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Orientational glass transition in a rotator model
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Orientational dynamics in a simple model of infinitely thin hard needles, initially proposed by Rubin-
stein and Obukhov [1],are investigated by molecular dynamics simulations. The center-of-mass coordi-
nates of the needles are fixed on a regular fcc lattice. The statics of the system is analytically known,
yielding a global stability of the disordered phase. The dynamical properties, however, are nontrivial.
As the ratio l of needle length to lattice constant is increased, the time scale for the decay of orientation-
al correlations increases rapidly. A "computer glass transition" is observed in the vicinity of l =2.7,
with the orientational correlations being frozen-in on the time scale of our simulation. The scenario for
this glass transition is very similar to that observed in conventional structural or orientational glasses.
The glass transition in the rotator model, however, is necessarily a purely dynamical feature, since the
static properties of the system are known to be independent of l. The same glass transition is also stud-
ied in a system confined between two parallel plates, for various boundary conditions at the plates. The
transition is found to take place for the same value of l as in the bulk, provided the number of possible
collision partners near the boundary is the same as in the bulk.

PACS number(s): 64.70.Pf, 61.20.Ja

I. INTRODUCTION

In the past 15 years, structural and orientational relax-
ations in glass-forming materials have been thoroughly
analyzed experimentally, theoretically in the framework
of mode-coupling theories [2], and by computer simula-
tion of simple models [3]. Evidence has been presented
that the dynamical relaxation in structural [4] and orien-
tational [5—7] glasses is a multistep mechanism, in which
at least two different time scales are involved. As the sys-
tem becomes more strongly coupled (either by cooling or
by compression), these time scales appear to diverge criti-
cally near a state point associated with a "kinetic glass
transition. " The relaxation near this state point exhibits
some universal features, which are described in Refs.
[8,9].

A direct insight into the principles of glass formation is
gained by studying simple models for one-component
glass formers, allowing a direct comparison with theoreti-
cal predictions. Notable success has been achieved for
the simple hard-sphere Quid, which can be compressed to
exhibit an amorphous glassy phase, as seen experimental-
ly in samples of sterically stabilized colloidal suspensions.
Although there seems to be quite good agreement be-
tween the experimental data and the predictions of
mode-coupling theory [10], details of the density relaxa-
tion are still controversial. The hard-sphere system has
the advantage that its Quid equilibrium structure and its
phase diagram are independent of temperature and de-
pend only on the volume fraction of the spheres. From
computer simulation it is known that the hard-sphere
Quid crystallizes into a regular crystal if the volume frac-
tion is larger than 0.494 [11]. The glass transition, how-
ever, takes place at a significantly higher packing fraction
of about 0.62. Hence it is a nonequilibrium effect, associ-

ated with a metastable Quid phase.
The aim of the present paper is to study another very

simple model, which was proposed by Rubinstein and
Obukhov [1] as a good candidate for an "ideal" glass
transition. The system is made of rotators whose equilib-
rium structure and phase behavior are known exactly but
whose dynamical features are nontrivial. Basically it is a
hard-needle model, with elastic collisions between the
needles and free rotator dynamics between the collisions.
The center-of-mass coordinates of infinitely thin needles
with a classical orientational degree of freedom are fixed
onto space points of a regular fcc crystal. The only pa-
rameter characterizing the system is the ratio l of the
needle length L to the lattice constant a. The static prop-
erties of the system are trivial and identical to those of
free rotators since the volume of the needles is strictly
zero. Hence also the bulk phase diagram is trivial, yield-
ing a global stability of the orientationally disordered
phase. The dynamics of the rotators, however, is non-
trivial since the needles cannot cross each other. To our
knowledge there are no analytical results for dynamical
correlations in this system. In this paper, numerical
simulations will be used to obtain the time-dependent
orientational correlation functions of the model.

The model can also be considered as a caricature for
orientational glasses. The usual modeling of these glasses
involves molecules rotating around fixed lattice positions
and carrying dipoles or quadrupoles. Hence, as the rela-
tively simple hard-sphere model is the "prototype" for a
structural glass transition, the even simpler rotator model
may be regarded as a suitable prototype for orientational
glasses.

