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Small particle structure and dynamics in glassy binary mixtures
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We determined, using confocal microscopy, the structure and dynamics of the small component in concentrated binary
colloidal mixtures with moderate and large size ratios and different compositions of PMMA particles. We show that
when increasing the content of small spheres at fixed total volume fraction, a transition in the local environment of the
small particles is observed, from a mixed environment of other small and large particles to a local environment of only
small particles. The transition is rather abrupt for moderate size ratios, while it becomes particularly broad for large
size ratios. This can be associated to the improved ability of the small particles to pack in between the large particles for
larger size ratios. The dynamics reflect the transition with an increase of the mobility observed at intermediate mixing.
This increase becomes particularly pronounced for large size ratios, leading to diffusive dynamics of the small particles,
in agreement with predictions of theories of the glass transition in binary hard-sphere mixtures. The composition at
which the fastest dynamics are observed is apparently independent of the size ratio.

I. INTRODUCTION

Dispersions of bidisperse colloidal hard-spheres are
the simplest model system of complex multi-component
dispersions'2. The equilibrium state diagram of such mix-
tures has been studied in detail in the past, as a function
of the composition and the size ratio of the components®-8.
Compared to one-component dispersions, binary mixtures
present a broader fluid—solid coexistence region, which has
been thoroughly investigated in experiments’~!2. Addition-
ally, formation of complex crystalline structures through
co-crystallization of the two species is predicted and
observed!3-1°. However, especially at high packings, these
systems fall out of equilibrium. Highly packed states of
mixtures are interesting for applications since a large quan-
tity of material occupies a relatively small volume. Glasses
of concentrated binary mixtures of hard-sphere like colloids
have been also studied recently':'7-24. It has been shown
in particular that mixing colloids of sufficiently different size
can substantially affect the formation of glasses. If the con-
stituents present a moderate size ratio, the glass transition
shifts to larger total volume fractions at intermediate com-
position compared to a mono-component system. When the
disparity becomes larger, the formation of mixed states oc-
curs, with the largest component forming a glass in which the
small component remains mobile! 17232528 " the regime
of mixed states, complex and anomalous dynamic phenomena
have been observed??:39, under conditions which are particu-
larly relevant for realistic systems such as cellular’! or ionic
liquids®2, among others. Due to technical difficulties related
with the limited optical resolution of confocal microscopy, or
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the complexity of introducing selectivity in scattering tech-
niques, experimental characterization of the structure and dy-
namics of concentrated binary colloidal mixtures has mainly
focused on the study of the large component>>?>-28  with
a few exceptions in which, however, only the dynamics of
the small particles for specific size ratios or a limited num-
ber of compositions were investigated' 2230 Here we re-
port a systematic experimental investigation of the micro-
scopic structural organization and the single-particle dynam-
ics of the small component in glassy binary colloidal mixtures
with moderate to large size ratios and different compositions.
We find that while at moderate size ratios the small particles
change abruptly from being trapped by a mixture of other
small and large spheres to being trapped by only small par-
ticles, at intermediate and large size ratios the transition is
more gradual due to the ability of the small particles to fill
the gaps in between the large particles. This results also in an
increase of the mobility of the small particles at intermediate
composition.

1. MATERIALS AND METHODS
A. Samples

Mixtures of Polymethyl-methacrylate (PMMA) colloids
sterically stabilized with polyhydroxy-stearic acid (PHSA),
synthetized according to*3, were dispersed in a density and
refractive index matching solvent composed of Bromocyclo-
heptane (CHB7) and cis-Decahydronaphthalene (cis-Decalin)
(Sigma-Aldrich). Previous to use, Bromocycloheptane was
filtered through Aluminum Oxide (Sigma-Aldrich) in order
to minimize the amount of charges in the solvent®*. A 4mM
concentration of Tetrabutylammonium chloride (TBAC) salt,
corresponding to oversaturated conditions, was added to the



