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Dynamic Light Scattering (DLS) characteriza- 0.3 A RAREERERERRERS 0.20 O 7
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cles were determined by dynamic light scattering. Hereby
the decay raté of the correlation function measured at dif- 011 ] 0.05 N/77%%
ferent scattering angle®, providesDt throughl” = ¢?Dr, '
with the magnitude of the scattering vecipmgiven byq = E %
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Fig. S 1 Statistical distribution of the silica coated long and short
D ksTG(p) ) axis,ascy andbscn (A) and aspect ratip (B).
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Magnetic properties of the silica-coated spindle-

whereG(p) corresponds to .
type particles

o1 o1 The magnetic properties were estimated from the magnetiza-

G(p) =(1~p7) 2In (p (1+(1—p ) 2)) (2)  tion, M, measured as a function of the applied figt,on a
vibrating sample magnetometer (VSM) (see Fig. 2D). The de-

whereasch refers to the long axis of the coated hematite andpendence betweed andH could be well described with the

p to its aspect ratio. Following the approach described in reLangevin equation following:

cent studies on similar particlés’ Dt was estimated from the

statistics of TEM pictures over 100 analyzed particles show M = og <cot HouH  keT ) + XureH (4)

in Fig. S1. As the scattered intensity is proportional to the keT HopH

square of the volume of a single particle, the correspondingvhere os is the saturation magnetizatiopg is the magnetic

weighting follows: constanty is the magnetic moment of the particle axgk is
the high field susceptibilityos and xyr were estimated from
Z(DiViz) the asymptotic behavior at high magnetic fields with VSM,
Dry, = TV'Z) 3) and the magnetic susceptibility, was independently deter-

mined on a Kappabridgedgs, xur and x were measured at
1.69.101 Am?/kg, 3.02.107 m3kg and 1.26.10° m3/kg,

i.e, for the pure hematite particles in good agreement with
literature values:® After coating, the measuregs and xnr
decrease to 7.27.18 Am2/kg and 9.19.10% m3/kg, respec-
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whereD; andV; are the translational diffusion coefficient and
volume of each single patrticle in the data set, respectively
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5x10° 311) T een whereas the reflection lines from the original hematite were
— scM absent from the pattern, indicating that the original SCH wa
mostly converted to SCM. Rietveld refinement of XRD pat-
terns obtained from reduced powders is used to determine
the crystalline phases of iron oxide particles. Rietvefthee

3x10° (440) ment was made using the TOPAS3 software package (Bruker
Inc.). The refined structural parameters are the latticarpar
ters, atomic positions, isotropic temperature coeffigigsin-

gle scattering column height, strain and preferred oriena

For the analysis of SCM we used the space growy8P4nd

the lattice constant for this cubic structure was found to be
a=8.342A, whereas SCH had a corundum-type crystal struc-
ture refine in rhombohedrd&3c space group. We evaluate

a conversion to a final state with 7096Fe,03 and 30%a-
FeOs.
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Fig. S 2XRD patterns refined by the Rietveld method corresponding, ; ; _ i
to SCH and SCM nanoparticle powders. SCM patrticles have a hybrigryogenlc electron MICroscopy (cryo TEM) n

composition consisting of 70 wi%Fe,03 (maghemite) and 30wtos  Vestigation of the hybrid microgels

a-Fe,0O3 (hematite) determined from the Retvield refinement. ) ) )
The hybrid microgels were imaged by cryo-TEM as shown