The interest in the dynamical features of the rotator
model stems from the possibility of observing a glass
transition that would unambiguously have a purely
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dynamical origin, without any underlying singularity in
the static properties. There is a strong suspicion that, in
simple liquids, the glass transition also has a purely
dynamical origin. The static properties in liquids, howev-
er, are known only from approximate theories, so that the
existence of singularities that would be missed by these
theories cannot be excluded. Besides this obvious funda-
mental advantage, the simplicity of the static properties
in the rotator model also involves a huge practical advan-
tage in computer simulations. In simple liquids, the
necessity for very long equilibration times after each
cooling step in order to reach a typical equilibrium
configuration constitutes the main bottleneck for comput-
er simulations near the glass transition [12,13]. For the
rotator model, an equilibrium configuration is generated
instantaneously by assigning random orientations and
Maxwellian-distributed angular velocities to each rotator.
As a consequence, the cooling rate dependence that sys-
tematically affects simulation results for conventional
glass formers is absent in the rotator model.

The paper is organized as follows. Section II presents
a detailed description of the rotator model. The details of
the simulations are summarized in Sec. III. The results
of the simulation for bulk systems are described in Sec.
IV. Our main result here is the occurrence of an orienta-
tional glass transition for a finite value of l. In Sec. V, we
take advantage of the simplicity of the rotator model to
extend our study of the glass transition to the case of a
confined geometry, a subject of current experimental
[14—16] and theoretical [17] interest. The orientational
correlations are studied and compared to those in the
bulk for a system confined between two parallel plates,
with various boundary conditions. A summary and dis-
cussion of the results are given in Sec. VI.

A. Statics of the rotator model

The excluded volume occupied by the needles is zero.
Consequently the classical partition function can be cal-
culated analytically [18]. As a result, in the canonical en-
semble the free energy per particle f=F/N is

8 'Jk, vf= —k~Tln
h

(2)

FIG. 1. Unit cell (dashed line) of the underlying fcc lattice
together with the needles of length L whose center-of-mass posi-
tions are fixed to lattice sites. The lattice sites are the black and
the open circles. In the latter case no needles are drawn for the
sake of clarity. Also shown are the lattice constant a and the
orientational unit vector u; of a rotating needle, labeled by the
index i.

II. RGTATGR MADEL

%"e consider 1V infinitely thin, hard needles of length I.
with a homogeneous line mass density m /L whose
center-of-mass coordinates [ r; j (i = 1, . . . , N ) are fixed
onto sites of a regular three-dimensional lattice. For our
calculations we have chosen an fcc lattice, but it is
strongly expected that a different lattice structure will not
destroy the qualitative features of the model. One
configuration of the rotators is specified by their orienta-
tions, conveniently given by a set of unit vectors Iu,. j
(i = 1, . . . , N), and their angular velocities I co,. j
(i =1, . . . , N). Since the needles are infinitely thin, the
angular velocities are perpendicular to the orientations:

The angular momenta IL j (i =1, . . . , N) are related to
the angular velocities by I; =Geo;, where 0 is the tensor
of inertia whose values on the principal needle axis are
(O,J,J) with J=mL /12. The geometry is visualized in
Fig. 1. If the needle length is smaller than the nearest-
neighbor distance a /&2 in the lattice, the needles are an
ensemble of noninteracting free rotators. However, for
I =L /a ) 1/V'2, collisions between the rotators are pos-
sible, which we describe further in Sec. II B.

where T is the temperature and kz denotes Boltzmann's
and h Planck's constant. The thermal energy kz T serves
to define the natural "microscopic" time scale ~ in the
model. Henceforth all times are measured in this unit,
where

r =QJ/2k' T =Qm L /24k~ —T . (3)

B. Dynamics

The dynamics of the system are specified by the col-
lision rules between the rotators [18]. The dynamics re-
sult in time-dependent orientations and angular veloci-
ties, i.e., in a set of trajectories [u;(t) j, Ice;(t) j. The col-
lisions are assumed to happen instantaneously; i.e., the

