really understand what was 
happening, however, the researchers 
needed to look more closely at their 
compound. For example, although 
its ability to lower surface tension 
strongly indicated that it was forming 
micelles, it was not conclusive proof. 
To test this, the researchers used a 
super-sensitive specialist technique 
called small-angle neutron scattering 
(SANS).

Surfactants can be imaged using 
small-angle neutron scattering

SANS is an excellent technique for 
investigating structures about 0.1-100 
nm in size; perfect, then, for searching 
and characterising surfactant micelles 
and emulsion droplets, which are 
typically 2-10 nm in diameter. SANS 
is also widely used to investigate soft 
matter (e.g. polymers, colloids and 

magnetic surfactants, which respond 
to a magnetic field as a result of iron 
atoms in their head groups (figures 3 
and 4). These surfactants could have 
both environmental and medical 
applications (see below).

How were the magnetic surfactants 
developed? And how do you prove 

and held in the water by these mi-
celles (figure 2).

Developing magnetic surfactants
A research group at the Univer-

sity of Bristol, UK – including two 
of the current authors – is currently 
working on a new type of surfactant: 

Image courtesy of Mariana Ruiz Villarreal; image source: Wikimedia Commons

Figure 2: A micelle is the basic structure 
needed for detergents to clean greasy stains: 
the grease can be incorporated into the oily 
central core (A) of the micelle. The hydropho-
bic tails (B) interact with the oil and grease 
(A), while the hydrophilic heads (C) hydrogen 
bond with the aqueous solution (D).
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B) The structure of dodecyltrimethylammonium trichlorobromoferrate, one 
of the magnetic surfactants that the Bristol group is working on

Figure 3: Developing a magnetic surfactant from a conventional surfactant.

A) The structure of dodecyltrimethylammonium bromide, a non-magnetic 
surfactant that the Bristol group took as one of the starting materials

Image courtesy of the University of BristolImages courtesy of the University of Bristol

Figure 4: The effects of a magnet on solutions 
of normal (left, with added dye to show the 
two layers) and magnetic (right) surfactants. 
The presence of iron in the magnetic surfactant 
explains the attraction seen on the right. 
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investigate – the behaviour of their 
surfactant under different conditions.

Using SANS, the team was also 
able to test whether in solution, the 
iron particles dissociated from the 
surfactant, effectively resulting in a 
mixture of non-magnetic surfactants 
and dissolved magnetic particles, or 
whether the two elements remain 
bound, forming genuinely magnetic 
micelles. The results suggested that 
the iron compounds were firmly in-
tegrated in the micelles. This opened 
up the possibility of creating magnetic 

pound, the SANS results provided the 
first conclusive proof that it really was 
forming micelles.

Furthermore, the scientists were 
able to show that the micelles formed 
by the new surfactant were small, 
spherical and uncharged. This was 
important, because the behaviour of a 
surfactant, and thus its applications, 
are affected by characteristics of the 
micelles and emulsion droplets that it 
forms with different liquids. With this 
information, the scientists are now 
better able to predict – and in future 

liquid crystals), biological molecules 
(e.g. DNA and proteins in solution) 
and hard condensed matter (e.g. clus-
ters in alloys, and flux line lattices in 
supra-conductors).

In a SANS experiment, an intense 
neutron beam is directed onto the 
sample of interest (figure 5); this 
beam can be viewed as a stream of 
free particles travelling in the same 
direction and with the same speed. 
The free neutrons in the beam interact 
with the bound nuclei of the atoms in 
the sample, scattering the beam. These 
scattered neutrons are recorded by a 
position-sensitive detector. The result-
ing data – the intensity of the neutrons 
scattered by different areas of the sam-
ple – is used in mathematical models 
to determine the shape, size and 
charge of the scattering objects in the 
sample. For a more detailed explana-
tion of SANS analysis, download the 
supporting materials from the Science 
in School websitew1.

For their SANS analysis, the Bristol 
group teamed up with scientists at the 
Institut Laue-Langevin (ILL; see box 
above) in Grenoble, France. Although 
other surfactant properties such as 
surface tension reduction had already 
been observed with the new com-

More about ILL

SANS experiments require intense beams 
of neutrons, which can only be produced at large fa-
cilities. In Europe these are done at laboratories jointly 
funded and run through inter-governmental collaborations, 

such as ISISw2, in the UK, and the Institut Laue-Langevin (ILL)w3, in France.

ILL is an international research centre operating the most intense steady neu-
tron source in the world. Every year, more than 800 experiments are per-
formed by about 2000 scientists coming from all over the world. Research 
focuses on science in a variety of fields: condensed matter physics, chemistry, 
biology, nuclear physics and materials science. 

ILL is a member of EIROforumw4, the publisher of Science in School.

To see all ILL-related articles in Science in School,  
see: www.scienceinschool.org/ill

The magnetic field lines caused in 
iron pellets by a magnet. Magnetic 
surfactants are magnetic because 
they contain iron atoms. 

Image courtesy of oskay; image source: Flickr

Figure 5: Schematic representation of a small-angle neutron scattering experiment. 
The incident ki and scattered ks wave vectors are shown, along with the resultant 
scattering vector q, which is in the plane of the detector. 

