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features. [ 10 ]  During the last decade, exten-
sive studies on the self-assembly and 
structure analysis of binary system have 
been conducted. [ 5,10–21 ]  Unfortunately, less 
effort has been devoted to studies on the 
collective physical properties of these new 
materials. [ 22–25 ]  For example, synergism 
in binary system exerting enhanced  p -
type conductivity in self-assembled PbTe/
Ag 2 Te thin fi lms was reported, and these 
assemblies show markedly enhanced con-
ductance with respect to the sum of indi-
vidual conductance of single component 
PbTe and Ag 2 Te fi lms. [ 23 ]  Furthermore, 
improved thermal stability and catalyst 
with engineered metal-oxide contacts in 
binary systems were demonstrated very 
recently. [ 24,25 ]  

 Ferromagnetic nanoparticles have a 
magnetic moment that can either rotate 
randomly between well-defi ned crystal-
lographic directions, namely the easy 
magnetic axes [ 26 ] , or be blocked along 

these easy axes, depending on the temperature. In a magnetic 
nanoparticle system where nanoparticles are small enough to 
have a single magnetic domain, each nanoparticle acts like a 
“super” spin. Thus in a magnetic nanoparticle superlattice, 
nanoparticles tend to align their magnetic moments in the 
direction of the local magnetic fi eld due to the neighboring 
nanoparticles, called magnetic dipolar interactions. [ 27 ]  Collec-
tive magnetic dipolar interactions were also demonstrated to 
be present in binary systems made of magnetic nanoparticles 
with two sizes, as a result of single-phase magnetic behavior, 
and this effect was found to be present in various systems, such 
as Fe 3 O 4 –Fe 3 O 4  and Fe 3 O 4 –FePt. [ 28 ]  However, the role of small 
magnetic nanoparticles within magnetic binary supracrystals in 
the collective magnetic coupling is still unclear and needs to be 
further unveiled. 

 In this manuscript, 3D binary supracrystals with stoichi-
ometry AB 2  and AB 13  were produced using 7.2 nm Co nan-
oparticles as large “A site” particles, and either 4.6 nm Co 
or 4.0 nm Ag nanoparticles as small “B site” particles. For 
simplicity, CoAg 2 , CoCo 2 , and CoCo 13  are used to denote 
the structure of the binary supracrystals, where the molar 
ratio between the small and large nanoparticles is given. DC 
susceptibility measurements were carried out to assess the 
magnetic properties of these binary assemblies, revealing 
the effect of mesoscale alloying on the magnetic coupling of 
supracrystals.  
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  1.     Introduction 

 Colloidal crystallization is an effi cient way of producing ordered 
3D supracrystals in which magnetic, plasmonic, and semi-
conductor nanoparticles are in close contact. Hence, collective 
physical properties of these ordered materials are expected to 
occur because of the dipolar and quantum mechanical inter-
actions between the nanoparticles. [ 1–8 ]  Indeed, as a result of 
periodic ordering of the nanoparticles, these 3D supracrys-
tals exhibit unique transport, optical, and structural collective 
properties. [ 7–9 ]  Binary supracrystals coassembled from two 
distinct nanoparticles provide the potential to design these 
“artifi cial solids” with programmable chemical and structural 
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  2.     Results and Discussion 

 Two different sized amorphous Co nanoparticles (7.2 and 
4.6 nm) along with polycrystalline 4.0 nm Ag nanoparticles 
were used as building blocks to engineer the growth of binary 
assemblies (transmission electron microscopy (TEM) images 
of the nanoparticles can be found in the Supporting Informa-
tion). The as-prepared nanoparticles are dispersed in toluene. 
Each colloidal solution in which either Co or Ag nanoparticles 
are dispersed is set to the same nanoparticle concentration 
(5.8 × 10 −7   M ). The binary system was produced by controlling 
the relative amount of Co and Ag nanoparticles. [ 29 ]  A silicon 
wafer or a TEM grid covered by carbon fi lms was placed at 
the bottom of a beaker in which 200 μL or 40 μL respectively 
of the mixed colloidal solution was injected. The solvent was 
then evaporated very slowly to permit the nanoparticles to self-
assemble into 3D ordered assemblies. 