Small particle structure and dynamics in glassy binary mixtures

solvent in order to screen charges on the PMMA particles.
Under these conditions, particles still retain a certain amount
of charge®. In recent work®® using the same solvent mixture
and comparable amounts of added salt, we could estimate
the parameters of the electrostatic interaction through com-
parison with simulations in which a Yukawa potential was
used to describe the electrostatic repulsion. We obtained
KR ~ 30 for an effective particle charge Z = 500e. For the

small particles, this indicates an inverse screening length
37

k! ~ 50 nm. Previous work also under similar conditions
showed that the fluid-crystal coexistence region is found
for 0.45 < ¢ < 0.54, indicating that the residual charges
induce moderate deviations from hard-sphere behavior. Small
particles with an average radius Ry = (0.80 £ 0.01) um
(polydispersity 0.07) were mixed with 3 different batches of
large particles with average radii Rp; = (1.50 £ 0.03) um
(polydispersity 0.06), Ry, = (2.25+0.05) um (polydispersity
0.06) and Rz = (3.0 + 0.05)um (polydispersity 0.05).
The average radii and polydispersities were obtained by
Dynamic Light Scattering (DLS).>®® Accordingly, mixtures
with size ratios 6 = Ry/Ry; = 0.53, 0.35 and 0.26, with
i=1, 2, 3 were obtained. Only the small particles were
fluorescently labeled with monomerized Rhodamine-B.
Rhodamine PMMA monomers were chemically attached to
the particles in order to enhance the Dye distribution over
the particle. Due to the large size of the particles used to
prepare the mixtures, particular care was taken to verify the
density matching condition. For all particles, the solvent
composition was adjusted until the dispersions did not show
any sign of sedimentation over a period of 8 hours when
centrifuged at an equivalent gravity of approximately 1341x g
at T = 23 C, corresponding to the temperature at which
the experiments were later performed. Dispersions with
total volume fraction ¢ = 0.60 were prepared by diluting a
sediment obtained by centrifuging the particles at 7 = 35 C.
The higher temperature was used to alter the density matching
condition and allow the particles to sediment. The volume
fraction of the random-close packed sediment was assumed
to be ¢rcp = 0.65 in all cases, according to studies on the
effect of polydispersity on random close packing®®. Samples
with different compositions xs = @s/¢, where ¢ is the
relative volume fraction of small particles, were obtained
by mixing proper amounts of dispersions of small and large
particles. After preparation, samples were further mixed in
an orbital shaker for one day. Samples were then transferred
to a microscopy cell consisting of a small bottle cut at the
bottom and glued to a microscope coverslip. Prior to each
measurement samples were again gently mixed in order to
remove any possible ordering and aging. Possible sample
aging occurring during the measurement was neglected.

B. Confocal Microscopy

For each sample, series of image stacks of 100 images
of 512x512 pixels, corresponding to a volume of 64x64x20
um? were acquired using a VT-Eye (Visitech) confocal unit

mounted on a Nikon Ti-S inverted microscope. A 100x Nikon
Plan-Apo VC oil-immersion objective (NA = 1.40) and a laser
with A = 488nm were used for image acquisition. Stacks
were acquired at a depth of about 20um from the coverslip.
The time needed to acquire a stack is approximately 3.4 s.
For structural investigation, different numbers of volumes in
the range from 500 to 2000 (depending on sample) were ac-
quired to obtain satisfactory statistics. For determining the
dynamics, time series of 500 stacks were measured for 5 dif-
ferent volumes. Particle coordinates and trajectories were ob-
tained by analyzing the data with standard particle-tracking

routines®.

I1l.  RESULTS AND DISCUSSION
A. Structure of Small Particles

The structure of samples with total volume fraction ¢ =
0.60 and different size ratios 6 and compositions x; was an-
alyzed through the radial distribution function g(r), which is
defined as:

N
80)= g

(D

where N(r) is the number of particles in a thin shell of thick-
ness Arg, at distance r from a selected particle and # is the
total particle number density.

1. Size ratio 6 = 0.53

Representative renderings of the small particle positions in
sample volumes with ¢ = 0.60 and different compositions
xs = 0.01, 0.10, 0.30, 0.50, 0.70 and 1.00 are shown in Fig.1.

