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URieUREEapeLentials are: useful representations of the
NILEECUBISNINZI0/IC 2ms, as well as in some
collojc/zl disgersions.

-

Fig. 4. Two sterically stabilized colloidal particles, each being covered with a polymeric brush whose height is L. The
distance between neighboring anchored chains is denoted by s.

C.N. Likos | Physics Reports 348 (2001) 267—-439
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n ENOLHEINENG, e effective interaction for star polymers
in ggod o) IStultrasoefit, Jegarithmically diverging for short

gistance &

C.N. Likos | Physics Reports 348 (2001) 267-439

Fig. 37. Snapshots of star polymers in good solvents as obtained from MD simulations employing the model of Grest
et al. [3307] with: Il} f=10, N = 30, md {b) /= 50, N = 50. For small f. the star looks like a [ractal, aspherical object
hereas [or Jarge sembles ¢ a1l colloidal particle, (Taken from Rell [3311)

Fig. 42. Typical configuration for two stars with f'= 30 and N = 50, as obtained from a
simulation of Ref. [78]. with r denoting the distance between their centers. (Courtesy of Ar
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Fig. 40. The effective star-star potential of Eq. (5.57) for a number of different f-values. Notice that the potential becomes
harder with increasing /, tending eventually to a HS interaction for /' — 0.
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1 only resolve details "the chain result,
se in (a) and the objects which appear as tlexible 15 1n (a)
point particles” in (b). Note that the field of view in (b) includes many more particles than in (a).
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CM

the two chains (denoted by the big sphere) coincide, without violation of the excluded-volume conditions. (Courtesy of
Arben Jusufi.)
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EifectivVENntEraction BEWEER two polymer chains in a good
SEIVents: —

u -

Gaussian interaction Penetrable spheres
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SAMENIeReLcInRza/)lical approximations for the
S(2Llilionum) s el preperties of a PS fluid

ol > T =k;T/e

Penetrable spheres

T — oo: ideal gas
T —0: hard-sphere fluid
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ANEVWAMETRILENS (nemogeneous fluid):

: radi
. Cavity. unc
: total conks
L direct correl%gn fun

s, el

S(k) = 1 PNCRR

Driven Many-Particle Systems - Hopping Particles, Granular Media, and Colloidal Systems 12
(MPIPKS, Dresden, July 26-29 2004)



XSO oiathe radial distribution function in
-f‘ i

MRBWETSIOIUENSIAS oy — sy =1+ S ()
=

f(r) = e ?(r)/kpT _ 1

. T3 f(r13)f(r23)
— [drs [deaf(r13) f(raa)
= X f(r24)f(r14)
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31—1+4p_/l+ M+ /F7J e(r) =glr) — 1 —Iny(r)

o 1+ 5]:’] F12 l[}f"] +12 ] diagrams neglected

= () — y(r)

and
diagrams neglected
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PHYSICAL REVIEW E VOLUME 58 NUMBER 3 SEPTEMBER 1995

Freezing and clustering transitions for penetrable spheres

C.N. Likos.! M. Watzlawek.” and H. Lowen'-

— Simulation
- == PY-closure
=== HNC-closure

2.0
Lo}

FIG. 1. Comparison of the radial distribution function g(r) as
obtained from simulation, and the PY and HNC closures, for a
system of penetrable spheres at reduced temperature /=0.2 and
packing fraction »=10.3.
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The PS model in the high-
mperature, high-density limit

*
00
—
* LY
S|+ 7| + F
9, A" %
: - - - ]
-~
.0
* *
. e A
- A .Q

s~ T 1 0

Only “chain” diagrams survive!

A non-trivial resul is obtained In
the high-density limit:

p — 00, p = px = finite
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ESHMeEENRNtRETnIgh-temperature, high-density limit

- - - —o—O
frs (k)
1 — pfus(k)
lim S(k) = -
—0 -
i - 1 — pfus(k)
p=px
Driven Many-Particle Systems - Hopping Particles, Granular Media, and Colloidal Systems 19

(MPIPKS, Dresden, July 26-29 2004)



IC uantities

L. Acedo, A. Santos / Physics Letters A 323 (2004) 427—433
Contributions of zeroth- and first-order mn x to the mam thermody-
namic quantities

Quantity O (x U ) O(x)

(ex ‘,"f k B T 7 . 1 2“! -1 ) 4 l: o ,"
p/pkpT 14+24—17p 2d— nw(o)
hY ex JF';. k B i

24 3

(excess) ch otential pex/kpT

(excess) intermal eneray/particle uex/kpT 2d-15
- .! ] Iz _
(excess) specificheat cex/kp 0

(inverse) isothermal compressibility IR NAS-X 14245
¥(k) = —Afus (k) — vgo®In {1 o ﬁst(k)}
7/7\ ﬁvdad
vg = (x/4)42/r (1 + d/2)

Driven Many-Particle Systems - Hopping Particles, Granular Media, and Colloidal Systems 20
(MPIPKS, Dresden, July 26-29 2004)