One easily observes that, in the thermodynamic limit
N~ca, f is an analytical quantity. This implies that
there is no structural bulk phase transition in the model.
The system always prefers the orientationally disordered
phase; a nematiclike or liquid-crystalline phase is not
stable over the whole range of needle lengths. Further-
more, any structural correlations factorize, since the ro-
tators are essentially decoupled for the statics. For in-
stance, the orientations of two neighboring rotators are
fully independent.
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angular velocities are piecewise constant as a function of
time. A collision between two needles i and j takes place
at time t if there are two real numbers a and p with a
modulus less than I /2, such that

r; r —+a.u;(t) —pu~(t) =0 . (4)

r) u, —(r," u )(u, u )

where r;.=—r; —r . The needles do not exert any friction
forces during the collision, which directly implies that
the momentum exchanged during a collision is perpen-
dicular to the rod orientations. Hence we can write the
momentum transfer Ap after a collision as

Q) XQJ
hp =Ap

iu, Xu, i

The corresponding change in the angular momenta of the
colliding needles i and j is given by

bI.; =au; Xhp

bL = —Pu Xbp .

(8)

(9)

The collision rules are completed by specifying Ap using
conservation of total energy. This yields [19]

2 (u; Xu/)
&p=

2 2 (pL~ Xu aL; Xu,. )—. (10)
a +P u, Xu,

Here L; and L~ are the angular momenta before the col-
lision.

The collision dynamics is nontrivial. In contrast to the
collision dynamics of hard spheres, where the collision
times can be calculated analytically [20], one has to solve
the transcendental equation (4) for the collision time t nu-
merically. An efficient algorithm developed by Frenkel
and Maguire [18] was used in our study. Frenkel and
Maguire, however, considered a different system of hard
needles, where the center-of-mass motion is not frozen-in
as it is in our lattice model. Furthermore, Frenkel and
Maguire did not address the glass transition in this mod-
el.

Here cz measures the distance of the collision point from
the center-of-mass coordinate of rod i, and P is the dis-
tance to the center-of-mass coordinate of particle j.
Equation (4) can be easily solved, resulting in

r, u, (r—, u)(u, u)a= —"
1 —(u; u )

and

is guaranteed and the mean square (co ) is given by
1/r =24kttT/mL . The collision times are computed
by solving Eq. (4) for all particle pairs, such that their dis-
tance is less than I . At each collision, the angular veloci-
ties of the colliding needles are modified according to the
rules defined in Sec. II B, and the collision times are up-
dated. The actual implementation was strongly inspired
by the algorithm of Frenkel and Maguire [18];details are
given in Ref. [19]. As mentioned above, the arbitrarily
chosen initial configuration is an equilibrium
configuration in the needle model, so that an equilibra-
tion period is not required as long as the angular veloci-
ties are taken from a Maxwell distribution. The time-
dependent correlation function can be computed accu-
rately by letting the system evolve from its initial
configuration for a sufficiently long time T. Typically T
was several hundred microscopic times ~.

The ratio I =L/a was varied between 1 and 4.5. The
number of possible collision partners X& grows rapidly
with increasing I, approximately following a power-law
X&~I . The computational effort thus grows rapidly
with increasing l, since the number of collisions during a
given time interval increases. In Fig. 2 the mean collision
time t„ i.e., the average time between two consecutive
collisions in our finite-size system, is shown as a function
of I. This time decreases rapidly for increasing l (note the
logarithmic scale for t, /r).

The sensitivity of our results to finite-size effects was
checked by running the same simulation for systems
made of N=256, 864, and 2048 needles. Comparing the
results for several dynamical correlation functions, it was
found that N=500 particles are sufficient for L ja ~4.
Hence finite-size effects are only relevant for large l
(I )4), far away from any dynamical glass transition.
The numerical accuracy of the simulation was also
checked by performing the following test. The final
configuration of a trajectory generated over a long time
interval (10 —10 collisions) was taken as a starting
configuration, with reversed angular velocities. In this
"reversed" trajectory, the inverted sequence of collisions
should be identical to that of the original trajectory. This
was indeed the case even over a long time interval and for
a large value of I, provided double-precision numbers are
used.

