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Unconventional density dependence of the stochastic dynamics in an organic liquid
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The density dependence of the diffusive rotational and center-of-mass dynamics of 2-methyl-pyridine is
investigated by means of the concurrent use of quasielastic neutron scattering and molecular dynamics simu-
lations. The dependence of both translation and rotational diffusion coefficients shows a distinctive change of
slope with increasing density taking place abpa0.975 g/cm. Such a change in the dynamics can be related
to observations made in other liquids composed of oblate-spheroidal particles.
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I. INTRODUCTION The advantage of studying mixtures of MP and heavy

The rich variety of phase behaviors shown by mixtures ofvater as physicall realizations of reentrant systems over other
methyl-substituted pyridine@VP) and heavy or light water Solid-state materials stems from the ease of controlling the
has attracted interest since the first characterization of theWidth of the inmiscibility loop. In fact, it is known that the
anomalous phase diagrani]. Similar phenomena have 00p size shows a extreme sensitivity to the isotopic compo-
been known since the pioneering work by Hudg@h on  sition of the hydrogen elemerttight or heavy watey, the
nicotine-water mixtures. The interest behind such studiepresence of saltgs], or the application of pressuf@]. This
stems from the opportunity offered by binary mixtures of MPopens up a route to study critical phenomena of a special
and heavy water to deepen into knowledge of mechanismkind such as those leading to double critical poi@@€P’s),
leading to physical reentrance. In other words, these binarwhere renormalization-group theory predicts an exact dou-
mixtures show a complex phase behavior as manifested by a
closed-loop phase diagram as that shown in Fig. 1.

More into specifics, the system depicted in Fig. 1 be- h
comes fully miscible outside the loop but separates into two r T m
macroscopically distinguishable phases when the low or high 115 | U H m
critical solution temperatureéf_andT, are approached from i ]
below or above, respectively. Such a phenomenon is knowr 110 | 2] H .
as reentrance, since it characterizes a physical system tha i 1
driven by a monotonous change of a thermodynamic field g5 [ ]
(composition, density, temperature, gtaeenters a phase _ i ]
similar to the initial state. Rather than confined to binary © o & 1
fluid mixtures it is common to a wide variety of physical = ; 1
systems comprising ferroelectrics, liquid crystals, antiferro- i H ]
magnets, or spin glassg3). S 7]

While the presence of a miscibility line &j, is easy to f 2] ]
understand on energetic grounds, the fact that the mixture 90 5
becomes miscible below, remains to be understood on i H ]
guantitative grounds. The microscopic origin for this low- 85 [ & =] =] TL 3
temperature mixing phenomenon is most of the time inter- : ]
preted on the basis of a conjecture brought forward by Hir- Y P N T P TP TR T
schfelder a long time agi@]. It attributes remixing below 50 55 60 65 70 75 80 85
to the presence of strong directional bonding interactions be- D.O concentration (wt %)
tween the two unlike species. On the other hand, very recent g
reports on a novel phase behavior where a tenuous solidlike FIG. 1. Schematic phase diagram for a mixture of 2MP and
structure appears at the liquid/liquid interfelgd make mi-  heavy water. Data fors1 bar taken from Garlanet al. [8] are
croscopic investigations of the forces driving such systemshown by open lozenges. The solid dot depicts the estimated loca-
timely and well overdue. tion of the double critical point that is=200 bar, 101 °C.
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bling of the critical exponents corresponding to the Isingthe static structure factor arising from the small coherent
universality clasg3,6]. cross section. On such grounds the analysis of the double-
Recently[7], we have undertaken a study of the micro- differential scattering cross section is carried out within the
scopic processes leading to phase separation in MP/heavincoherent scattering approximation, this meaning that all
water mixtures by means of the concurrent use of NMRscattering is attributed to molecular protons.
small-angle, quasielastic neutron scatteri@ENS, and Two contributions to the spectra were
molecular simulations. As a main result, the effects broughtonsidered: translation and rotation of the molecules about
forward by the divergent behavior of the macroscopic sheatheir center of mass. The translational contribution is well
viscosity on the microscopic transport coefficients were exaccounted for by a Lorentzian line having a linewidth that
emplified by the behavior exhibited by the translational dif-approaches thB+Q? prescription given by the Fick diffusion
fusion coefficient measured using QENS as the temperatudaw at low wave vectors, wherB; stands for the transla-
approached | from below. tional self-diffusion coefficient. Molecular rotations were de-
As a further step, we have undertaken a study on thecribed by the Sears expansion for hindered rotations over a
microscopic dynamics of a mixture of 2-methyl pyridine sphere[10]. As customarily followed in work concerning
(2MP) and heavy water as one approaches a DCP by meatégh-temperature liquids the assumption of the statistical in-
of the application of moderate pressuf&}. As a prelimi- dependence of translation and rotation is taken so that the
nary study, we have carried out measurements on the densitsanslation linewidth gives rise to th@-dependent spectral
dependence of the rotational and translational diffusion coefeomponent and those corresponding to molecular reorienta-
ficients of 2MP. These were needed as background data anidns give rise to higher-order components in the above-
were unavailable from previous experimeli8j. The out- mentioned partial-wave expansion whoQedependence is
come of such a study turned out to be surprising and obnly limited to their amplitudes.
interestper sesince the results portray a nonmonotonous The rotation of the methyl group is too fast to be consid-
behavior of the latter with increasing density for a range ofered here as can be seen from values for the methyl rota-
pressures up to 1200 bars. We have then tried to understational diffusion coefficients reported for analogous com-
the origin of such behaviors by means of molecular dynampounds such as toluene and some of its derivafit&k(i.e.,
ics simulations carried out for a simple but realistic enoughD,>1 ps?). Further indication of the scant contribution of
molecular model to represent the interactions between 2Mbnethyl-group rotations to our frequency window is given by
molecules. As described below, the results found from exthe fact that it was not necessary to include it to obtain a
periment and computer simulations depict a rather morgood fit of all the spectra. The resulting expression employed
complicated picture than initially thought of, since direc- to fit all spectra is given by
tional bonding interactions are present in both components

