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Aerosol Science: Challenges and Opportunities 
 

Prof. Jonathan Reid 
University of Bristol 

 
 
 
Aerosols play a crucial role in a broad range of disciplines from atmospheric science to drug 
delivery to the lungs to the delivery of fuels for combustion. Despite their importance, our 
understanding of the fundamental processes that occur on aerosol particles remains limited. 
The Bristol Aerosol Research Centre uses optical and electrodynamic techniques to capture 
and manipulate single particles or arrays of particles, and optical spectroscopy to interrogate 
their size, composition and morphology. In particular, experiments are underway to improve 
our understanding of how particles response to changes in relative humidity, the 
heterogeneous chemical aging of particles, the optical properties of particles and the kinetics 
of heat and mass transfer. A holographic optical tweezing platform is also being developed to 
use aerosol droplets as miniature chemical reactors for performing digital microfluidic 
operations. 
 
Biography 
Jonathan P. Reid (JPR) is a Professor of Physical Chemistry at the University of Bristol. He has 
over 90 publications in the areas of aerosols, optical spectroscopy, chemical reaction 
dynamics and energy transfer. After completing his PhD at the University of Oxford in 1997, 
JPR moved to the University of Colorado (USA) as a postdoctoral research fellow. He was 
appointed to a Lectureship at the University of Birmingham in 2000, moving to the University 
of Bristol in March 2004, from which time he held an EPSRC Advanced Research Fellowship. 
He was promoted to Reader in 2006, to Professor in 2009, and has recently been awarded a 
Leadership Fellowship by the EPSRC (to run from March 2009 until 2014). 

 
 



Challenging gram-negative bacteria membranes: effect of temperature, salt, 
and pH. 
 

Luisa Islas, Christian Redeker, Wuge Briscoe 
 

luisa.islasflores@bristol.ac.uk 
 
The emergence of antibiotic resistant bacteria continues to be an imminent threat to public 
health, as evidenced by the recent urgent call to scientist from the World Health Organisation 
to develop new technologies to combat some of the most drug-resistant bacteria strands. In 
this project we aim to develop a realistic model of the outer membrane of gram-negative 
bacteria, which has an asymmetric structure composed of an inner phospholipid leaflet 
(DOPE, DOPG, and cardiolipin), and an outer lipopolysaccharide (LPS) leaflet (Fig. 1a). In this 
work we first deposited a monolayer of DOPE onto a thin mica substrate using the Langmuir-
Blodgett method, and then trialled the adsorption of LPS-Ra and Lipid-A on DOPE in the 
presence of CaCl2 and NaCl at different concentrations and elevated temperatures (45 and 
60°C). The structure of the DOPE monolayer was analysed with water contact angle 
measurements, AFM, and synchrotron X-ray reflectivity (XRR). The adsorption of LPS-Ra was 
monitored with XRR and AFM studies. From the XRR results it was found that CaCl2 promoted 
the adsorption of LPS at 45°C and 60°C, while NaCl did not have an observable effect. The 
AFM experiments showed that in the presence of CaCl2, extruded LPS-Ra retained a stable 
spherical shape of about 100-nm in diameter that was favourably adsorbed onto mica. The 
stability and surface coverage of the LPS-Ra spheres increased at higher CaCl2 concentrations, 
and at 37°C the formation of ring structures was observed (Fig. 1b). The results obtained will 
provide a more basic understanding of how gram-negative bacteria membranes are affected 
by changes in the environment. 
 
 

 

Fig. 1 (a) Schematic of gram-negative bacteria membranes. The inner leaflet is composed of 
DOPE, DOPG, and cardiolipin. The outer leaflet is composed of lipopolysaccharides (LPS). (b) 
AFM of LPS-Ra ring structure observed on mica at 37°C in 10 mM CaCl2. 



What is the True Active Site in Cu-based ZrO2 Catalyst? 
The Transfer Hydrogenation of Methyl Levulinate to γ-Valerolactone over Cu-ZrO2 
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Transfer hydrogenation (TH) strategies for chemical synthesis have the potential to reduce 
chemical waste and significantly increase atomic efficiency. Methyl levulinate (ML) is 
considered to be a key platform chemical for the production of fine chemicals and bio-fuels1. 
This work investigates the application of a Cu-ZrO2 catalyst for the production of γ-
valerolactone (GVL) from ML by TH.  