100

tc /&

III. COMPUTER SIMULATION
OF THE ROTATOR MODEL

The system that was simulated is a cubic cell contain-
ing %=500 needles, with periodic boundary conditions.
In the initial configuration, the needles are given random
orientations Iu;I—:Iu;(0)I (i=1, . . . , N) and angular
velocities Ico,. ]—:[co, (0) I

(t' =1, . . . , N), such that Eq. (1)

1 1.5 2 2.5 3 3.5 4 4.5
Ll

FIG. 2. Mean collision time t, in units of the microscopic
time scale v. on a logarithmic scale versus ratio l =I /a.
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N

,('t)= —x ai;(0) «( )() .
i=1

For a free rotator, g, (t) is simply

IV. RESULTS FOR THE BULK ORIENTATIONAL
GLASS TRANSITION

A. Dynamical correlation functions

52

(16)

P, (t) =Pf~(—t) = 1 ——exp
2t

4r

where r is given by Eq. (3) and 4(t) denotes the complex
error unction

~ ~

Nontrivial dynamical correlations are contained in the
time-autocorrelation functions f th dlor e nee e orientations
and their angular velocities. The orientation-
autocorrelation function P, (t) is defined via

1 N

p, (() —= x «, (0) «, (()),
i=1

where enotes a canonical average. Fo for a ree rotator
in e canonical ensemble, this autocorrelation function
can be calculated analytically, yielding

0.8

0.6 -Free Rotato
L/a =1.0

04 . L/a = 1.5
L/a = 2.0
L/a = 2.5(1, (t) „.

0

1l,(t)
—=p(t) = (co'(0) ) =1/~'=const

InFi . 4
I t

'g, (t) is shown as a function of l. For increasing
, tl), (t) decays more and more rapidl ti y o zero, since the

4(t) = f dx exp(x ) .
0

(13)
-0.2

-0.4
From (12) one readily verifies the short-time expansion 0.01 0.1 1 IO 100 1000

1Pf(t) =1 +—O—(t—4)
2

and a long-time algebraic decay

P, (t) = — +O(1/t4) .f 2r
t2

(14)

(15)

0 95

0.9

For colliding needles, results for P&(t) as obtained from
computer simulation are given in Figs. 3(a)—3(c). The
time scale is logarithmic, spanning several decades. For
comparison, the expression (12) f f

of (t becom
2 is also given. As l is increased th 1se, e re axation

) ecomes more and more sluggish. Near l =2.7
the relaxation occurs on a rapidl
and is almost

pi y increasing time scale
an is almost blocked on the time scale explored b the
simulation. The ori'entational autocorrelation remains

re yt e

close to unity, which means that the needle orientations
are virtually frozen in a very narrow solid an 1 Ho i ang e. owev-

oganthmic time scale, and even for the lar est l
that was used ~& t, ~~&( ) does not seem to level off'. In fact,

or e argest l

the slope, dP, /d(lnt), has a small negative value, which
stays virtuall con
not vanis

y constant in a large time interval b t d
anish. As we shall see in Sec. IV 8, this slow final

relaxation is connected to hoppin t '
h

'

g even s in the orienta-
tiona vector.

It should be noted that this behavior is qualitatively
very similar to the relaxation scenario of the d
structure factac or, which is the key quantity characterizin
structural glass formers [3 2 9] th k'

sition. In the id
~ ~

near t e inetic glass tran-
ideal version of mode-coupling theor '2' a

saturation of this quantity toward a nonvanishing l t
eory L s a

value is re
'

gpa eau

in the s stem.
p icted and associated with ergod' 't b k'ici y rea ing

e system. In computer simulations [3 4 21] hont e
, there is no clear-cut plateau, but thermally

activated hopping processes restore ergodicity
A second dynamical correlation function is that of the

angular velocities
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FICs. 4. Same as Fig. 3 but now for the angular velocity auto-
correlation function g, (t).

FICz. 5. Same as Fig. 4 but now for the angular velocity auto-
correlation function $2(t).

number of collisions that destroy correlations in the an-
gular velocity increases. However, the angular velocity
correlation is not suited for a clear-cut diagnostic for an
orientational glass transition.

