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There	 are	 many	 existing	 and	 prospective	 applications	 for	 gas	 adsorption	 by	 nanoporous	
materials.	 Activated	 carbons	 and	 zeolites,	 for	 example,	 are	 widely	 used	 to	 purify	 and	
separate	industrial	gases,	while	newer	materials,	such	as	metal-organic	frameworks	(MOFs),	
covalent	organic	frameworks	(COFs)	and	microporous	organic	polymers,	have	the	potential	
to	 store	 hydrogen	 and	methane	 for	 use	 as	 alternative	 energy	 carriers	 [1].	 Experimentally	
characterising	the	adsorption	properties	of	these	materials	is	crucial	to	assessing	their	use	in	
gas	 separation	 and	 storage	 technology.	 However,	 in	 some	 cases,	 experiments	 can	 be	
particularly	 challenging.	 These	 include	 the	 adsorption	 of	 high	 pressure	 gases	 and	
multicomponent	 mixtures,	 both	 of	 which	 are	 required	 for	 practical	 applications.	 For	
hydrogen	 storage,	 for	 example,	 this	 has	 led	 to	 some	 high	 profile	 controversies	 [2].	
Molecular	 simulation,	 meanwhile,	 is	 an	 invaluable	 complementary	 tool,	 providing	 the	
relevant	 adsorbate-adsorbent	 systems	 can	 be	modelled	 to	 sufficient	 accuracy	 [3,4].	 Aside	
from	 providing	 theoretical	 insights,	 it	 can	 be	 used,	 for	 example,	 to	 help	 corroborate	 and	
validate	 experimental	 data,	 to	 interpolate	 and	 extrapolate	 data	 in	 different	 temperature	
and	pressure	regimes,	and	to	provide	information	currently	inaccessible	to	experiment.	This	
presentation	will	cover	some	of	the	experimental	challenges	encountered	when	measuring	
gas	adsorption	by	nanoporous	materials	and	discuss	the	role	that	computational	modelling	
and	simulation	can	play,	from	an	experimentalist’s	perspective.	
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One	of	the	universal	challenges	faced	by	the	modelling	community	the	extreme	mismatch	
between	 time	 and	 length	 scales	 of	 standard	 simulation	 methods	 and	 experimental	
measurements.	In	recent	years,	however,	advances	in	both	computational	and	experimental	
methods	have	enabled	direct	comparisons	to	be	made	for	a	limited	number	of	scenarios.		In	
this	 presentation,	 I	 will	 discuss	 one	 such	 example,	 that	 of	 laser	 irradiated	 thin	 films.	 The	
dynamical	 response	 of	 such	 films	 can	 be	 studied	 on	 femtosecond	 timescales	 by	 ultrafast	
electron	 diffraction	 (UED)	 and	 the	 time	 evolution	 of	 the	 Bragg	 peak	 intensity	 can	 be	
measured	 directly1,	 bringing	 the	 experimental	 measurements	 into	 regimes	 that	 are	 very	
accessible	to	molecular	dynamics	(MD)	modelling.	

	
MD	 has	 a	 long	 and	 successful	 history	 in	 the	 field	 of	 radiation	 damage,	 and	 cascade	
simulations	 have	 made	 exceptional	 contributions	 to	 the	 fundamental	 understanding	 of	
radiation	effects	in	materials.	 	Until	recently,	these	contributions	have	been	limited	to	low	
energy	 ion	 irradiation,	where	the	 impinging	 ion	 interacts	primarily	with	 the	atomic	nuclei,	
knocking	them	out	of	the	equilibrium	lattice	sites	to	create	defects.		Recent	developments	
have,	however,	enabled	modelling	of	the	effects	of	irradiation	that	excites	electrons,	such	as	
lasers	and	very	energetic	ions.	This	has	been	achieved	by	coupling	classical	MD	to	the	two	
temperature	model	(2TM)	that	 is	traditionally	used	to	evaluate	the	temperature	evolution	
for	 systems	 in	 which	 the	 atoms	 are	 out	 of	 equilibrium	 with	 the	 electrons.	 In	 the	 2TM,	
different	 temperatures	are	assigned	 to	 the	atoms	and	 the	electrons	and	 the	 temperature	
evolutions	are	evaluated	by	solving	two	coupled	thermal	diffusion	equations.		In	our	model,	
we	 replace	 the	 atomic	 thermal	 diffusion	 equation	 with	 MD,	 which	 enables	 us	 to	 obtain	
atomistic	detail	about	the	response	of	metals	to	very	energetic	ions	and	laser	irradiation.2	
	
In	 this	 presentation	 I	 will	 explain	 the	 coupled	 2T-MD	 model	 and	 its	 implementation	 in	
DL_POLY.		I	will	demonstrate	its	application	to	laser	irradiation	of	gold	nanofilms	and	show	
how	the	calculated	time	evolution	of	the	Bragg	peaks	are	 in	excellent	agreement	to	those	
measured	using	UED	by	our	experimental	collaborators.3		I	will	show	that	it	is	necessary	to	
modify	 the	 interatomic	 potentials	 between	 highly	 excited	 atoms	 to	 reproduce	 the	
experiments	 at	 very	high	 fluence	 and	demonstrate	how	we	developed	a	 set	 of	 electronic	
temperature	dependent	 interatomic	potentials	 for	 tungsten.4	 Finally,	 I	will	 show	 that	 it	 is	
necessary	 to	extend	 the	model	 in	order	 to	 simulate	band	gap	materials	 and	demonstrate	
the	success	of	the	extended	model	for	laser	irradiation	of	silicon	nanofilms.	
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The	question	on	what	length-scale	molecular	and	especially	glassy	dynamics	of	polymers	takes	
place	 is	 of	 fundamental	 importance	 and	 has	multifold	 practical	 implications	 as	 well.	 Recent	
results	based	on	Broadband	Dielectric	Spectroscopy	[1]	 for	nanometric	thin	(≥5	nm)	 layers	of	
poly(styrene)	 [2],	 poly(cis-1,4-isoprene)	 [3],	 poly(styrene‑b‑1,4-isoprene)	 diblock	 copolymers	
[4]	and	even	for	isolated	chains	[5]	and	for	brushes	of	poly(2-vinylpyridine)	in	the	dried	[6]	and	
swollen	[7]	state	will	be	presented,	delivering	the	concurring	result	that	deviations	from	glassy	
dynamics	 of	 the	 bulk	 never	 exceed	margins	 of	±3	 K	 independent	 of	 the	 layer	 thickness,	 the	
molecular	weight	of	the	polymer	under	study	and	the	underlying	substrate.	-	The	experiments	
lead	 to	 the	 conclusions	 that	 glassy	 dynamics	 takes	 place	 on	 the	 length	 scale	 a	 few	 polymer	
segments	(≤	~	1nm),	while	the	conformation	of	the	chain	as	a	whole	is	strongly	modified	by	the	
geometrical	 confinement	 [8-10].	 The	 results	 will	 be	 discussed	 with	 respect	 to	 the	 highly	
controversial	literature	[8].		
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Polyester	film	has	been	around	for	over	half	a	century	and	is	well	established	in	specialty,	
industrial,	 packaging	 and	 advanced	 magnetic	 media	 and	 photo	 systems,	 electrical	 and	
electronics	 markets.	 Old	 markets	 die	 and	 to	 survive	 it	 is	 critical	 that	 DTF	 continues	 to	
innovate	and	develop	new	film	structures	to	create	new	market	opportunities	or	meet	new	
market	 needs.	 	This	 talk	 will	 discuss	 the	 challenges	 of	 attempting	 to	 develop	 new	 film	
structures	for	new	markets	that	often	are	over	hyped	and	have	changing	goal	posts	and	will	
use	the	areas	of	flexible	electronics	and	next	generation	PV	to	illustrate	this.	Market	trends	
and	 where	 this	 might	 offer	 new	 opportunities	 and	 technical	 challenges	 will	 also	 be	
discussed.	
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Recently	 we	 have	 developed	 a	 dynamic	 mean	 field	 theory	 (DMFT)	 that	 describes	 the	
dynamics	 of	 adsorption	 and	 desorption	 of	 fluids	 in	 mesoporous	 materials.	 The	 theory	
predicts	the	evolution	of	the	density	distribution	of	the	fluid	in	the	porous	material	after	a	
step	 change	 in	 the	 bulk	 pressure	 or	 chemical	 potential.	 An	 important	 feature	 of	DMFT	 is	
that	it	 is	fully	consistent	with	the	mean	field	density	functional	theory	(DFT)	description	of	
the	 thermodynamics.	 In	 addition,	 the	 nucleation	 mechanisms	 in	 phase	 transitions	 of	
confined	fluids	are	emergent	features	of	the	calculations.	For	instance,	the	theory	describes	
the	nucleation	of	capillary	condensation	by	liquid	bridging.	In	this	presentation	we	describe	
applications	of	DMFT	to	several	systems.	For	pore	networks	we	study	the	influence	of	pore	
connectivity	 upon	 uptake	 and	 desorption	 dynamics.	 Studies	 of	 adsorption/desorption	
dynamics	of	mixtures	show	the	nature	of	the	equilibration	of	the	composition	distribution	in	
the	 system.	We	will	 also	compare	 the	predictions	 from	the	 theory	with	 results	 from	both	
dynamic	Monte	Carlo	and	non-equilibrium	molecular	dynamics	simulations.	
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Crystallisation	 of	 the	 active	 pharmaceutical	 ingredient	 (API)	 is	 a	 key	 step	 in	 the	
manufacturing	 process	 of	 a	 drug.	 Traditionally	 crystallisation	 was	 used	 to	 optimise	 the	
purity	 and	 yield	 of	 the	 material,	 however,	 an	 understanding	 of	 a	 crystallisation	 process	
allows	many	other	solid	state	properties	to	be	controlled	and	optimized.	These	properties	
include	 polymorphic	 form,	 morphology	 and	 crystal	 size.	 The	 key	 variables	 in	 a	 cooling	
crystallisation	 include	 cooling	 rate,	 agitation	 speed,	 stirring	 time	 and	 seeding.	
Understanding	the	impact	of	each	of	these	factors	in	a	crystallisation	allows	a	reproducible	
process	to	be	designed	to	obtain	the	correct	size,	morphology	and	polymorphic	form	which	
is	suitable	for	secondary	processing.	
	
To	aid	in	the	understanding	of	the	key	factors	that	affect	the	crystallisation	process,	Process	
Analytical	 Technology	 (PAT)	 is	 now	 routinely	 employed.	 A	 wide	 range	 of	 probes	 can	 be	
inserted	 into	 reactors	 to	 monitor	 processes.	 The	 data	 obtained	 is	 used	 to	 optimise	 the	
process,	either	 in	 real-time	or	 through	subsequent	experiments.	 In	 recent	years	 this	 large	
increase	 of	 crystallisation	 process	 data	 has	 led	 to	 the	 development	 of	 models	 allowing	
predictive	 design	 and	 optimisation	 of	 processes,	 in	 turn	 minimizing	 the	 experimental	
program	 required,	 e.g.	 Population	 Balance	Models	 (PBM),	 Computational	 Fluid	 Dynamics	
(CFD).	However,	there	are	still	many	areas	where	this	modelling	capability	has	not	yet	fully	
developed	and	the	opportunities	and	challenges	will	be	presented.		
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The	 trend	 towards	more	 complex	molecules,	materials	 and	 systems	will	 proceed	 into	 the	
future	 bringing	 new	 crystallization	 challenges	 for	 particulate	 products	 such	 as	
pharmaceuticals.	 The	 solution	 to	 these	 challenges	 lies	 in	 a	 fundamental	 understanding	 of	
solubility,	 driving	 force	 and	 crystallization	 kinetics	 onto	 which	 we	 can	 build	 innovative,	
integrated	 and	 intensified	 continuous	 crystallization	 processes.	 One	 long-standing	 and	
industrially	 important	 issue	 is	 the	 control	 of	 crystal	 nucleation	 in	 terms	of	 form	and	 rate.	
However,	due	to	the	various	nucleation	rate	measurement	methods,	analytical	techniques,	
and	 simulation	 methods	 now	 available,	 crystal	 nucleation	 research	 will	 show	 substantial	
progress	in	the	coming	years	[1,2].	
Crystal	nucleation	is	a	stochastic	process	in	which	building	units	attach	to	and	detach	from	a	
cluster	 forming	a	nucleus,	usually	on	a	heterogeneous	 surface.	Variations	 in	experimental	
outcomes	performed	under	equal	conditions	thus	capture	nucleation	behaviour.	Nucleation	
rates	 can	 therefore	 be	 determined	 by	measuring	 induction	 time	 distributions	 [3,4].	 Such	
nucleation	rate	measurements	indicate	that	either	heterogeneous	particle	concentration	or	
building	 unit	 attachment	 frequency	 to	 the	 nucleus	 is	 orders	 of	 magnitude	 lower	 than	
estimates	from	Classical	Nucleation	Theory	[5].		
In	 principle	 nucleation	 can	 be	 controlled	 by	 building	 units,	 effective	 templates	 and	
alternative	energies.	The	building	unit,	for	instance,	can	be	influenced	through	the	solvent’s	
effect	 on	 the	 self-association	 of	 the	 solutes	 in	 solution	 [6].	 The	 impact	 of	 the	 solvent	 is	
reflected	 in	 the	 polymorphic	 form	 crystallized.	 The	 template	 can	 in	 turn	 enhance	 the	
nucleation	of	specific	forms	by	enhancing	the	clustering	of	a	specific	self-associate	[7].	
	
	[1]		R.J.	 Davey,	 S.L.M.	 Schroeder,	 J.H.	 ter	 Horst,	 Nucleation	 of	 Organic	 Crystals	 –	 A	 Molecular	 Perspective,	
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Multilayer	 epitaxial	 graphene	 and	 its	 oxide	 exhibit	 strong	 in-plane	 bonding	 and	 weak	
interactions	 between	 the	 layers	 [1].	 In	 this	 work,	 indentation	 experiments	 and	 density	
functional	 theory	 (DFT)	 calculations	 are	 combined	 to	 elucidate	 the	 perpendicular-to-the-
planes	mechanical	properties	of	graphene	and	graphene	oxide	films.	After	an	 introduction	
to	materials	and	methods,	we	will	focus	on	the	structural	properties	of	graphene	oxide	and	
the	 effect	 of	 moisture	 on	 their	 mechanical	 properties.	 Then,	 we	 will	 focus	 on	 pristine	
graphene,	and	we	will	discuss	the	unusual	stiffness	and	hardness	exhibited	by	a	two-layer	
graphene	film	on	SiC.	DFT	calculations	show	that	the	observed	stiffening	effects	may	lie	in	a	
phase	 transformation,	 occurring	 at	 room	 temperature	 during	 the	 indentation	 process,	 of	
the	two-layer	graphene	film	into	a	stiff	diamond-like	film.	
	
[1]	Y.	Gao,	S.	Kim,	S.	Zhou,	H.-C.	Chiu,	D.	Nélias,	C.	Berger,	W.	de	Heer,	R.	Sordan,	L.	Polloni,	A.	Bongiorno,	and	
E.	Riedo,	Elastic	coupling	between	layers	in	two-dimensional	materials,	Nature	Materials	14,	714	(2015).	

	

	 	



2D	Molecular	Dynamics	Study	of	Substrate-Dependent	Growth	of	Graphene	on	Copper	

Peter	Brommer,	Chenwei	Zhu,	Gwilym	T.	Enstone,	Gavin	R.	Bell,	David	Quigley	

School	of	Engineering,	University	of	Warwick,	UK	

Chemical	vapour	deposition	(CVD)	growth	of	graphene	on	copper	has	been	identified	as	the	
most	promising	route	for	scalable	synthesis	of	graphene.	It	 is	important	to	understand	the	
fundamental	surface	growth	mechanisms	in	order	to	optimise	material	quality,	but	detailed	
in	 situ	 imaging	 of	 growth	 in	 CVD	 is	 extremely	 challenging.	 Comparison	 of	 post-growth	
experimental	data	with	dynamic	simulations	of	growth	can	overcome	this	problem.	
	
Experimental	 observations	 of	 partial-coverage	 graphene	 grown	 on	 copper	 foils	with	well-
defined	 crystallographic	microstructure,	 e.g.	 (111),	 (100)	 and	 (210)	 grains,	 indicate	 clearly	
that	 the	 surface	 orientation	 affects	 the	 growth	 rate,	 island	 size	 distribution	 (ISD)	 and	
orientation	of	graphene	islands.	Ab	 inito	simulation	cannot	reach	 length	scales	relevant	to	
these	 phenomena,	 and	 it	 would	 be	 prohibitive	 to	 use	 such	 methods	 even	 to	 address	
interaction	of	growing	graphene	with	the	local	symmetry	of	the	crystalline	substrate.	
	
We	present	a	two-dimensional	molecular	dynamics	simulation	model	for	graphene	growth	
on	copper	with	a	weak	van-der-Waals	epitaxial	 interaction.	This	minimal	off-lattice	model	
captures	variations	 in	growth	rate,	 island	orientation	and	 ISD	between	different	 low	 index	
copper	 faces.	We	 also	 show	 effects	 of	 patterned	 substrates,	 resulting	 e.g.	 from	 a	 copper	
surface	faceting.	The	results	may	suggest	which	morphological	and	crystallographic	features	
of	 a	 low-cost	 copper	 substrate	 could	 be	 optimised	 for	 large-grain	 single	 crystal	 graphene	
growth.	
	
	 	



Supported	lipid	films	under	a	varying	electric	field:	
modelling	a	voltammetry	molecular	sensor	

Andrey	Brukhno	
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The	 behaviour	 of	 phospholipid	 layers	 on	mercury	 (Hg)	 electrodes	 in	 an	 electric	 field	 has	
excited	considerable	interest	over	the	past	thirty	years.	Part	of	the	reason	for	this	 interest	
has	been	the	occurrence	of	very	sharp	phase	transitions	as	a	function	of	applied	potential,	
which	 are	 associated	 with	 sudden	 structural	 changes	 in	 the	 phospholipid	 layer.	 These	
systems	have	been	studied	extensively	mainly	using	electrochemical	methods	but	 still	 the	
nature	of	the	structural	changes	underlying	the	phase	transitions	has	remained	elusive.	For	
the	first	time,	a	molecular	simulation	study	of	 lipid	 layers	supported	on	a	flat	and	smooth	
electrode	 is	 presented,	 where	 voltammetry	 measurements	 are	 closely	 mimicked.	 In	
particular,	our	simulations	reproduce	a	non-trivial	capacitance-vs-voltage	dependence,	C(V),	
recorded	 in	 experiment	 [1,2].	 The	 Monte	 Carlo	 simulations	 reveal	 the	 following	
rearrangements	in	hydrophobically	adsorbed	phospholipid	films,	being	driven	by	the	charge	
redistribution	within	the	interface:	[3]		

1. Displacement	of	the	lipid	monolayer	from	the	electrode	by	its	counterions	(cations),	
leading	 to	 formation	 of	 an	 electric	 double	 layer	 and,	 consequently,	 complete	
monolayer	desorption;		

2. Transformation	of	the	monolayer	into	a	bilayer	upon	its	desorption;		
3. Zwitterionic	 bilayer	 readsorption	 to	 the	 electrode	 through	 the	 polar-group	

interaction	with	the	electric	double	layer.		
The	 voltammetry	 peaks	 reflect	 a	 stepwise	 formation	 of	 layers	 of	 alternating	 charge:	 (a)	
electric	 double	 layer	 upon	 transient	 film	 desorption,	 (b)	 triple	 or	 multi-layer	 upon	 film	
readsoption.	 The	 simulation	 evidence	 suggests	 that	 the	 first	 peak	 is	 due	 to	 the	 cation	
breakthrough	to	the	electrode	resulting	 in	the	monolayer	desorption,	whereas	the	second	
peak	represents	the	film	rearrangement	to	form	self-organised	bilayer	structures.	
	