 Because the soft coatings on the nanoparticles have no 
trivial effect on the nanoparticle assembly, the nanoparticle 
effective diameter ( d  eff ), defi ned as the nanoparticle center-
to-center distance in a self-ordered compact hexagonal net-
work, has to be taken into account. It was determined from 
the corresponding TEM images. [ 29 ]  The effective diameters of 
Co nanoparticles with an average diameter of 4.6 and 7.2 nm 
with 10% and 9% as size dispersion (Figure S1, Supporting 
Information) are 7.7 ± 0.8 nm and 10.2 ± 1.1 nm, respectively, 
whereas the effective diameter of 4.0 nm Ag nanoparticles is 
6.0 ± 0.5 nm. 

 Let us fi rst consider Co/Ag binary systems with a relative 
concentration ratio of [Co]/[Ag] = 1/2.  Figure    1   shows the TEM 
images of CoAg 2  superlattices with AlB 2 -type binary structure. 
The CoAg 2  structure consists of hexagonally ordered large 
Co nanoparticles, together with the smaller Ag nanoparticles 
inserted into the vacancies between the Co layers, which agrees 
well with the literature with AlB 2  structure (space group P 6 /
mmm). [ 30 ]  Three sets of typical crystal superlattice planes 
are observed: (001) (Figure  1 a), (110) (Figure  1 c), and (100) 
(Figure  1 e) superlattice planes, and the corresponding projec-
tions of the model structures can be found in Figure  1 b,d,f, 
respectively. The superlattice spacings in the (100) and (001) 
planes measured from the corresponding TEM images are 
10.4 and 12.0 nm, corresponding to lattice dimensions  a  =  b  = 
12.1 nm and  c  = 12.0 nm. The center-to-center distance between 
Co nanoparticles in CoAg 2  superlattices was calculated for 
these various orientations: the average distance between Co 
nanoparticles is 12.0 ± 0.2 nm and the edge-to-edge value (δ) 
between Co nanoparticles is estimated to be 4.8 ± 0.2 nm. This 
value markedly differs from that in single-component  fcc -phase 
Co superlattices (3.4 nm) (data shown in Supporting Informa-
tion). The domain size of the CoAg 2  binary supracrystals is up 
to tens of micrometers as observed previously. [ 29 ]   

 Let us now consider CoCo 2  binary systems produced from 
two colloidal solutions one containing 4.6 nm and the other 
7.2 nm Co nanoparticles. The concentration of each colloidal 
solution is the same as above (5.8 × 10 −7   M ). According to the 
relative nanoparticles’ size ratio,  γ  eff  = 0.76 ± 0.02, MgZn 2 -
type structure is most favorable based on the recent theo-
retical work shown that the MgZn 2  phase to be stable in the 
size ratio range of 0.76 ≤  γ  ≤ 0.84. [ 20 ]  Here, by careful analysis 