The voids in the volume are occupied by large spheres, as
the total volume fraction is large, ¢ = 0.60. Besides the pro-
gressive crowding of the small spheres with increasing xg, in
the samples with the smallest x; = 0.01 and 0.10 one can no-
tice that the small particles are distributed around the whole
volume, however they have the tendency of being in contact.

This tendency can be also seen for x; = 0.30, where par-
ticles appear to cluster around the voids (the large particles).
For x; > 0.50 the small particles form increasingly larger and
crowded agglomerations, progressively approaching the uni-
form, crowded distribution of the one-component sample of
small spheres, x; = 1.00.

The qualitative analyses based on the volume reconstruc-
tions are quantitatively confirmed through the radial distribu-
tion functions g(r) (Fig.2). For x; = 0.01 one observes a pro-
nounced first peak corresponding to small particle-small parti-
cle contacts (the peak position is approximately at r/2R; = 1.
However, the second peak does not correspond to a second
shell of small particles: it corresponds instead to a configu-
ration in which two small particles are separated by a large
particles, a configuration that is likely to be present for a sam-
ple where most of the volume is occupied by large particles.
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FIG. 1. Renderings of the small particle location in representative
volumes of samples with = 0.53 and different composition xs, as
indicated.

Two additional peaks can be clearly discerned, corresponding
to configurations in which two small particles are separated by
a large and a small particle or by two large particles. There-
fore the structure of the small particles in this sample corre-
sponds to dimers or single particles occupying the voids left
by the large particles. For x; = 0.10 a similar pronounced first
peak is found, as well as the peaks for which small particles
are separated by large particles. However, additionally a small
second peak corresponding to a second shell of small particles
appears. For x; = 0.30 a significant change is observed: while
the peaks corresponding to small particles with large particles
in between are still observed, the first peak becomes smaller
and broadens to almost reach the distance corresponding to the
second shell of small particles. This is indicative of a transi-
tion from a structure in which small particles are trapped by a
mixture of small and large particles, to a structure in which
small particles become surrounded by shells of only other
small particles. This transition is evidenced by the sample
with x; = 0.50, where now the first and the second peak corre-
spond to the first and second shell of small particles, while the
third peak lies in between configurations corresponding to a
third shell of small particles and two small particles separated
by a large and a small particle. For x; = 0.70 the transition
is essentially complete, as confirmed by the close similarity to
the g(r) of the sample of only small particles (x; = 1.00). This
means that for x; = 0.70 the large particles only act as defects
in the small particle structure.

0 1 2 3 4 5 6

r/ 2R,

FIG. 2. Radial distribution functions g(r) as a function of particle-
particle distance r, normalized by the particle diameter 2R, for
samples with § = 0.53 and different compositions xg, as indicated.
Curves corresponding to xs > 0.10 values are vertically shifted for
clarity, each by a factor 1 respect to the previous xs value. Schematic
representations of particle configurations associated with the peaks
of g(r) are shown on the top of the graph.

2. Size ratio 6 =0.35

The radial distribution functions of samples with ¢ = 0.60
and size ratio 8 = 0.35 present the same set of particle con-
figurations described for 6 = 0.53 (Fig.3). However, the rel-
ative contribution of the configurations shows significant dif-
ferences. For instance, for x; = 0.01 configurations in which
small particles are separated by a large particle have the largest
probability, more than small particle-small particle contacts.
This is shown by the larger height of the second and third
peaks of the g(r) compared to the first. Additionally, con-
figurations in which two small particles are separated by two
large particles are also likely. The more pronounced mixing
between large and small particles can be attributed to the im-
proved ability of smaller particles to fill the voids between
large particles. Samples with x; = 0.10 and 0.30 show a pro-
gressive growth of the first peak and a related decrease of the
second peak. Note that due to the increase in the content of
small particles, for x; = 0.30 the second peak corresponds to
configurations in which two small particles are separated by
a large and a small particle. For x; = 0.50 the first peak is
relatively large and the second shell of small particles start
to form, however the structure is still considerably different
from the system of only small particles, x; = 1.00. This in-
dicates that due to the improved mixing, the transition from
a structure in which small and large particles are mixed to a
structure in which the large particles act as defects in a dis-
persion of small particles is smoother than for § = 0.53. This
is confirmed also by sample x; = 0.70, in which the structural
organization is not yet completely similar to x; = 1.00.