1. F.A.M.	Leermakers	and	A.	Nelson,	J.	Electroanal.	Chem.	278,	53	(1990)	
2. D.	Bizzotto	and	A.	Nelson,	Langmuir	14,	6269	(1998)	
3. A.V.	Brukhno,	A.	Akinshina,	Z.	Coldrick,	A.	Nelson	and	S.	Auer,	Soft	Matter	7,	1006	(2011)	

	 	



Molecular	Dynamics	of	Polymer	Nanocomposites	
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Polymer	 nanocomposites	 (PNCs)	 are	 polymer	materials	 incorporating	 nano-sized	 particles	
(NPs).	 They	 have	 tremendous	 potential	 in	 industrial	 formulations	 and	 technological	
applications,	 including	 protective	 coatings	 and	 food	 packaging.	 Adding	 NPs	 to	 a	 polymer	
matrix	modifies	 the	 conformation	 and	mobility	 of	 the	 polymer	 chains	 at	 the	 NP-polymer	
interface	and	 can	potentially	 provide	materials	with	enhanced	properties	 as	 compared	 to	
pristine	polymers.		
	
By	performing	Molecular	Dynamics	 (MD)	 simulations,	we	 investigate	 the	effect	of	NP	 size	
dispersity	 and	 degree	 of	 chain	 stiffness	 on	 a	 variety	 of	 properties	 that	 characterize	 the	
response	 of	 PNCs	 at	 the	 nano	 and	 macro	 scales.	 In	 particular,	 at	 the	 nano	 scale,	 we	
investigate	 the	 space	 distribution	 of	 small	 and	 large	 polydisperse	NPs	 and	 their	 ability	 to	
diffuse	 through	a	dense	 isotropic	 distribution	of	 polymer	 chains.	We	 find	 very	 interesting	
scaling	 laws	 relating	 the	 average	 size	 and	 polydispersity	 index	 of	NPs	with	 their	 diffusion	
coefficients,	generally	underestimated	by	existing	 theories.	To	assess	 the	effect	of	NP	size	
dispersity	on	the	macroscopic	response	of	our	model	PNC,	we	evaluate	two	key	transport	
properties,	shear	viscosity	and	thermal	conductivity,	which	are	found	to	display	an	intriguing	
universal	 behaviour	when	 plotted	 against	 the	 polymer/NP	 specific	 interface	 area	 and	 the	
inverse	of	the	NP's	mass,	respectively.		
	
At	increasing	chain	stiffness,	we	observe	a	sound	dependence	of	the	NPs’	diffusivity	on	the	
long-range	 order	 of	 the	 polymer	 melt,	 which	 undergoes	 an	 isotropic-to-nematic	 phase	
transition.	This	phase	transition	induces	a	dynamical	anisotropy	in	the	nematic	phase,	with	
the	 NPs	 preferentially	 diffusing	 along	 the	 nematic	 director	 rather	 than	 in	 the	 directions	
perpendicular	to	it.	Not	only	does	this	tendency	determine	the	NPs’	mobility	and	degree	of	
dispersion	in	the	polymer	matrix,	but	it	also	influences	the	resistance	to	flow	of	PNCs	when	
a	shear	is	applied.	
	 	



Hydrotropic	Solubilization	of	Hydrophobic	Compounds	in	Aqueous	Solutions	of	Ionic	
Liquids	
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The	ability	of	aqueous	solutions	of	ionic	liquids	(ILs)	to	solubilize	hydrophobic	compounds	is	
demonstrated	in	this	work	and	a	mechanism	to	explain	this	enhanced	solubility	is	proposed.	
Vanillin	and	gallic	acid,	 two	natural	antioxidants,	and	 ibuprofen	and	naproxen,	 two	drugs,	
and	 technical	 lignins	 (kraft	 and	 organosolv)	 are	 here	 studied.	 Their	 solubility	 in	 aqueous	
solutions	of	ILs	was	measured	in	the	whole	composition	range,	from	pure	water	to	pure	ILs,	
and	 an	 increase	 in	 the	 solubility	 of	 up	 to	 1000-fold	 was	 observed.	 The	 effects	 of	 the	 IL	
chemical	 structures,	 their	 concentration	 and	 temperature	 on	 the	 solubility	 of	 the	
hydrophobic	 model	 compounds	 were	 evaluated	 and	 compared	 with	 the	 performance	 of	
conventional	 hydrotropes.	 Using	 Dynamic	 Light	 Scattering,	 NMR	 and	molecular	 dynamics	
(MD)	simulations,	it	was	possible	to	infer	that	the	enhanced	solubility	of	biomolecules	in	IL	
aqueous	solutions	is	related	to	the	formation	of	IL-biomolecule	aggregates.	A	treatment	of	
the	experimental	data	based	on	the	Kirkwood-Buffer	approach	recently	proposed	[1]	helps	
understanding	the	structure	of	 these	aggregates.	The	results	gathered	 in	this	work	have	a	
significant	 impact	 on	 the	 understanding	 of	 ILs	 aqueous	 solutions	 as	 novel	 solvents	 with	
enhanced	performance.	
	
[1]	S.	Shimizu,	N.	Matubayasi,	PCCP,	2016,	18,	25621-8	
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Carlos	A.	Ferreiro-Rangel	and	Martin	B.	Sweatman	

School	of	Engineering,	University	of	Edinburgh,	Edinburgh,	UK	EH9	3FJ	

Simple	 fluids	 with	 competing	 short-range	 attractive	 and	 long-range	 repulsive	 (SALR)	
interactions	are	relevant	in	the	study	of	many	complex	biological	and	soft	matter	systems.	
Our	 particular	 interest	 for	 this	 EPSRC	 funded	 project	 are	 ‘Synbio’	 systems,	 where	 large	
stable	 clusters	 of	 a	 specific	 SALR-like	 solute	 are	 used	 as	 templates	 in	 the	 ‘green	
manufacture’	of	solid	nanoparticles	of	silica	and	also	magnetite.	
	
Earlier	work	 has	 already	 elucidated	 the	 low	 density	 equilibrium	 phase	 behaviour	 of	 SALR	
dispersions	(M.B.	Sweatman	et.al.,	JCP	140,	124508	(2014)),	where	cluster	fluid	and	cluster	
solid	 phases	 were	 found	 above	 a	 ‘critical	 cluster	 concentration’	 (CCC).	 Furthermore,	 the	
thermodynamic	model	predicted	a	first	order	cluster	vapour	to	cluster	liquid	or	solid	phase.		
	
The	present	work	extends	the	micelle-DFT	thermodynamic	model	previously	applied	to	pure	
SALR	 fluids	 in	 order	 to	 study	 the	 phase	 behavior	 of	 binary	 mixtures	 where	 both	 fluid	
components	interact	through	a	hard	core	with	short-range	attractions	(SA),	but	only	one	of	
the	 components	 exhibits	 an	 additional	 long-range	 repulsion	 (SALR),	 since	 this	 type	 of	
mixtures	 are	 thought	 to	 be	 relevant	 in	 the	 Synbio	 manufacture	 process	 of	 interest.	 The	
attractive	strengths	of	both	species	as	well	as	 the	attractive	SA/SALR	cross-interaction	are	
key	to	determine	the	phase	behaviour	of	the	mixture.	Interestingly,	although	a	weak	cross-
interaction	leads	to	a	behavior	that	is	a	composite	of	the	individual	components,		when	the	
cross-interaction	 is	 strong	 enough	 equimolar	 clusters	 appear,	 regardless	 of	 whether	 the	
pure	SA	fluid	is	supercritical	or	the	pure	SALR	fluid	would	form	clusters	or	not.		
	
These	 results	 help	 to	 better	 understand	 the	 non-classical	 nucleation	 mechanism	 that	
experimentally	may	exhibit	stable,	giant-clusters.		
	
Keywords:		 Liquid	mixtures,	clustering,	competing	interactions,	mesostructure,	
	 	 non-classical	nucleation	
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Amorphous	 calcium	 carbonate	 (ACC)	 often	 forms	 prior	 to	 the	 precipitation	 of	 calcium	
carbonate	 (CaCO3)	 from	 solution	 but	 our	 understanding	 of	 the	 formation	 of	 ACC	 and	 its	
conversion	 remains	 poor.	 	 Experiments	 have	 suggested	 crystallisation	 occurs	 on	 the	 ACC	
surface	[1]	but	this	 interface	remains	undefined.	 	 In	both	the	natural	world	and	synthetic,	
molecular	additives	are	used	to	modify	the	nucleation	and	growth	process.		A	common	idea	
is	 that	proteins,	 peptides	 and	 similar	 analogues	 stabilise	or	destabilise	ACC	and	 therefore	
can	 stimulate	 or	 inhibit	 the	 formation	 of	 crystalline	 polymorphs.	 	 But	 understanding	 this	
requires	models	of	the	binding	mechanisms	between	these	molecules	and	ACC	material.	

	
We	present	a	computational	 study	on	ACC	and	 its	precursors	 interacting	with	a	variety	of	
amino	acid	molecules.	 	We	particularly	 focus	on	how	the	different	R-groups	of	 the	amino	
acids	will	induce	varied	interactions	with	the	ACC.		Analysis	of	our	results	suggests	that	the	
hydration	 level	of	 the	ACC	significantly	affects	 the	chemistry	of	 the	 interaction	suggesting	
the	influence	may	alter	with	the	chemistry	of	the	system.		Using	these	results	we	are	able	to	
discuss	which	amino	acids	may	be	more	 important	and	effective	 in	 stabilising	ACC,	which	
may	 influence	 the	 dehydration	 of	 ACC	 and	 which	 may	 be	 significant	 in	 stimulating	 the	
conversion	to	a	crystalline	phase.	

	
[1]	 Nielsen,	 M.H.;	 Aloni,	 S.;	 De	 Yoreo,	 J.J.	 Science	 2014,	 345	 (6201),	 1158-1162	
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Layered	double	 hydroxides	 (LDHs)	 are	 clay	materials	 [1]	 formed	by	 a	 pile	 of	 cationic	mixed	metal	
layers	 with	 intercalated	 molecules,	 ions	 and	 water.	 This	 configuration	 makes	 them	 a	 relevant	
material	in	different	fields,	namely	catalysis	[2],	medicine	[3]	and	in	adsorption	[4,5]	or	purification	
processes	 [6].	 LDHs	materials	have	 the	ability	of	 ion	exchange	between	 the	 intercalated	 ions	with	
those	that	are	 in	solution.	 In	this	subject,	our	group	is	devoted	on	making	these	materials	an	ideal	
macromolecular	container	to	be	used	as	additives	 in	coatings	and	nanostructured	conversion	films	
for	corrosion	protection.	Recently	Tedim	et	al.	 [7]	have	experimentally	demonstrated	the	ability	of	
Zinc-Aluminium	 LDHs	 with	 intercalated	 nitrates	 (Zn2Al-NO3)	 to	 exchange	 them	 by	 chlorides	 in	 a	
corrosive	 solution	 through	 concentration	 adjustment	 used	 as	 a	 trigger	 response	 mechanism.	
However,	 the	 study	of	 the	metal	 hydroxide	 structure	 interactions	with	 the	 intercalated	molecules	
and	the	ion-exchange	process	are	quite	difficult	from	an	experimental	point	of	view.	In	this	regard,	
different	experimental	techniques	have	been	widely	used	to	characterize	LDHs,	nevertheless,	most	
of	them	provided	limited	resolution.	For	instance,	defects	produced	during	the	synthesis	can	disturb	
the	X-Ray	diffraction	pattern,	imposing	a	limit	to	access	to	the	atomistic	molecular	interaction.	
Computational	modelling	techniques	can	overcome	some	experimental	limitations	and	enhance	our	
acquaintance	 of	 the	 LDH	 structure.	 In	 this	work,	 an	 atomistic	 framework	 has	 been	 developed	 for	
molecular	 dynamics	 (MD)	 simulations	 with	 Gromacs,	 using	 the	 ClayFF	 force	 field,	 to	 study	 the	
mechanism	 associated	 with	 the	 ion-exchange	 equilibrium	 in	 Zinc-Aluminium	 LDHs.	 Thereby,	 MD	
simulations	 have	 been	 carried	 out	 to	 analyse	 the	 interaction	 between	 the	 LDH	 structure	 and	 the	
intercalated	 ions	 together	with	 the	 LDH	 expansion/contraction	 caused	 by	 the	 nitrate-chloride	 ion	
exchange.	 Our	 results	 have	 been	 compared	 with	 previous	 theoretical	 and	 experimental	 studies	
developed	in	our	group	[7,8].	The	MD	model	presented	in	this	work	opens	the	door	to	study	in	detail	
the	structure	of	LDHs	and	the	complex	metal	layer-ions	interactions.	
	
[1]	Greenwell,	H.C.,	Jones,	W.,	Coveney,	P.	V.,	Stackhouse,	S.,	J.	Mater.	Chem.,	16	(2006)	708.	
[2]	Lu,	Z.,	Qian,	L.,	Tian,	Y.,	Li,	Y.,	Sun,	X.,	Duan,	X.,	Chem.	Commun.,	52	(2016)	908.	
[3]	Li,	L.,	Gu,	Z.,	Gu,	W.,	Liu,	J.,	Xu,	Z.	P.,	J.	Colloid	Interface	Sci.,	470	(2016)	47.	
[4]	Lu,	Y.,	Jiang,	B.,	Fang,	L.,	Ling,	F.,	Gao,	J.,	Wu,	F.,	Zhang,	X.,	Chemosphere,	152	(2016)	415.	
[5]	Yan,	Z.,	Zhu,	B.,	Yu,	J.,	Xu,	Z.,	RSC	Adv.,	6	(2016)	50128.	
[6]	 Yokoi,	 T.	 Hara,	M.,	 Seki,	 T.,	 Terasaka,	 S.,	 Kamitakahara,	M.,	Matsubara.	 Cryst.	 Eng.	 Comm.	18	
(2016)	1207.	
[7]	Tedim,	J.,	Kuznetsova,	A.,	Salak,	A.	N.,	Montemor,	F.,	Snihirova,	D.,	Pilz,	M.,	Zheludkevich,	M.	L.,	
Ferreira,	M.	G.	S.,	Corros.	Sci.,	55	(2012)	1.	
[8]	Galvão,	T.	 L.	P.,	Neves,	C.	 S.,	Caetano,	A.	P.	 F.,	Maia,	 F.,	Mata,	D.,	Malheiro,	E.,	 Ferreira,	M.	 J.,	
Bastos,	A.	C.,	Salak,	A.	N.,	Gomes,	 J.	R.	B.,	Tedim,	J.,	Ferreira,	M.	G.	S.,	J.	Colloid	 Interface	Sci.,	468	
(2016)	86.	
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GCMC	 simulation	 can	 serve	 as	 a	 powerful	 tool	 in	 the	 computational	 screening	 of	 new	
materials	 for	 problems	 such	 as	 carbon	 capture	 and	 hydrogen	 storage.	 There	 are	 a	 wide	
variety	of	freely	available	programs	for	performing	these	simulations,	however	to	date	there	
has	been	no	comprehensive	comparison	of	 their	accuracy	and	performance.	 Indeed,	even	
defining	 the	 rate	 at	 which	 sampling	 is	 occurring	 in	 MC	 simulation	 is	 not	 immediately	
obvious.	
	
In	 this	 work	 we	 evaluate	 the	 performance	 of	 several	 popular	 Monte	 Carlo	 simulation	
programs;	Cassandra,	DL	Monte,	Music,	Raspa	and	Towhee;	in	modelling	gas	adsorption	in	
crystalline	materials.	Firstly,	we	set	out	a	reference	case	of	CO2	adsorption	in	IRMOF-1	and	
compare	 the	 accuracy	 of	 different	 programs	 in	modelling	 this	 system.	We	 then	 set	 out	 a	
methodology	for	defining	MC	simulation	length	in	terms	of	the	statistical	inefficiency	of	the	
results.	 Using	 this	metric,	 we	 can	 then	 quantify	 and	 directly	 compare	 the	 computational	
performance	of	the	different	programs.	
	
