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Intensive topic and investigation, an a theoretical challenge in statist@ahanics

e On earth, restructuring is due to gravitational stress. But arresttdnsg such as
weak gels very probably embody “intrinsic” internal stresses generatebein
formation. To invesigate how the latter spontaneously relax require gettinggid of

e As we shal se¢, shor-range attractive interaction betweel colloidal particlet provide
a unique way to trigger the formation of colloidal gels with tunable strength.

e Depletion interactions due to the addition to a colloid of high molecular weight
additive are a well studied tool to tuneshort-range attractive interactions.

e The key strategy of this proposal is using a system where depletion interactn be
carefully and quantitatively controlled. Temperature can be used adraytparameter
allowing to homogenously drive a system from an equlibrium suspension state to a long-

lived metastable gel.
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*Adsorb on MFA, leading to steric stabilization
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Hydrophobic talil

EXAMPLE: C,,E,

.
~70°C k?
Globular
50°C | Micelles
IDEAL
EXP.
RANGE LC r=3.5 nm
| Aggregation number
~2% 8% N~ 100

C,,Eg concentration



STEP1: EXPLOITING EQUILIBRIUM SEDIMENTATION

TO PROBE THE EQUATION OF STATE & PHASE DIAGRAM
Ref.:S. Buzzaccaro, R. Rusconi, and Raz23 “Sticky” Hard Spheres: Equation of State,
Phase Diagram, and Metastable Gdbhys. Rev. Lett99, 098301 (2007)
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STEP 2: GROUND EXPERIMENTS ON GEL COLLAPSE AND

RESTRUCTURING DUE TO GRAVITATIONAL STRESS
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NEGLIGIBLE STRESS ON THE CELL WALLS (CONFIRMED BY POLARIMERY)

POISSON RATIO= 0 (LIKE CORK)

LOCAL SETTLING VELOCITY v(t) (AT VARIOUS SETTLING TMES)

e THE VELOCITY PROFILE IS ALMOST
LINEAR FOR ANY SETTLING TIME,
IN THE UPPERMOST LAYER OF THE GEL. >

e A ZINDEPENDENT (BUTt-DEPENDENT)

STRAIN RATE: | £(t) =dv/dz

\

e ON A PLANE AT COSTANTO (SAME WEIGHT ON TOP)
EFFECTIVE “COMPRESSIONAL” VISCOSITY:

_ 0 _ .l
n(t) = 0 £(t)




MICROSCOPICDYNAMICS
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Casimir f(_)-rces pop up also iR Universal scaling of the force
fluctuations are thermal instead of between a colloidal particle TIRM measurements of forces
quantum, e.g. close to L-I immersed in a critical binary between a silica plate and a
demixing. (a “depletion” of critical mixture and the container walls polystyrene sphere dispersed in a
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e NONIONIC SURFACTANT/WATER MIXTURES DEMIX AT HIGH T, thus
CRITICAL EFFECTS YIELD CORRELATIONS IN THE DEPLETANT

ANY RELATION BETWEEN (CORRELATED) DEPLETION
AND THE CRITICAL CASIMIR EFFECT?
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1) Force is still a pressure unbalan@s in simple depletion)

I F(h) = p.(z=0) - PyuK
Se— I h y i N
_ Force /Surface NOI‘ma| pressure BUlk apfrenSSUI’e
at separationh  at midpoint Pour = M a(n o) _ f(ny)

2) Continuity betwee! depletior interaction ar critical
Casimir effect rigorously assessed.