of the TEM data, we only observe an AB 2  binary structure 
isostructural with that of MgZn 2  (Space Group  P 6 3 / mmc ) for 
this radius ratio ( Figure    2  ). The structure of MgZn 2  contains 
four molecular units per unit cell with the smaller Zn atoms 
ordered in tetrahedra, whereas the larger Mg atoms fall into the 
vacancies provided by the Zn tetrahedral (shown in Figure  2 h). 
Typical TEM images of these structures with the (001) plane 
parallel to the substrate are shown in Figure  2 a,b and the cor-
responding structure model projected along the same zone axis 
in Figure  2 c. The FFT pattern in the inset of Figure  2 a shows 
the hexagonal symmetry. From this set of crystal planes, it is 
possible to evaluate the unit cell length  a  =  b  = 16.9 ± 0.2 nm. 
Another crystal plane with indices (210), with a minor fraction 
parallel to the substrate, is shown in Figure  2 d,e, along with 
the projection of the model structure in Figure  2 f. The unit cell 
edge length measured from this image is  c =  30.1 ± 0.2 nm. 
Thus a unit cell with cell parameters of  a  =  b  = 16.9 nm and  c  = 
30.1 nm was built to evaluate the various Co–Co interparticle 
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 Figure 1.    TEM images of CoAg 2  binary nanoparticle superlattices with 
various crystal planes: a,b) (001) plane; c,d) (110) plane; e,f) (100) plane; 
g) low magnifi cation of (001) plane; h) crystal model of AlB 2  structure. 
Inset in panel (g) is the corresponding FFT pattern.
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distances (Figure  2 h): the nearest gap between 7.2 nm Co nano-
particles is 4.2 ± 0.4 nm, resulting in a Co–Co interparticle dis-
tance of 11.4 nm. The domain size of the CoCo 2  binary suprac-
rystals is up to ≈5 micrometers.  

 By increasing the amount of the initial mixed colloidal solu-
tion to 200 mL instead of 40 mL and using the same proce-
dures as described above, thick fi lm binary systems of either 
CoAg 2  or CoCo 2  were deposited on a silicon wafer (3 mm × 
5 mm). The high-resolution scanning electron microscopy 
(HRSEM) studies of the CoAg 2  fi lms further reveal the hex-
agonally stacking, where each Co nanoparticle is surrounded 
by six Ag nanoparticles ( Figure    3  ). In fi rst approximation, it 
is assumed that the interparticle distance between large Co 
(7.2 nm) nanoparticles, determined for thin fi lms, remains 
similar to that observed for thick 3D supracrystals as already 
observed previously. [ 31 ]   

 The low fi eld DC magnetic susceptibility of CoAg 2  and 
CoCo 2  binary supracrystals described above, and those of 
single component Co nanoparticles (7.2 and 4.6 nm), shows 
a behavior typical for an ensemble of size distributed super-
paramagnetic particles. The zero-fi eld-cooled (ZFC) and fi eld-
cooled (FC) magnetization curves were measured in the pres-
ence of a 10 G applied magnetic fi eld of 10 Oe. The position 
of the observed peak in the ZFC curve corresponds to the 
average magnetic blocking temperature ( T  b ) of the nanoparti-

cles. Below the  T  b , the magnetocrystalline anisotropy energy 
and dipolar magnetic interaction dominate over the thermal 
energy  k  B  T  and each particle magnetization is “blocked” (along 
its individual easy anisotropy axis) with respect to the charac-
teristic time  τ χ   of the measurement (100 s for SQUID mag-
netometry). Above  T  b , the thermal energy is suffi cient to allow 
the particle magnetic moments to depart from their anisotropy 
axis and to fl uctuate: the particles become superparamagnetic. 
Various positions for the ZFC peak can be observed on the 
curves. 

  Figure    4  a shows the ZFC/FC magnetization curves of both 
4.6 and 7.2 nm  fcc  Co supracrystals characterized by an inter-
particle distance, deduced from grazing-incidence small angle 
X-ray scattering, of 3.2 and 3.4 nm (Supporting Information). 
The blocking temperature  T  b  is 185 and 50 K, respectively, for 
the 7.2 and 4.6 nm supracrystals. An approximate expression 
for the blocking temperature is