in Fig. S3. The dilute suspensions were maintained at
could be estimated to 0.53. This analysis clearly overegésn room temperature and then rapidly vitrified, in such a way
this fraction as it neglects the porosity of the hematite@s-  that the conformation in suspension is mostly preserved as
timated at 26 vol% on a similar systefnAssuming that the shown in former studies on composite microgéi$The anal-
pores are filled with silica, we obtained a value of 0.43 forysis of the PNIPMAM/SCM microgels (Fig. S3 A, B) con-
the hematite mass fraction. The measuremertsas there-  firms that all the particles are embedded within a crosstinke
fore in good agreement with the composition of the particlesmicrogel network and that the core of most particles con-
The same approach could be applied to the ratigef equal  sists of a single SCM. The two hybrid microgels loaded with
to 0.3. The lower ratio could be due to the fact that the silicaAuNPs (Fig. S3 C-F) are homogeneously decorated. When
may isolate the magnetic domains, which will have directcon comparing the AuNP distribution within these two hybrids,
sequences on the susceptibility of the mateffalhis is what ~ AUNPS/PNIPMAM/SCM particles were found to bear a larger
is observed in our materials as the measured coerdilgtge-  amount of AUNPS than PNIPAM/AUNPs/PNIPMAM/SCM
creases from 26.0 to 1.0 kA/m after coating, in contrast ¢o th particles, which are partially free as the consequence ®f th
susceptibility, which increases from 1.26:f0to 3.98.10%  fast vitrification process. This shows that some of the parti
m/kg. After their partial transformation into maghemitegth cles may not be strongly absorbed within the microgels. This
particles exhibit a strong increase @ by a factor 81 to0 5.91 is supported by the finding that after the synthesis of thé-add
Am?/kg andx by a factor 77 to 3.05.1¢'m%/kg. The mea- tional PNIPAM network and the subsequent purification pro-
sured coercivity then increases by a factor 2.1 to 2.1 kA/mgcess, the hybrid contains less AuNPs. Nevertheless, thste |
Hereby, if x is compatible with the value reported in the liter- ones are strongly attached to the particles as confirmedeby th
ature? gsis almost three times lower than the expecterd valuevery low amount of free AuNPs. Further on, the microgel shell
from maghemite. This low value may be due to the presencsurrounding the particles appears much denser and thelovera
of hematite or to magnetic interaction between the pagicle shape is more anisotropic. This is a clear and direct evielenc

of the so-called "corset” effect proposed by scatteringlists

. L . PNIPAM/PNIPMAM microgel system®11
XRD investigation of the hematite transforma- " microgel system

tion into maghemite S )

Distribution of AUNPs in the AUNPs/PNIPMAM/
The XRD patterns of SCH and SCM particles are shown inSCM
Fig. S2. The diffraction pattern of SCM clearly differs from
that of the initial SCH, indicating that the crystalline gba Fig. S4 shows a larger magnification of the lateral cross-
of iron oxide changed fronm-FeO3 to y-Fe,03. Extra re-  section of the hybrid particle after reduction of AUNPs. The
flection lines from maghemite were evident on the patternsAuNPs are uniformly distributed within the shell and have an
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Fig. S 3 Cryogenic transmission electron microscopy of the hybrid microgels: BA, PNIPMAM/SCM particles, C, D)
AuNPs/PNIPMAM/SCM patrticles, E, F) PNIPAM/AuNPs/PNIPMAM/SCM paltis.

average radius of 1.4 0.6 nm. A former study of the load- of AuNPs within the microgels is suppressed when the AuNP
ing of anionic microgels with anionic gold nanoparticlestwi  size is of the order of the microgel mesh size or lafgeFor
different sizes has demonstrated that the physical engapm this reason we consider that the mesh size of the microgels
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Fig. S 4Transversal size distribution of the average gold nanoparticles of AIMNPPMAM/SCM hybrid microgels. Circles refer to the
average AuNPs radiug(r), and squares to the estimation of the normalized polymer density pgpfile = F§3;1/R(r)3 fitted with equation 6
(see text for further explanation).