The transition from the mixed structure to the formation
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FIG. 3. Radial distribution functions g() as a function of particle-
particle distance r, normalized by the particle diameter 2R, for
samples with 6 = 0.35 and different compositions xg, as indicated.
Curves corresponding to xs > 0.10 values are vertically shifted for
clarity, each by a factor 1 respect to the previous xg value. Schematic
representations of particle configurations associated with the peaks
of g(r) are shown on the top of the graph.
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FIG. 4. Renderings of small particles in x-y slices of representative
volumes of samples with § = 0.35 and x; = 0.30 and 0.50.

of a second shell of small particles is directly visible in the
renderings of representative x-y slices of volumes of samples
xs = 0.30 and 0.50 (Fig.4). As can be seen in the sample with
xs = 0.30 mostly dimer-like structures are observed, separated
by empty regions occupied by large particles, while for x; =
0.50 larger chains and some more isotropic arrangements of
particles are present.

3. Size ratio 6 =0.26

The structural arrangement of the small particles for with
¢ = 0.60 and size ratio 0 = 0.26, represented by the pair dis-
tribution functions in Fig.5, indicates an even smoother transi-
tion to a glass dominated by the small particles. For x; = 0.01

FIG. 5. Top: Radial distribution functions g(r) as a function of
particle-particle distance r, normalized by the particle diameter 2R,
for samples with 6 = 0.26 and different compositions xs, as in-
dicated. Curves corresponding to xs > 0.10 values are vertically
shifted for clarity, each by a factor 1 respect to the previous x; value.
Schematic representations of particle configurations associated with
the peaks of g(r) are shown on the top of the graph. Bottom: Repre-
sentative x-y image slice of sample x; = 0.50. Only the small parti-
cles are labeled and visible in the image.

the most probable configurations correspond to two small par-
ticles in contact or separated by a large particle. The region
of the second peak is particularly broad indicating a large dis-
tribution of distances. For x; = 0.10 and 0.30 small particle-
small particle contacts are likely, together with configurations
where two small particles are separated by a large particle. In-
terestingly the second peak is characteristic of configurations
corresponding to distances between small particles separated
by large particles, however not along the diameter of the large
particle (see sketch on top of Fig.5). This suggests ring-like
structures of the small particles surrounding a large particle.
The g(r) of x; = 0.50 is particularly interesting: It shows an
extremely broad and unique peak which indicates that all par-
ticle configurations have very similar probability. This is in-
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dicative of a very mild transition to the structure dominated
by a local neighborhood of small particles. The competition
between the transition to a local neighborhood of small parti-
cles and the occupation of the free space between large parti-
cles in sample x; = 0.50 is highlighted by the representative
x-y slice image reported in Fig.5. The mild transition is con-
firmed by the sample with x; = 0.70 where the first two peaks
correspond to the first two shells of small particle neighbors,
while the third and fourth peak still correspond to configura-
tions where small particles are separated by large particles.
Therefore the larger size ratio associated with the improved
ability of the small particles to fill gaps between large parti-
cles, leads to a very broad transition in caging mechanism.

B. Dynamics of Small Particles

The dynamics of the small particles in mixtures with total
volume fraction ¢ = 0.60 and different size ratio 6 and com-
position x; were investigated at the single particle level by de-
termining the average mean square displacement (Ar?(At)),
which is defined as:

(A (A1) = {(ri(At +10) = rilt0)) )y @)

where At is the delay time, 7y a time during the particle
trajectory, (...);, ; indicates an average over all times 9 and all
particles i.