A function that is much more sensitive to freezing of
needle orientations is obtained by considering the second
Legendre polynomial for the direction of the angular ve-
locity, defined by the unit vector ro;(t):co;(t)/~co;—(t)~.
This function is defined as

N
I(tttt)= —Z t't(tt;(0) tt;(t))),

i=1
(18)

where P2(x)= —,'(3x —1) is the second Legendre polyno-
mial. For completely decorrelated unit vectors ro;(t) and
co;(0) umformly distributed on the unit sphere, $2(t) van-
ishes since

$2(t) =—f d8 sin(8) —,
' [3cos (8)—1]=0,

7T 0

8 denoting the angle between co;(t) and co;(0). However,
if the unit vector co;(t) only varies in a two dimensional-
subspace (i.e., on the unit circle), then the result for two
completely decorrelated unit vectors co;(t) and co;(0) is

$2(t)= f d8 —,'[3cos (8)—1]=—,
' . (20)

If the orientation of the needles is almost frozen, then the
angular velocities only vary in a two-dimensional sub-
space orthogonal to the orientation vector and the long-
time limit of $2(t) is —,. If the orientation vector is mov-

ing, then the result for tP2(t) should be zero. We have
thus defined a quantity that can sensitively discriminate
between frozen orientations, corresponding to a glassy
state, and a Auidlike motion of orientation.

Results for $2(t) are displayed in Fig. 5. The onset of a
plateau is apparent for 1=2.5. The plateau becomes
more and more pronounced and the saturation value is —',
as expected from our previous considerations. There is a
drastic qualitative change in the shape of li)2(t) between
l =2.0 and I =2.5, and the system seems to be frozen-in
on the time scale explored by the simulation for l )2.7.

Hence we can locate a kinetic orientational glass transi-
tion at a ratio I =l =2.7. This glass transition is accom-
panied by a change in the relaxation of the orientational
correlations. For I ( I there is three-dimensional motion
of the orientational vector within the time scale of the
simulation, whereas the orientation is virtually frozen in
a cage dynamically formed by the colliding neighbors for
I ) 1R.

As with the structural glass transition in liquids, the
orientational transition is not perfectly sharp but rather
is smeared. However, the interval in I during which the
dynamics change from Auidlike behavior to a virtually
frozen-in motion in a cage is very narrow.

B. Needle trajectories

The picture gained for the orientational kinetic glass
transition by studying dynamical correlation functions is
supported by watching the actual needle trajectories I u; ]
(i =1, . . . , N) In Fig. 6., typical trajectories (projected
from the unit sphere onto the plane) are shown for three
different values of i, two of which are smaller than /g: (a)
1=2.0, (b) l =2.5, and (c) /=lg =2.7. Whereas the
whole unit sphere is explored rapidly for l =2.0, there is
already a significant slowing down for I =2.5. Here the
sphere is not completely filled by the trajectory on the
time scale of the simulation. For l =I =2.7 the orienta-
tions remain frozen-in on a large time scale and change
through sudden jump processes. Such jumps can be in-
terpreted as escape from a cage formed by the neighbors
colliding toward another cage. Note that for such a sys-
tem, the jumps cannot be described as "thermally" ac-
tivated, since the bottleneck that separates two
configurations in phase space is of a purely entropic na-
ture. Here a connection to random walks with different
waiting-time distributions on different lattice systems
may be seen [22].

C. Orientational difFusion

In the orientationally disordered fiuid phase, the rota-
tional long-time self-diffusion coefBcient D, is defined via
[23]
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(21)

For free rotators, D„obviously does not exist. In the
disordered phase of interacting rods with a translational
degree of freedom, D„ is believed to exist [23], although a
rigorous mathematical proof is lacking. For I (1 ourg7
numerical results for P, (t) can be described for long times
(on the scale of the simulation) by the difFusive behavior
proportional to exp( 2D—„t).