Image courtesy of ILL
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Future prospects
Magnetic surfactants are not the 

only new type of surfactants that are 
currently being developed in Bristol. 
The research team are also investigat-
ing surfactants that can be turned 
on and off by changes to light, pH, 
temperature, pressure and carbon 
dioxide concentration. The current 
challenge is to learn how to scale up 
the synthesis of these surfactants to 
make these smart surfactants cheaply 
and effectively.

Julian Eastoe is a professor of 
chemistry, specialising in surfactant 
chemistry at the University of Bristol, 
UK. Paul Brown is a PhD student, 
investigating novel surfactants at the 
University of Bristol, UK. Isabelle 
Grillo is an instrument scientist at the 
Institut Laue-Langevin in Grenoble, 
France.

Julian Eastoe and Paul Brown came 
up with the idea of magnetic sur-
factants and carried out the laboratory 
experiments (with the help of Profes-
sor Annette Schmidt from the Univer-
sity of Cologne, Germany). Isabelle 
Grillo was heavily involved with the 
neutron scattering and data analysis.

Tim Harrison also works at the Uni-
versity of Bristol, as the school teacher 
fellow at the School of Chemistry. This 
is a position for a secondary-school 
teacher that was created to bridge the 
gap between secondary schools and 
universities, and to use the resources 
of the School of Chemistry to promote 
chemistry regionally, nationally and 
internationally. Tim is a frequent au-
thor for Science in School.

netic surfactants were used instead, 
the resulting emulsions could be col-
lected, removing both the oil and the 
surfactants from the water.

Magnetic surfactants may even 
have medical applications. Targeted 
drug delivery aims to get medica-
tion only to the specific cells where it 
is required, preventing the waste of 
valuable pharmaceutical compounds 
and minimising side effects. Figure 6 
shows how emulsion droplets (dyed 
blue) formed from the magnetic 
surfactants can be manipulated with 
a small magnet efficiently enough to 
overcome typical blood flow in the 
body. These emulsions could encase 
medication in the same way as emul-
sions currently used in drug delivery, 
but the magnetic emulsions could be 
directed to the right spot in the body 
with a magnet.

emulsions with potential medical ap-
plications (see below).

Magnetic surfactants have 
environmental and medical 
applications

Magnetic surfactants may sound 
like a strange idea, but they have 
some very practical applications. For 
example, many surfactants are not 
biodegradable. If magnetic surfactants 
were used instead, they could be 
retrieved from waste-water using a 
magnetic field and recycled, resulting 
in lower levels of detergents entering 
the environment.

Moreover, currently when there 
is an oil spill at sea, surfactants are 
used to break oil slicks into emulsion 
droplets so small that they diffuse 
away into the ocean, where the oil 
remains a pollution hazard. If mag-

The Deepwater horizon oil spill in 
the Gulf of Mexico, as seen from 
space in 2010. The spill was the 
largest in the history of the petroleum 
industry. Detergents were used to try 
to disperse the oil.

Figure 6: The effect of a magnetic field on a magnetic emulsion: the magnet 
drags the droplet uphill, against gravity. Once the magnet is removed (picture 5) 
gravity causes the droplet to flow back down the tube.

Image previously published in Brown et al. (2012a). Reproduced by permission of The Royal Society of Chemistry

Image courtesy of NASA
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ties with responsive surfactants. 
Angewandte Chemie 51: 2414-2416. 
doi: 10.1002/anie.201108010

For teaching activities on surface 
tension and surfactants for primary 
school, see:

	 Kaiser A, Rau M (2010) LeSa21: 
primary-school science activities. 
Science in School 16: 45-49. www.
scienceinschool.org/2010/issue16/
lesa

If you found this article useful, why 
not browse the other chemistry-
related articles in Science in School? 
www.scienceinschool.org/
chemistry

environment, pharmaceuticals and 
health care, through to nanotechnol-
ogy, materials engineering and IT. 
See: www.isis.stfc.ac.uk

w3 – More information about ILL: 
www.ill.eu

w4 – EIROforum is a collaboration 
between eight of Europe’s largest in-
ter-governmental scientific research 
organisations, which combine their 
resources, facilities and expertise 
to support European science in 
reaching its full potential. As part of 
its education and outreach activi-
ties, EIROforum publishes Science 
in School. To learn more, see: www.
eiroforum.org

Resources
For more details of the research, see:
	 Brown P et al. (2012b) Magnetic 

control over liquid surface proper-

Reference
Brown P et al. (2012a) Magnetic emul-

sions with responsive surfactants. 
Soft Matter 8: 7545-7546. doi: 
10.1039/C2SM26077H

Web references
w1 – To learn more about SANS 

analysis, download the supporting 
material from the Science in School 
website: www.scienceinschool.
org/2012/issue25/soap#resources

w2 – ISIS is a world-leading centre 
for research in the physical and life 
sciences that uses a suite of neutron 
and muon instruments to under-
stand the properties of materials at 
the scale of atoms. An international 
community of more than 2000 sci-
entists uses the facility to research 
subjects from clean energy and the 

To learn how to use 
this code, see page 65.

Physics