1. Size disparity 6 = 0.53

The average mean squared displacements (MSD) deter-
mined for samples with ¢ = 0.60 and size ratio 6 = 0.53
present in all cases a sub-diffusive behavior, indicative of
glassy dynamics (Fig.6). Moreover, for all mixtures the MSD
is larger than for the glass of only small particles (xs = 1.00).
A non-monotonic behavior of the displacements is observed
as a function of x5: The MSD decreases from x; = 0.01 to
0.10, it then increases for x; = 0.30 and 0.50, where it is
maximum and almost diffusive, finally it decreases again for
xs = 0.70. This trend is clearly visualized in the inset of Fig.6,
where we report Ar?(t = 50) s as a function of x;. Note that
the maximum MSD is observed in correspondence of the tran-
sition from a structure in which the neighborhood of a small
particle is formed by a mixture of small and large particles to
a structure in which the local neighborhood of a small particle
is composed of other small particles, as shown by the g(r) of
Fig.2.

2. Size ratio 6 =0.35

The MSDs of the small particles obtained for mixtures with
¢ = 0.60 and 6 = 0.35 (Fig.7) and different compositions xg
present generally larger values than corresponding samples
with § = 0.53. This indicates that particles (which have the
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FIG. 6. Mean square displacement of the small particles
(Deltar*(At)) as a function of delay time At, for samples with § =
0.53 and different compositions xs, as indicated. Inset: (Ar?(Ar =
50s)) as a function of x,
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FIG. 7. Mean square displacement of the small particles (Ar?(Ar)) as
a function of delay time Ar, for samples with 6 = 0.35 and different
compositions x, as indicated. Inset: (Ar2(Ar = 50s)) as a function
of xg

same size as for 6 = 0.53) can explore larger volumes. The
dependence on xg is similar to the previous size ratio, with
maximal displacements observed for x; = 0.50. However, the
variation of mobility for this size ratio is larger (inset of Fig.7)
and the dynamics for x; = 0.30 and 0.50 are in this case diffu-
sive at long times, This indicates a fluid-like state for the small
particles at intermediate composition. As for the previous size
ratio, the maximal displacements are observed in correspon-
dence to the transition in the local neighborhood of a small
particle.

3. Size ratio § =0.26

For the mixtures with ¢ = 0.60 and the largest size ratio
0 = 0.26 we observe even larger displacements compared to
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FIG. 8. Mean square displacement of the small particles (Ar?(At)) as
a function of delay time Az, for samples with § = 0.26 and different
compositions xs, as indicated. Inset: (Ar?(Ar = 50s)) as a function
of x;

the previous cases (Fig.8). The dependence of the MSD on x;
at fixed time is similar to the other disparities. However, the
variation is the largest. Similar to 6 = 0.35, the dynamics for
xs = 0.50 are the fastest and diffusive, indicating a fluid state
of the small particles.

IV. DISCUSSION

The experimentally determined information on the struc-
tural organization of the small particles in glassy binary
mixtures complements the experimental findings reported
in previous work on the structural organization of the large
particles for similar volume fractions ¢ = 0.58 and 0.61,
and § = 0.20%3264142 1 particular, these previous studies
evidenced a caging transition for the large particles from a
cage formed by other large particles to a cage formed by
small particles, occurring around xg = 0.50. The results
presented here for 6 = 0.26 indicate that this transition
coincides with the formation of a local neighborhood of
small particles around each small particle, i.e. the onset
of the formation of a cage of small particles surrounding a
small particle. Compared with results of simulations for the
g(r) of the small particles for ¢ = 0.58 and § = 0.2*?, our
results for § = 0.26 indicate for small values of x, a more
mixed structure of small and large spheres: In*’ indeed the
cage of small spheres starts to form already at x; = 0.30,
while here for x; > 0.50. This difference might be due to the
smaller size ratio (§ = 0.2) and volume fraction (¢ = 0.58)
investigated in*?, which might favor the formation of locally
crowded regions of small particles in the voids left by the
large particles. It might also be affected by the absence of
polydispersity in the simulation data. In Ref.3° simulation
results on the structure factor S(g) of the small particles for
¢ = 0.62 and 6 = 0.20 showed that small particle-small
particle correlations and the average distance between small
particles increased going from x; > 0.01 to x; > 0.10. Similar
results were also observed in simulations of glassy mixtures
of soft spheres!”. Here we observe a similar trend going
from x; > 0.01 to 0.50 for ¢ = 0.60 and & = 0.26 (Fig.5).
We interpret this trend as associated with the transition to a
neighborhood of small spheres, leading to a progressively
broad distribution of inter-particles distances, before cages of
small spheres around small (and large) spheres are formed.
Our study of different size ratios & in addition shows that

