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scala mesoscopica: intermedia tra la scala macroscopica

e quella molecolare

2. Analisi Raman di singole particelle

scala molecolare




Rheology

Science of the deformations: it studies the relationship
between strain € and stress T.

A real fluid is usually viscoelastic

(t) =¢,-G'(w)-sin(w-t) +¢&,-G"(w)-cos(w 1)

| |

Elastic modulus Viscous modulus

Macro-rheology

v'Bulk measurements

v'Low frequency range (0-10 Hz)
v'Large amount of material (few cc)

plate and cone




Micro-reologia

Advantages:
v"Microscopic scale samples

v'"Micrometric lengths

v'Study inhomogeneities in complex fluids
v'Study small samples (biological materials)
v'High frequencies (0-1 MHz)

v'Probe scale dependent materials properties
v'Phase transitions (sol-gel)

v Anysotropic fluids



Effetti meccanici della luce
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Thermal analysis (Brownian motion)

Simple fluid

s 53

VISCOSITY

Complex fluid

VISCO-ELASTICITY




Laser (Tweezerg) Tracking + Video Tracking setup

condenser
beam focal plane condenser back
N focal plane
Illuminating | _bead :
system @ e D
Quadrant™-.. : Rw
photediode i
Dichroic incident light ﬂz:‘(i;iaorﬁe
Mirrar phase p

r Tracking (QP):

poral resolution : 100 kHz
D|g|1;.|"m Cmdemﬁ,‘ ........ tial resolution : 2-3 nm

o " -of -view: 200-300 nm

(I - )

O
e,
e,

PES

BS

| =]

e& Tracking (standard CCD):
por'al resolution : 30 Hz
tial resolution : 6-7 nm

cept cebz d-of-view: 50_100 um




Water-hyaluronic acid solutions

[pure water]
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Power spectrum method
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after calibration....... local viscosity

NE 10 5 I | waf|er. | I !

5 measured (A —o—Expected

Z 10r — (8) —a—Measured 7200
|E g 5k . N 22.2
; Or 1245
2 85 {271
E | | | | | |

< 8

0 2 4 6 8 10 12 14 16

Measurements

Temperature C
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0 parice 0 g stress= G(w) x strain

. trajectory i
) (R L |C@=C(@+iC"@)
fobe o d(Q Y | m—b / — | [
particle == !
l /.. — + Response of a trapped bead:

Track particles Find Caleulate linear X( ) - g( )f ( )
using image fluctuation viscoelasticity a) a) a)

analysis — spectrum — G'G"asa

software “T>asa function of
f_utli.:[u‘.ul of frequency (@)
lime

- Fluctuation-dissipation theorem: a”(a)) @ <x2(a))>

- Kramers-Kronig: a'(w)= ngdg ga"(¢)
7T

- Generalized Stokes-Einstein: o (a) ) — !



Polyelectrolyte in salt-free solutions:
Hyaluronic Acid (HA) (160 kDalton)
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Comparison between bulk and local measurements
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Good agreement with power laws of polyelectrolytes models

G'(f), 6"°(f) ~ #3 (high frequencies)
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Micro-enjection of polystyrene beads in

Astropecten au ranciacus oocytes
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. MSD all trajs all cells PS beads B M3D ensemble average P3S heads
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v'Pure optical Stretcher
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Scattering Raman

Energia
....... [ Sl I Livello virtuale
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v Stato fondamentale
Diffusione di Diffusione anelastica Diffusione anelastica
Raileight (radiazione Stokes) (radiazione anti-Stokes)
T acetone
Van’raggu. o T pompa
v' Andlizza i livelli vibrazionali delle molecole
v' Lo spettro Raman fornisce un'impronta l
digitale strutturale di una molecola.
v Pud essere applicato in maniera non ) | =
invasiva in molti campi (ambientale, _ ' |
biologico, medico, farmacologico) Svantaggi: - o e

v'Sezioni d'urto molto piccole (~10-39/10-2>
cm2/molecole)

v'Segnali Raman sono poco intensi.



Red Blood Cells (erythrocyte)
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Spin marker state
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Mutual Diffusion in (immiscible) polymer mixtures

< \

* — POLYMER #2
* PILICON PDMS)

Droplet of polidispersed POLYMER #1
(POLYBUTENE, PIB)

3¢ o;; *szaman laser
0. O
J :—DV(D e ,-,**
/! Polymer #2

coverslip

objective lens



Raman Signal (arb. un.)
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Silicon

Raman Signal (arb. un.)
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SERS on carbonious nanoparticles produced in combustion processes
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