Physics 850: Soft Condensed M atter Physics, Fall04
A.D. Dinsmore
Lecture 7: Dynamics of individual particlesin solvent —the Langevin Equation

D noics 08 Dachcll mofionshompuon gon

E"rf u:{'ufbru}m C’D"‘k%ju{'cchfdma 7'! Ew"-ﬁ_ng{f"{ e cdrm&ﬂ‘?
dgscecbed using S mich it ns mewdtzon
it Hoe mohon 98 soluendts (15 MDY mabcwis,

-D\fﬁ'i'n.:m:ttt ot TEW{-TUU‘EMGO‘F (ESPorse i
tehenad focces (2g Ve ggmﬂémﬂl WAOCE vo,

i
l—ﬁ*"\.ﬁlf_\llﬁ -4 # El_\_} - = b? e 5:{{,) (*— ep{-..—ml-gora_,)
dt '-:'-Fv-ﬂ-._.) mf"fﬁp J:«(l.l['fﬂd.hﬂ‘;\f (mm_c.rmgj
\fseous drag, wWith  Soluent madeede,
“ﬂ’bﬁ\ [ XNTTR
ebmpl (25ponce &ﬁfziw (Fied)
~H5PL\L€;.{.'€J pos {‘u:(ei‘r faa’.-r_us K
K Wi Mo ss rm

S = b= GTR [ Fridipn el

/ Kmﬁ} R™-

istastl —Eprsaes ‘J““w-'?!;“‘l .
units : Bhes  or dyne 4 10
t'}-r-;ﬂ-; C-mi's
s for o Nustonel plkmf}{ﬂ'i{mpll lgod) g =Confradt,
[oe “Bn-N Mo -FL{:JL (lj cilfind \ A,‘Imata on Shac gt
pelyeerTildina 1@1 oy J“g&{.&“' Shiwr
{ ertensqonad o

A.D.D. Phys 850 9/04 1




. | "

Lumdrm Urjfm.-f\\ @ﬁw S{MP[L;:IEM .
1:1\ A '

(Lﬂ'ﬁ“ l\NLHf&h‘g S:ﬁ’d(_ﬁ;r,o[ |':{u¢gl5)

Npow, bﬁqu] yhorsd algud’s  Shude Chamgy, !

Pl il
_ré‘._.-. _654’5&{',
%oueld  Shear L
R,
LMK o ﬂ? Tad
_,-"fa‘ - i -
ey nius fop close

Timscole Sor MJ Zspunst (m";fu-'v% | Lsm}h“

G 1 ' '
3 "(u:;\\ " Jf\lftwj Ang fy- mole cdlfo mave
ot 5 cwm odi§tmunte

|
¥ T
[ T__ --".u-"'""J, "‘!HU-.I-JM-M

e P 0,207 W (240 Yg

eg™ 2 g!?

=1t

e dr-l‘i' wi 5

5

s ;huc_.eu] scole s mosulug » 4y
by _ (near melting

~Ltg sy st b o kT e “"r“?{"*’ld point, at least)
ifits »>4,T— solid
ifit's << ﬁ,—:,‘f‘“‘"" jas

So wudlug w ko Ty s ¥N (9

fsod : X5 Geeper = e {0
- L)

[Pﬂ.-SJ = ':‘;'._JH[‘]‘!,E4L - O -; = |D’3PR 1 ﬂfﬁ"l{'ﬂf_wfﬂfﬁréﬂ

Hous 15 et &—/ = estimale oy ﬂ

o g Ha 0.

A.D.D. Phys 850 9/04 2



Shear viscosity and surface tension (w/vacuum) of various Liquids at 20°C
(http://www.sci ence.uwaterl0o.ca/~cchieh/cact/c123/liquid.html)

Common  Viscosity Surface tension
liquid /cP /N m™?
_ _ Diethyl ether 0.233 0.0728
Poise, P = cgs unit
(dynes slem?) Chloroform | 0.58 0.0271
1 cP (centi-Poise) = 0.01 P Benzene 0.652 0.0289
Carbon
1mPees=1cP tetracholorige 0909 0.0270
Water 1.002 0.0728 Witten’ s argument does
- - not apply because 20°C is
Ethanol 1.200 0.0228 the m.p., so energy scale
be >> kgT. (glycerol
Mercury 1.554 0.436 does not act‘ijal ly freeze at
Oliveall 34 - this T, but that is a kinetic
. matter)
Castoroil 986 __ | .
< Glycerol 1490 00634 -
gesis Glasses _ verylarge (>10) does work here el
expected to < |Gallium 19  (a5¥C ~20°sbovempy ~ dovemp.even
have much \ ------------ {fronT CRC Hardbook) though it'sametal.
smaller h. H, gas 0.009 (at 1 atmo pressure, from CRC)

1000+

Viscosity (mPas)
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Viscosity vs. Temperature

Castor oil
A\(data from http://www.engineersedge.com/fluid_flow/fluid_data.htm)
A
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Water
(data from U. Waterloo,
http://www.science.uwater| 00.ca/~cchieh/cact/c123/Tiout

Approx.
exponential change

\
. . . . . (note log scale)
20 40 60 80 100
Temperature (C)
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Measuring Diffusion using Video Microscopy
Crocker and Grier, J. Colloid Interface Sci. 179, 298 (1996).

image of two spheres:

L

Datafor an isolated sphere,
R=0.498 nm

0 20 40 60 80 100
T (Msec)

Smal here from centroid measurement resolution,
2
d-~ (0-015 mT]) - << Rayleigh limit! 0.001 nm precision in center of

mass of a particle of known shapeisfeasible

Slope = 4D (in two dimensions) > D = 0.46 + 0.01 nm?/s,
In agreement with Stokes-Einstein value.
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