larger size ratio leads to a broader and smoother transition
in the local neighborhood of the small spheres, which we
associate with the improved ability of the small spheres to fill
the empty spaces left by the large spheres.

The increase in the MSD with increasing size ratio demon-
strated by Figs.6,7,8 is in agreement with simulation results
on hard sphere mixtures reported in?>>3° for § = 0.20 and
0.35 and comparable ¢, and with simulations of soft spheres
for intermediate x; and 0.1 < 8§ < 0.9!8. The decrease in
the displacements for increasing x; from 0.01 to 0.10 and
the sub-diffusive dynamics for x; = 0.01 are in agreement
with results in®*. Moreover, the increased small particle
dynamics at intermediate composition are in agreement with
simulations of glassy dispersions of soft spheres'’. A recent
work of Voigtmann and Horbach?? highlighted the role of
small particle-small particle interactions, increasing with
increasing xs, in the speed-up of the dynamics. Previous
reports have shown that the dynamics of the large particles
for ¢ =0.58 and 0.61, and § = 0.20 present a maximum at
x5 = 0.30%64142and are also pronounced for x; = 0.50. Our
closest data obtained for § = 0.26 indicate that the dynamics
of the small spheres show a maximum for x; = 0.50 and are
also pronounced for xg = 0.30 (in agreement with results
in Ref.?*). This suggests, as also discussed in Ref.!7430,
a coupling between the dynamics of the small and large
particles. It is interesting to note the shift in the composition
of the largest mobility between large and small spheres,
which however might be affected by the different size ratio.
Finally, our data show that the maximum mobility of the small
particles is observed in all cases for x; = 0.50, independent of
the size ratio. This is different from the behavior of the linear
viscoelastic storage modulus, which shows a & dependent
minimum®*?. It suggests, as also discussed in Ref.*?, that the
rheological properties are determined by the interplay of the
dynamics of the small and large particles.

We compare our results with predictions of the Self-
Consistent Generalized Langevin Equation (SCGLE)
theory?!:>* (Fig.9) and Mode Coupling Theory (MCT)?>42
(Fig.10). 1In the case of SCGLE, for 6 = 0.53 we com-
pare our results with the state diagrams available from
the literature?! for § = 0.4 and 0.6 (Fig.9a). We should
note that the state diagrams in®' are reported in terms of
the volume fraction normalized by the volume fraction at
which the glass transition is observed in the one component
system (¢,) against the molar fraction of the small spheres
(&). For comparison we thus assumed ¢, = 0.58% and
calculated & = x;[83 + x5(1 — 8%)]71.25 The samples with
intermediate compositions are the ones closest to the global
glass transition line for § = 0.6 and deeper in the fluid state
for 6 = 0.4. A similar result is observed for the comparison
with the MCT state diagram for § = 0.5 taken from Ref.?’:
The intermediate compositions are the closest to the glass
melting line. For 6 = 0.35 we compare with the SCGLE state
diagrams with § = 0.3 and 0.4%! (Fig.9b). In this case all
intermediate compositions 0.1 < x; < 0.9 are expected to lie
within the fluid state. However, assuming a glass transition
line comprised between the limiting cases of 6 = 0.3 and



Small particle structure and dynamics in glassy binary mixtures

1 1 1

0=04

.10“(3)

1
1.08- DG
o 1.06-
&
S 1.04-
1.024
1.00
1124
2 1.08-
=
1.04-
1.00-
1.20+
_ 1151
S 1.104
1.05
1.00-

0.0

FIG. 9. Comparison between experimental data (symbols) and SC-
GLE state diagrams for samples with (a) § = 0.53, (b) 6 = 0.35 and
(¢c) 6 =0.26. The & values of the SCGLE state boundaries are in-
dicated in the plots. Solid lines indicate boundaries between fluid
(F) and double glass (DG) or single glass (SG) states. Dashed lines
indicate boundaries between déuble and single glasses. The x-axis
reports th molar fraction &;.