making the reentrant mixture. A r
sobs(Q,a»:(—l P
T (0= wO) + I‘trans
Il. EXPERIMENTAL DETAILS 5 0
A :
Fully hydrogenated 2-methyl-pyridine was used without +=23 2+ 1)J|2(QRH)( - )zroi (F“))Z)
further processing. The quasielastic neutron scattering mea- Ti=1 @~ ®o rot

surements were carried out using the IN6 time-of-flight spec- ® R(Q,w) + background, (1)
trometer of the Institute Laue LangeviGrenoblg. The in-
cident wavelength used was 5.9 A, giving an elastic energyvhere the symbok stands for convolution with the instru-
resolution[full width at half maximum(FWHM)] of 50 ueV ~ mental resolutionR,=2.47 A is the average distance of the
(=76 ns') and covering a usable constadtrange between hydrogen atoms to the molecular center of mass, @nts
0.4 and 1.4 AL The sample was contained into a pressurethe (instrumental offset. The molecular geometry thus
cell where pressure was directly applied by a piston to anakes terms withl>5 negligible asj.,/j;<1 for Q
system full of liquid sample. The range of measured pres<1.4 A1
sures was from 1 to 1200 bars. All the measurements were All spectra for a given pressure were fitted sequentially
done at the same temperature of 40 °C with an accuracy afsing a common parameter set. The estimates for the line-
0.5 °C. The data were corrected following the normal pro-width of the translational diffusion components were given
cedure(background subtraction, self-absorption correctionspy I'y,,s=D7Q? and the widths of the rotational lines are
normalization and grouped and transformed into const@nt- TI',,,=D+Q?+I(I+1)D,, D, being the isotropic rotational dif-
spectra using ILL standard prograrf$y. fusion coefficient. Notice that both diffusion coefficients are
taken as common parameters for every seQofalues. The
arguments of the spherical Bessel functignsre set from
the molecular geometry and “background” is a linear back-
The coherent and incoherent scattering cross sections pground. Good fits, shown in Fig. 2, were obtained when the
molecule are 56.7 and 562.3 barns, respectively. This impliegelative weights of the translation and rotational components
that scattering is mostly91%) incoherent. Moreover, the given byA, , were allowed to deviate somewhat from unity,
availableQ range comprises a region well below the maximawhich is the value set for isotropic rotational and transla-
shown by the lowest momentum-transfer peak appearing itional long-range diffusion.

Ill. DATA ANALYSIS AND RESULTS
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FIG. 2. Selected set of experimeni@ymboly and fitted (solid lineg spectra for the momentum transfers and pressures given in
the inset.