Our	results	show	that	there	are	large	differences	in	the	statistical	value	of	an	individual	MC	
step	across	different	programs.	This	is	accompanied	by	a	reverse	trend	in	the	rate	at	which	
MC	steps	are	produced	by	programs,	which	would	make	a	direct	comparison	of	the	rates	at	
which	 MC	 steps	 are	 performed	 very	 misleading.	 The	 reference	 cases	 and	 performance	
metrics	developed	in	this	work	are	intended	to	serve	as	a	resource	to	the	community	both	
as	a	starting	point	for	validation	and	development	of	new	and	existing	programs,	as	well	as	
templates	for	best	practices	in	performing	GCMC	simulation.	
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Small-molecule	 semiconductors	 represent	 an	 important	 class	 of	 materials	 for	 organic	
electronic	 devices.	 The	 motivation	 toward	 investigation	 of	 oligomers	 is	 caused	 by	 more	
facile	control	of	their	transport	characteristics	owing	to	molecular	design	and	the	ability	of	
small	 molecules	 to	 pack	 into	 well-organised	 polycrystalline	 thin	 films.	 The	 coupling	 of	
electron-deficient	 fused	 ring	 cores,	 e.g.	 benzothiadiazole	 (BTZ)	 [1,2]	 and	
diketopyrrolopyrrole	 [3,4]	 with	 electron-rich	 heterocyclic	 flanks,	 e.g.	 thiophene	 (Th)	 and	
furan	(Fu),	leads	to	donor-acceptor-donor	molecular	structures	that	are	the	most	prevalent	
active	layer	components	in	plastic	electronics.		
Since	 electrical	 transport	 measurements	 of	 materials	 under	 operating	 conditions	 are	
difficult	 to	 perform,	 in	 silico	 estimation	 of	 hopping	 parameters	 has	 become	 a	 new	
methodology	 in	materials	 design.	 It	 requires	 the	 hierarchical	 coupling	 of	 time	 and	 length	
scales	 in	a	combination	of	 several	 computational	 techniques	 (DFT,	MC/MM	and	MD),	and	
pre-existing	 knowledge	 of	 experimental	 crystal	 structures.	 The	 aim	 of	 this	 work	 is	 to	
investigate	 the	 effect	 of	 single-atom	 substitution	 in	 the	 heterocycle,	 here	 sulphur	 for	
oxygen,	 on	 the	 structural	 and	 electronic	 properties,	molecular	 packing	 and	 electron/hole	
mobility	in	crystalline	phases	of	benzothiadiazole-cored	molecules.	
For	the	first	compound	(Th-BTZ-Th)	with	known	crystal	structure	[5],	both	the	Marcus-Hush	
transfer	rate	and	the	charge	carrier	mobility	are	estimated	for	all	possible	hopping	pathways	
taking	into	account	thermal	disorder.	It	 is	found	that	the	electron	hopping	proceeds	faster	
for	 both	 cofacial	 and	 herringbone	 molecular	 arrangements.	 The	 lowest	 predicted	 hole	
mobility	of	0.3±0.2	cm2/V·s	is	 larger	as	compared	to	the	experimentally	measured	average	
0.038	cm2/V·s	and	maximal	0.06	cm2/V·s	hole	mobility	 [5].	For	 the	second	object	 (Fu-BTZ-
Fu),	 the	molecular	packing	 in	the	solid	state	 is	a	missing	 link	for	 in	silico	estimation	of	the	
charge	 transport.	 Here	 we	 utilize	 a	 joint	 theoretical	 packing	 structure	 prediction	 and	
experimental	powder	X-ray	diffraction	analysis,	 SEM/TEM	and	DSC	characterization	of	 Fu-
BTZ-Fu	crystals	to	describe	the	morphology	and	to	refine	the	crystal	unit	cell	parameters	for	
further	calculations.		
	
This	work	is	funded	by	the	European	Union	(ERDF)	and	the	Free	State	of	Saxony	via	the	ESF	project	100231947	
(Young	Investigators	Group	"Computer	Simulations	for	Materials	Design	–	CoSiMa").	The	authors	are	grateful	
to	Dr.	Petr	Formanek	(IPF)	for	the	SEM/TEM	measurements.		
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Separation	processes	account	for	15	%	of	the	world’s	total	energy	consumption,1	so	there	is	
an	active	research	interest	in	the	development	of	less	energy	intensive	separation	methods,	
such	as	 the	use	of	membrane	separations.	One	such	separation	 is	 the	separation	of	para-
xylene	from	its	structural	isomers	(Figure	1),	and	this	project	is	exploring	the	potential	use	
of	 porous	 organic	 cages	 (Figure	 2)	 to	 carry	 out	 this	 separation.	 Porous	 organic	 cage	
membranes	 already	 exist	 as	 a	 proof	 of	 concept,2	 and	 the	 similar	 sizes	 of	 the	windows	 of	
many	porous	organic	cages	with	respect	to	the	kinetic	diameters	of	C8	aromatic	molecules	
could	 allow	 for	 a	 shape-selective	 separation.3	 Various	 computational	methods	 have	 been	
employed	 to	explore	 the	 feasibility	of	 such	a	 separation,	 including	molecular	dynamics	 to	
analyse	 dynamic	 changes	 in	 window	 diameters	 and	 metadynamics	 to	 analyse	 the	 free	
energy	 barriers,	 both	 in	 single	 molecules	 and	 in	 the	 cages’	 crystalline	 and	 amorphous	
structures.	 Results	 show	 that	 a	 C8	 aromatic	 molecule’s	 kinetic	 diameter	 is	 roughly	
proportional	 to	 the	 energy	barrier	 for	 crossing	between	 cages,	 indicating	 that	 diffusion	 is	
considerably	 slower	 for	 the	 larger	 isomers.	 This	 suggests	 that	 such	 a	 separation	may	 be	
possible,	by	trapping	the	larger	isomers	in	the	cages	whilst	the	smaller	ones	diffuse	through	
with	relatively	little	difficulty.	
	

	
Figure	1:	Para-xylene	and	its	structural	isomers	

											 	
Figure	2:	The	porous	organic	cage	CC3	a)	as	a	single	molecule	(green	=	C,	blue	=	N,	white	=	
H)	b)	showing	the	crystal	packing	behaviour	(red	=	cyclohexane,	blue	=	aromatic	/	imine	

linker,	cyan	=	pore	network)	
	
1	 D.	S.	Sholl	and	R.	P.	Lively,	Nature,	2016,	532,	435–437.	
2	 Q.	Song,	S.	Jiang,	T.	Hasell,	M.	Liu,	S.	Sun,	A.	K.	Cheetham,	E.	Sivaniah	and	A.	I.	Cooper,	Adv.	Mater.,	
2016,	28,	2629–2637.	
3	 T.	Mitra,	K.	E.	Jelfs,	M.	Schmidtmann,	A.	Ahmed,	S.	Y.	Chong,	D.	J.	Adams	and	A.	I.	Cooper,	Nat.	Chem.,	
2013,	5,	276–281.	
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Negatively	Charged	Protein	Adsorption	to	Negatively	Charged	Surface.	
	Molecular	Dynamics	Case	Study	of	BSA	Adsorption	on	Silica	

Karolina	Tokarczyk1,	Karina	Kubiak-Ossowska2		

1Institute	of	Catalysis	and	Surface	Chemistry,	Polish	Academy	of	Sciences,	2	Department	of	Physics,	
University	of	Strathclyde	

How	 proteins	 adsorb	 to	 inorganic	 material	 surfaces	 is	 critically	 important	 for	 the	
development	of	new	biotechnologies.	Since	the	orientation	and	structure	of	 the	adsorbed	
proteins	 impacts	 their	 functionality.	 While	 it	 is	 known	 that	 many	 negatively	 charged	
proteins	 readily	 adsorb	 to	 negatively	 charged	 oxide	 surfaces,	 a	 detailed	 understanding	 of	
how	this	process	occurs	is	lacking.	Using	fully	atomistic	Molecular	Dynamic	(MD)	simulations	
we	have	 studied	 the	 adsorption	of	BSA,	 an	 important	 transport	 protein	 that	 is	 negatively	
charged	 under	 physiological	 conditions,	 to	 a	 model	 silica	 surface	 that	 is	 also	 negatively	
charged.	MD	simulations	provided	a	new	insight	into	the	processes	allowing	for	adsorption	
of	negatively	charged	protein	on	negatively	charged	surface.	Surprisingly	the	adsorption	 is	
still	 driven	 by	 electrostatic	 forces	 while	 other	 forces	 only	 regulate	 the	 final	 protein	
orientation	on	 the	 surface.	Now	 the	details	 of	 the	noncovalent	 interactions	 that	bind	 the	
BSA	to	the	silica	surface	are	understood	and	the	role	of	long-range	electrostatic	and	other	
short-range	forces	is	fully	elucidated.		
	

	
	 	



Simulation	of	Complexation	of	Rare	Earth	Elements	in	Aqueous	Chloride	Solutions.	
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LS2	9JT,	United	Kingdom.	

2	Department	of	Materials	Science	&	Engineering,	Sir	Robert	Hadfield	Building,	The	University	of	Sheffield,	
Sheffield,	S1	3JD,	United	Kingdom.	

Rare	 earth	 elements	 (REE)	 are	 found	 in	 many	 modern	 technologies,	 in	 particular,	 in	 the	
automotive,	 renewable	energy	and	defence	sectors.	There	 is	concern	 in	Europe	about	the	
security	of	supply	of	these	critical	materials,	which	is	currently	dominated	by	China.	In	order	
to	address	this	issue,	new	sources	and	more	efficient	and	environmentally	friendly	ways	to	
extract	and	recover	REE	are	being	investigated.	
	
The	 importance	 of	 aqueous	 solutions	 in	 the	 formation	 of	 ore	 deposits	 and	 their	
concentration	of	 REE,	 at	 low	and	high	 temperatures	 has	 been	 known	 for	many	 years	 [1].	
Indeed,	 REE	mobility	 is	mainly	 controlled	 by	 the	 availability	 and	 degree	 of	 complexation,	
with	 ligands	 such	 as	 Cl-,	 F-,	 PO43-	 and	 SO42-,	 the	 pH	 of	 fluids	 and	 redox	 conditions[2].	
However,	the	structure,	stability	and	mobility	of	these	complexes	at	relevant	temperatures	
is	not	well	known.	
	
Here,	 we	 investigate	 the	 structure,	 stability	 and	 mobility	 of	 Nd3+,	 Gd3+	 and	 Er3+	 chloride	
complexes	 in	 aqueous	 solution	 by	 density	 functional	 theory	 (DFT)	 and	 classical	molecular	
dynamics.	A	force	field	was	developed	and	ligand	exchange	reactions	such	as,	
		
[REE(H2O)x]3+	+	Cl–		=	[REE(Cl)(H2O)y]2+	+	(x-y)H2O,		
	
were	 studied	using	 adaptive	bias	 and	 advanced	 sampling	 simulations,	which	 also	 enabled	
the	calculation	of	relative	free	energies.	Complex	stability	constants	were	determined	and	
compared	with	experimental	data,	and	mechanisms	for	ligand	exchange	were	elucidated.	In	
addition,	 we	 report	 the	 subtle	 effects	 of	 temperature	 and	 salt	 concentrations	 on	 the	
aforementioned	mechanisms	and	associated	free	energy	changes.	This	work	is	an	important	
first	 step	 to	designing	more	efficient	and	environmentally	 friendly	methods	 to	 fractionate	
REE	from	solution.	
	
	
[1]	B.	W.	D.	Yardley,	Economic	Geology,	100,	613	(2005)	
[2]	R.	A.	Mayanovic	et	al.,	Chemical	Geology,	259,	30-38	(2009)	

	 	



Investigating	the	Interfacial	Properties	and	Aggregation	of	Bile	Salts	
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The	 intake	 of	 dietary	 fat	 and	 its	 effects	 on	 health	 has	 become	 a	major	 focus	 of	modern	
societies.		The	rate	of	fat	digestion	and	subsequent	absorption	is	controlled	by	the	ability	of	
lipase	and	its	co-enzyme	co-lipase	to	bind	to	fat	droplet	interfaces,	a	process	controlled	and	
facilitated	 by	 bile	 salts	 (BS),	 which	 are	 bio-surfactants	 with	 an	 unusual	 planar	 structure	
present	in	the	gastrointestinal	tract.	 	This	process	is	not	only	relevant	to	the	absorption	of	
dietary	 fat	and	 fat-soluble	nutrients	but	also	 that	of	poorly	soluble	drugs.	 	A	 fundamental	
understanding	of	the	colloidal	and	interfacial	processes	governing	lipid	digestion	and	uptake	
is	 needed	 to	 guide	 rational	 design	 strategies.	 	 As	 a	 first	 step	 toward	 obtaining	 this	
understanding,	we	are	using	classical	molecular	dynamics	simulations	in	combination	with	a	
range	of	 experimental	 techniques	 to	 characterise	 the	 interfacial	 behaviour	of	 bile	 salts	 of	
various	 chemical	 composition	 at	 the	 air/water	 interface	 and	 at	 the	 interface	 of	 a	 lipid	
monolayer.	 	 Also,	 we	 are	 using	 a	 similar	 combination	 of	 simulation	 and	 experimental	
methods	 to	 investigate	 the	 interactions	 which	 govern	 the	 self-assembly	 of	 bile	 salts	
themselves	 as	 well	 as	 in	 the	 presence	 of	 lipid	molecules.	 	 In	 this	 talk,	 I	 will	 present	 the	
results	of	these	simulations,	in	doing	so	highlighting	how	changing	the	chemistry	of	the	bile	
salts	 effects	 the	 interfacial	 properties	 and	 how	 they	 play	 a	 key	 role	 in	 the	 aggregation	
mechanisms.	 	 Finally,	 I	 will	 put	 the	 various	 simulation	 results	 into	 context	 of	 the	 various	
experimental	results	that	we	have	obtained.	 	



Understanding	Self	Assembly	of	Silica	Precursors	Using	Monte	Carlo	Simulations	
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	Molecular	 precursor	 of	 silica	 is	 used	 to	 synthesis	 several	 type	 of	 fascinating	 engineering	
materials.	 These	 materials	 exhibit	 superior	 properties	 like,	 excellent	 thermal	 insulation,	
higher	porosity,	biocompatibility	etc.	Several	molecular	mechanisms	occur	during	synthesis,	
and	 the	 knowledge	 of	 such	 events	would	 be	 useful	 in	 synthesizing	 desired	 products.	 The	
goal	 of	 this	 work	 is	 to	 understand	 the	 molecular	 events	 occurring	 in	 the	 polymerization	
process.	 Our	 study	 involves	 the	 polymerization	 of	 model	 silica	 system	 using	 reaction	
ensemble	Monte	Carlo	techniques.	We	have	developed	algorithms	to	capture	the	kinetics	of	
molecular	 events	 (i.e.	 translation,	 rotation	 and	 reactions	 of	 particles)	 occurring	 during	
synthesis.	The	algorithms	were	validated	by	comparing	the	evolution	of	silica	species	with	
experimental	 evolution.	 The	 developed	 algorithms	 were	 robust	 enough	 to	 study	
polymerization	 for	 silica	 with	 different	 functionally.	
	
We	have	analyzed	the	synthesis	process	by	tracking	the	evolution	of	cluster	size	and	shape.	
The	final	resulting	cluster	at	the	end	of	reaction	was	found	to	be	ellipsoid	(prolate).	We	also	
studied	 the	 effect	 of	 dilution	 on	 the	 polymerization	 and	 observed	 that	 the	 degree	 of	
condensation	 (DOC)	decreases	with	dilution.	The	DOC	 for	 the	simulation	were	 lesser	 than	
the	theoretical	limit,	which	is	due	to	delayed	kinetics	of	the	process.	We	have	also	studied	
the	 effect	 of	 functionally	 on	 polymerization	 and	 found	 that	 the	 resulting	 size,	 shape	 and	
porosity	depends	strongly	on	the	initial	precursor	mixture.	

Keywords:	Porous	silica,	polymerization,	Self	assembly,	Monte	Carlo	Simulations	

	 	



Simulations	To	Understand	Reflectivity:	How	Coarse	Can	We	Go?	
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As	 the	complexity	of	 the	systems	studied	with	neutron	and	X-ray	 reflectivity	 increases,	 so	
must	 the	 methodology	 applied	 to	 the	 analysis.	 The	 current	 analytical	 procedure	 that	 is	
widely	used	for	the	interpreting	reflectivity	measurements	involves	the	use	of	layer	models,	
which	 are	 unsuitable	 for	 highly	 complex	 systems.	 For	 this	 reason,	 all-atom	 and	 coarse-
grained	molecular	dynamics	simulations	have	been	investigated	to	aid	in	the	calculation	of	
reflectivity	 profiles	 [1-3].	 These	 have	 involved	 the	 use	 of	 research	 group-specific	 code	 to	
slice	snapshots	of	the	simulation	box	into	layers	and	apply	the	Abelès	method;	generating	a	
reflectivity	profile.		
	
In	this	work,	we	have	produced	the	open-access	software,	falass	[4]	which	has	been	used	to	
determine	 reflectivity	 profile	 from	a	 lipid	 system	at	 various	 levels	 of	 coarse-graining.	 This	
involved	the	simulation	of	a	DSPC	monolayer	at	a	water-air	interface,	using	a	series	of	force	
fields;	including	all-atom	and	Martini	coarse	grained.	Using	this	we	have	been	able	to	assess	
the	effectiveness	of	each	force	field	to	reproduce	the	reflectivity	from	the	DSPC	monolayers.	
This	 knowledge	 will	 inform	 the	 level	 of	 simulation	 resolution	 required	 to	 ensure	 the	
accurate	 modelling	 of	 systems	 of	 higher	 complexity,	 such	 as	 tethered	 lipid	 bilayers,	 or	
protein-lipid	interactions.		
	

	
Figure	3.	Reflectivity	from	a	MD	trajectory.	

		
[1] Dabkowska,	A.	P.,	et	al.	(2014).	Langmuir,	30(29),	8803–8811.		
[2] Darré,	L.,	et	al.	(2015).	J.	Chem.	Theor.	Comput.,	11(10),	4875–4884.	
[3] Koutsioubas,	A.	(2016).	J.	Phys.	Chem.	B,	120(44),	11474–11483.	
[4] McCluskey,	A.	R.	(2017).	Falass	(v0.1).	[computer	program].	Available	at:	

<http://people.bath.ac.uk/chske/research/software/falass/index.html>	[Accessed	30	Jan	2017].	
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Transferable	Force	Field	Parameterisation	of	Organosilicates	Using	Multiscale	Modelling	

Andrew	Milne	

Department	of	Chemical	and	Process	Engineering,	University	of	Strathclyde,	75	Montrose	Street,	G1	1XJ,	
Glasgow,	UK	

Silicate	and	organosilicate	molecules	are	extremely	 important	 in	a	wide	variety	of	natural	
and	industrial	processes,	including	geochemistry,	biosilicification,	bone	tissue	growth,	glass	
and	ceramics	production,	polymer	manufacture	(e.g.,	PDMS),	and	synthesis	of	nanoporous	
materials.	 Although	 silica	 is	 normally	 encountered	 in	 the	 form	 of	 crystalline	 solids	 (e.g,	
quartz,	 zeolites),	 their	 synthesis	 almost	 invariably	occurs	 in	 the	 liquid	 state	or	 in	 aqueous	
solution	 from	 organo(silicates).	 With	 the	 exception	 of	 a	 few	 studies	 devoted	 to	 specific	
molecules	(e.g.,	silicic	acid)	[1,2],	there	is	no	general	molecular	model	that	can	be	applied	to	
organosilicates	–	in	fact,	the	silicon	atom	is	conspicuously	absent	from	most	general	liquid-
state	 force	 fields,	 such	 as	OPLS	 [3].	Hence,	 it	 is	 our	belief	 that	 better	 force	 fields	of	 such	
systems	would	help	us	better	understand	 the	 complex	 synthesis	of	 such	materials	 and	 to	
achieve	 this	 we	 need	 to	 integrate	 information	 from	 several	 levels	 of	 theory	 on	 different	
length	scales.	
In	 this	 work,	 we	 focus	 on	 parameterising	 a	 new	 transferable	 atomistic	 force	 field	 for	
organosilicate	 molecules	 suitable	 for	 the	 liquid	 state	 and	 aqueous	 solutions	 of	 these	
molecules	using	a	combination	of	molecular	dynamics	 (MD)	and	density	 functional	 theory	
(DFT)	 calculations.	 The	basis	 for	 our	 new	 force	 field	 is	 the	United	Atom	 (UA)	 form	of	 the	
Transferable	 Potentials	 for	 Phase	 Equilibria	 (TraPPE)	 force	 field	 [4],	 and	 we	 extend	 it	 to	
include	parameters	for	silicon	and	adjacent	oxygen,	hydrogen	and	carbon	atoms.	We	have	
used	 quantum	 chemistry	 (QM)	 calculations	 to	 calibrate	 parameters	 for	 the	 torsional	
potentials.	The	results	of	QM	were	also	fitted	to	obtain	point	charges	on	the	molecules	of	
interest.	With	these	parameters	in	place,	we	ran	molecular	dynamics	simulations	and	fitted	
the	 Lennard-Jones	 parameters	 to	 match	 experimental	 data	 for	 density	 and	 heat	 of	
vaporisation	of	 selected	organosilicate	molecules.	 The	parameters	 that	we	have	obtained	
from	 this	 first	 approach	 are	 reasonable	 but	 show	 some	 systematic	 discrepancies	 for	 the	
heats	 of	 vaporisation,	 which	 we	 hypothesise	 is	 due	 to	 neglecting	 polarisation	 effects.	 As	
such,	special	attention	has	been	paid	to	producing	electrostatic	charges	which	correspond	
accurately	 to	 the	 liquid-	 or	 solution-like	 environment	 of	 the	 molecules,	 thus	 hoping	 to	
capture	 polarisation	 effects	 in	 an	 implicit	 way	 within	 a	 non-polarisable	 model.	 The	
parameters	of	the	new	model	are	validated	against	a	range	of	thermodynamic	properties,	
including	 free	 energies	 of	 solvation.	 We	 expect	 this	 new	 model	 to	 find	 applicability	 in	
processes	 such	 as	 those	 mentioned	 above,	 which	 rely	 on	 interactions	 involving	 silicate	
molecules	in	solution.		
	