0.4, one might expect the composition with x; = 0.3 to be
deeper in the fluid states, i.e. farther from the glass melting
line inside the fluid region. On the other hand the comparison
with the MCT state diagram for § = 0.35%2 shows again that
for x; = 0.5 the system is expected to be deeper in the fluid
state. Finally, for 6 = 0.26 we compare with the SCGLE
state diagrams with § = 0.2 and 0.32! (Fig.9c), and with
the MCT state diagrams with § = 0.2 and 0.35?% (Fig.10c).
The comparison with SCGLE indicates similar to the case
6 = 0.35 that the intermediate composition should lie within
the single glass state (where the small particles are mobile) of
the fluid state. However assuming again that the state diagram
for 6 = 0.26 should lie in between the ones for § = 0.2 and
0.3, one might expect that samples with x; = 0.1 or 0.3 are
deeper in the fluid state than xg = 0.5. In the case of MCT,
assuming in this case a behavior intermediate between the
state diagrams for 6 = 0.2 and 0.35, but closer to 0.2, the
sample with x; = 0.5 would be the one which has the larger
distance from the double glass, or global, transition line. In
summary, comparison with theories, in particular with MCT,
indicate that the largest mobility of the small particles can be
linked to the largest distance from the double glass for fluid
states (6 = 0.26 and 0.35) or to the closest vicinity to it when
in the glass state (6 = 0.53). It thus suggests, as commented
before in the comparison with simulations, that the coupling
between the dynamics of the small and large particles plays

/g

.08 (b) -

¢’(¢’g

g

FIG. 10. Comparison between experimental data (symbols) and
MCT state diagrams for samples with (a) 6 = 0.53, (b) & = 0.35
and (c) 6 = 0.26. The § values of the MCT state boundaries are
indicated in the plots. Solid lines indicate boundaries between fluid
(F) and double glass (DG) or single glass (SG) states. Dashed lines
indicate boundaries between déuble and single glasses.

an important role.

V. CONCLUSIONS

We experimentally determined the structure and dynamics
of small particles in glassy binary mixtures of hard-sphere col-
loids as a function of the composition of the mixture and for
different size ratio. For all size ratios we observe a transition
in the local neighborhood of the small particles from config-
urations in which a small particle is surrounded by both large
and small particles, to configurations in which the first shell of
neighbors, i.e. the cage, are only composed of small particles.
The transition starts for a composition x; = 0.30 in all cases.
However, the extension of the transition in the local structure
of the small particles changes significantly for different size
ratios. It is rather narrow for § = 0.53, the smallest size ratio,
where a local neighborhood of other small particles is already
formed at x; = 0.50. It becomes increasingly broader for the
larger disparities 6 = 0.35 and 0.26, where even at x; = 0.70
the transition is incomplete. This is possibly associated with
the improved ability of the small particles to occupy the voids
in between large particles for larger size ratio. The structural
transition is reflected in the dynamics of the small particles,
which for all samples present a non-monotonic dependence
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on composition xg, with a maximum at intermediate mixing,
around x; = 0.50. Interestingly, the composition of the fastest
dynamics does not seem to depend on size ratio. However,
for larger size ratios the increase of mobility at intermediate
mixing becomes increasingly pronounced, leading to diffusive
dynamics for x; = 0.50. Comparison with theoretical predic-
tions of MCT and SCGLE?!-?>2* indicates that the maximum
mobility of the small spheres corresponds to the maximal dis-
tance from the double glass transition line, suggesting an im-
portant coupling between the dynamics of the small and large
particles.
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