The rotational and translational diffusion coefficients de- The presence of such an inflection point is indicative of
rived from the fits are shown in Fig. 3. A glance at the re-some local molecular rearrangement induced by the increase
ferred figure shows that the pressure dependence of both difa density. Whether this corresponds to structural or purely
fusion coefficients displays a nontrivial behavior. There is adynamic phenomena is discussed later on. A point which is
monotonous decrease in both diffusion coefficients with in-worth remarking on here is that such an anomaly takes place
creasing pressures up to 200 bars and a subsequent changabfpressures close to those where the miscibility loop of
regime at a point where both translation and rotation chang2MP/D,O shrinks towards a double critical point.
their pressure dependence. The translational diffusion coeffi- Comparison of the results here obtained with those pub-
cients thus attain a plateau value at about 400 bars and théished for 3MP[7] under similar conditiongT,y,p=40 °C,

a further decrease. The slope ,,s decreases in absolute P,\p=10 bars;Tgyp=38 °C, P3yp=1 bay it is found that
value from a low pressure value of -1.800“ to —0.62  although the densities of 2MP and 3MP are simi{lau944

x 10* A% pstbar?! past the inflection range. On the other and 0.956 g/cr), the molecular movements of the 2MP are
hand, the rotational coefficient seems to increase its valutaster than that of 3MP(D?P~1.9D3" and DMP
from 0.068+0.037 to 0.077+0.046 Psust after the point ~1.7D3MP). The immiscibility loop is much smaller in the
of inflection. At higher pressures it continues decreasing wittPMP/D,O reentrant solutions than in the 3MP/D case

a smaller slope (-5.4x10° below and -1.3 (approximately 30 °C and 80 °C, respectivelpe differ-

X 10°° pstbar! for pressures above those signaling theences being in the lower critical poit38 °C for 3MP and
anomaly. ~86 °C for 2MB [3,8].
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020 ———r——7——7——7——7 7 step of 2 fs. The van der Waals interactions were truncated
1 ] using a cutoff radius of 12.5 A and the long-range electro-
0.18 ¢ ] static interactions were taken into account using the Ewald
I 1 method[15]. Three different sets of simulations were carried
out. A first group of calculations was performed on the mi-
- i crocanonical ensembleonstantNVE) at an average tem-
& i@ ] perature close to 298 K and 17 densities comprising the
a i 7 0.924-0.994 g ciit range. Simulations using a Nose-
~ - %> . Hoover thermostat were carried out for 12 different densities.
2 o2 [ i Also, an additional group of 14 simulations was carried out
et i 1 using the Berendsen thermostat. The latter two groups of
e u {a . simulations were carried out in order to study in detail the
effects of temperature and pressure fluctuations on the ob-
1 tained transport coefficients. When using the Berendsen al-
0.08 5 gorithm, a study of the dependence of the relaxation time
] was also conducted. All in all, the effects of temperature and
0.06 i pressure fluctuations were found to be small but systematic
R and therefore the calculated quantities are given as averages
0 200 400 600 800 1000 1200 taken over the whole sets of simulations.
Applied Pressure (bars) The first simulation was done at a density slightly lower
than experiment and the system was subsequently com-
FIG. 3. Pressure dependence of the translatioopén circles  pressed in a progressive way in order to determine the effect
with a doy and rotationa(solid circleg coefficients as derived from  of the pressure on the system dynamics. In total we have

analysis of experimental spectra. done 42 different simulations. Each simulation consisted of
the compression phase, followed by an equilibration period
IV. COMPUTER SIMULATIONS of 10° steps(i.e., 200 p$ and a production phase of 2

A set of molecular dynamics simulations spanning 17 dif- 10° steps(400 pg where the trajectories were saved every

ferent densities has been carried out in order to access qua0> PS in order to study the system dynamics.
tities not easily amenable to experiment. This is done in or-
der to improve some aspects of the analysis of experimental
spectra particularly those concerning molecular reorienta- ] S )
tions where the assumption of isotropic rotational diffusion The calculatedy(r) radial distribution functions for the

may be too Strong to hold for a ||qu|d CompOSed of Ob|ate_SimU|ated ||qU|d are shown in Flg 4. The quantities there