[1]	J.C.G.	Pereira,	C.	R.	A.	Catlow,	G.	D.	Price;	J.	Phys.	Chem.	A.,	2002,	106,	130-148		
[2]	Miguel	 Jorge,	 José	R.	B.	Gomes,	M.	Natália	D.	S.	Cordeiro,	Nigel	A.	Seaton;	 J.	Phys.	Chem.	B.;	2009,	113,	
708-718		
[3]	W.	L.	Jorgensen,	D.S.	Maxwell,	J.	Tirado-Rives;	1996,	J.	Am.	Chem.	Soc.	118,	11225-11236		
[4]	Marcus	G.	Martin,	and	J.	Ilja	Siepmann;	J.	Phys.	Chem.	B,	1998,	102,	2569-2577		
	



Multiscale	Modelling	of	PVDF	Bulk	and	Surface-Interface	Physical	Properties	
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Ferroelectric	 polymers,	 such	 as	 poly(vinylidene	 difluoride)	 (PVDF),	 have	 many	 potential	
applications	 in	 flexible	 electronic	 devices.	 PVDF	 has	 six	 experimentally	 observed	
polymorphs,	three	of	which	are	ferroelectric.	In	this	work	we	use	density	functional	theory	
to	investigate	the	energetics,	vibrational	frequencies	of	all	PVDF	polymorphs.	Furthermore,	
we	 studied	 the	 crystal	 structures	 of	 γ,	 ε	 phases,	 hence,	 the	 polarisation	 of	 the	 stable	
ferroelectric	γ	phase.	Then,	a	theoretical	characterisation	of	the	non	ferroelectric	analogue	
of	 the	 well	 know	 ferroelectric	 β	 phase	 is	 here	 presented.	 The	 results	 from	 a	 variety	 of	
exchange	correlation	functionals	were	compared	and	it	was	found	that	van	der	Waals	(vdW)	
interactions	 have	 an	 important	 effect	 on	 the	 calculated	 crystal	 structures	 and	 energetics,	
with	 the	 vdW-DF	 functional	 giving	 the	 best	 agreement	 with	 experimental	 lattice	
parameters.	 While	 the	 relative	 phase	 energies	 were	 not	 strongly	 dependent	 on	 the	
functional,	 the	 cohesive	 energies	 were	 significantly	 affected.	 The	 inclusion	 of	 vdW	
interactions	is,	therefore,	important	to	obtain	the	correct	lattice	structures,	polarisation	and	
energetics	 of	 PVDF	 polymorphs.	 Furthermore,	 the	 investigation	 of	 PVDF	 with	 classical	
Mechanics	theory	using	lammps	has	been	performed	as	well	in	order	to	further	understand	
PVDF	chains	orientation	on	surface.	By	cross-cheking	chains	equilibrium	conformation	at	the	
bulk	we	proceeded	to	investigate	the	surface	configuration.	
	
F.	 Pelizza,	 B.R.	 Smith,	 and	 K.	 Johnston.	 A	 van	 der	 waals	 density	 functional	 theory	 study	 of	 poly(vinylidene	
difluoride)	 crystalline	 phases.	 The	 European	 Physical	 Journal	 Special	 Topics,	 pages	 1–10,	 2016.	
	
	 	



Electron-beam	induced	chemistry	of	organic	molecules	
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Transmission	 electron	 microscopy	 (TEM)	 is	 traditionally	 used	 as	 a	 tool	 to	 characterise	 materials,	
providing	 atomic	 resolution	 imaging	 of	 low	 dimensional	 nanostructures	 such	 as	 graphene	 and	
carbon	nanotubes.	 In	 this	 context,	damage	 to	materials	 imaged	by	TEM	 (caused	by	collisions	with	
the	 highly	 energetic	 electrons)	 is	 generally	 considered	 as	 something	 to	 be	 avoided	 or	 limited.	
However,	 with	 detailed	 understanding	 of	 the	 effects	 of	 the	 electron	 beam	 (e-beam),	 the	 energy	
transmitted	from	it	can	be	used	to	drive	chemical	reactions	that	would	be	otherwise	unfeasible.	
A	 mechanistic	 understanding	 of	 beam-driven	 chemical	 reactions	 can	 be	 achieved	 with	 the	
comparison	 of	 experimental	 TEM	 images	 to	 the	 results	 of	 modelling.	 The	 dynamic	 response	 of	
nanotube-encapsulated	 organic	 species	 to	 the	 stimulus	 of	 the	 e-beam	 has	 been	 simulated	 using	
density	 functional	 theory	 (DFT)	molecular	 dynamics.	 By	 combining	 these	 results	with	 an	 accurate	
analytical	 model	 of	 the	 interaction	 of	 relativistic	 electrons	 and	 atomic	 nuclei,	 the	 experimentally	
observed	behaviour	of	these	systems	under	the	e-beam	has	been	quantitatively	characterised.	
The	elemental	dependence	of	the	transfer	of	energy	from	the	e-beam	was	shown	to	play	a	key	role	
in	 determining	 reaction	 products,	 and	 is	 responsible	 for	 the	 very	 high	 susceptibility	 of	 carbon-
hydrogen	 bonds	 to	 irradiation	 damage.1	 Deuteration	 is	 an	 effective	 remedy	 for	 overcoming	 this	
limitation,	 increasing	 lifetimes	 of	 organic	 molecules	 under	 electron	 irradiation	 and	 therefore	
enhancing	 the	 accuracy	 of	 structural	 analysis	 by	 TEM.2	 A	 close	 iterative	 collaboration	 between	
theory	 and	 microscopy	 was	 used	 to	 establish	 TEM	 as	 an	 effective	 tool	 for	 chemical	 reaction	
discovery	 and	 the	 characterisation	 of	 previously	 unknown	 reaction	mechanisms.3	 This	 has	 initially	
been	demonstrated	with	two	example	reactions,	in	which	organic	molecule	precursors	are	activated	
by	the	e-beam,	eventually	forming	novel	one-dimensional	materials	(Figure	1).4	

	
Figure	1.	The	initial	stages	of	e-beam	induced	1D	polymerisation	of	octathio[8]circulene	molecules.	

Experimental	TEM	images,	top;	DFT	and	multislice	image	simulations,	bottom.	

1.	 S.	T.	Skowron	et	al.,	Nanoscale,	2013,	5,	6677–6692.	
2.	 T.	W.	Chamberlain	et	al.,	Small,	2015,	11,	622–629.	
3.	 S.	T.	Skowron	et	al.,	Acc.	Chem.	Res.,	2017,	acs.accounts.7b00078.	
4.	 T.	W.	Chamberlain	et	al.,	ACS	Nano,	2017,	11,	2509–2520.	 	



Phase	diagrams	of	molecular	solidsfrom	lattice-switch	Monte	Carlo	in	DL_MONTE	
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One	key	application	of	molecular	simulation	is	to	determine	the	phase	behaviour	of	a	given	
substance	 under	 given	 conditions,	 e.g.,	 temperature	 and	 pressure.	 This	 problem	 can	 be	
recast	 in	 terms	of	 free	 energies:	 calculating	 the	 free	 energy	 difference	between	 a	 pair	 of	
candidate	 phases	 will	 reveal	 which	 of	 the	 two	 is	 stable	 at	 the	 conditions	 under	
consideration.	
	
Lattice-switch	Monte	 Carlo	 (LSMC)	 is	 an	 efficient	 method	 for	 evaluating	 the	 free	 energy	
difference	 between	 two	 solid	 phases.	 Since	 its	 inception	 LSMC	 has	 predominantly	 been	
applied	to	`simple'	systems	such	as	the	Lennard-Jones	and	hard-sphere	solids.	However	the	
recent	 implementation	of	 LSMC	 in	 the	 general-purpose	Monte	Carlo	program	DL_MONTE	
has	 opened	 the	 possibility	 of	 applying	 the	 method	 to	 molecular	 crystals	 modelled	 by	
`realistic'	 force	 fields.	 This	 is	 an	 interesting	 prospect	 because	 LSMC	 is	 ostensibly	 more	
efficient	 than	 other	 methods	 for	 evaluating	 solid-solid	 free	 energy	 differences.	 Thus	
DL_MONTE	could	prove	a	valuable	tool	for	studying	phase	behaviour	in	molecular	crystals.	
	
Here	 we	 present	 the	 results	 of	 our	 incipient	 applications	 of	 LSMC	 in	 DL_MONTE	 to	
molecular	 crystals.	 The	 key	 system	 we	 have	 considered	 is	 ice.	 Crucially,	 we	 have	 gone	
beyond	 the	 problem	 of	 using	 LSMC	 to	 determine	 which	 ice	 phase	 is	 stable	 at	 a	 single	
temperature	and	pressure:	we	have	used	LSMC	 to	efficiently	 calculate	 coexistence	 curves	
for	various	ice	phases.	
	

	 	



Ion	Permeation	in	Graphene	Oxide	Membranes:	a	Molecular	Simulation	Perspective	

Christopher	D.	Williams,	James	Dix,	Paola	Carbone	and	Flor	R.	Siperstein	

School	of	Chemical	Engineering	and	Analytical	Science,	University	of	Manchester,	Manchester,	M13	9PL,	
UK.	

When	 graphene	 oxide	 (GO)	 membranes	 are	 immersed	 in	 water	 the	 interlayer	 spacing	
between	GO	flakes	increases	and	the	membrane	swells.	In	this	swollen	state,	water	and	ions	
are	 thought	 to	 permeate	 through	 the	 membrane	 via	 a	 network	 of	 interconnected	
unoxidised	2D	pores.1	Careful	 control	of	 the	 swelling	has	now	been	 realised,	enabling	 ion	
permeation	 selectivity	 through	 the	 membrane.2	 This	 breakthrough	 means	 that	 GO	
membranes	could	be	used	for	the	water	purification	by	nanofiltration	in	the	future.	
	
In	 this	 work,	 the	 ion-rejection	 properties	 of	 GO	 membranes	 were	 investigated	 using	
molecular	 dynamics	 simulations	 and	 the	 umbrella	 sampling	 technique.2,3	 The	 simulations	
have	 demonstrated,	 using	 simple	 2D	 pore	 models,	 that	 relative	 permeation	 rates	 are	
determined	by	the	free	energy	associated	with	ion	dehydration	upon	entering	the	pore.	The	
implications	of	this	finding	are	discussed	in	the	context	of	desalination	and	the	removal	of	
problematic	radioactive	contaminants,	such	as	99Tc.	
	
In	 order	 to	 resolve	 quantitative	 differences	 in	 permeation	 energy	 barriers	 between	
experiment	 and	 simulation,	 we	 propose	 alternatives	 to	 the	 widely	 assumed	 permeation	
pathway	of	ions	through	GO	membranes.	
	

1. RK	Joshi,	P	Carbone,	FC	Wang,	VG	Kravets,	Y	Su,	IV	Grigorieva,	HA	Wu,	AK	Geim	and	RR	Nair,	Precise	
and	Ultrafast	Molecular	Sieving	Through	Graphene	Oxide	Membranes,	Science,	2014,	343,	752-754.	

2. J	 Abraham,	 KS	 Vasu,	 CD	 Williams,	 K	 Gopinadhan,	 Y	 Su,	 C	 Cherian,	 J	 Dix,	 E	 Prestat,	 SJ	 Haigh,	 IV	
Grigorieva,	 P	 Carbone,	 AK	 Geim	 and	 RR	 Nair,	 Tunable	 Sieving	 of	 Ions	 Using	 Graphene	 Oxide	
Membranes,	Nat.	Nanotechnol.,	accepted	for	publication.		

3. CD	Williams	 and	 P	 Carbone,	 Selective	 Removal	 of	 Technetium	 from	Water	 Using	 Graphene	 Oxide	
Membranes,	Environ.	Sci.	Technol.,	2016,	50,	3875-3881.	



Lithium	Diffusion	in	Complex	Phosphidosilicate	Materials	
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Recent	 work	 has	 demonstrated	 new	 materials	 within	 the	 Li-Si-P	 system	 [1,	 2].	 These	
materials	 contain	 a	 complex	 framework	 of	 phosphidosilicate	 “super-tetrahedra”,	 among	
which	 lithium	 atoms	 are	 accommodated.	 Experimentally,	 the	 energy	 barrier	 to	 lithium	
diffusion	 in	 these	materials	 is	 found	to	be	 low	(<0.1	eV),	making	 them	an	 interesting	new	
solid	state	electrolyte	material	class.	However,	issues	exist	with	air	sensitivity	and	questions	
remain	over	potential	doping	strategies.	In	this	report	possible	doping	strategies	within	the	
Li-Si-P	 systems	 are	 evaluated	 using	 DFT	 calculations.	 The	 most	 favourable	 doping	
mechanism	 is	 then	used	 in	ab	 initio	molecular	dynamics	simulations	and	compared	to	the	
pure	system	to	elucidate	any	impact	on	the	diffusion	of	lithium	ions.	
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Diffusion	and	Reaction	Pathways	of	Water	near	Fully	Hydrated	Tio2	Surfaces	from	Ab-
Initio	Molecular	Dynamics	

Lorenzo	Agosta	

Department	of	Materials	and	Environmental	Chemistry,	Stockholm	University,	Sweden	

Ab	 initio	 molecular	 dynamics	 simulations	 are	 reported	 for	 water-embedded	 TiO2	
surfaces	 to	 determine	 the	 diffusion	 and	 reactive	 behavior	 at	 full	 hydration.	 A	 three-	
domain	 model	 is	 developed	 for	 the	 six	 surfaces	 [rutile	 (110),	 (100),	 and	 (001),	 and	
anatase	 (101),	 (100),	 and	 (001)]	 that	 describes	 surface-bound	 waters	 in	 terms	 of	
“hard”	 (irreversibly	 bound),	 “soft”	 (with	 reduced	 mobility	 but	 orientation	 freedom)	
hydration	 layers,	 and	 bulk	 water.	 The	 model	 helps	 interpreting	 previous	 experimental	
data	 and	 gives	 a	 detailed	 and	 consistent	 picture	 of	 water	 diffusion	 near	 TiO2	 surfaces.	
Water	 reactivity	 is	 discussed	 in	 detail,	 and	 in	 addition	 to	 direct	 water	 splitting,	 graph	
theoretic	 analysis	 reveals	 a	 number	 of	 water	 reaction	 pathways	 on	 TiO2	 that	 occur	 at	
full	 hydration.	 Hydronium	 (H3O+)	 is	 identified	 to	 be	 the	 key	 intermediate	 state	 and	
facilitates	 water	 dissociation	 by	 proton	 hopping	 between	 (surface-adsorbed)	 intact	
and	 dissociated	 waters.	 These	 discoveries	 significantly	 improve	 the	 understanding	 of	
nanoscale	water	dynamics	and	reactivity	near	TiO2	interfaces	under	ambient	conditions.	
	 	



	

Multi-scale	material	growth	in	extreme	environments	

Andrew	Bell	and	Paul	Mulheran	

Department	of	Chemical	and	Process	Engineering,	University	of	Strathclyde,	UK	

We	 aim	 to	 develop	 a	 kinetic	 Monte	 Carlo	 (kMC)	 model	 of	 surface	 evolution	 in	 extreme	
environments	 when	 a	 crystalline	 material	 is	 bombarded	 by	 high	 energy	 atoms	 causing	
sputtering,	growth	and	surface	roughening.	We	exploit	results	of	Molecular	Dynamics	(MD)	
simulations	to	develop	the	kMC,	which	has	the	potential	 to	capture	the	 important	growth	
physics	while	being	orders	of	magnitude	faster,	allowing	us	to	simulate	on	time	and	length	
scales	 that	 would	 be	 unfeasible	 for	 MD	 due	 to	 the	 computational	 cost.	 Here	 we	 use	 a	
lattice-based	model	with	deposition,	sputtering	and	surface	diffusion	rules	 inspired	by	the	
MD	simulations.	While	we	can	successfully	capture	many	features	of	the	surface	evolution,	
challenges	 remain	 to	 fully	 replicate	 the	 movement	 of	 ad-clusters	 and	 vacancy	 islands.	
Nevertheless	the	tool	allows	us	to	consider	finite	size	effects	and	the	scale-up	to	long	time	
and	 length	 scales.	 Ultimately,	 we	 wish	 to	 explore	 the	 feasibility	 of	 coupling	 the	 KMC	 to	
computational	 fluid	dynamics	 (CFD)	methodologies	 such	as	direct	 simulation	Monte	Carlo	
(DSMC)	applicable	to	rarefied	gas	environments.	
	 	