In this study, we use methanol (MeOH) as both the solvent and hydrogen donor. Thus, 
MeOH consumed in the TH step should theoretically be replenished in the ester hydrolysis as 
demonstrated in the schematic (Scheme 1). Interestingly, large quantities of C1 and C2 
products were observed in both the gas and liquid phase post reaction. Mechanistic studies 
on intermediate species were investigated systematically. In addition, tests were also 
conducted with many different hydrogen sources (isopropanol, ethanol and propanol to 
name a few) which highlighted the thermodynamic challenges associated with using MeOH 
as the source of hydrogen. Despite that, upon optimization of the reaction conditions 
exceptionally high yields of GVL were easily obtainable (> 95 %) in the presence of the Cu-
ZrO2 catalyst.  

A series of Cu-ZrO2 catalysts containing varying quantities of Cu were subsequently 
synthesised, tested and extensively characterised in order to determine the role of Cu in the 
system. The Cu-surface-area measurements and microcopy in particular revealed that the 
activity stems from small Cu particles which grow out of the Cu-Zr-O lattice during the heat 
treatments. The novelty of this Cu/ZrO2 catalyst is that it is cheap and incredibly 
straightforward to prepare, yet it is exceptionally active for this transfer hydrogenation. A 
fantastic opportunity has emerged for further investigation and application of this material in 
other similar catalytic systems. 

 

Scheme 1: Transfer hydrogenation of ML to GVL. MeOH consumed in the first step is 
replenished in the ester hydrolysis. 
 
 
1.A. Demolis, N. Essayem and F. Rataboul, ACS Sustainable Chem. Eng., 2014, 2, 1338-1352 



Kinetics of iron oxide nanoparticle self-assembly from deep eutectic solvents. 
 
Oliver Hammond 
University of Bath 

o.s.hammond@bath.ac.uk 
 
Deep Eutectic Solvents (DES) are a relatively new class of alternative solvents, formed by the 
complexation of various salts and H-bonding compounds to make a stable, room-
temperature, partially-ionic liquid.1 DES are rapidly gathering interest because of their 
potentially low environmental impact and tuneable nature. Accordingly, they can function as 
greener drop-in replacements for conventional solvents. Our recent work has focused on the 
synthesis of nanostructured metal oxides using DES. Modifying the physical properties of the 
DES choline chloride-urea, by introducing water as a co-solvent, allowed the morphology of 
either CeO2 or Fe2O3 nanoparticles to be chosen, from monodisperse particulates to 1D 
structures, more active in CO oxidation and water splitting.2,3  
 
While these developments demonstrate the potential of DES in the production of important 
materials, they also highlight our gaps in understanding of the self-assembly mechanics. We 
therefore study here the kinetics of formation of Fe2O3 nanoparticles in a choline chloride-
urea DES, using a variety of advanced multiscale time-resolved techniques to give a complete 
picture of the system, from beginning to end, including wide q-range neutron diffraction with 
atomistic modelling, time-resolved EXAFS measurements, and kinetic small-angle neutron 
scattering and total scattering measurements (Figure 1). Combined, the complementary 
characterisation shows the evolution in size and shape over time, which could not be 
determined with any single experimental technique, while demonstrating the versatility of 
the green DES-based process. 
 

 
Fig. 1 Time-resolved neutron total scattering measurement of iron oxide nanoparticle 
formation in DES; nanoparticle formation is seen as the growth in the low-q region. 

