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Creating	functional	magnetic	soft	matter	required	many	years	of	preliminary	work	
spent	 on	 investigating	 fundamental	 properties	 of	 all	 its	 components.	 The	 main	
ingredients	of	 such	materials	are	 (1)	magnetic	 single-domain	nano-sized	or	multi-
domain	macron-sized	particles	of	various	shapes	and	(2)	magneto-passive	 fluid	or	
gel	 that	 serves	 as	 a	 carrier.	 Among	 the	 most	 known	 examples	 are	 ferrofluids,	
magnetorheological	 suspensions,	 ferrogels,	 etc.).	The	 third	possible	 ingredient	 can	
be	used	to	stabilise	or	functionalise	magnetic	nanoparticles,	as	well	as	to	cross-link	
them	in	various	shapes	or	form	gel-like	networks.	For	more	than	50	years	scientists	
all	 over	 the	 world	 have	 been	 actively	 investigating	 these	 systems	 both	
experimentally	 and	 theoretically,	 starting	 from	 simple	 systems	 and	 increasing	 the	
complexity	 in	 the	 due	 course.	 The	 synthesis	 of	magnetic	 soft	matter	 nowadays	 is	
extremely	elaborated	and	allows	to	design	new	materials	on	the	nanoparticle	level.	
What	 is	 still	missing,	 is	 the	 fundamental	 knowledge	 about	 the	mechanisms	which	
control	 the	 self-assembly	 and/or	 phase	 behaviour	 of	magnetic	 soft	matter	 and	 its	
macroscopic	response.		

 
In	 the	 present	 contribution	 I	 will	 describe	 our	 attempts	 to	 fill	 this	 gap	 in	 the	
understanding	of	the	inter-scale	relationship	in	magnetic	soft	matter,	reporting	the	
results	 of	 coarse-grained	 molecular	 dynamics	 simulations	 of	 magnetic	 gels,	
filaments	and	composite	magnetoelastomers	(see,	Figure	1.).	The	main	idea	of	this	
work	is	to	show	how	using	molecular	dynamics	one	can	trace	back	the	relationship	
between	the	internal	structure	and	the	macroscopic	magnetic	and	elastic	response	
of	these	systems.	Along	with	demonstrating	the	advantages	of	our	approach	and	the	
main	 results	 obtained	 for	 bottom-up	 design	 of	magnetic	 soft	matter,	we	will	 also	
discuss	the	limitations	of	coarse-grained	modelling.	 
	

	   
Fig. 1. Simulation representation of magnetic gel (left); filament brush (middle);  
composite elastomer (right). 

0.00
0.05
0.10
0.15
0.20
0.25
0.30

P
(! h

" )

σ=0.040 µ2 =0

µ2 =5

0 2 4 6 8 10 12 14 16!
h
"

0.00
0.05
0.10
0.15
0.20
0.25
0.30

P
(! h

" )

σ=0.111

(a)

(b)

Figure 4: (a) Comparison of the probability distributions of the mean height of chains with
length N = 30 obtained for magnetic and nonmagnetic brushes with two selected grafting
densities. (b) Top and side views of typical nonmagnetic (left) and magnetic (right) brushes.
The colour scale indicates the z coordinate of the centre of every individual bead, relative
to the characteristic contour length of the chains, (N � 1)d. These examples correspond to
the parameters N = 30, � = 0.111, µ2 = 0 and 5.

Response to an external magnetic field

In order to check if the density profile can be e↵ectively manipulated with an external

magnetic field, we performed an additional set of simulations in which fields with di↵erent

strengths were applied perpendicular to the grafting surface, ~H = Hk̂. In this way, we expect

that, once the interaction of the dipoles with the field becomes strong enough to overcome

the thermal fluctuations and the magnetic dipole-dipole interaction between the beads, the
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