 
τ τ( )= χk T E /In /B b a 0   

(1)
 

 where  E  a   = K  eff  V ,  K  eff  being the effective anisotropy energy den-
sity and  V  the nanoparticle volume, [ 32 ]  and  τ  0  a microscopic 
time of the order of 10 −10  s. Hence, the higher  T  b  for the larger 
sized Co nanoparticle supracrystals is due to the larger nanopar-
ticle volume implying a larger magnetocrystalline anisotropy 
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 Figure 2.    TEM image of binary supracrystals from the evaporation of 7.2 and 4.6 nm Co binary nanoparticle mixtures: a–c) (00l) crystal planes; 
d–f) (210) crystal planes; g) low magnifi cation shows the cracked fi lms; h) structural model of MgZn 2  alloys. Insets in panels (a,d) are the corre-
sponding FFT patterns.
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energy. The FC curve of 7.2 nm Co supracrystals shows a 
slight decrease below 185 K ( T  b ), indicating a spin-glass like 
behavior, while for 4.6 nm Co supracrystals the FC curves show 
a monotonic increase below the corresponding  T  b  with a satu-
rating trend at suffi ciently low temperatures, indicating rela-
tively weaker interparticle coupling interactions between the 
nanoparticles. [ 33,34 ]   

 The blocking temperatures of CoAg 2  and CoCo 2 , deduced 
from the ZFC/FC curves, are 166 and 121 K, respectively 
(Figure  4 b). Note that for CoCo 2 , where two different sized 
Co nanoparticles are present, a single peak is observed for 
the ZFC curve, and the  T  b  (121 K) is intermediate between 
the  T  b s of supracrystals with a single Co component (4.6 and 
7.2 nm). Furthermore, like for 4.6 nm and contrary to 7.2 nm 
Co one component supracrystals, the FC curve for CoCo 2  
shows a monotonic increase below  T  b , indicating relatively 
weaker interparticle interactions. The ZFC peak shifts from 
185 K for 7.2 nm Co supracrystals to 166 K for CoAg 2  and 
121 K for CoCo 2  binary supracrystals, respectively (Figure  4 a,b). 
In strongly interacting superparamagnetic particle systems, 
the blocking temperature may be increased by the coupling 
between nanoparticles  [ 35 ]  because the dipole–dipole interac-
tion can be considered as an extra energy barrier adding to the 
anisotropy energy, which consequently hinders thermal fl uctua-
tions of the spins. The energy of the dipole–dipole interaction 
between two magnetic moments  µ i   and  µ j  , separated by a dis-
tance  r i,j  , can be written as [ 36,37 ] 
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 Our measurements clearly show that, due to their nonmag-
netic behavior, Ag nanoparticles act as a spacer to tune the 
interparticle distance  r i,j  . Hence the dipolar coupling between 
Co nanoparticles controls, as expected, the magnetic proper-
ties of the supracrystals through modulation of the interparticle 
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 Figure 3.    High-resolution SEM images of AlB 2 -type CoAg 2  3D binary 
supracrystals: a) low-magnifi cation image; b) high-magnifi cation image; 
c) FFT pattern taken from panel (a).

 Figure 4.    a) Zero-fi eld-cooled (ZFC) and fi eld-cooled (FC) magnetization 
versus temperature curves measured at 10 G for the 7.2 nm Co supracrys-
tals (purple) and 4.6 nm Co supracrystals (green). b) ZFC/FC magnetiza-
tion versus temperature curves for two types of AB 2  binary supracrystals, 
CoCo 2  (orange) and CoAg 2  (blue) binary supracrystals. c) ZFC/FC mag-
netization versus temperature curves for CoAg 13  supracrystals (red).
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distance from 10.4 to 16.1 nm, by insertion of Ag nanoparticles. 
Furthermore, the FC curves for all three samples (Co, CoAg 2 , 
and CoAg 13 ) show a slight decrease below their corresponding 
 T  b , indicative of a superspin glass behavior as reported for 8 nm 
Co nanocrystal supracrystals. [ 38 ]  