Endeavours	of	DL_MONTE-2	–	project	progress	&	recent	updates	

Andrey	Brukhno*,	Tom	Underwood†,	James	Grant‡,	John	Purton*,	Nigel	Wilding†	and	Steve	
Parker‡	
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DL_MONTE-2	 is	 the	current	CCP5	 flagship	project	 that	has	been	 instigated	by	and	 funded	
through	an	EPSRC	“Software	for	the	Future”	programme.	The	development	of	DL_MONTE-2	
is	 aimed	 at	 providing	 the	 academic	 research	 community	 with	 a	 state-of-the-art	 general	
purpose	 software	 engine	 for	Monte	 Carlo	 (MC)	 simulation	 of	 condensed/soft	matter	 and	
other	 complex	 materials.	 Amongst	 the	 objectives	 of	 DL_MONTE-2	 is	 to	 develop	 novel	
functionalities	within	 the	MC	 simulation	methodology,	 as	 a	 complementary	 alternative	 to	
molecular	dynamics	simulations,	e.g.	for	the	users	of	DL_POLY	package(s).			
The	 poster	 reports	 on	 the	 advances	 in	 development	 of	 DL_MONTE-2	 software	 –	 recent	
updates,	releases,	as	well	as	highlight	the	most	prominent	new	features	such	as	free	energy	
difference	(FED)	methodologies,	lattice/phase	switch	(PSMC)	implementations,	planar	nano-
pore	(slit)	confinement	and	current	progress	in	tackling	organic-inorganic	interfaces	and	bio-
chemical	applications.		
	 	



Mesoscale	modelling	of	dimethacrylate-based	biomaterials	

Lauritz	T.	Bußfeld,	Peter	Behrens,	Andreas	M.	Schneider	
Institute	for	Inorganic	Chemistry,	Leibniz	University	Hannover	

The	development	of	advanced	dental	materials	based	on	polymers	has	attracted	growing	interest	in	the	
recent	decade.	Particularly	resins	curable	by	photo-induced	radical	polymerization	are	advantageous	over	
conventionally	used	implants	like	ceramics	and	noble	metal	alloys,	regarding	processability	and	aesthetic	
properties.	 Additional	 incorporation	 of	 inorganic	 filler	 materials	 leads	 to	 durable	 dental	 composites,	
ubiquitously	used	 for	partial	 remodelling	and	 filling	of	 cavities	 in	human	bones	and	 teeth.[1]	However,	
the	 decrease	 in	 volume	 of	 polymer-based	 materials	 with	 increasing	 double	 bond	 conversion	 during	
polymerization	is	a	major	drawback.	Beside	utilization	of	filler	materials	for	the	compensation	of	the	so-
called	polymerization	shrinkage,	the	selection	of	well-suited	monomers	leads	to	significant	improvement.	
The	target	of	our	work	is	to	elucidate	the	underlying	processes	and	predict	the	mechanical	properties	of	
the	composites.	While	the	structure	of	polymers	cannot	easily	be	accessed	from	an	experimental	point	of	
view,	computational	methods	facilitate	detailed	investigations.	

Investigation	via	Coarse	Grained	models	
For	polymers,	computer	based	simulation	methods	offer	a	powerful	tool	for	investigation	and	prediction	
of	 mechanical	 properties.	 Due	 to	 the	 high	 radii	 of	 gyration	 of	 macromolecules,	 sufficiently	 large	
ensembles	 of	 atoms	 and	 consequently	 large	 simulation	 cells	 are	 necessary,	 leading	 to	 long	 simulation	
times	on	 the	atomistic	 scale.	One	way	 to	manage	 the	 simulation	of	 cells	with	 such	 spatial	extent	 is	by	
utilizing	 Coarse	 Grained	 (CG)	 or	 mesoscale	 models,	 which	 lead	 to	 a	 significant	 acceleration	 of	 the	
calculations.	The	main	advantage	of	CG	models	lies	in	the	representation	of	monomers	or	units	of	larger	
molecules	by	 single	 superatoms,	often	 called	beads.	Using	 this	method	eliminates	 the	 time-consuming	
simulation	 of	 e.g.	 bond	 vibrations	 or	 atomic	 pair	 interaction,	 which	 are	 then	 described	 by	 effective	
potentials.	On	the	other	hand,	information	of	individual	covalent	or	hydrogen	bonds	is	lost.	To	avoid	this	
disadvantage,	a	simulation	on	different	size	scales	may	be	applied,	known	as	multiscale	simulation.	
In	the	aforementioned	mesoscale	models	potential	parameters	are	employed	which	can	be	derived	from	
reference	models	or	experimental	data.	In	practice	it	is	common	to	use	atomistic	models	as	a	reference.	
In	this	approach,	parameterization	of	the	CG	force	field	is	based	on	structural	observables	and	is	achieved	
by	Iterative	Boltzmann	Inversion.[2,3]	In	this	work,	we	use	a	urethane	dimethacrylate,	which	is	commonly	
used	 in	dental	 application	nowadays,	 as	a	model	 system.	This	 system	shows	a	 suitable	 viscosity	of	 the	
monomer	melt	while	exhibiting	only	a	moderate	polymerization	shrinkage.	The	model	consists	of	three	
different	bead	 types	per	monomer	 (Figure	1).	 The	 terminal	methacrylate	 groups	are	 the	 reactive	units	
with	 regard	 to	 the	 polymerization	 and	 therefore	 are	 described	 as	 an	 individual	 bead	 type.	 The	 other	
beads	 were	 defined	 in	 such	 a	 way	 that	 all	 beads	 obtain	 approximately	 the	 same	 size.	 Most	 of	 the	
parameters	 for	 the	 mesoscale	 force	 field	 are	 derived	 from	 atomistic	 monomer	 melt	 simulations.	 For	
oligomers	 and	 polymers	 only	 one	 additional	 bead	 type	 is	 introduced	 to	 describe	 the	 backbone	 units,	
therefore	 only	 two	 additional	 bond	 and	 angle	 interaction	 potentials	 have	 to	 be	 generated.	 The	 latter	
have	to	be	derived	from	atomistic	simulations	of	an	oligomer,	which	result	 in	the	major	computational	
effort	of	our	parameterization	approach.	

	
Figure	1:	Stick	model	of	the	urethane	dimethacrylate	monomer	under	investigation.	Transparent	

ellipsoids	indicate	the	location	of	the	beads	defined	in	the	mesoscale	model.	
[1]	 X.	Wang	et	al.,	Materials	Science	and	Engineering	C,	2016,	59,	464-470.	
[2]	 D.	Reith	et	al.,	J.	Comput.	Chem.,	2003,	24,	1624-1636.	
[3]	 V.	Agrawal	et	al.,	Macromolecules,	2014,	47,	3378-3389.		
	 	



An	accurate	and	transferable	molecular	model	to	predict	binary	adsorption	in	open	metal	
site	containing	metal	organic	frameworks		
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This	work	 focuses	 on	 developing	 accurate	 computational	models	 to	 predict	 adsorption	 in	
Metal-Organic	Frameworks	(MOFs)	with	coordinatively	unsaturated	metal	sites	(CUS).	MOFs	
are	adsorbent	materials	of	great	interest	within	the	research	community	due	to	their	many	
desirable	 characteristics	 such	 as	 large	 surface	 areas,	 high	 porosity	 and	 high	 degree	 of	
tailorability.	 In	 particular,	 MOFs	 containing	 CUS	 have	 demonstrated	 highly	 selective	
adsorption	by	forming	strong	coordination	bonds	with	specific	adsorbates,	which	gives	them	
great	 potential	 for	 challenging	 gas	 separations.	 The	 caveat	 of	MOF	 variability	 is	 that	 this	
introduces	 an	 overly	 deep	 pool	 of	 potential	 MOFs	 to	 be	 assessed	 through	 purely	
experimental	means.	Furthermore,	experimentally	measuring	competitive	binary	adsorption	
is	 very	 difficult,	 and	 it	 is	 therefore	 often	 	 estimated	 on	 the	 basis	 of	 single-component	
adsorption	through	Ideal	Adsorbed	Solution	Theory	(IAST).	However,	IAST	has	been	shown	
to	be	inaccurate	for	systems	involving	specific	gas-solid	interactions,	as	is	the	case	in	MOFs	
with	CUS	[1].		
As	such,	 there	 is	potential	 for	computational	modelling	to	play	a	pivotal	 role	 in	adsorbent	
material	 design,	 e.g.,	 through	 high-throughput	 screening	 of	 MOFs.	 The	 caveat	 is	 that	
accurate	 predictions	 of	 adsorption	 in	 new	 MOFs	 by	 computer	 simulation	 require	 the	
development	 of	 realistic	 molecular	 models,	 which	 is	 especially	 difficult	 for	 MOFs	 that	
contain	CUS.	It	has	recently	been	demonstrated	that	conventional	“off-the-shelf”	molecular	
models	 are	 unable	 to	 correctly	 describe	 adsorption	 in	 CUS-containing	MOFs	 [2].	 Here	we	
report	 the	 latest	 developments	 of	 a	 new	 approach	 that	 combines	 accurate	 quantum	
mechanical	 (QM)	 calculations	 with	 classical	 Monte	 Carlo	 simulations	 to	 enable	 accurate	
predictions	 of	 adsorption	 for	 these	 complex	 materials	 [3,4].	 The	 new	 model	 was	 first	
validated	 against	 ethylene	 adsorption	 in	 Cu-BTC	 and	 showed	 good	 agreement	 with	
experiment.	 Crucially,	 we	 demonstrate	 that	 the	 QM-derived	 potential	 parameters	 are	
transferable	to	different	adsorbates	of	the	same	type	(e.g.,	ethylene	to	propylene)	as	well	as	
between	 different	 MOFs	 with	 the	 same	 type	 of	 open	 metal	 site	 (e.g.,	 Cu-paddlewheel	
MOFs).	 This	 has	 allowed	 us	 to	 predict	 multi-component	 adsorption	 isotherms,	 and	
corresponding	 selectivities,	 in	 the	 context	 of	 several	 challenging	 gas	 separations	 (e.g.,	
ethylene/ethane;	 propylene/propane;	 CO/nitrogen)	 using	 MOFs	 with	 open	 metal	 sites.	
Overall,	 our	 new	 model	 provides	 detailed	 insight	 into	 the	 molecular	 level	 adsorption	
mechanisms	on	MOFs	with	CUS,	and	constitutes	a	useful	 tool	 to	design	new	materials	 for	
challenging	separations.	
 
[1]	Naomi	F.	Cessford,	Nigel	A.	Seaton,	and	Tina	Düren,	Ind.	Eng.	Chem.	Res.,	51,	4911-4921,	2012	
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Continuous	integration	for	DL_POLY_4:	A	bird’s	eye	view	
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When	comes	to	scientific	software	development	methodologies	we	seem	to	have	a	special	
one	 for	 each	 project.	 This	 approach	 hinders	 massively	 sustainability	 of	 the	 software	
developed.	In	this	poster	we	go	through	different	stages	of	continuous	integration	for	a	real	
life,	well	established	scientific	code,	DL	POLY_4,	CCP5	flagship.	The	experience	draws	from	
involvement	 in	 few	 other	 collaborative	 scientific	 projects,	 lone	 projects	 and	 open-source	
community.	 One	 is	 exposed	 to	 the	 various	 and	 the	 very	 different	 aspects	 needed	 for	 CI,	
ranging	 from	 hardware/software	 infrastructure,	 testing	 and	 tools	 to	 policy	 creation	 and	
enforcement.		



		

DL_MONTE	2:	Developments	and	teaching	material	

James	Grant,	Andrey	Brukhno,	Tom	Underwood,	Steve	Parker,	John	Purton,	Nigel	Wilding	

Chemistry	Department,	University	of	Bath,	UK	

We	will	report	developments	within	the	DL_MONTE	EPSRC	funded	CCP5	flagship	Software	
for	the	Future	project.		Recent	work	has	included	molecular	Lattice	Switch	Monte	Carlo	and	
capability	 for	 2D	 geometries,	 including	 interactions	with	 interfaces.	 	 	We	will	 also	 discuss	
instructive	 material	 developed	 from	 a	 workshop	 held	 at	 Bath,	 introducing	 Monte	 Carlo	
methods	and	the	functionality	that	has	been	introduced	to	the	code.	
  



Expanding	the	scale	of	condensed	phase	models	
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The	 size	 of	 systems	 that	 can	 be	 simulated	 is	 limited	 by	 both	 the	 computational	 cost	 of	
modelling	their	behaviour	and	the	requirements	to	numerically	represent	them.	For	suitable	
cases,	 renormalization	 group	methods	 can	 be	 used	 to	 exponentially	 expand	 the	 available	
size	 of	 the	 system	 that	 can	 be	 studied.	 However	 this	 is	 usually	 used,	 for	 example,	 when	
examining	scale	free	processes	such	as	second	order	phase	transitions.	Here	we	instead	aim	
to	use	renormalization	group	rescaling	techniques	to	allow	the	same	parameter	space	to	be	
used	to	simulate	systems	on	a	larger	scale.	
	
We	 apply	 these	 ideas	 to	 rescale	 both	 rates	 and	 length	 scales	 for	 Kinetic	 Monte	 Carlo	
simulations	of	lattice	systems	undergoing	coarsening	processes.	The	Ising	model	(see	Fig.	1)	
captures	 the	essential	behaviours	of	 systems	 including	magnetic	ordering	and	alloy	phase	
separations.	As	a	first	area	of	application,	we	study	the	low	temperature	Glauber	dynamics	
of	 the	 d=2	 model	 on	 a	 square	 lattice.	 Our	 approach	 involves	 coarse	 graining	 the	 model	
through	block	spin	transformations,	categorizing	the	events	occurring	on	the	coarse	grained	
model	 and	 determining	 their	 associated	 kinetic	 rates.	 Our	 initial	 investigations	 are	
presented	and	potential	problems	are	discussed.	
	

	
Figure1:	Shows	snap	shots	of	coarsening	in	the	nearest-neighbour	zero	temperature	Glauber	

dynamics	of	the	kinetic	Ising	model	at	(a)	0,	(b)	66,	(c)	150,	(d)	440	and	(e)	1156×105	spin	flip	events.	
	 	



Phase	behaviour	of	self-assembled	monolayers	controlled	by	tuning	physisorbed	and	
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The	self-assembly	of	molecules	on	surfaces	into	2D	structures	is	important	for	the	bottom-
up	fabrication	of	functional	nanomaterials,	and	the	self-assembled	structure	depends	on	the	
interplay	 between	 molecule-molecule	 interactions	 and	 molecule-surface	 interactions.	
Halogenated	 benzene	 derivatives	 on	 platinum	 have	 been	 shown	 to	 have	 two	 distinct	
adsorption	states:	a	physisorbed	state	and	a	chemisorbed	state,	and	the	interplay	between	
the	 two	 can	 be	 expected	 to	 have	 a	 profound	 effect	 on	 the	 self-assembly	 and	 phase	
behaviour	of	these	systems.	We	developed	a	lattice	model	[1,2]	that	explicitly	includes	both	
adsorption	 states,	with	 representative	 interactions	parameterised	using	density	 functional	
theory	calculations	 [3,4,5].	This	model	was	used	 in	Monte	Carlo	simulations	to	 investigate	
pattern	 formation	 of	 hexahalogenated	 benzene	 molecules	 on	 the	 platinum	 surface.	
Molecules	 that	 prefer	 the	 physisorbed	 state	 were	 found	 to	 self-assemble	 with	 ease,	
depending	on	the	interactions	between	physisorbed	molecules.	In	contrast,	molecules	that	
preferentially	chemisorb	tend	to	get	arrested	in	disordered	phases.	However,	changing	the	
interactions	between	chemisorbed	and	physisorbed	molecules	affects	the	phase	behaviour.	
We	 propose	 functionalising	 molecules	 in	 order	 to	 tune	 their	 adsorption	 states,	 as	 an	
innovative	way	to	control	monolayer	structure,	 leading	to	a	promising	avenue	for	directed	
assembly	of	novel	2D	structures.	
	
[1]	Fortuna	et	al.,		J.	Phys.	Chem.	B,	114	1849	(2010) 
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[4]	Peköz	et	al.,	J.	Phys.	Chem.	C	116	20409	(2012) 
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Nanoporous	 silica	 materials	 are	 produced	 by	 templated	 synthesis,	 whereby	 a	 surfactant	
liquid-crystal	acts	as	template,	and	thus	allow	control	over	pore	size	by	changing	synthesis	
conditions	 [1].	 They	 are	 thus	 excellent	 candidates	 for	 computational	 design,	which	would	
have	 tremendous	 benefits	 in	 areas	 like	 gas	 separation,	 catalysis,	 and	 drug	 delivery.	
Accomplishing	this	goal,	however,	requires	models	that	can	accurately	predict	how	silicate	
precursor	 and	 surfactant	 templates	 interact	 in	 aqueous	 solutions,	 giving	 rise	 to	 ordered	
mesostructures.	 This	 is	 a	 very	 challenging	 task,	 given	 the	wide	 range	 of	 time	 and	 length	
scales	 that	are	relevant	 to	 the	self-assembly	of	 these	structures.	 In	 this	study,	we	present	
results	of	a	new	multi-scale	simulation	approach	to	understand	porous	silica	synthesis	at	the	
molecular	and	mesoscale	 levels,	based	on	constructing	a	chain	of	models	 that	 range	 from	
the	 quantum-mechanical	 level,	 through	 classical	 atomistic	 simulations,	 up	 to	 a	mesoscale	
coarse-grained	(CG)	description	of	the	system	[2].	Our	CG	model	was	validated	by	accurately	
reproducing	 the	 phase	 diagram	 and	 average	 micelle	 aggregation	 number	 of	 cationic	
surfactant	solutions,	in	remarkable	agreement	with	experimental	measurements.		
Using	 this	 newly	developed	CG	model,	we	have	performed	extensive	molecular	 dynamics	
(MD)	 simulations	 in	 the	microsecond	 time	 scale	 to	 probe	 in	 detail	 the	 phase	 diagram	 of	
silica/surfactant	 aqueous	 solutions,	 changing	 several	 key	 synthesis	 conditions	 such	 as	
temperature,	pH	and	degree	of	 silica	polymerisation	 [3,4].	Our	 results	provide	answers	 to	
several	hitherto	contentious	points	regarding	the	synthesis	of	nanoporous	silica	materials:	
i)	silicate	 monomers	 replace	 bromide	 counterions	 and	 strongly	 adsorb	 on	 the	 surface	 of	
surfactant	 micelles;	 ii)	 monomeric	 silica	 adsorption	 leads	 to	 micelle	 size	 increase	 and	
eventually	 to	 a	 sphere-to-rod	 transition;	 iii)	 silicate	 oligomers	 are	 necessary	 to	 promote	
formation	 of	 hexagonal	 liquid	 crystals,	 by	 forming	 “charge	 bridges”	 linking	 different	
surfactant	 micelles;	 iv)	 nanoporous	 silicas	 form	 through	 a	 co-operative	 templating	
mechanism	 controlled	 by	 charge-matching	 interactions	 between	 silicates	 and	 surfactants;	
v)	the	postulated	liquid-crystal	templating	mechanism,	where	silicates	are	mere	spectators,	
is	 not	 viable	 for	 this	 class	 of	 materials	 under	 typical	 synthesis	 conditions.	 Our	modelling	
approach	 thus	 provides	 unprecedented	 insight	 into	 how	 these	materials	 actually	 form	 in	
solution,	and	paves	the	way	for	computational	material	design	efforts.	
[1]	 Beck,	J.	S.;	Vartuli,	J.	C.;	Roth,	W.	J.;	Leonowicz,	M.	E.;	Kresge,	C.	T.;	Schmitt,	K.	D.;	Chu,	C.	T.	W.;	Olson,	
D.	H.;	Sheppard,	E.	W.;	McCullen,	S.	B.;	Higgins,	J.	B.;	Schlenker,	J.	L.,	J.	Am.	Chem.	Soc.,	114,	10834	(1992).	
[2]	 Pérez-Sánchez,	G.;	Gomes,	J.	R.	B.;	Jorge,	M.,	Langmuir,	29,	2387	(2013).	
[3]	 Pérez-Sánchez,	G.;	Chien,	S.-C.;	Gomes,	J.	R.	B.;	Cordeiro,	M.	N.	D.	S.;	Auerbach,	S.	M.;	Monson,	P.	A.;	
Jorge,	M.,	Chem.	Mater.	28,	2715	(2016).	
[4]	 Chien,	 S.-C.;	 Pérez-Sánchez,	 G.;	 Gomes,	 J.	 R.	 B.;	 Cordeiro,	M.	 N.	 D.	 S.;	 Jorge,	M.;	 Auerbach,	 S.	M.;	
Monson,	P.	A.,	J.	Phys.	Chem.	C,	121,	4564	(2017).	
  