- Far fromthe critical point— Asakura-Oosawa potential

- Approaching ] — Scaling formfor the force:

KT 0 X O one’
(X y)
h y 0 he’

(exactly as in Dietrich model)

F(h) =
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... SHOULD BE OBVIOUS FROMWHAT WE SAID!
C) JUSTIFICATIONFORACE 1

e This proposal hasireadybeen selected (as thep condensed
matte project by ESA within the 2004 Call for Opportunitie

e Planning for an advanced light scattering facility, allowing for
Space-Time Resolved Correlation and Depolarized Light Scattering
studies has been made, and the apparatus is being built.

e However, no flight opportunities before 2014-2015.

e The microscope setup within ACE may alldar important and
complementary studies.
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A samples
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REQUIREMENTS

¢  Samples (compositions)

L]

MFA particles (perfluoromethoxy resin obtained
by copolymerization of tetrafluoroethylene and
perfluoromethylvinylether)

Water (solvent)

Depletion Agent: Triton100 (surfactant) or CxEvy
(ethylene glycol ether non ionic surfactants)

NaCl salt

Urea

e Particle size

Diameters between 0.160 and 0.180 pm

e Index of refraction

Varies between 1.33 and 1.36 (most of the case
1.356)

e  Volume fractions

Between 0.05 and 0.60

e  Volume fraction verification

The volume fraction shall be measured after the
cells are filled to within =0.003

¢ Mixing

Each sample should have to be mix before the use
(not mandatory: continuous sturring after the
launch). The stir bar or particles should be capable
of being “parked” out of view or at the side when
not being used. No mixing “cross-talk™ between
adjacent cells. On earth sample have to be mixed
at least every 7 days (not mandatory: continuous
stiring)

Homogenization

Be able to homogenize samples one at a time.
Simultaneous homogenization and video
microscopy (via epi-illumination) to view the
sample.
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e Visual camera images

High magnification, high-resolution visual images
of both highly index matched (to 0.001)

Dynamic range of 8 bits B/W (at least 12 bit
desiderable)

Video recorded

Video rates: at least 30 Hz (desiderable 100 Hz at
resolution of 128x128) for the first 5 minutes

Capability for some near real time downlink of
video images to assist with alignment
Trasmission configuration if possible

e  DIC and phase contrast

Desirable

e  Bright field

L ]

White light illumination (monochromatic light
using a color filter 1s appreciated )

e  Dark field

Desirable

e Imaging (camera)

. 9 0 ]e

Need capability to periodically downlink data.
B&W camera.

8-bit dynamic range 1s minimum requirement, at
least 12-bit dynamic range strongly preferred.
Resolution possible: at maximum field of view
1024 x 1024 min (signal to noise goes as the
square root of the number of pixels).

Region Of Interest selectable (512x512, 256x256,
125x128)

Frame Rate: 30 Hz (highly desirable at least100
Hz at resolution of 128x128) for first 5 mun after
mixing, then lower and variable (usually 1
image’h for the last part of experiment)
Selectable exposure time with a precision of 0.001
ms. (NOTE If is not possible to have an high
frame rate, 1s it possible to infer sample dynamics
by speckle visibility at different exposure time)
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by speckle visibility at different exposure time)
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Polarizer

Polarizer filter for illumination and polarizer filter
for imaging (axis angle selectable. at least
parallel/perpendicular) are strongly desiderated

]

Objective lenses

Chosen to allow range of field of views, from
about 100 pm to 2 mm.

Recommended choice: 5x (or 10x), 20x, 40x, 60x
100x.

High numerical aperture (60x 0.7 < N.A. <0.9).
NOTE: Choice of lenses should be done to

optimize all requirements, and will depend highly
on manutacturer of the microscone.

.

White light source for imaging

Imaging of colloidal particles using Kéhler
tllumination for highest resolution.

N.A. variable (at least the possibility of close the
condenser to have a “point-like” source). Easier
solution 1s to have a pinhole (diameter <Imm )
May also consider monochromatic source if
NECessary.




Depolarized LS depends only on '. Polarizer filter for illumination and polarizer filter

particles concentration. for imaging {axi.? angle selectable, at 16‘::15’[

arallel/'perpendicular) are str desiderated
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control of condenser N.A. allows
to change the spatial coherence
of the source. LS measurements
can be made WITHOUT LASER if
not available.

