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Project description: This PhD project will address the challenge of developing intelligently designed safer 
nanomaterials by building on the significant body of data connecting specific nanoparticle physico-chemical 
parameters, such as positive surface charges which are known to interact with and damage negatively 
charged cellular membranes, and working towards designing out adverse effect causing features whilst 
retaining the functional properties of the nanomaterials.  For example, positive charges are often utilised to 
compact DNA for drug delivery, so alternative nano-based approaches would be required to replace this 
functionality.  Aligning with the FP7 NanoMILE project, and utilising the systematic data regarding the 
precise mode of action of MNMs properties, this PhD project will assess the feasibility of designing these 
properties in or out at bench scale in order to “tune” the toxicity of the nanomaterials and will identify 
optimal “windows” where both toxicity and functional activity are optimised, where possible.  Even where 
functionality is lost as a result of lowering toxicity, key lessons regarding safe by design will still be learned, 
and these will be fed to industry such that safety considerations are included in the design phase rather 
than at the product registration phase. Once the principles of safer designs are established for one group of 
MNMs, similar principles will be transposed to other nanomaterials families to establish their general 
applicability. 
The overarching hypothesis being assessed in this project is whether it is possible to “design out” physico-
chemical parameters that are identified as being drivers of toxicity of NMs whilst retaining the functional 
aspects of the NM that are required for the specific application.  Key parameters linked to toxicity to date 
include charge (positive), dissolution (where the ionic form is toxic) and size (where this results in specific 
interactions with biomolecules such as intercolation in DNA strands, or binding of biomolecules in an 
“active” conformation leading to activation of specific signalling pathways.  For the latter two examples, 
involving binding of biomolecules, even very small tweaks in particle size (for example) can dramatically 
reduce the propensity for binding. It is likely that similar tweaks in the charge density, charge permanence 
or dissolution rate would have similar effects on the toxicity profile of the NMs, whilst still allowing the NMs 
to function in the desired manner (e.g. as catalysts, as drug delivery vehicles, as components of sun cream, 
etc.).  Thus, the aim of this project is to undertake a systematic assessment of the impact of variation of key 
physico-chemical parameters on both the toxicity (via simple assessment using bacteria and daphnia) and 
NM functionality (e.g. catalytic ability or other relevant parameter depending on the specific NM).  
Confirmation of physico-chemical parameters that are “drivers” and “amplifiers” of toxicity will also be 
confirmed by “designing-in” these parameters and observing the amplification of toxicity.  This approach will 
also be used to establish the thresholds above which these parameters become critical determinants of 
toxicity, leading to a set of rules for safer by design NMs that will be fed into industry, regulatory assessors 
and other relevant authorities, in part via the alignment with the EU FP7 NanoMILE project. 

The project combines NM synthesis, characterisation and re-design to determine rules for safe by design 
NMs. Candidates should have a strong background in chemistry. 

Figure: Illustration of the approach to 
development of “safer-by-design” NMs, following 
assessment of the combinations of parameters 
that correlate with toxicity via a specific 
mechanism and development of particles where 
these parameters are reduced whilst in principle 
retaining the functionality of the NMs and their 
“fitness” for use. 
 
 
 

 
 
 
Applicants should apply via 
http://www.birmingham.ac.uk/postgraduate/courses/research/gees/environmental-health-risk-mgt.aspx 
where they should click on ‘Apply now’ and choose the option ‘PhD in Department of Division of 
Environmental Health and Risk Management’ and give the PhD title in the ‘Funding details’ section of the 
online application. 