Monte	Carlo	for	Undergraduates	with	DL_MONTE	
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A	CCP5	funded	bursary	has	developed	teaching	material	 for	undergraduate	computational	
courses.	 	We	will	present	an	overview	of	 the	 topics	 covered,	 including	 the	example	 cases	
and	associated	 teaching	material.	 	 These	 tutorials	describe	 the	use	of	DL_MONTE	code	 in	
Chemistry	 and	 Physics	 computational	 labs	 to	 provide	 clear	 and	 instructive	 problems	 to	
illustrate	Monte	Carlo	methods	and	their	role	in	molecular	simulation.	
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Materials	 containing	azobenzene	 (azo)	have	been	attracting	 large	 scientific	 interest	 in	 the	
past	years	due	to	their	photophysical	properties.	The	key-feature	of	azo	is	a	fully	reversible	
photoisomerization	reaction	which	converts	 the	 trans	 into	 the	cis	 state	and	back.	 If	azo	 is	
embedded	 in	polymeric	 systems,	 this	 leads	 to	conformational	changes	of	macromolecules	
and	 induces	 stresses	 which	 yield	 macroscopic	 deformations	 in	 such	 multi-component	
systems	[1].	Therefore,	azobenzenes	have	promising	prospects	in	functional	materials.	
Here,	 we	 present	 the	 results	 of	 a	 joint	 theoretical-experimental	 study	 of	 how	 the	 light-
triggered	 isomerization	 of	 azo	 on	 molecular	 scale	 causes	 observable	 deformations	 of	 a	
polymer	sample.	For	this,	we	investigate	photoresponsive	colloidal	spheres	of	poly[(methyl	
methacrylate)-co-(Disperse	 Red	 1	 acrylate)],	 which	 have	 been	 prepared	 through	
hydrophobic	aggregation	of	the	polymer	chains	in	tetrahydrofuran/water	mixture	[2].		
In	AFM	experiments	 it	 is	 found	that	under	 illumination	with	polarized	 light	 these	colloidal	
spheres	strongly	elongate	in	the	direction	of	the	E-field	vector	of	the	irradiation	with	a	total	
deformation	of	up	to	3-fold	of	its	initial	diameter.	

#    
Figure	1:	AFM	measurements	of	the	same	area	before	a),	c)	and	after	b)	d)	irradiation	with	

single	beam	polarized	light	of	4	minutes	with	wavelength	of	491	nm,	intensity	of	100	
mW/cm².	

For	the	modeling	part,	we	use	all-atomistic	molecular	dynamics	(MD)	simulations	to	imitate	
the	experimental	 samples	 in	 close	chemical	detail.	We	model	poly[(methyl	methacrylate)-
co-(Disperse	Red	1	acrylate)]	chain	within	PCFF	(Polymer	Consistent	Force	Field)	[3]	and	the	
simulation	package	Lammps	[4].	To	implement	the	behavior	of	azo	under	light	illumination,	
we	apply	an	effective	orientation	potential	on	the	trans	isomers	as	introduced	in	Ref.	5.	In	
this	manner,	we	model	the	effect	that	the	azo	groups	will	orient	perpendicularly	to	the	E-
field	 vector	 of	 the	 incoming	 light.	 This	 orientation	 behavior	 is	 thought	 to	 be	 the	 driving	
mechanism	that	generates	deformations	in	azo-polymer	materials.	
We	gratefully	acknowledge	support	 from	the	German	Research	Foundation	(DFG),	 the	projects	GU	1510/3-1	
and	SA	1657/13-1.	
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Uncovering	the	mechanisms	of	island	formation	in	one	dimension	from	the	gap	and	
capture	zone	distributions	
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Understanding	 of	 the	 mechanisms	 of	 island	 nucleation	 and	 growth	 during	 thin	 film	
deposition	 from	 the	 observed	 statistical	 properties	 of	 the	 island	 patterns	 is	 an	 important	
problem.	 To	 be	 able	 to	 predict	 and	 control	 the	 evolution	 of	 nanostructures,	 we	 need	 a	
systematic	 way	 to	 deduce	 the	 critical	 island	 size	 for	 nucleation,	 the	 laws	 for	 nucleation,	
whether	the	islands	are	mobile,	etc.	One	established	approach	is	to	perform	kinetic	Monte	
Carlo	simulations	with	pre-defined	rules,	and	compare	the	resulting	island	patterns	to	select	
the	set	of	rules	that	give	the	best	fit	for	the	data.	However,	this	is	not	entirely	satisfactory.	
In	this	work	we	explore	another	possibility,	that	is	to	solve	the	inverse	problem	using	
numerical	techniques	designed	for	this	task.		
We	 focus	 on	 one-dimensional	 substrates,	 which	 mimics	 the	 behaviour	 of	 monomers	
diffusing	along	a	step	edge,	and	limit	our	study	to	the	scale	–	invariant	aggregation	regime.	
Here,	 the	 nucleation	 process	 translates	 to	 the	 fragmentation	 of	 a	 line	 into	 inter	 –	 island	
gaps.	Upon	nucleation	we	describe	newly	created	gaps	by	tracking	the	fragmentation	of	the	
old,	 larger	 one.	 	 This	 novel,	 retrospective	 approach	 gives	 an	 analytical	 description	 of	 the	
nucleation	 process	 through	 Distributional	 Fixed	 Point	 Equations	 which	 leads	 to	 integral	
equations	for	gap	and	capture	zone	distributions.	These	equations	belong	to	the	broad	class	
of	Fredholm	integral	equations	of	the	first	kind,	and	they	incorporate	information	about	the	
critical	 island	 size	 and	 the	 nucleation	 mechanism	 (diffusion	 or	 impingement	 driven	
nucleation).	 This	 offers	 a	 possibility	 of	 analysing	 statistical	 data	 about	 the	 nucleated	
structures,	either	experimental	or	obtained	from	a	simulation.	
We	generate	this	data	in	kinetic	Monte	Carlo	simulations,	in	which	monomers	are	randomly	
deposited	onto	 a	 substrate	where	 they	diffuse	 and	undergo	 reversible	 attachment	 to	 the	
surface	and/or	other	monomers,	resulting	in	island	formation.	Islands	grow	either	through	
the	 capture	 of	monomers	 that	 diffuse	 in	 their	 corresponding	 capture	 zones	 or	 by	 having	
monomers	deposited	directly	on	them	(impingement).	We	use	a	point	island	model	where	
islands	occupy	a	single	space	on	the	lattice	and	record	their	size	throughout	the	simulation,	
and	we	keep	them	immobile.	
To	explore	the	mechanisms	driving	the	processes	of	island	formation	we	solve	the	inverted	
model	 integral	 equation	 for	 the	obtained	Monte	Carlo	data.	 This	 leads	us	 to	a	 case	of	 an	
inverse	 problem	 that	 is	 ill-posed	 and	 we	 use	 regularisation	 techniques	 to	 solve	 it.	 The	
obtained	solutions	reflect	different	critical	island	sizes	and	fit	fairly	well	within	the	expected	
bounds,	however	they	also	contain	a	high	level	of	uncertainty	due	to	the	ill-posedness	of	the	
problem	and	the	noise	present	in	the	input	data,	so	further	refinement	of	the	regularisation	
is	currently	under	way.	
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Polymer	 carbon	 fibre	 composites	 have	 a	 wide	 range	 of	 industrial	 uses	 due	 to	 their	 high	
strength-to-weight	 ratio	 and	 electrical	 conductivity.	 The	 properties	 of	 the	 polymer	
composite	depend	on	not	just	the	individual	properties	of	the	polymer	and	included	carbon	
fibres,	but	also	on	the	interactions	between	them	and	their	impact	on	the	final	structure.	
This	project	uses	molecular	dynamics	simulations	to	investigate	the	impacts	of	a	surface	on	
polymer	properties.	To	provide	insight	into	carbon	fibre	composites,	we	investigate	a	model	
system	 of	 polyethylene	 on	 a	 graphene	 surface.	 Three	 systems	 were	 simulated:	 i)	 bulk	
polyethylene,	 ii)	a	polyethylene	 film	with	graphene	on	one	side	and	vacuum	on	 the	other	
and	 iii)	 polyethylene	 sandwiched	 between	 two	 graphene	 surfaces.	 The	 effect	 of	 the	
graphene	 surfaces	 on	 structural	 properties,	 including	 radius	 of	 gyration	 (Rg),	 end-to-end	
distance	 (Re)	 and	 conformation	 tensors	 were	 investigated.	 The	 polymers	 were	 found	 to	
extend	laterally	near	the	surface	leading	to	an	increase	in	both	Rg	and	Re	while	returning	to	
their	melt	values	 in	a	bulk-like	region	within	3	Rg	from	the	surface.	This	shows	qualitative	
agreement	to	previous	work	by	Daoulas	et	al.1	and	De	Virgilis	et	al.2	on	polymer	melt/solid	
interfaces.	The	glass	transition	temperature	and	how	it	is	affected	by	the	surfaces	will	also	
be	presented.	
	
[1]	 Daoulas,	 Kostas	 Ch,	 Vagelis	 A.	 Harmandaris,	 and	 Vlasis	 G.	Marantzas.	 “Detailed	 atomistic	 simulation	 of	
polymer	 melt/solid	 interface:	 structure,	 density,	 and	 conformation	 of	 a	 thin	 film	 of	 polyethylene	 melt	
adsorbed	on	graphite.”	Macromolecules	38.13	(2005):	5780-5795.	
[2]	De	Virgilis,	A.,	 et	 al.	 “Structure	and	dynamics	of	 a	polymer	melt	 at	 an	attractive	 surface.”	 The	European	
Physical	Journal	E:	Soft	Matter	and	Biological	Physics	35.9	(2012):	1-11.	
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Coalescence	 of	 water	 droplets	 dispersed	 in	 a	 crude	 oil	 is	 an	 important	 process	 in	 the	 chemical	
engineering	and	petroleum	industry.	Despite	being	extensively	studied,	the	process	of	coalescence	is	
still	not	completely	understood.	Particularly,	 the	 intermolecular	 interactions	between	 the	complex	
molecular	 structures	 of	 adsorbed	 crude	 oil	 components	 (asphaltenes,	 resins,	 etc)	 have	 a	 strong	
effect	 on	 the	 disjoining	 pressure	 and	 can	 be	 a	 significant	 factor	 that	 controls	 the	 stability	 of	 the	
emulsion	and	may	hinder	the	drop-drop	coalescence.	However,	when	developing	process	models	for	
crude	 oil	 systems,	 only	 the	 bulk	 properties	 of	 the	 crude	 oil,	 such	 as	 density,	 viscosity	 etc.	 are	
accounted	in	most	models	and	the	specific	chemical	footprint	(e.g.,	asphaltene/resin	content)	of	the	
crude	 oil	 is	 often	 neglected.	 On	 the	 other	 hand,	 numerous	 laboratory	 experiments	 have	 been	
performed	 to	 study	 the	 interfacial	 phenomena	 for	 crude	 oil-water	 systems	 since	 different	
interfacially	 active	 compounds	 in	 the	 crude	 oil	 affect	 the	 behavior	 in	 these	 complex	 systems.	
Therefore,	 with	 the	 current	 work	 we	 aim	 to	 close	 the	 apparent	 gap	 between	 crude	 oil	 chemical	
characterization	and	process	modelling	of	crude	oil-water	systems.		
The	main	objective	is	to	obtain	a	new	semi-empirical	expression	for	the	coalescence	time	that	takes	
into	account	a	general	description	of	the	chemical	footprint	of	the	crude	oil.	The	first	step	in	this	task	
is	to	simulate	the	disjoining	pressure	at	liquid-liquid	interfaces	for	various	interfacial	concentrations	
of	model	asphaltene	molecules	with	molecular	dynamics	(MD).	The	MD	simulations	presented	here	
can	be	used	to	estimate	the	disjoining	pressure	in	a	thin	liquid	film	between	two	drops	as	a	function	
of	 the	 thin	 film	 thickness	 for	 different	 interfacial	 concentrations	 of	 surface	 active	 compounds	
indigenous	to	crude	oil.	The	disjoining	pressure	is	often	problematic	to	be	obtained	from	molecular	
simulations	 for	 liquid-liquid	 systems.	 Thus,	 we	 investigate	 different	 methodologies	 in	 order	 to	
calculate	 the	 disjoining	 pressure	 from	MD	 simulations	 for	 various	 film	 thicknesses	 and	 interfacial	
concentrations	 of	 asphaltene	molecules	 at	 an	 oil-water	 interface.	 Based	 on	 the	MD	 simulations	 a	
semi-empirical	relation	of	the	disjoining	pressure	as	a	function	of	the	 interfacial	concentration	and	
film	thickness	will	be	obtained.	The	resulting	functional	behaviors	for	the	disjoining	pressure	will	be	
subsequently	employed	 in	continuum	film	drainage	models	 to	solve	 for	 the	coalescence	time	with	
the	 interfacial	 concentration	 of	
adsorbed	 molecules	 as	 a	
parameter.	
	
	
	
	
	
	
	
	
	
	
	

Figure	1	Different	scales	accounted	in	the	droplet	coalescence	model	in	water-in-oil	emulsions.	 	



Adsorption	of	Contaminants	on	Clay	Mineral	Surfaces		

L.	Ohene-Yeboah1,	J.	Grant2,	J.	Skelton2,	S.	C.	Parker	2		

	(1)	Centre	for	Doctoral	Training,	Centre	for	Sustainable	Chemical	Technologies,	University	of	Bath,	BA2	7AY	
UK,	(2)	Department	of	Chemistry,	University	of	Bath,	BA2	7AY	UK		

The	 accumulation	 and	 persistence	 of	 hazardous	 compounds	 (HCs)	 in	 surface	 and	 ground	
water	 as	 well	 as	 living	 organisms	 have	 emerged	 as	 an	 adverse	 effect	 of	 human	
anthropogenic	 behaviour.	 A	 variety	 of	 HCs,	 from	 emerging	 contaminants	 found	 in	
pharmaceutical	 residues	 and	 personal	 care	 products	 to	 household	 chemicals,	
biocides/pesticides	and	manufacturing	wastes	persist	 in	 the	environment.	 	 Some	of	 these	
compounds	 have	 been	 shown	 to	 cause	 adverse	 effects	 in	 aquatic	 organism	 as	 well	 as	
promote	increased	risk	of	developing	thyroid	disorders,	tumours	and	diabetes.		
In	this	study,	we	aim	to	build	on	the	foundations	of	our	understanding	of	how	HCs	interact	
with	 the	 environment	 by	 applying	 atomistic	 simulation	 methods	 to	 determine	 the	
physicochemical	 factors	 controlling	 the	 distribution	 of	 pollutants	 and	 their	metabolites	 in	
aqueous	and	terrestrial	environments,	and	then	apply	this	to	identifying	sustainable	ways	of	
control	their	transport.	Clay	minerals	are	ubiquitous	in	the	environment,	so	they	provide	a	
good	start	for	our	study.	Additionally,	it	has	been	suggested	that	clay	minerals	could	act	as	
geosorbants	 for	 the	remediation	of	organic	pollutant,	 so	an	evaluation	of	 their	adsorptive	
properties	would	be	useful.		
Initial	 studies	 centred	 on	 HCs	 adsorption	 on	 two	 model	 clay	 surfaces;	 sodium	
montmorillonite	 and	 pyrophyllite.	 Simulations	 were	 performed	 using	 a	 combination	 of	
dispersion	 corrected	 DFT	 and	 classical	MD	methods,	 to	 calculate	 the	 binding	 free	 energy	
and	 identify	 favourable	 sites	 for	HC	adsorption	on	clays	 in	vacuum	and	water.	 	Our	 initial	
investigation	 focused	on	10	molecules	 including	dibenzo-dioxins	and	 two	poly-chlorinated	
derivatives,	 chloro-	 and	 hexachloro-benzene,	 emerging	 contaminants	 amphetamine	 and	
two	other	derivatives	and	MDA	and	its	analogue	MDMA.	These	compounds	were	chosen	to	
detect	the	 links	between	the	chemical	properties	of	these	HCs	and	their	possible	fate	and	
effects	in	the	environment.	
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A	large	number	of	the	small	molecules	currently	under	development	as	drug	candidates	are	
hydrophobic,	and	as	a	result	many	of	these	drugs	may	not	make	it	to	market.	Therefore,	it	is	
essential	 to	 incorporate	 such	drugs	 into	 formulations	which	protect	 the	 drug	 in	 the	body	
and	 release	 it	 at	 the	 target	 tissue.	Phosphaditylcholines	 are	 amphiphilic	 lipids	 that	 self-
assemble	 to	 form	micelles.	 This,	 along	with	 their	 biocompatibility,	makes	 them	 attractive	
compounds	to	 investigate	with	regards	to	their	use	 in	the	delivery	of	poorly	soluble	drugs	
whose	 solubility	 can	 be	 increased	 by	 encapsulating	 within	 the	 hydrophobic	 core	 of	 the	
micelle.	 The	 resulting	 micelles	 are	 then	 degraded	 by	 the	 pancreatic	 enzyme	 PLA2	which	
releases	the	drug.	
The	 length	 of	 the	 phosphaditylcholine	 carbon	 tail	 can	 greatly	 impact	 the	 properties	 and	
structure	of	the	resulting	micelles,	this	 is	particularly	evident	 in	short-tailed	lipids	as	when	
moving	 from	a	6	 carbon	 tail	 (diC6PC)	 to	a	7	 carbon	 tail	 (diC7PC)	 the	 shape	of	 the	micelle	
changes	from	spherical	to	rod-like.	Atomistic	molecular	dynamic	simulations	have	been	run	
on	multiple	systems	with	diC6PC	and	diC7PC	lipids	to	determine	how	the	minor	difference	in	
lipid	tail	length	can	impact	the	architecture	of	the	micelle	and	the	resulting	effect	this	may	
have	on	hydrophobic	drug	encapsulation.	
MD	 simulations	 have	 also	 been	 used	 to	 study	 systems	 which	 contain	 both	 the	 parent	
phosphaditylcholine	molecules	and	their	products	after	hydrolysis	by	PLA2.	This	was	done	to	
determine	the	impact	of	degradation	on	the	nature	of	the	phospholipid	aggregate	which	is	
an	essential	 factor	when	using	phospholipid	drug	delivery	vehicles.	This	simulation	work	 is	
combined	 with	 experimental	 work,	 including	 SANS	 and	 SAXS	 data,	 in	 order	 to	 provide	 a	
comprehensive	 and	multiscale	 picture	 of	 how	 the	 different	micelle	 shapes	 are	 generated	
and	how	degradation	alters	the	nature	of	these	micelle.	
	 	