 
(1) Hammond, O. S.; Bowron, D. T.; Edler, K. J. Green Chem. 2016, 18, 2736.  
(2) Hammond, O. S.; Edler, K. J.; Bowron, D. T.; Torrente-Murciano, L. Nat. Commun. 2017, 8, 14150.  
(3) Hammond, O. S.; Eslava, S.; Smith, A. J.; Zhang, J.; Edler, K. J. J. Mater. Chem. A 2017, 5, 16189 



Structural Characterisation of Temperature Sensitive Hierarchical Hydrogels  
 
S. Fussell1, J. Van Duijneveldt1 and C.P. Royall2  
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2School of Physics, University of Bristol, Bristol  
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Poly(N-isopropylacrylamide) (pNIPAM) is a “smart” microgel that has a volume phase 
transition temperature (VPTT) around 30°C, making this material of great interest for 
biomedical applications1. At the VPTT the microgels significantly shrink, with this shrinkage 
being accompanied by a large loss in the volume fraction of water inside the particle2. It was 
recently discovered that when concentrated mixtures of pNIPAM microgel particles were 
mixed with a polymeric surfactant, a transition occurs where at the VPTT the system changes 
from a viscous liquid to a solid gel. Although this transition has been identified, the driving 
forces behind the gel formation and the structure of the network formed are little 
understood.  
As part of an initial investigation, at high polymer concentrations a gel network could be 
observed using fluorescence microscopy. However, the resolution of the technique used was 
not sufficient to observe the intricate gel structure. As part of this work, higher resolution 
microscopy techniques will be used to obtain images of the gel network in order to observe 
finer structural detail. The structure of the gel was investigated initially using dynamic light 
scattering, to obtain information about the microgel size and the interaction of the microgel 
with surfactant at low concentrations. Alongside this, the structure of the gel was imaged 
using a range of techniques including fluorescence, direct image contrast and confocal 
microscopy.  
 
(1) Y. Guan and Y. Zhang, Soft Matter, 7 (2011) 6375.  
(2) B. Erman and P. J. Flory, Macromolecules, 19 (1986) 2342 



Probing mixtures of lipids at the air-water interface using reflectometry 
 
Naomi Elstone 

ne224@bath.ac.uk 
 
Probing mixtures of insoluble surfactants at the air-water interface using neutron and X-Ray 
reflectivity allows investigation of the structural changes in lipids on mixing. Using insoluble 
compounds gave precise control the relative compositions at the air-water interface. 
 
We have investigated several systems including those made up of phosphocholine 
phospholipids and sulfobetaine surfactants. Sulfobetaine surfactants are of interest due to 
the structural similarity between their headgroups and those of phosphatidylcholine lipids, 
the main component of lipid bilayers found in cells. The charge distribution for these two 
classes of compounds is similar, both lipids being zwitterionic, but the positions of the charges 
for the sulfobetaine is opposite. The Yuasa group have found that phosphocholine 
phospholipids and sulfobetaines with the same tail structures preferentially mix with each 
other over themselves.1  
 
We have investigated the structural variation of mixed systems prepared from DMPC and a 
single tailed sulfobetaine surfactants at a range of molar ratios using reflectivity at different 
surface pressures. From the fits obtained from the data we have found some interesting 
results with the variation in structures occurring in a non-linear manner as the molar ratio of 
the two compounds changes.2 In this talk will present our studies so far and a rationalization 
of the observed behavior. 
 
1. Aikawa, T.; et al., Intermolecular Interaction between Phosphatidylcholine and Sulfobetaine Lipid: A 
Combination of Lipids with Antiparallel Arranged Headgroup Charge. Langmuir 2016, 32 (41), 10483-10490. 
2. Elstone, N. et al., Structural Investigation of Sulfobetaines and Phospholipid Monolayers at the air-water 
interface. In Preparation 

 