In fragile structural glass formers, the temperature
dependence of the long-time translational self-diffusion
coefficient D, can be described near the kinetic glass tran-
sition temperature T by a power law

D, (T)=A, (T —T ) '+b,D, (T), (22)

where A, is an amplitude, y, a nonuniversal exponent,
and bD, (T) a small residual distribution resulting from
jump diffusion, which restores ergodicity. If one is well
above the glass transition, the contribution b,D, (T) is vir-
tually independent of T, and its absolute value can be
neglected with respect to the power-law contribution

A, (T T~) '. The—expression (22) is supported both by
computer simulation [24,21] and mode-coupling theory
[25,2]. The exponent y, turns out to be 1.4—2.0, depend-
ing on the interparticle interaction. It is tempting to
check whether a similar law holds for the rotational
diffusion constant as a function of /:

D (l)=A (I —I) "+ED (23)

If one ignores the small residual diffusion hD„, a log-log
plot of D„versus l —I should fall on a straight line.
Indeed, taking I =2.7, the power law describes the re-
sults well, except for small l, as shown in Fig. 7. The ex-
ponent y, turns out to be rather large, y, =4.2, com-
pared to the values obtained for structural glasses. In
any case, the limited range of the data makes it dificult
to accurately check a three parameter law such as (23).

For I )1, the long-time data for P, (t) significantly de-

I

he

0.1

computer simulation: =

power law-----

0.01

0.001

FIG. 6. Typical trajectories of the needle orientations pro-
jected from the unit sphere onto the plane. (a) l =2.0; here the
unit sphere is rapidly explored. (b) I=2.5; slightly above the
orientational glass transition. {c) 1=2.7; at the orientational
glass transition.

0.0001
04 0.6 0.8 1 1.2 1.6

(L - L)/8
FIG. 7. Rotational diffusion constant D„versus

l~
—I =(Lg —L )/a on a double logarithmic plot. The statistical

error from the data is indicated by the error bars. The best
power-law fit is shown by the straight dashed line.
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viate from a diftusive behavior proportional to
exp( 2—D„t). A better fit is obtained if a stretched ex-
ponential proportional to exp(t/to), with v=0. 5, is
used. But again this fit is not the only one that is possi-
ble. A simple linear law proportional to ln(t) can also be
used to fit the data quite well in the long-time regime.

V. ORIKNTATIONAL GLASS TRANSITION
IN A CONFINING GKOMKTRY

We have extended the rotator model to a situation
where the system is confined by two parallel planar walls
separated by a distance h. To model such a confining
geometry, a rectangular simulation box with periodic
boundary conditions in the x and y directions was used.
The boundary conditions in the z direction were either
"open" or "free" boundary conditions (simulating a free
interface) or "frozen" boundary conditions with fixed,
randomly oriented needles beyond the boundary. The
two situations are sketched in Fig. 8. For open boundary
conditions, the needles at the boundary are much more
mobile than those in the bulk, since the number of possi-
ble colliding neighbors is drastically reduced. However,
for frozen boundary conditions, the mobility of the nee-
dles near the boundary is expected to be slightly reduced
compared to the bulk mobility. The reason is that—
although the number N& of possible colliding neighbors
is the same —the colliding needles are fixed in space and
time. The fixed needles can be viewed as needles with an
infinite moment of inertia. Then it is straightforward to
modify the collision dynamics described in Sec. II B.

The question is whether, and how, the presence of the
boundaries influences the orientational glass transition in
the "bulk, " i.e., in the layers in between the walls that
possess the regular bulk number N& of rotating collision
partners. We have performed simulations for / =L /a =3
and h =6a with a total number of X =600 rotating nee-
dles in the simulation box. In Fig. 9, the orientational au-
tocorrelation function P, (t) is shown for different layers
in the case of "open" boundary conditions. As expected,
in the outermost layers, the correlation decays faster to
zero than that belonging to a bulk system. However, in
the inner layers, the decay scenario is very similar to and

1

0.99
0.98
0.97

() (t)
0.94
0.93
0.92

0.91

0.9

free b
b

0.01 0.1 10 100

FIG. 9. Layer-resolved orientational autocorrelation func-
tion P, (t) versus reduced time t/r on a logarithmic time scale
for open boundary conditions. The parameters are l =3,
h =2L. Altogether there are 12 different parallel layers between
the walls, two of which are symmetric. Hence we have six
different layers, which are a distance a/2 apart form each other
and are successively labeled by numbers. The outermost layer is
labeled 1; the layer in between the plates is labeled 6. For com-
parison the bulk result is also shown by the dashed line.

virtually indistinguishable from the bulk behavior. The
situation is even more striking for "frozen" boundary
conditions, where the decay of the orientational correla-
tion in each layer virtually coincides with the bulk result;
see Fig. 10. Therefore the only relevant parameter deter-
mining the decay of dynamical correlations is the number
N& of possible collision partners. Particularly, as far as a
layer far from the boundary is concerned, the orientation-
al glass transition is not changed with respect to the bulk
glass transition. It occurs at the same ratio l=l as in
the bulk system.