[

k4 . :
L. Acedo, A. Santos / Physics Letters A 323 (2004) 427—433

] _
v

Spinodal instability

Fig. 1. Plot of sex/(e/T) (lower curves) and cex/(¢/T) (upper
curves) versus 7)/1 for d = 1 (dotted lines). d = 2 (dashed lines)
and d = 3 (solid lines).
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Table 2

Values of the HS close-packing fraction 7¢p. the wavenumber k. the nearest-neighbor distance ry. the (scaled) spinodal mstability packing
fraction 7). the (scaled) freezing packing fraction 7y, the (scaled) packing fraction 7y at the condition of marginal stability and the (scaled)
melting packing fraction 7y,

ﬁ]llS
1.00
V37/6~0.91 1.37 1.89 .89 1.03
V27/62~0.74 3¢ 45 0.80

0.50

“Critical” behavior:
€~ (1 —7/ig)~1/?

w(r) ~ (1 = 7/fo) = 2 (kgr) =@ D/2 cos[kgr — (d — 1)7/4]
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0 exist (even in 1D!)
iemperature limit when

R 7))
NThewreezng transition must occur at a
smallervalue of the (scaled) packing

fraction:
i < fims < fim < 7o
freezing  marginal melting

stability
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Spheres
= EVery cluster hen
hard-core super- icle.
o Packing|firae lusters:
n/(a/X).

ugk 4/kpT = a/2

sex ' /kpT = —dIn [T (7/ancp) /1] —din2  (Freevoume

o: variational parameter to minimize the free energy
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L. Acedo, A. Santos / Physics Letters 4 323 (2004) 427—433

z ¥
4 Table 2
Values of the HS close-packing fraction #¢p, the wavenumber k¢, the nearest-neighbor distance ry, the (scaled) spinodal instability packing

fraction 7jg. the (scaled) freezing packing fraction 5y, the (scaled) packing fraction Ay at the condition of marginal stability and the (scaled)
melting packing fraction 7y

d Nep koo ro/o fo it fims im
1 1 4.49 1.40 2.30 1.00 1.00 1.00
2 \/57(/6:0.91 5.14 1.37 1.89 0.89 0.95 1.03
3 \/577/6: 0.74 5.76 1.34 1.45 0.62 0.69 0.80
4 32/16’: 0.62 6.38 1.32 1.07 0.36 0.41 0.50

\/EJTZ/_?O ~0.47 6.99 1.30 0.76 0.22 0.26 0.33

T. ucxkaT, sex/kg

B

—
—— !

a lk

€x

Fig. 3. Excess free energy per particle in the three-dimensional
PS solid, asid/kpT (solid line), and PS fluid, afd/kpT
(dashed line), in the high-temperature limit. The excess internal en-
ergy, uf;‘;“d/ kgT (dotted line), and the excess entropy, .sf;;g“d /kp
(dashed-dotted line), of the PS solid are also plotted. The shaded

area represents the fluid-solid coexistence region.
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mation (1D)

*
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JIeYeleSteNeYEEmperature (LT)
29 IEXI I ERNEID)

SOME exact properties:

I  P(1)
dr g(r)e t_gl—P(t)
P(t)

. b —t
yy(r) =1=1im,_,o P(t)/p = L xtxe

_ -
IlmT*_>0 P(t) = gj—ﬁ
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FOVIELEMBERLUIEN( pproximation

P
y(o™) = y(a!> — e _ T2y = ¢
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The %y fo)f \ | * '
naraio gors  10E- low-T (1"=0)

exact for r<c! o PY (7°=0)
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SoempeIIseRisEtWeen VIC simulations and the
o . A .
sl ziglel LT zige drﬁrons @i»)
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SoistERigh=Izandflow-T approximations
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MGEEINSSEGIELCAIIN m'rera\';‘ g: It represents a crossover
'og"rvveen h:nrrl sohgre» N temperatures) and the ideal

namic functions can be exactly
n-temperature, high-density

density nO(T")~T‘ but this is preempted by a first-order
phase transition to the solid at the freezing density
nd(T)~T".
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soepcibsions (11)

Afrextrapelation off therasymptotic high-T results to finite
LEMpPErElNES provides’a geod approximation for moderate
and nighstemperatures, as: shown by comparison with 1D
- Simuiatieess "3
The anoverapproxin atiaﬂ&complemented by a low-T
approximation that reduces to the exact results for hard
rods In the zero-temperature limit.
m Extension of the above approaches to the 3D case is under
current investigation.
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Arben Jusafi |

Fig 14. A snapshot from a I I two self- ding polyners. In th
the twa chains idenat

ticn, the centers of mass of
ted by the big sphere) coincide, without vislation of the excluded-valume canditions. (Courtesy of
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Fig. 2. Plot of w(r) and S(k) (see inset) at 7)/1p = 0.1 (dotted lines),

0.5 (dashed lines) and 0.9 (solid lines) for d = 1.
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