A Chemical Synthesis Paradigm for in utero Repair of Spina Bifida  
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Spina Bifida - literally meaning “split spine” in Latin - is the most common birth defect with 0.2 % 
occurrence worldwide.1 It is due to foetus’ spine failing to close during the first month of pregnancy, 
resulting in the exposure of nerves to the amniotic fluid, with permanent consequences affecting both 
cognitive and psychometric capacities.2 To date no treatment exists and the damage to the nerves is 
irreversible. However, a possible solution could lie in the so-called “double hit hypothesis”, which 
conjectures that covering the opening in the spinal cord with a material non-permeable to then 
amniotic-fluid would protect the nerves and therefore prevent the induced life-long complications.3  
This project aims to design, synthesize, and characterise biocompatible hydrogels and microgels which 
would adhere to the spina bifida opening to form tough and highly flexible protective wound dressing 
that seals the nerves from the amniotic fluid. Hydrogels appear as a material of choice in tissue 
engineering because of their elasticity and tensile strength very close to human tissues.4,5 Recent 
research in wound healing has highlighted the potential of polysaccharides as adhesive, biocompatible 
materials.6  
To this end, chitosan was derivatised with carbic anhydride to provide a range of functionalised 
polymers that could be crosslinked via thiol-ene photoclick chemistry. The mechanical properties of 
the resulting hydrogels could be varied by controlled and preliminary cell studied highlighted their 
potential applications in tissue engineering. Alternatively, microgels with a diameter varying between 
150 and 300 nm could be successfully prepared by using water-in-oil nanoemulsions as templates, 
with gelation facilitated by in situ photo-initiated cross-linking. The microgel particles were then 
isolated and characterised by dynamic light scattering (DLS), Zeta potential measurements and 
electron microscopy. The outer shell of the microgels was successfully functionalised by click 
chemistry to allow further generation of complex wound healing materials.  

 
Figure 1. Synthesis of chitosan-functionalised microgels. 
 
[1] Parker, SE et al. Birth Defects Res A Clin Mol Teratol. 2010, 88, 1008.  
[2] Adzick, NS. Seminars in Fetal & Neonatal Medicine, 2010, 15, 9.  
[3] Watanabe, M et al. Fetal Diagn Ther 2015, 37, 197.  
[4] Geckil, H et al. Nanomedicine (Lond). 2010, 5, 469.  
[5] Briscoe, W.H. et al Materials 2016, 9, 443.  
[6] Agrawal, P et al. The International Journal of Lower Extremity Wounds 2014, 13, 180.  

 



PGSE NMR studies on complex formulation of aminoacid deriving polymers 
and sodium deoxycholate micelle  
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The design of chiral synthetic polymers capable of self-assembling in solutions is receiving 
increasing attention for its biological implications. In this field, polyamidoamino acids (PAACs) 
are an emerging class of stimuli-responsive bioinspired synthetic polymers obtained by the 
stepwise polyaddition in pH > 9 aqueous solution of α-amino acids with N,N’-
methylenebisacrylamide. The first example of this family, ARGO7, obtained from L- and D-
arginine polyaddition, proved capable of self-assembly in aqueous solution into rigid pH 
dependent conformations (Fig 1).1 For all ARGO7 isomers, self-diffusion coefficients probed 
by pulsed-gradient spin-echo nuclear magnetic resonance (PGSE-NMR) reported values 
between 3 x 10-10 and 9 x 10-11 m2/s and Rh of 0.9 - 2 nm, consistent with compact random 
coils. It remains to be ascertained if selective chirality driven interactions may arise by mixing 
the D- or L- form of PAACs with soft chiral surfaces. As an example of the latter, sodium 
deoxycholate was chosen for its ability to form chiral micelle in aqueous solution, capable of 
interacting with protein and fatty acids in biological system.2  

 
Fig. 1 ARGO7 repeating unit and pH dependent structures from molecular dynamics 
simulation. 

 
 
1. A. Manfredi, N. Mauro, A. Terenzi, J. Alongi, F. Lazzari, F. Ganazzoli, G. Raffaini, P. Ferruti, ACS. Macro Lett., 
2017, 6, 987.  
2. R. Holm, A. Mullertz, H. Mu, Int. J. Pharm., 2013, 453, 44 

 



