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INTERFACE EFFECTS IN COLLOIDAL SYSTEMS
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FUNCTIONAL PRINCIPLE OF TIRM
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PERSISTENT ERRORS IN TIRM\ RESULTS

10

PS spheres - Experimental data
R = 3000 nm in 103 m NaCl 8 - — Best NLS fit

Expected model potential

Simplest potential: 6
Superposition of electrostatic repulsion l—m
and gravity x
=
<

¢(h) =B, exp{—k,h}+ Fh

F, : buoyancy corrected weight force

k1. Debye screening length 0
Kk B 100 | | 4000
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=R I{ F, j h/nm
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MD-SIMULATIONS TO ANALYSE SOURCES OF ERROR

1-D Langevin equation for particles close to an interface

with z=h+R

oz ., .04(z)oD, (=)
a0

S(): fluctuating term due to thermal energy

Discretisation

Az=-¢'(z )‘M( )At+aD (2)

0z 0z
®: random number from Gaussian distribution

At+0,2D (z)At

D. L. Ermak et al J. Comput. Phys. 35, 169-182 (1980).
D. S. Sholl et al J. Chem. Phys. 113, 9268-9278 (2000).

For stick boundary conditions

6h> +2Rh 6z —10Rz+4R’
6h> +9Rh+2R*  6z°-3Rz—R’

E6nnR ~
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For partial slip:

§(h)z§+Blnh+C—Dhlnh

D. J. Jeffrey et al J. Fluid Mech., 139, 261-290 (1984).

Parameters for discrete slip lengths available from

hydrodynamic simulations
M. Ekiel-Jezewska et al Physicochem. Probl. Miner. Process., 54(1), 203-209

(2018).



SIMULATION RESULTS: STATIC PROPERTIES

Main sources of potential errors:
« background scattering
« typically <2%

n—'exp{—ﬁ}

- detector shot noise P, (n,7)=
n!

Most significant at small CR

Catch 22

Long sampling times

* reduce shot noise effects
* increase motion effects

Mitglied der Helmholtz-Gemeinschaft

10 * exben mnnl-nl datn
40 | O v UI\'JUI LAY I.I.al U?La .
() fit tofgxperimental data
_351g] w - ;— -expected model potentlal
E . k Simulated data%th ,
:_é" C% expected parameter%%- %-
D 25 16 - ¥, . 1¥{ No noise N,
o A \on o] 59 ’ 5 L
o M L . Sf bg— C O
&y =< \“ OO O : o a||u1 IIUIUU '
L ?4‘ ______________ 3 o088 OCA@@%@ 80133 5% by Roise’ | ..
8 10 - ~U; : - @‘ C’io
= - . o At= O2.,t:n:s_ful.ln0|§e0OQ
= | shot noise " . dynamics
0. limited limited
187 10” 10"
40 50 60 70 80 90 100

Cui and Pine Soft Matter, 18, 162 (20%2) nm

JULICH

Forschungszentrum

/.




SIMULATION RESULTS: DYNAMIC PROPERTIES

Experimental data

PhD Thesis Silvia de Sio 2018
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SIMULATION RESULTS: DYNAMIC PROPERTIES

Experimental data
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SIMULATION RESULTS: DYNAMIC PROPERTIES

Mitglied der Helmholtz-Gemeinschaft

0.20

0.15 1

0.05 A

* Experiment
stick boundary prediction

O simulations At=2 ms, full noise
partial slip £=1/12
Slip length: R/10

0.00

/.

JULICH

Forschungszentrum



CONCLUSIONS

TIRM: powerful method to measure interaction forces with
unprecedented resolution

Inevitable sources of error
detector shot noise: mainly effects static results
finite sampling time: mainly impacts on the dynamic results

Requires careful selection of experimental parameters to obtain
undistorted results

6z° —10Rz + 4R’
6z> —3Rz — R*

Rule of thumb:  ar< 5116;”713(2?} with 4=

max

Mitglied der Helmholtz-Gemeinschaft J

Forschungszentrum



Thank you
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