can be related to the growth of the particles. This is matidat center to the periphery from about 1 to 2 nm. If we now con-
by our estimation of the average mesh s&ewhich is calcu-  sider that the volume of the particles is inversely relatethé
lated from the mass of a SCMiscm, approximated from its — polymer volume fractionp(r), the normalized polymer den-
average dimensions and the density of the magnetic core (36ity profile g (r) could then be estimated ﬁ%/R(r)3, where
Wt% a-Fe03, py = 5.26 g.cm® and 70 wt%y-Fe,0s, py = R is the radius of the particles close to the silica surface Th
4.90 g.cnm®) and silica shell s = 2.06 g.cn3), the mass ra-  following profile in Fig. S4 was then described using equatio
tio between the BIS crosslinker and the SC#/J,determined 6 with Ry, = 220 nm ando = 70 nm. This simple approach
from the synthesis of the PNIPMAM/SCM, and the overall confirms that, in our case, the particles distributed withia
size of the PNIPMAM/SCM hybrid microgels given by their microgel adapt to the mesh size of the polymeric matrix.
hydrodynamic radius measured af@0

Temperature-induced coagulation

®)

3NaaMscm We follow the effect of temperature on the particle stabil-
i o ity by time resolved aggregation experiments performed on
Such a calculation leads to an average mesh size in the of 3p pLS instrument in cross-correlation mode. A dilute
der of 3t0o 4 nm Compatible with the average diameter of th%uspension of PNIPAM/AuNPs/ PNIPMAM/SCM particles
AuNPs. Nevertheless, the density profile of a microgel is ”0'(1.103 gL~1) containing 0.1 M KCl was quenched at differ-
homqgelr;eous, but gradually decays at the surface as an ergt¢ temperatures following the protocol established inra fo
function™ following: mer study’* The temporal evolution of the apparent hydro-
dynamic radiugy determined from a second order cumulant

analysis was measured for about 1 hour. Belo®Ci@he par-

£ = (4”'\"85('@ —ascrbien/8) ) ’

1 : r<Re . .
1— (Raw—T —20)2/(802) : Re<r<Rnw ticles are stable, with aRy value about 30 nm lower than
@(r)= (r — Raw— 20)2/(802) Row < r < R (6)  without the addition of salt as observed in others studies on
0 : R <r microgels®>1® Above 4(®C, the particles first equilibrate at a

Ry value of about 150 nm independent on the temperature and
where @ (r) is the density profilep(r) normalized by the then become unstable. The data shown in Fig. S5A were nor-
plateau value close to the cope R refers to the radius of the malized byRy 1, that is, the hydrodynamic radius before the
core andRy,, to the half-width radius such a8, = R.+20, onset of the aggregation process, and the time was rescaled
with o corresponding to the half-widthR; is the total radius to the onset of the aggregation. This analysis shows that the
and is defined a& = R, + 20. As a direct consequence, aggregation rate increases at higher temperatures, wieh i
the radius of the AuNPs increases with the distance from théated to the combined contributions of the increase of the at
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45°C. Following a recent approach proposed for the aggrega-
tion of PS/PNIPAM composite microgelé,we can interprete
this result by considering a two-level system that is either
drophilic or hydrophobic, where the probability distritmrt of

the hydrophobic particlegg can be expressed as:

ps = exp(—(Tc — T)AS/keT) " (8)

in which AS characterizes the change of entropy between the
two states, and wher® is the transition temperature. In the
early stage of the aggregation the probability to form a detub
can be approximated mﬁ Assuming that the particles inter-
act through a square well potential with a minimiwn(T),

W can be estimated as follows:

Vmin(Tf ast)

Vo) = (14 exp—(Tc—T)AS/ksT))2 ~ W

©)
This model provides a good description of the experimental
data forT, = 43.5+273.16 K and&AS = -40(kg. In comparison

to PS/PNIPAM composite microgels whefg = 32+273.16

K and AS = -142(kg, 1* T shifts to a higher temperature cor-
responding to the volume phase transition temperatureeof th
hybrid microgel, andSis of the same order but lower, proba-
bly due to the interwoven PNIPAM and PNIPMAM networks
in the shell.
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