Imaging of colloidal particles using Kéhler

N.A. variable (at least the possibility of close the
condenser to have a “point-like” source). Easier
solution 1s to have a pinhole (diameter <lmm )

L B i
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NeCCssary.
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Temperature control

e Large scale

.

20—-60°C variable temperature range (20-30° as
minimum/ 20-40°C highly desirable ).
Temperature controls particles aggregation.
Before measurement samples have to be
maintained at T<25°C to prevent coagulation. For
T>25°C gel forms. Interaction strength are
controlled by temperature: wider temperature
range implies more “etfective” sample with the
same cell

Temperature stability 0.05°C during measurement
(1/2weeks). 1°C but T< 25°C during storage
simultaneously, be capable of performing high
magnification imaging

Sample Cell Requirements

Cell

]

ACEI samples

Number

]

At least 2 for ACEl
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E) PRELIMINARY TESTMATRIX

Sample no. Sample tvpe Day no. General Manipulation, diagnostics, and Test procedure: Sequence Acquisition
description of acquisition rate and approx. time taken frequency
test
All ACEIb 1 Homogenize Each sample is individually stimed 1) Each sample is individually once
Workhorse cell samples. and observed with 10x lens to stirred (T=25°C) and observed
assure homogeneous melting at with 10x lens to assure
0.180 micron T=23°C homogeneous
MFA spheres in mixing [2min/sample]
water-surfactant
mixtures Fecord 2)For each sample 1000 photos at 1000 photos at
NaCl 250mM maximum frame rate (at least maximum frame rate
Urea 30Hz) with 50x lens. Laser (at least 30Hz)

volume fraction
0.01-0.35

illumination if present or with low
N.A condenserin transmission
configuration [30 sec ca'sample ]

3)For each sample 400 photos at 1
frame's with 30x lens. Laser
illumination if present or with low
N.A_ condenserin transmission
configuration [ 7 min ca'sample ]

Total time 60 minutes (for &
samples) ~ 1 hour

400 photos at
1 frame's




|

Sample no. Sample tvpe Day no. General Manipulation, diagnostics, and Test procedure: Sequence Acquisition
description of acquisition rate and approx. time taken frequency
test
All ACEIb 1 Record Temperature is raised at 34°C (all 1) Temperature is raised at 34°C once
Workhorse cell samples) at maximum heating rate.  (all samples) at maximum heating
Temperature of 34°C = 0 3°C will rate.
0.180 micron bemaintained for 7 davs
MFA spheres in 1) During heating sample B4 is
water-surfactant Record imaged with 50x lens. Photos at
mixtures maximum 1 frame's rate until final 1 frame's
NaCl 250mM temperature will be reached. Laser
Urea illumination if present or with low

volume fraction

0.01-033

N A condenserin transmission
configuration. [heating time > min
ca]

DAL EH:C sample B4is imaged
with 30X lens. 1000 photos at
maximum frame rate [at least
30Hz]. Laser illumination if
present or with low N A,
condenserin transmission
configuration. [40 sec ca]

Total time 6 minutes ca

1000 images at
maximum frame
rate




4

Sample no. Sample type Day no. General Manipulation, diagnostics, and Test procedure: Sequence Acquisition

description of acquisition rate and approx. time taken frequency
test
All ACElb 1 Eecord Temperature of 34°C = 0.3%C will 1} Each samples is imaged with
Workhorse cell be maintained for 7 davs. with 30xlens and 10x lens. 600
photos for each lens and samples at
0.180 micron frame = 1 photo/min. Laser 1 frame/'min
MFEA spheres in illumination if present or with low 600 frames sach
water-surfactant Eecord N_A condenserin transmission samples and lens
mixtures configuration. [600 min ca]
NaCl 250mM
Urea
volume fraction 2y Each samples is imaged with
0.01-035 with 30xlens and 10x lens. 600
photos for each lens and samples at 1 frame/> min
frame = 1 photo/3min. Laser 600 frames each
illumination if present or with low  samples and lens

N.A. condenserin transmission
configuration. [3000 min ca]

3)Each samples is imaged with

with 30xlens and 10x lens. 240 1 frame/30 min
photos for each lens and samples at 2400 frames
frame =1 photo/30min. Laser each samples and
illumination if present or with low  lens

N.A. condenserin transmission
configuration. [7200 min ca]

Total time 10800 min ca - 7.5 davs

cal



Sample no.