 Inspection of the average distances for the two binary sys-
tems of AB 2  type differing by their structures (MgZn 2 -type for 
CoCo 2  and AlB 2  for CoAg 2 ) shows that the interparticle dis-
tance between 7.2 nm Co in these systems is larger than that 
determined for the single component 7.2 nm Co supracrystals 
(see  Table    1  ). This could explain the decrease in the blocking 
temperature of binary systems compared to single component 
supracrystals. However, the  T  b  of CoCo 2  binary supracrys-
tals is smaller than that of CoAg 2  ones (Figure  4 b). Here, the 
interparticle distance cannot be the major factor controlling 
the  T  b  value (through the dipole–dipole interaction) because 
these two binary supracrystals have close Co–Co interparticle 
distances. Moreover, the change in the effective Co (7.2 nm) 
fi lling factor cannot be the factor inducing a drastic decrease in 
the  T  b  value (see Table  1 ). The major difference between these 
two binary systems lies in the fact that the small nanoparticles 
are magnetic or not. Here we propose that other parameters 
such as the coexistence of two magnetic sublattices with dif-
ferent nanoparticle size can affect the magnitude and sym-
metry of the magnetic energy barriers and reduce the blocking 
temperature of the system. For CoCo 2  binary supracrystals, the 
energy of the magnetic dipolar interactions can be described as

 = + +( ) ( ) ( )E E E Ei j A A A B B B
D

,
D

,
D

,
D

,

  (3) 

 where ( )E A A
D

, , ( )E A B
D

, , and EB B
D

,  are the mag-
netic dipolar interactions between var-
ious neighboring magnetic nanoparticles, 
Co(7.2 nm)–Co(7.2 nm), Co(7.2 nm)–Co(4.6 nm), 
and Co(4.6 nm)–Co(4.6 nm), respectively. 
Due to the larger magnetocrystalline ani-
sotropy energy for Co(7.2 nm) with respect 
to Co(4.6 nm) nanoparticles, the magnetic 
moments of Co(4.6 nm) nanoparticles can 
be pinned by the dipolar fi eld arising from 
Co(7.2 nm) nanoparticles along a direc-
tion quite different from that of the Co(7.
2 nm) magnetic moment (see  Scheme    1  ). 
Indeed, for instance, the dipolar fi eld at 
a point in the plane perpendicular to a 
given moment is opposite to that moment. 
This additional dipolar interaction ( )E A B

D
,  

between Co(4.6 nm) and Co(7.2 nm) mag-
netic moments can then contribute to lower 

the effective anisotropy barrier with respect to that in CoAg 2  
supracrystals.   

 To support such a claim let us consider another binary 
system having a large Co–Co interparticle distance with the 
lower effective Co (7.2 nm) fi lling factor. This can be realized 
by increasing the relative amount of colloidal Ag nanoparticles 
with respect to the Co one ([Co]/[Ag] = 1/10) while keeping 
the total nanoparticle concentration constant to 5.8 × 10 −7   M , 
as used previously for the various systems studied. A long-
range ordered binary system characterized by CoAg 13  structure, 
analogous to molecular solids of icosahedral AB 13  (NaZn 13 ), is 
then obtained. We shall see that its blocking temperature is still 
larger than that of CoCo 2 . 

  Figure    5   shows the preferential crystal orientation with 
the (100) plane parallel to the substrate (Figure  5 a,b) for the 
CoAg 13  supracrystals. In addition, the (110) plane parallel 
to the substrate shown in Figure  5 c further confi rms the 
NaZn 13 -type CoAg 13  structures. [ 39 ]  The domain size of CoAg 13  
binary supracrystals is measured to be up to ≈10 microm-
eters. [ 29 ]  The NaZn 13  structure (Space Group  Fm 3 c ) consists 
of 8 Co nanoparticles and 104 Ag nanoparticles in a unit 
cell in which the Co nanoparticles are well isolated by sev-
eral Ag nanoparticles (Figure  5 f). The spacings between Co 
nanoparticles within the binary structure in the (001) and 
(110) planes are 16.1 ± 0.2 and 12.3 ± 0.2 nm, respectively. 
The center-to-center distance between Co nanoparticles is 
calculated to be ≈16.1 nm, thus a large edge-to-edge  δ  value 
between Co nanoparticles of ≈8.9 nm was obtained. Similarly 
as above, by increasing the amount of colloidal solution, a 
thick fi lm was produced. The HRSEM image in  Figure    6  a 
shows that the large Co nanoparticles are ordered in a square 
pattern, which can be verifi ed by the corresponding FFT pat-
tern in Figure  6 b. From these data, it is possible to deduce 
the average distance between Co nanoparticles (summarized 
in Table  1 ).   