A. Microscopic structure

shaped particles. displayed correspond to a sum involving the seven pseudoa-
The molecular model here employed uses six interactiofoms comprising the molecular model used in the simula-
sites per molecule corresponding to N, CH, and,Ghbi-  tions (see Table )l and are labeled agy(r) to distinguish

eties. The interaction potential comprises Lennard-Jones artiem from theg. ,(r) radial distributions calculated for the
electrostatic interactions with parameters taken from Jorset of molecular centers of mass which are displayed in Fig.
gensen’s OPLS force fielfll2]. The parameter set has pre- 5.
viously been used to study some properties of liquid pyridine The data shown in Fig. 5 serve to attest to the scant dif-
[13], and a list of their corresponding values is given in Tableference in the distribution of molecular centers with increas-
l. ing density. In fact, the most noticeable differences concern
The simulations were performed using the PoLy pack-  the heights of the first shoulder located at about 4.15 A as
age[14] on systems consisting of 216 molecules enclosed invell as that of the main peak at 6.0 A, while their character-
a cubic box with periodic boundary conditions and a timeistic distances remain unaffected by a change in density of
=T7%.
TABLE I. Lennard-Jones potential parametéeso) and frac- In contrast to the radial distributions pertaining the mo-
tional electric charges on atoms. Carbons Cel are located at lecular centers of mass, the atom-atom quantities shown in
both sides of nitrogen. The C{3) carbon lies opposite to nitrogen Fig. 4 display a systematic variation with increasing density.

and the two C-23) carbons are located at both sides of C-3. In short, the two most prominent peaks located=at.5 A
and 6.0 A witness an intensity increase for the former and a
Center & (kJ/mol) aA) Electric chargee) concomitant decrease for the latter as density increases. This
is also accompanied by a shift in the position of the first peak
N 0.71 3.25 -0.49 towards closer distances. An aspect worth dwelling on con-
CHs; 0.67 3.91 0.0 cerns the presence of twsosbestic pointsocated at about
C-1(a) 0.46 3.75 0.23 5 A and 7.4 A where all curves cross each other. The signifi-
c-2(pB) 0.46 3.75 -0.03 cance of such points has been discussed previously within
C-3(y) 0.46 375 0.09 the context of liquid watef16]. There, in common with most

results concerning optical absorption spectra, the presence of
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FIG. 6. Calculated first-rank orientational correlation functions
corresponding to vectors taken along the molecular dipole moments

FIG. 4. Calculated radial distribution functions for the eight dif- for the lowest(solid line) and highestvertical bars densities.

ferent densities. The values expressed in gicare given within
the inset. The latter shows a blowup of the region comprising the o ) ) )
two points at=5 A and 7.35 A where all curves inters@igosbes- moments with increasing distance between their molecular

tic point and are signaled by vertical arrows. c.m. The lowest order correlation function of such a kind
Gi(r)=(u'- ) just gives the average value of the vector

such singularities is interpreted as the signature of an undeRroduct of dipole moment vectors sitting in different mol-

lying equilibrium between twgor more different species. ~ ecules. The result_i; shown in Fig. 6 for data comprising the
To quantify the extent of molecular orientational correla-fWo extreme densities. o

tions together with their density dependences, the static ori- The data displayed in Fig. 6 show that strong orientational

entational correlation function,(r)=(u-u/) have been correlations p_efsist up te=9 A. This corr_esponds to dis-

evaluated. Such quantities specify the average value of tH&NCes comprising up to next-nearest neighbors, an account

correlator for the relative orientation of the molecular dipoleMade of the graphs shown in Fig. 5. The interesting point to
remark is the strong antiferroelectric ordering present at con-

—— tact distance$3.5—-5 A) which correspond to those about the

16 [ . lowest distance shoulder o ,,(r). This is followed by two
L ] oscillations centered about 5.7 A and 7.5 A depicting a par-
14 L ] allel (ferroelectrig alignment of molecular dipoles that takes
[ ] place at distances whegg ,,(r) shows its main peak. Finally,
12 L _' any clear hint of correlation in molecular orientation is lost
[ ] for distances comprising the third coordination shell, i.e.,
(L ; ] about 10 A wheray, ,,(r) shows the last oscillation. As re-
£ i ] gards the density dependence of such functions, data shown
3 0s L h in Fig. 6 attest to the fact that its main effect is to phase-shift
& the oscillations towards lower distances.
06 L .
B. Stochastic dynamics
04 L § An isotropic average of the translational diffusion coeffi-
I ] cient was derived from a linear fit of the long-time depen-
02 k- ] dence of the mean-square displacements using the known
i ] Einstein formula
0 k [ B TP S
4 6 8 10 12 _ 2
r (A) Dr=lim,_. w (2

FIG. 5. Calculated radial distribution fuctions corresponding to _ o
the molecular centers of mass for the eight different densities. Sym- The results are depicted in Fig. 7 where a clear change of
bols are the same as those used in Fig. 4. regime is seen for densities 0.96—0.98 g&m
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FIG. 7. Density dependence of the translational self-diffusion
coefficients as estimated from E@®). The error bars represent sys-
tematic errors calculated from averages taken over the whole set
of simulations.