Sample type

General
description of
test

MManipulation, diagnostics, and
acquisition rate

Dray no.

Test procedure: Sequence
and approx. time taken

B4

ACEIb
Workhorse cell

0180 micron
MFA spheres in
water-surfactant
mixtures

NaCl 250mM
Urea

volume fraction
0.01-035

Fecord Temperature is lowered at 253°C =

0.5°C at maximum cooling rate.

Sample B4 is stitred and observed
with 10xlens to assure
homogeneous melting.

1) During cooling Sample B4 is

imaged with 30x lens. Photos at

1frame’s until final T is reached.

1 frame/sec
Until final T is
reached

Laserillumination if present or
with low N A condenserin
transmission configuration.
[supposed 5 min]

2} Sample B4 is imaged with 30x

lens Photos at 5 frame's until clear
remix is reached {test for sufficient
remix will be defined). [supposed >

min]

3} Sample B4 is stirred and
observed with 10x lens to assure
homogeneous melting.[2min]

Total time 12 min ca




Sample no. Sample cype Day no. General Manipuladon, diagnostics, and Testprocedure: Sequence Acquisition
description of acguisitdon rate and approx. dme taken frequency
test
B4 ACElb 1 Temperatureis raized at 34°C = 1) Temperatureis raised at 34°C
Workhorse cell 0.3°C with well dafined cooling with the defined cooling rate. orce
rate [depends onhardware] and
0180 micron maintained for 30 min ca
MFEA spheres in 2y During heating sample B4 i= 1 frame zec
water-surfactant imagedwith 30xlens. Photos at 3 Until final Tis
mixtures Fecord frame suntil final temperature will  reached
NalCl230mbd be reached [heating time3 min]
Urza
volume fraction 3)At 34°C Sample B4 iz imaged 1000 1mages at

001033

Temperatureis lowered at 23°C =
0.5°C.

Sample B4 iz stired and obzerved
with 10z lens to assure
homogeneous melting

with 30X lens. 1000 photos at
maxinmumn frame rate (atleast
30Hz)[40 sec ca]

4y 3ample B4 is itmaged with
30xlens. 1000 photos at 1 frame's.
[1000 5]

3)%ample B4 is imaged with 30x
lens. 120 photos at 1 frame ‘min
[120 rruin]

1) Temperature is raised at 34°C
with the defined cooling rate.

1y5ample B4 is stired and
observedwith 10xlens to assure
homogeneous melting [2min]

Totaltime 140 min ca |

maximum frame
rate

1000 mages at
lframe's

120 images at
lfrarme min

Cmnce

orce

N.B. This procedure will be repeated at different heating rates



¢ Normal cabin pressures and temperatures environment

Atmosphere Requirements is sufficient.

. ) ] ®  Averaged over an hour, needs no better than 107 g of
Vibration Control and dc g-level. During measurement image misaligned
Measurement less than 1/10 of field of view

o  Nearreal time Downlinked CCD images of the
Imaging requirements (Image samples are needed just before and after mixing

viewability requirements)

Astronaut Involvement ¢ minimal- depends on the extent of hardware
automation.

Data (Storage) Requirements | ®» Images should be stored with a record of when the
time measurement was made, exposition time,
temperature

¢  Temperature is to be recorded whenever therack
poweris on, and with each image data;

s  Accelerations in excess of 10~ g should be recorded
and time-tagged for comparison with data from the
experiment.

¢ Collected data should be time-tagged to estimate
preciselv thereal frame rate.

¢  Need capabilitv to periodicallv downlink anv of the
above data.