 Figure  4 c shows the ZFC/FC magnetization curves of CoAg 13  
binary supracrystals. The blocking temperature is 145 K and 
the FC curve shows a slight decrease below  T  b , indicative of 
constraint as a superspin glass behavior. Note that the blocking 
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  Table 1.    Structural parameters of various samples for DC susceptibility 
measurement  

Parameters 7.2 nm Co CoAg 2 CoAg 13 CoCo 2 

Co–Co [nm] 10.6 12.0 16.1 11.4

Effective fi lling factor 74% 76% 72% 65%

Co (7.2 nm) Filling factor 23.3% 12.9% 4.7% 10.5%

 T  b  [K] 185 166 145 121

 Scheme 1.    The infl uence of the small nanoparticles on the magnetic properties of Co 
supracrystals.
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temperature of CoAg 13  supracrystals is higher than that of 
CoCo 2  binary supracrystals (121 K) whereas the interparticle 
distance between large (7.2 nm) Co nanoparticles is smaller 
(Table  1 ). The rather low blocking temperature and the smooth 
increase in the FC curve on decreasing temperature observed 
with CoCo 2  supracrystals clearly indicate a decrease in the mag-
netic interactions compared to binary systems produced with 
nonmagnetic small (Ag) associated with large Co nanoparti-
cles. Hence, CoCo 2  supracrystals are characterized by weaker 
dipolar interactions than their counterpart as CoAg 2  and CoAg 13  
supracrystals.  

  3.     Conclusions 

 In summary, long-range ordered Co nanoparticle based suprac-
rystals, namely single component 7.2 nm Co and binary suprac-
rystals, such as CoAg 2 , CoAg 13 , and CoCo 2  have been produced. 
These 3D binary supracrystals are considered as mesoscale 
alloys by inserting small nanoparticles (4.6 nm Co or 4.0 nm 
Ag) into 7.2 nm Co nanoparticle 3D supracrystals. The mag-
netic dipolar interactions in 7.2 nm Co supracrystals are tun-
able by engineering the Co–Co interparticle distance with the 
formation of Co/Ag binary supracrystals. For the NaZn 13 -type 
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 Figure 5.    TEM images of CoAg 13  binary nanoparticle superlattices with various crystal planes: a,b) (001) plane; c,d) (110) plane; e) low magnifi cation 
of (100) plane; f) crystal model of NaZn 13  structure. Inset in panel (e) is the corresponding FFT pattern.
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CoAg 13  binary supracrystals, a larger interparticle distance 
between Co nanoparticles results in a reduced dipolar inter-
actions, leading to a lower blocking temperature of the 
sample. Furthermore, a decrease in the blocking tempera-
ture was observed for CoCo 2  binary supracrystals, when the 
nonmagnetic Ag nanoparticles were replaced by magnetic 
4.6 nm Co nanoparticles. This suggests that in the CoCo 2  
binary supracrystals, the spin directions between the large and 
small Co nanoparticles are different, which reduces the dipolar 
interactions in the system.  

  4.     Experimental Sections 
  Chemicals : All materials were used without further purifi cation: 

cobalt acetate, silver nitrate, dodecanethiol, dodecanoic acid, sodium 
borohydride, and octylether were from Aldrich; hydrazine, isooctane, 
and hexane were from Fluka; and sodium di(ethylhexyl) sulfosuccinate 
(NaAOT) was from Sigma. The synthesis of Ag(AOT) and (Co(AOT) 2  
were described previously. 