Modelling	the	gelation	of	porous	nanomaterials	
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Resorcinol-formaldehyde	 (RF)	 gels	 have	 been	 studied	 extensively,	 subsequently	 finding	
many	uses.	However,	 despite	 significant	 research	efforts,	 there	 is	 still	 no	accepted	model	
describing	 the	 formation	 of	 these	 structures.	 This	 work	 combines	 experiments	 and	
simulations	 in	 order	 to	 better	 understand	 the	 process	 of	 creating	 and	 growing	 clusters	
during	 RF	 gel	 formation.	 The	 investigated	 areas	 include	 the	 influence	 of	 gelation	
temperature,	 and	 the	 concentration,	 and	 type,	 of	 catalyst	 used.	 The	 catalyst	 studied	 is	
sodium	carbonate	and,	by	using	other	sources	of	sodium	ions,	we	have	explored	the	effect	
of	sodium	ions	 in	these	processes.	 In	order	to	obtain	textural	properties	of	the	dried	gels,	
nitrogen	adsorption	was	analysed	using	Brunauer-Emmett-Teller	theory	[1],	for	surface	area	
analysis,	 and	 Barrett-Joyner-Halenda	 theory	 [2],	 for	 pore	 size	 and	 volume	 analysis.	 The	
acquired	data	suggest	that,	with	increasing	resorcinol/catalyst	(R/C)	ratio,	the	surface	area	
decreases	 while	 the	 average	 pore	 width	 increases.	 This	 is	 most	 likely	 caused	 by	 the	
formation	of	a	larger	number	of	smaller	clusters	for	the	lower	R/C	values,	and	fewer	larger	
clusters	 for	 higher	 R/C	 ratios.	 The	 experimental	 data	 form	 the	 basis	 of	 a	 model	 for	 the	
growth	and	gelation	of	RF	clusters	with	which	we	intend	to	develop	predictive	capabilities	
for	 future	 work.	 Currently,	 the	model	 is	 in	 development	 and	 uses	 a	 kinetic	Monte	 Carlo	
method	in	two-dimensions;	extension	to	three	dimensions	will	follow.	
 
 

	
Comparison	of	the	cluster	growth	model	(RHS)	with	an	SEM	image	of	RF	gel	clusters	(LHS)	
 
 
[1]	S.	Brunauer,	P.H.	Emmett,	and	E.	Teller,	Journal	of	the	American	Chemical	Society,	1938	(60)	309-319.		
[2]	E.P.	Barrett,	L.G.	Joyner,	and	P.P.	Halenda,	Journal	of	the	American	Chemical	Society,	1951	(73)	373-380.		
	 	



Competitive	adsorption	for	clear	air	applications	
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Environmental	 and	health	 concerns	 from	pollution	are	 significant	 social	 economic	drivers,	
which	push	legislation	towards	pollution	prevention	and	sustainability.	In	addition	to	health	
concerns,	 the	 emission	 of	 the	 greenhouse	 gas	 carbon	 dioxide	 must	 be	 reduced	 to	 keep	
climate	 change	 below	 2C.	 Therefore,	 it	 is	 essential	 to	 develop	 and	 test	 environmentally	
friendly	materials	that	are	highly	optimized	to	remove	specific	pollutant	species.	Activated	
carbon	 is	a	well-known	affordable	carbon	dioxide	and	pollutant	adsorber.	However,	 there	
are	many	types	of	activated	carbons	and	these	adsorb	some	species	more	effectively	than	
others.	 To	 tailor	 activated	 carbons	 for	 different	 pollutant	 species,	 it	 is	 necessary	 to	
understand	 or	 control	 their	 chemical	 and	 structural	 composition.	 This	 project	 aims	 to	
identify	which	characteristics	of	activated	carbon	are	optimal	for	removal	of	pollutants,	such	
as	carbon	dioxide.	
	
As	a	starting	point	we	take	graphite	as	a	model	system	and	study	the	adsorption	of	carbon	
dioxide	 using	 a	 combined	 computer	 simulation	 and	 experimental	 approach.	 Quantum	
calculations	 found	 that	 carbon	 dioxide	 adsorbs	 weakly	 on	 the	 graphite	 surface	 via	
physisorption	 (van	 der	 Waals	 interactions)	 with	 almost	 negligible	 preference	 for	 specific	
adsorption	 sites.	 Grand	 canonical	 Monte	 Carlo	 isotherms,	 with	 force	 fields	 based	 on	
quantum	 adsorption	 data	were	 performed	 for	 graphite	 slit	 pores	 and	 amorphous	 carbon	
structures.	Results	revealed	much	higher	adsorption	for	microporous	structures	compared	
to	mesoporous	slit	pores	at	low	pressure.	Experimental	results	found	graphite	in	powdered	
form	 has	 a	 significantly	 lower	 isosteric	 heat	 of	 adsorption	 compared	 to	 theoretical	
isotherms,	 which	 is	 attributed	 to	 a	 broader	 pore	 size	 distribution	 and	 larger	 pore	 sizes.	
Future	 work	 is	 aimed	 towards	 a)	 competitive	 adsorption	 of	 several	 pollutant	 species	 on	
graphite	and	b)	adsorption	on	modified	graphite	to	determine	the	most	effective	activated	
carbons.	
  



Design	of	metal-organic	frameworks	for	sensing	small	organic	molecules	like	
ethanolamine	

Malte	Schäfer,	Andreas	M.	Schneider,	Peter	Behrens	
Institute	for	Inorganic	Chemistry,	Leibniz	University	Hannover,	Germany	

Sensing	devices	are	 important	components	 in	everyday	 life.	The	applied	sensing	principles	
vary	 from	 rather	 simple	 (e.g.	 detection	 in	mass	 change)	 to	 quite	 sophisticated	ones	 as	 in	
chemical	processes.	Therefore,	the	development	of	sensing	materials	and	techniques	is	an	
important.	For	example,	the	detection	of	ethanolamine	is	in	the	focus	of	current	activities,	
since	its	release	from	the	human	body	can	indicate	certain	diseases.[1]	Here,	we	present	the	
development	 of	 metal-organic	 frameworks	 (MOFs)	 as	 selective	 sensing	 materials	 for	 the	
detection	of	ethanolamine.		
	
Metal-organic	frameworks	are	microporous	hybrid	materials	with	outstanding	and	tuneable	
properties	 leading	 to	a	variety	of	potential	applications.	They	consist	of	 inorganic	building	
units	 (IBUs)	and	organic	 linker	molecules,	which	connect	these	 IBUs	to	form	a	framework.	
MOFs	are	used	for	gas	storage,	gas	separation,	in	catalysis	as	well	as	in	sensing	materials.[2]		
	
In	 this	 work	 a	 zirconium-based	 MOF	 (UiO-66,	 Figure	 1)	 is	 investigated.	 Due	 to	 its	 high	
thermal	 and	 chemical	 stability,	 Zr-based	MOFs	 in	 general	 are	 suitable	 sensing	 materials.	
UiO-66	crystalizes	in	the	fcu	topology,	exhibiting	a	continuous	pore	system	consisting	of	two	
different	pore	types.[2]	They	are	formed	by	a	tetrahedral	and	an	octahedral	arrangement	of	
the	 surrounding	 inorganic	 building	 units,	 respectively.	 Within	 these	 pores	 the	 candidate	
molecules,	e.g.	ethanolamine,	can	be	adsorbed.	In	order	to	design	a	MOF	material	showing	
specific	 interactions	with	ethanolamine,	 the	 linker	molecules	are	modified	by	 introduction	
of	 various	 substituents	 (Figure	 2).	 In	 order	 to	minimize	 the	 experimental	 effort,	 possible	
candidate	structures	were	investigated	by	molecular	modelling	methods.	
	
For	the	examination,	a	suitable	force	field	was	derived	which	allows	not	only	for	the	correct	
description	of	Zr-based	MOFs,	but	of	charge	interactions	and	hydrogen	bonds;	especially	the	
latter	are	important	as	ethanolamine	can	form	such	(Figure	2).	

	



Construction	principle	of	UiO-66.	Organic	linkers	(lower	left)	connect	inorganic	building	units	
(upper	left).	A	pore	with	octahedral	shape	is	indicated	by	a	yellow	sphere	and	one	with	a	

tetrahedral	shape	by	a	green	sphere.	
	

Once	 a	 suitable	 force	 field	 was	 identified,	 Molecular	 Mechanics	 and	 Dynamics	 were	
employed	 to	 find	 the	 minimum	 energy	 structure	 of	 different	 candidate	 structures.	 The	
resulting	interaction	energies,	the	preferred	adsorption	sites	as	well	as	the	conformation	of	
the	ethanolamine	molecule	are	used	to	find	a	MOF	predicted	to	possess	high	sensitivity	and	
selectivity	for	the	adsorption	of	ethanolamine.	

	
Ball	and	stick	model	of	ethanolamine	(left)	and	possibly	positions	for	substitutions	at	the	

linker	molecules	of	the	UiO-66.	
	

[1]	A.	A.	Farooqui	et	al.,	Neurochem.l	Research,	1997,	22,	523-527.	
[2]	A.	U.	Czaja,	N.	Trukhan,	U.	Müller,	Chem.	Soc.	Rev.,	2009,	38,	1284-1293.	
[3]	J.	H.	Cavka	et	al.,	J.	Am.	Chem.	Soc.,	2008,	130,	13850-13851.	

	
	 	



Strain-induced	tuning	of	surface	energy	and	reduction	drive	in	spinel	LiMn2O4	cathodes		
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LiMn2O4	(LMO)	implementation	in	rechargeable	Li-ion	batteries	(LIBs)	for	stationary	storage	
is	hampered	by	the	limited	lifetime	of	the	material	and	its	interfaces,	starting	from	the	Solid	
Electrolyte	 Interphase	 [1,2].	 Recent	 experiments	 [2]	 and	 Density	 Functional	 Theory	 (DFT)	
simulations	[3]	indicate	that	the	formation	and	effectiveness	of	the	SEI	on	LMO	are	related	
to	 the	 surface	 orientation	 and	 reduction	 drive.	 In	 this	 context,	 we	 analyse	 the	 role	 of	
geometrical	 strain	 for	 the	 relative	 energy,	 magnetic	 ordering	 and	 the	 reduction	 drive	 of	
several	 LMO	 surfaces.	 DFT	 simulations	 reveal	 LMO	 surfaces	 to	 be	 markedly	 sensitive	 to	
geometrical	 strain.	 Strain	 lower	 than	 10%	 can	 induce	 insulator-metal	 and	 ferromagnetic-
antiferromagnetic	transitions,	alter	the	relative	energy	of	LMO	surfaces,	and	induce	changes	
as	 large	as	1.0	eV	 in	 the	 surface	chemical	potential,	 thence	 reduction	drive.	Prompted	by	
advances	 in	the	synthesis	of	metal-oxide	core-shell	nanostructures	[4],	 the	use	of	strained	
LMO	coating	as	SEI-formation	agent	is	put	forward	towards	engineering	of	longer	lived	SEI	
on	LMO	substrates.	
 
1.	K.	Leung.	JCPC	2012,	116,	9852-9861.	
2.	M.	Hirayama	et.	al.		JACS	2010,	132,	15268−15276.	
3.	I.	Scivetti	et.	a.	J.	Phys.	Chem.	C	2015,	119,	21358−21368.	
4.	X.	Xia	et.	al.	ACS	Nano	2012,	6,	5531.	
	 	



The	Effect	of	Atomic	Point	Charges	on	Adsorption	Isotherms	of	Metal	Organic	Frameworks	
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Metal-organic	 frameworks	 (MOFs)	 are	 crystalline	 and	 porous	 materials	 consisting	 of	
coordination	bonds	between	transition-metal	cations	and	organic	 ligands.	 [1]	The	 intrinsic	
ability	 of	 MOFs	 to	 adsorb	 molecular	 fluids	 is	 one	 of	 their	 most	 studied	 and	 promising	
properties.	MOFs	exhibit	many	characteristic	physical	attributes	including	high	pore	volume,	
large	 surface	 area	 and	 well-defined	 crystalline	 structure	 which	 make	 them	 suitable	 for	
adsorption-based	 applications	 such	 as	 gas	 storage,	 purification,	 sensing	 devices	 and	 drug	
delivery.	[2]	A	promising	avenue	for	screening	and	potentially	designing	MOFs	for	particular	
applications	 is	to	use	computer	simulations	to	understand	the	 interactions	between	MOFs	
and	 adsorbates	 and	 to	 predict	 their	 adsorption	 performance.	 In	 this	 context,	 Grand-
Canonical	 Monte	 Carlo	 (GCMC)	 enables	 one	 to	 compare	 simulated	 adsorption	 isotherms	
with	experimental	data	while	providing	a	degree	of	molecular	level	detail	that	is	difficult	to	
obtain	 in	 experiments.	 [3]	 The	 success	 of	 this	 approach	 relies	 on	 the	 development	 of	
molecular	models	that	are	able	to	accurately	predict	adsorption	in	MOFs.	In	particular,	the	
assignment	 of	 atomic	 point	 charges	 to	 each	 atom	 of	 the	 framework	 is	 essential	 for	
modelling	Coulombic	interactions	between	the	MOF	and	polar	adsorbate	molecules	such	as	
CO2,	CO	and	water.	Multiple	methods	have	been	developed	to	assign	atomic	point	charges	
in	MOFs.	[4]	In	this	work,	we	perform	a	detailed	and	systematic	investigation	of	the	effect	of	
different	 point	 charges	 on	 the	 adsorption	 isotherm	 predictions	 in	 various	 frameworks	
representative	 of	 different	MOF	 families	 (including	 CuBTC,	 IRMOF-1,	 UIO-66,	MIL-47	 and	
MOF-177).	We	 compared	 point	 charges	 obtained	 by	 different	methods	 including	 ChelpG,	
QEQ,	 Mulliken,	 DDEC	 and	 REPEAT,	 among	 others,	 	 and	 based	 on	 quantum	 mechanical	
calculations	 at	 different	 levels	 of	 theory	 and	 with	 different	 approaches	 (e.g.,	 periodic	 vs	
cluster).	GCMC	simulations	using	these	different	charge	sets	allowed	us	to	clarify	the	effect	
of	 varying	 atomic	 point	 charges	 on	 the	 behaviour	 of	 adsorption	 isotherms	 and	 to	 better	
understand	 the	 impact	 of	 electrostatic	 interactions	 on	 adsorption	 prediction	 quality.	 Our	
results	 show	 that	 the	 impact	of	point	 charges	varies	 significantly	according	 to	 the	 type	of	
MOF	structure.	We	also	observe	that	some	methods	produce	isotherms	that	are	consistent	
with	each	other,	while	other	methods	lead	to	isotherms	that	deviate	significantly	from	the	
rest.	Based	on	this	study,	we	propose	some	guidelines	to	improve	existing	models	in	order	
to	increase	the	accuracy	of	gas	adsorption	prediction	in	MOFs.		
	
[1]	 Shekhah,	Osama.	Layer-By-Layer	Method	For	The	Synthesis	And	Growth	Of	Surface	Mounted	Metal-
Organic	Frameworks	(Surmofs).	Materials	3.2	(2010).	
[2]	 Coudert,	 François-Xavier,	 and	 Alain	 H.	 Fuchs.	 Computational	 Characterization	 And	 Prediction	 Of	
Metal–Organic	Framework	Properties.	Coordination	Chemistry	Reviews	307	(2016).	
	[3]	 Chen,	 Linjiang,	 Carole	 A.	 Morrison,	 and	 Tina	 Düren.	 Improving	 Predictions	 Of	 Gas	 Adsorption	 In	
Metal–Organic	 Frameworks	 With	 Coordinatively	 Unsaturated	 Metal	 Sites:	 Model	 Potentials,	 Ab	 Initio	
Parameterization,	And	GCMC	Simulations.	The	Journal	of	Physical	Chemistry	C	116.35	(2012):	18899-18909	
[4]	 Nazarian,	 Dalar,	 Jeffrey	 S.	 Camp,	 and	 David	 S.	 Sholl.	 A	 Comprehensive	 Set	 Of	 High-Quality	 Point	
Charges	For	Simulations	Of	Metal–Organic	Frameworks.	N.p.,	(2017).		
	 	