Surfactant controlled zwitterionic cellulose nanofibril dispersions  
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The assembly of TEMPO-oxidised cellulose nanofibrils in water has been broadly investigated 
under different conditions (e.g. pH,1 ionic strength,1,2 surfactants3). Interfibrillar 
interactions were enhanced upon screening of the surface charge, mediated either by 
acidification,1 or salt addition2, resulting in fluids with strong shear thinning properties. In 
order to have a broader tunability range of the cellulose nanofibrils assembly we have 
developed zwitterionic cellulose nanofibrils (ZCNF) via functionalization of oxidised cellulose. 
The assembly of ZCNF aqueous dispersions has been characterized via transmission electron 
microscopy (TEM) and small angle neutron scattering (SANS), revealing a fibril-bundle 
structure (Fig. 1). The presence of surfactant in the dispersions was successfully employed to 
tune the ZCNF assembly. Upon addition of an anionic surfactant, electrostatic stabilization 
induces a transition from fibril-bundles to individualized fibrils resulting in a quasi-Newtonian 
fluid. On the contrary, upon addition of cationic surfactants, the dispersion undergoes charge 
neutralization leading to more flocculated dispersions with strong shear thinning behaviour. 
In conclusion, the addition of surfactants provides a straightforward method to tune the 
rheological properties of these dispersions.  
 

 
Fig. 1 SANS data for 0.5 wt% zwitterionic cellulose nanofibril (ZCNF) dispersions, in the 
presence of 1 mM d-SDS and 5 mM d-DTAB in D2O. The black line corresponds to a model of 
a flexible cylinder with an elliptical cross section used to fit the data. The Intensity (I) is 
showed in arbitrary unit (A.U.). Triangles are shown to indicate the power law decay at low-
q. On the right side and relative TEM photographs. 
 
1 Fukuzumi et al Cellulose, 2014, 21, 1553  
2 Dong et al Biomacromol, 2013, 14, 3338  
3 Crawford et al Green Chem., 2012, 14, 300 



Interactions between dendritic nanoparticles and model membranes: 
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Nanoparticles are widely found in modern technologies, ranging from biosensors to food additives [1]. 
However, how the size, shape and surface chemistry of nanoparticles affect their cytotoxic effects is 
not well understood [2]. Cytotoxicity tests using dye-based assays [3] give limited information on the 
fundamental interactions between nanoparticles and cells that lead to cellular entry and resulting 
toxicity. It is also difficult to examine such interactions in vitro and thus using membrane models 
represents a promising approach. Many self-assembled lipid systems can be used to model cell 
membranes, including monolayers, bilayers, multilayers, lipid mesophases, and liposomes [4]. This 
project aims to explore how the physicochemical properties of nanoparticles influence their 
interactions with such membrane models. Here we use a recently developed method for preparation 
of lipid multilayers and bilayers via drop-casting mixed aqueous phosphatidylcholine (PC; a common 
eukaryotic membrane lipid) and cholesterol liposome dispersions on mica substrates, which have 
been characterised using AFM and synchrotron X-ray reflectivity (XRR) [5] (Fig. 1). Polyamidoamine 
(PAMAM) dendritic nanoparticles (dendrimers) have been used as model nanoparticles due to their 
wide biomedical applications and tuneable physicochemical properties. PAMAM dendrimers of 
varying size (or generation), dosage, and terminal groups (NH2 or hydrophobic C12 chains), have been 
found to influence d-spacing in PC bilayers, as well as the coherence length (La) and paracrystalline 
disorder (g) in PC multilayers. Interestingly, bilayer thickness and structural disorder is affected not 
only by the dendrimer size and functionalisation, but also by the method of dendrimer addition in the 
liposome preparation.  

 
1. Beddoes, C.M., C.P. Case, and W.H. Briscoe, Understanding nanoparticle cellular entry: A physicochemical 
perspective. Adv Colloid Interface Sci, 2015. 218: p. 48-68.  
2. Mao, Z., X. Zhou, and C. Gao, Influence of structure and properties of colloidal biomaterials on cellular 
uptake and cell functions. Biomaterials Science, 2013. 1(9): p. 896-911.  
3. Mukherjee, S.P., et al., Mechanistic studies of in vitro cytotoxicity of poly(amidoamine) dendrimers in 
mammalian cells. Toxicol Appl Pharmacol, 2010. 248(3): p. 259-68.  
4. Rascol, E., J.M. Devoisselle, and J. Chopineau, The relevance of membrane models to understand 
nanoparticles-cell membrane interactions. Nanoscale, 2016. 8(9): p. 4780-98.  
5. Sironi, B., et al., Structure of lipid multilayers via drop casting of aqueous liposome dispersions. Soft Matter, 
2016. 12(17): p. 3877-87. 
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