This conclusion may be unexpected since recent experi-
ments report on considerable shifts in the glass transition
temperature of thin liquid films with respect to the bulk
glass transition temperature [14—16]. Also a computer
simulation for soft spheres between soft parallel walls [17]

"Z

- x,y

FIG. 8. Schematic view of a two-dimensional cut through the
simulation box together with the confining walls for different
boundary conditions. The plates have a distance h. (a) "Open"
boundary conditions. There are missing neighbors near the
boundary. (b) "Frozen" boundary conditions. The thick nee-
dles beyond the boundary are completely frozen-in.
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FIG. 10. Same as Fig. 9 but now for frozen boundary condi-
tions.
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reveals a significant increase in the glass transition tem-
perature. The physical reason lies in the fact that the sys-
tem builds well-defined microscopically sharp layers in
between the walls, and therefore the mobility of the parti-
cles is drastically influenced by the confining geometry.
This effect is obviously not contained in our model. Here
the discrete layer structure of the center-of-mass coordi-
nates is prescribed and the orientational degree of free-
dom exhibits a glass transition that is not inAuenced by
the presence of confining geometries. A different effect
might be obtained from different types of boundaries
(e.g. , hard walls favoring a planar orientation of the nee-
dles).

VI. DISCUSSIONS AND OUTLOOK

In summary, we have calculated dynamical correlation
in a rotator model of hard needles by computer simula-
tion for different ratios l=L/a. As I is increased, the
system exhibits a "kinetic glass transition, " which mani-
fests itself as a crossover from hydrodynamic (diffusive)
relaxation of orientation correlations toward a slow relax-
ation mediated by hopping processes. The actual value
for the glass transition was estimated to be l =2.7 0.2.
The whole scenario is therefore very similar to the
structural kinetic glass transition in simple liquids. The
glass transition is mainly dominated by the local number
of possible colliding neighbors. Hence, in a confined
geometry, the glass transition is not shifted toward
different values with respect to the bulk transition, as
long as the confining plates are not very close.

The main result of this paper is that, in agreement with
the suggestion by Rubinstein and Obukhov [1], a kinetic
glass transition may also occur in a very simple system,
with a trivial phase diagram. The glass transition, which
in that case is detected by a very slow relaxation of the
orientational correlations, is hence not necessarily a
nonequilibrium phenomenon with a metastable amor-
phous phase. In the model, there is no intrinsic structur-
al bulk transition but still a dynamical glass transition.
This fact casts serious doubts onto earlier approaches to

the glass transition that viewed it as related to an under-
lying bulk phase transition with a diverging correlation
length [26,27]. Conversely our study confirms that the
glass transition is a purely dynamical effect. The latter
conclusion was also anticipated by mode-coupling studies
[2], where a continuous static input from the disordered
phase leads to a dynamical transition with ergodicity-
breaking.

We finish with two general remarks. First, there is cer-
tainly a need to construct a mode-coupling theory for the
simple needle model in order to check whether the
dynamical anomaly can be captured theoretically by us-
ing this approach. The construction of such a theory
could be similar to mode-coupling approaches applied to
conventional orientational glass formers; see, e.g., Michel
[28]. Mode-coupling theories, however, are based on the
existence of a nontrivial static structure in the system.
This nontrivial structure serves as a control parameter
for triggering the dynamical instability that is interpreted
as a glass transition. It would be interesting to see wheth-
er the trivial structural correlations of the rotator model
still allow for such instabilities within the mode-coupling
approach.

Second, we would like to stress that experiments on
confined orientational glasses might be of interest in or-
der to clarify the role of boundaries in glass formation.
According to the result of Sec. V, this role might be quite
different for orientational glasses and structural glasses.
In this respect, one experimental attempt was recently
published [29] in which a liquid crystal confined in a
porous glass was investigated.
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