  Apparatus : Conventional transmission electron microscopy was 
performed using a JEOL 1011 microscope at 100 kV. DC magnetic 
properties of the samples were studied by the means of magnetometry 
measurements and they were compared with the disordered samples. 
We performed the magnetometry measurements via a commercial 
superconducting interference device (SQUID). The measurements were 
performed under an airless atmosphere, and the magnetizations of the 
samples were measured as a function of in-plane-applied DC magnetic 
fi eld and temperature. 

  Synthesis of Co Nanoparticles : Co nanoparticles were synthesis from 
reverse micelles, as already described. [ 40 ]  In brief, reverse micelles of 
Co(AOT) 2  (5 × 10 −2   M ) in the presence of water molecules such that 
 w  = [H 2 O]/[AOT] = 32 were reduced by sodium borohydride as (R = 
[NaBH 4 ]/[Co(AOT) 2 ] = 6). Co nanoparticles were immediately produced 
and oleic acid (316 µL) was added to coat the nanoparticles. The coated 
Co nanoparticles were then washed and centrifuged four times with 
ethanol to remove the AOT surfactant and the black powder obtained 
was dispersed in toluene. At the end of the synthesis, 7.2 nm Co 
nanoparticles coated with oleic acid with a ≈9% size distribution were 
produced. The entire synthesis was carried out in an N 2  glove box using 
deoxygenated solvents to prevent particle oxidation. By using mixed 
reverse micelles of Co(AOT) 2  (5 × 10 −2   M ) and Na(AOT) (0.1  M ) and 
by keeping the same procedure as described above, Co nanoparticles 
characterized by an average diameter and size distribution of 4.6 nm 
and 9%, respectively, were produced. As already observed amorphous-
like nanoparticles were obtained. The size of the nanoparticles 
remained quite unchanged. In the text, the exact average value of the 
diameters and size distribution determined through a measure of over 
500 nanoparticles were given precisely. 

  Synthesis of Ag Nanocrystals : The Ag nanocrystals coated with 
dodecanethiol (C 12 H 25 SH) were synthesized as described elsewhere 
from 0.1  M  reverse micelles of Ag(AOT). [ 41 ]  The water content,  w  = 
[H 2 O]/[AOT], was kept at 2. Hydrazine dispersed in 0.1  M  Na(AOT) 
was added to the mixed micelles. Dodecanethiol used as coating agent 
was then added to the reverse micelles containing the nanocrystals. To 
remove the AOT surfactant, ethanol was added to the solution. After 
four times washing with ethanol, the nanocrystals were characterized 
by a mean diameter of 4.0 nm with a size distribution of 9% and were 
redispersed in toluene. The crystalline structure of Ag nanocrystals was 
mainly polycrystalline with a very small contribution of single domain 
nanocrystals. 

  Supracrystals Growth : Self-assembly of binary colloidal solution was 
carried out in an experimental setup shown in elsewhere published 
before, [ 42 ]  and the temperature could be controlled (i.e., 35 °C in the 
present study). Carbon-coated copper TEM grids were used as the 
substrate for self-assembly experiments. The grids were placed inside 
a glass vial with inner diameter of ≈4 mm. Then 40 µL of solution 
containing a mixture of Co and Ag nanocrystals with the desired particle 
ratio, keeping the overall particle concentration constant 5.8 × 10 −7   M , 
was injected into the glass vial. For the magnetic measurement, silicon 
wafer (3 × 5 mm 2 ) was applied as substrate for the sample deposition 
and 200 µL of colloidal mixture was used. Concentrations of the Co 
nanoparticles were estimated according to our previous report. [ 43 ]  The 
solution was evaporated under N 2  atmosphere, avoiding any oxidation 
of Co nanoparticles.  
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