Assessing	coarse-grained	models	for	the	self-assembly	of	block	copolymers		
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Block	 copolymers	 find	 applications	 in	 many	 fields,	 including	 adhesives,	 plastics,	 drug	
delivery	 and	 photonics.	 Several	 of	 these	 rely	 on	 the	 ability	 of	 block	 copolymers	 to	 self-
assemble	into	ordered	mesophases	in	solution.	One	such	application	of	particular	interest	to	
our	research	group	is	their	use	as	templates	in	the	synthesis	of	porous	silica	materials,	such	
as	SBA-15	[1].	Because	of	their	highly	ordered	pores,	high	surface	areas,	high	functionality	
and	 low	 cost,	mesoporous	 silicas	 have	 been	 of	 great	 interest	 for	 an	 increasing	 variety	 of	
applications	 and	 research.	 Understanding	 the	 synthesis	 mechanism	 for	 this	 class	 of	
materials,	however,			models	that	can	predict	how	block	copolymer	templates	self-assemble	
in	aqueous	solution.	This	study	aims	to	produce	an	accurate	coarse-grained	(CG)	model	of	
self-assembling	 block	 copolymers,	 including	 those	 used	 in	 the	 synthesis	 of	 SBA-15	
mesoporous	silica	(i.e.,	Pluronic	surfactants).	Such	a	model	will	enable	us	to	probe	the	large	
time	 and	 length	 scales	 that	 are	 needed	 to	 describe	 the	 mesostructure	 formation	 from	
solution,	thus	clarifying	the	mechanisms	by	which	these	materials	are	formed.	
Our	 approach	 is	 based	 on	 the	 established	 Martini	 CG	 force	 field	 [2],which	 has	 been	
previously	 applied	 to	model	 these	 systems	 [3,4].	We	have	 found	 that	existing	models	 are	
unable	 to	 accurately	 describe	 micelle	 aggregation	 self-assembly	 of	 Pluronic	 surfactants,	
although	they	are	designed	to	match	single-chain	properties.	We	have	thus	systematically	
tested	 the	 existing	 MARTINI	 parameters	 against	 experimental	 Gibbs	 free	 energies	 of	
solvation	in	both	water	and	hexadecane,	leading	to	improved	mapping	schemes	for	polymer	
molecules.	 In	 some	 cases,	 parameters	 needed	 to	 be	 adjusted	 to	 accurately	 describe	 the	
solvation	 free	 energies	 in	 both	 solvents.	 In	 the	 future,	 we	 will	 test	 these	 improved	
parameters	 against	 the	 phase	 diagram	 of	 block	 copolymer	 surfactants,	 in	 order	 to	
effectively	replicate	the	micelle	aggregation	and	formation	processes.	
	

[1]	J.	Thielemann,	F.	Girgsdies,	R.	Schlgl,	and	C.	Hess.	Pore	structure	and	surface	area	of	silica	sba-15:	influence	
of	
washing	and	scale-up.	Beilstein	Journal	of	Nanotechnol,	11:110–118,	2011	
[2]	S.	Marrink	and	P.	Tieleman.	Perspective	on	the	martini	model.	Chem.	Soc.	Rev.,	42:6801–6822,	2013	
[3]	P.	Carboneand	S.	Nawaz.	Coarse-graining	poly(ethylene	oxide)/poly(propyleneoxide)/poly(ethylene	oxide)	
(peo/ppo/peo)	block	copolymers	using	themartini	force	field.	J.	Phys.	Chem.	B,	118(6):1648-1659,	2014	
[4]	G.	Rossi,	P.	F.	J.	Fuchs,	J.	Barnoud,	and	L.	Monticelli.	A	coarse-	grained	martini	model	of	polyethylene	glycol	
and	
of	polyoxyethylene	alkyl	ether	surfactants.	J.	Phys.	Chem.	B,	116(49):14353–14362,	2012	
	
	 	



Predictive	modelling	via	electronic	coarse-graining:	the	curious	case	of	the	water	interface	
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Most	 of	 the	 classical	 force	 fields	 include	 many-body	 interactions	 only	 in	 the	 mean-field	
approximation,	through	effective	charges	and	condensed	phase	fitted	van	der	Waals	terms.	
As	 the	 result,	 these	 force	 fields	 are	 parameterised	 for	 certain	 thermodynamic	 conditions	
and	have	low	predictive	power	outside	the	training	sets.	Polarisable	force	fields	go	beyond	
pair	approximation	by	including	many-body	polarisation,	although	almost	invariably	keeping	
dispersion	at	the	pair	level	since	many-body	dispersion	is	non-classical	in	nature.	Here	I	will	
describe	 a	 novel	 approach	 based	 on	 coarse-graining	 electronic	 degrees	 of	 freedom	 that	
allows	modelling	many-body	dispersion	and	polarisation	on	equal	footing	by	a	coupled	set	
of	 quantum	harmonic	 oscillators	 (quantum	Drude	model).	 Solved	nonperturbatively	 using	
path	 integral	 molecular	 dynamics	 this	 approach	 provides	 an	 attractive	 basis	 to	 study	
nonhomogeneous	 systems	 since	 it	 contains	 sufficiently	 rich	 physics	 to	 capture	 complex	
phenomena	of	soft	condensed	matter.	I	will	present	our	recent	results	of	hydrogen	bonding	
and	molecular	orientation	study	at	the	free	water	interface.	
 
1.						V.P.	Sokhan,	A.P.	Jones,	F.S.	Cipcigan,	J.	Crain,	and	G.J.	Martyna.	PNAS	112,	6341	(2015).	
2.						A.P.	Jones,	J.	Crain,	V.P.	Sokhan,	T.W.	Whitfield,	and	G.J.	Martyna.	Phys.	Rev.	B	87,	144103	(2013).	
3.						F.S.	Cipcigan,	V.P.	Sokhan,	A.P.	Jones,	J.	Crain,	and	G.J.	Martyna.	PCCP	17,	8660	(2015).	
  



Growth	and	reproduction	of	giant	SALR	clusters,	with	implications	for	their	chemical	
evolution	
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Particles	 with	 SALR	 (short-range	 attraction	 and	 long-range	 repulsion)	 interactions	 are	
common	to	many	physical	systems,	especially	biological,	colloidal	and	soft	matter,	yet	their	
behaviour	is	still	not	completely	understood.	Using	Monte	Carlo	simulations,	it	is	shown	[1]	
that	giant	clusters	can	grow	and	reproduce	in	these	fluids.	Growth	and	reproduction	should	
therefore	 be	 common	 to	 a	 wide	 range	 of	 natural	 and	 synthetic	 systems	 under	 suitable	
conditions.	If,	in	addition,	cluster	fitness	selection	can	occur	then	chemical	evolution	of	giant	
clusters	in	SALR	fluids	might	be	observed	in	suitable	systems.	
 

 
Snapshots	from	Monte	Carlo	simulations	illustrating	giant	SALR	cluster	growth	and	reproduction,	where	t	is	

the	number	of	Monte	Carlo	cycles	performed.	
 
[1]	M.	B.	Sweatman,	submitted	
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Fluorite	 structured	oxides	 have	 a	 variety	 of	 applications,	 ranging	 from	nuclear	 fuel	 in	 the	
case	of	Uranium	Dioxide	(UO2)	to	catalysis,	fuel	cells	and	bio-medicine	in	the	case	of	Cerium	
Dioxide	 (CeO2).	 	 In	 both	 examples	 their	material	 properties	 depend	 on	 defect	 processes	
occurring	at	their	interfaces.		
In	 this	project	we	use	a	combination	of	DFT	and	potential	based	simulation	techniques	to	
model	interface	processes	of	two	important	fluorite	oxides	–	UO2	and	CeO2.		
Interfaces	in	the	form	of	grain	boundaries	and	surfaces	are	important	structural	defects	that	
influence	 the	 properties	 of	 the	 materials.	 	 We	 have	 investigated	 the	 free	 energy	 of	 low	
index	 surfaces	 of	 CeO2	 and	 UO2	 as	 well	 as	 6	 tilt	 grain	 boundaries.	 Here	 we	 have	 used	
DL_MONTE	to	investigate	the	{111},	{110}	and	{100}	surfaces	due	to	their	prevalence	in	the	
literature[1]	 [2]	 as	well	 as	 the	 grain	 boundaries	 previously	 studied	 in	UO2	by	Williams	 et	
al[3].	
We	 have	 also	 begun	 building	 on	 the	 work	 of	Williams	 et	 al	 by	 considering	 the	 effect	 of	
trivalent	dopants	on	oxygen	diffusion	at	UO2	grain	boundaries.	Here	we	have	used	DL_POLY	
to	 determine	 the	 effect	 of	 a	 wide	 range	 of	 trivalent	 dopants	 across	 a	 range	 of	
concentrations	on	the	diffusion	properties	of	these	6	grain	boundaries.	
	
[1]	M.	Molinari,	S.	C.	Parker,	D.	C.	Sayle	and	M.	S.	Islam,	Journal	of	Physical	Chemistry	C	2012,	116,	7073-7082.	
[2]	M.	Nolan,	S.	Grigoleit,	D.	C.	Sayle,	S.	C.	Parker	and	G.	W.	Watson,	Surface	Science	2005,	576,	217-229.	
[3]	N.	R.	Williams,	M.	Molinari,	S.	C.	Parker	and	M.	T.	Storr,	Journal	of	Nuclear	Materials	2015,	458,	45-55.	

	
	 	



Atomistic	Simulation	of	the	interaction	of	the	Uranyl	Ion	with	Fe(OH)2.	A	Potential	Option	
for	the	Long	Term	Storage	of	Nuclear	Waste.		

Roger	D.	Thornton	and	David	J.	Cooke	

Department	of	Chemical	Sciences	University	of	Huddersfield	

Green	rust	is	a	relatively	recently	discovered	family	of	Fe(II)Fe(III)	layered	double	hydroxide	
which	forms	in	groundwater	and	during	steel	corrosion.	The	mineral	is	unstable	in	air	and	it	
is	 this	 instability	 that	 has	 led	 to	 it	 being	 suggested	 as	 an	 efficient	means	 of	 reducing	 the	
reactive	 actinyl	 ions	 (A(VI)O2)2+	 ion	 into	 the	 more	 stable	 A(IV)O2	 	 leaving	 them	
encapsulated	in	a	mineral	form.	One	way	of	exploring	the	properties	of	such	structures	is	via	
computer	 simulation	 at	 the	 atomistic	 level.	 In	 this	 project	we	 have	 begun	 to	 explore	 the	
fundamental	properties	of	green	rust,	how	its	structure	changes	with	Fe(III)	concentration	
and	 the	 content	 of	 the	 interlayers.	 Our	 ultimate	 goal	 is	 to	 describe	 the	 mineral’s	
susceptibility	to	the	adsorption	and	absorption	of	actinyl	ions	but	this	will	require	a	robust	
potential	 model	 capable	 of	 modelling	 all	 the	 components	 of	 the	 system	 and	 it	 is	 the	
development	and	testing	of	potential	models	that	is	the	current	focus	of	the	project.	
	In	this	poster	we	present	preliminary	results	based	on	modelling	the	mineral	Fe(OH)2	and	
the	aqueous	uranyl	 ion	UO22+.	We	also	present	 results	of	modelling	 the	UO22+	 ion	with	
various	anions,	namely	FeO22-,	SO42-,	CO32-,	(OH)22-,	and	Cl22-	and	how	these	compare	to	
structures	detailed	 in	 the	 crystal	 database.	 The	 results	 from	 this	work	will	 then	 feed	 into	
modelling	the	interaction	of	the	uranyl	ion	with	the	more	complex	double	hydroxide.	
	 	



It’s	Just	a	Phase:	A	Computational	Investigation	of	the	Relative	Stability	of	Magnesium	
Carbonate	Minerals	
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We	have	applied	atomistic	simulation	to	model	Hydrated	Magnesium	Carbonate	minerals.		
The	challenge	is	to	find	the	order	of	stability	of	Mg	containing	minerals	at	different	H2O	and	
CO2	partial	pressures.		Brucite	and	Hydromagnesite	are	of	interest	as	they	potentially	trap	
radionuclides	in	nuclear	waste	repositories.	Computational	modelling	is	a	safe	and	effective	
tool	to	assess	the	structure,	stability	and	interaction	of	these	minerals	with	radionuclides.	
DFT	 does	 not	 include	 long	 range	 dispersion	 forces	 by	 default.	 	 However,	 it	 is	 widely	
recognised	as	being	essential	for	the	correct	treatment	of	intermolecular	interactions.		We	
compared	 four	 commonly	 used	 approaches	 (Grimme	D3,	 optB88-vdW,	 optB86b-vdW	and	
uncorrected	 DFT)	 which	 were	 run	 using	 the	 VASP	 code.	 	 Analysis	 has	 shown	 that	 the	
inclusion	of	vdW	forces,	improves	the	structural	and	energetic	properties	of	these	minerals.	
The	 best	 representation	 was	 given	 by	 the	 optB86b	 technique,	 reproducing	 experimental	
results,	with	all	values	within	±5%.	
We	 have	 shown	 that	 the	 functional	 optB86b	 correctly	 reproduces	 the	 experimental	
structures	and	enthalpies.	 	Using	 this	method,	we	calculate	 the	 relative	 stability,	of	 these	
minerals,	 as	 a	 function	 of	 H2O	 and	 CO2	 chemical	 potential.	 	 This	 enables	 us	 to	 generate	
phase	 diagrams,	 which	 illustrate	 the	 most	 stable	 phase	 at	 different	 conditions.	 	 At	
atmospheric	conditions	(350ppm	CO2,	32mbar	H2O	at	298K),	we	show	that	Magnesite	is	the	
most	 thermodynamically	 stable	 phase,	 of	 those	 considered.	 	 In	 addition,	 as	magnesite	 is	
slow	to	form	we	have	also	predicted	the	likely	metastable	phases	that	will	crystallise	first.			
	 	



Effects	of	Chloride	Treatment	on	Grain	Boundaries	in	Polycrystalline	CdTe	Thin-film	Solar	
Cells	

Michael	J.	Watts,	Pooja	M.	Panchmatia,	Roger	Smith	

Loughborough	University,	Epinal	Way,	Loughborough,	Leicestershire,	LE11	3TU,	UK.	

Polycrystalline	thin-film	CdTe	photovoltaic	cells	show	great	promise,	potentially	being	both	
more	efficient	and	lower	in	cost	than	silicon	solar	cells.	Key	to	their	efficiency	is	treatment	
with	chlorine	compounds	but	the	precise	mechanism	of	the	performance	increase	remains	
unknown.	 The	 primary	 candidate	 is	 a	 grain	 boundary	 based	 effect,	where	 the	 chlorine	 is	
known	 to	 strongly	 segregate	 upon	 treatment.	 Initial	 results	 using	 DFT	 and	 classical	
potential-based	 methods	 to	 study	 chlorine’s	 behaviour	 at	 observed	 grain	 boundary	
structures	are	presented.	
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Uncertainty	Quantification	for	Classical	Effective	Potentials		

Sarah	Wishart	
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Effective	potentials	are	an	essential	ingredient	in	the	implementation	of	classical	molecular	
dynamics	 (MD)	simulations.	 However,	 little	 is	 understood	of	 the	 errors	 incurred	
in	representing	 the	 complex	 energy	 landscape	 of	 an	 atomic	 configuration	 by	 an	effective	
potential	containing	considerably	fewer	parameters.	The	probabilistic	sloppy	model	method	
has	 been	 implemented	 in	 the	potfit	open	 source	 force	 matching	 code.	 This	
advancement	introduces	uncertainty	 quantification	 (UQ)	 into	 the	 interatomic	 potential	
generation	process.	 Uncertainties	 in	 the	 effective	 potential	 are	 propagated	through	 MD	
to	obtain	uncertainties	in	quantities	of	interest,	i.e.	cohesive	energies,	thermal	diffusivity	or	
elastic	constants.	To	test	the	implementation	the	elastic	constants	for	nickel	are	calculated,	
along	with	the	corresponding	uncertainties	in	the	parameters	of	the	morse	potential	used	in	
their	generation.	
	
[1]	S.	 L.	 Frederiksen,	 K.	 W.	Jacobsen,	 K.	 S.	 Brown,	 and	 J.	 P.	 Sethna.	 Phys.	 Rev.	 Lett.,	 93(16),	 2004.	
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Metallogeny,	Guangzhou	Institute	of	Geochemistry,	CAS;	Guangzhou	510640,	China	

Heavy	 metals	 are	 introduced	 into	 the	 environment	 through	 a	 wide	 variety	 of	 human	
activities.	 The	mobility	 of	 these	 heavy	metals	 in	 sediments	 is	 of	 concern	 because	 of	 the	
potential	 for	 bioaccumulation.	 In	 the	 environment,	 these	 contaminants	may	 adsorb	 onto	
surfaces	 of	 minerals,	 either	 become	 immobile	 or	 drift	 throughout	 the	 ecosystem.	 Past	
research	has	experimentally	discovered	that	some	of	the	more	stable	iron-bearing	minerals	
(e.g.	hematite,	goethite)	are	suitable	sorbents	for	heavy	metal	cations	such	as	copper,	lead	
and	 zinc1	 2.	 Furthermore,	 co-adsorption	 of	 heavy	 metal	 cations	 and	 oxyanions	 (e.g.	
phosphate	and	sulphate)	has	been	found	to	significantly	 influence	the	adsorption	process,	
alongside	with	 the	 effects	 of	 pH3.	 However,	 the	mechanisms	 are	 unknown.	 Studying	 the	
adsorption	and	co-adsorption	mechanisms	may	provide	 ideas	 for	new	treatment	methods	
of	heavy-metal-containing	wastewaters.		
Our	 current	 research	 has	 focused	 on	 hematite	 and	 goethite,	 two	 naturally	 abundant	 and	
stable	iron-bearing	minerals	as	sorbents,	where	we	aim	to	use	a	combination	of	electronic	
structure	and	potential	based	techniques.	I	have	begun	by	modelling	the	bulk	structure	and	
electronic	properties	of	hematite	and	goethite.	The	results	show	that	we	can	model	the	bulk	
reliably	 and	we	 are	 now	utilising	 these	 techniques	 to	 simulate	 surfaces	 of	 both	minerals.	
Clearly,	 in	 the	 natural	 environment	 the	 surfaces	will	 be	 in	 contact	with	water	 and	 hence	
have	also	investigated	the	interaction	of	these	surfaces	with	water.	

	
Fig	1.1	an	example	of	hydroxylated	oxygen-terminated	(001)	surface	of	hematite.	

	
The	 results	 show,	 as	 observed	 previously,	 that	 hydroxylation	 of	 (001)	 of	 the	 oxygen	
terminated	 surface	 of	 hematite	 is	 very	 stable	 when	 water	 is	 present,	 while	 the	 iron	
terminated	surface	is	the	most	stable	in	ultra-high	vacuum	conditions.	The	current	plans	are	
to	 investigate	 how	 the	 interaction	 of	 heavy	 metal	 cations	 with	 the	 sorbent	 surfaces	 is	
modified	by	the	surface	structure,	water	and	oxyanion	concentration.	
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