Additional details of the microscopic molecular motions
are provided by the time-dependent orientational correlation
function (OCF)

1,2,3
12

Ci(t) ={uf(t) - u"(0)) = Pi(coséb,), (3

whereu'?3 stands for a unit vector following some specified

direction in the molecular frameR, is a Legendre polyno-

mial of Ith order, and¥, , ;are angles subtended between the s ! .

unit vectors just referred to and the axis of a laboratory 0 5 10 15 20

frame. The molecule-fixed axes were chosen making one of t (ps)

them (axis 2 to coincide with the direction of the molecular

dipole moment, a second normal to it also within the molecu- FIG. 8. The upper frame displays the density dependence of

lar plane(axis 1) and a third perpendicular to bothxis 3. the Dg pare reorientational diffusion coefficients corresponding
An example of the orientational correlations just referredt® the isotropic average of the three diffusion constabts

to is shown in Fig. 8 for the three vectors just referred to andcircles with a dot and theDy, average value as calculated for

two densities. The first-order orientational correlations® Circular plate (solid lozenges Error bars shown forDs

C%’2'3(t) shown in Fig. 8 display an initial Gaussian decay for cprrespond to systematic errors calgulated over the whole .set of

times less than 1 ps followed by purely exponential relaX_s|mulat|ons. Error bars oDy, are omitted for the sake of clarity.

, . =~ “"The lower frame displays the}'*3t) orientational relaxation func-
ations that extend to long timés=50 p9. Each relaxationis . corresponding to two in-plari@,2) and out-of-plane axe)

characterized by a decay constddy , 3 which _is direptly _ for the lowestp=0.924 g cm® and highesp=0.994 g cm® densi-

related to the dlagonal_elements qf thg rotational diffusionjas Lines depict reorientation about axigsblid), 2 (long dashes

tensor for an asymmetric-oblate ellipsoid. and 3(dots for the lowest density. Lines with symbols show relax-
The density dependence of average rotational constants igions for the higher density. Lines with horizontal bars depict re-

shown in the upper frame of Fig. 8. There one sees how gxation for axis 1, crosses show axis 2, and circles correspond to
change of regime with increasing density takes place for demxis 3.

sities aboutp=0.965 g/cm. Such average rotational diffu-
sion constants are defined as

1 12D,(D4 + 2D5) ficients serves to quantify the extent of motional anisotropy,
Ds=5(D1+D2+D3), Dpie= -~ .=+ (4 which is seen to be small but systematic. In other words, the
3 6(5D; + Dy) . ; "
molecular reorientation for the range of explored densities
and correspond to an isotropic average over the three difftshows a measurable anisotropy which is to be considered as
sion constants as well as to the case where the molecule &relatively minor deviation from the isotropic reorientation
viewed as a circular platgl7]. A comparison of both coef- regime, an account made of the achievable statistics. On such
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FIG. 10. A projection ont@100) showing the molecular packing
—— in 2MP as described ifil9].
50 60
t (ps) translational width inw space were obtained as parameters

of the fit, and after, they were included as fixed data in the
FIG. 9. Second-order orientational correlation functions for thEana|ysiS of the atomic intermediate scattering functions
axis normal to the molecular plane at the two extreme densities. The (Q 1), thus restricting the number of the adjustable param-
inset depicts the long-time contribution estimated by subtractionatars. The model used for the purpose was the same de-
from the calculatedC,(t) of a model function consisting on an geriped above for the experimental data analysis, and the
initial Gaussian plus an exponential relaxat(@ee text rotational diffusion coefficient was obtained as a parameter.
Scrutiny of the accuracy of the simulation results versus
grounds we will take the isotropic diffusion coefficiddg as  experiment can be carried out. For pressures of 1 bar, corre-
the relevant quantity to compare with the experimental sponding to a density 06=0.944 g/cm, the translational

The curves shown in Fig. 9 depict an example of theand rotational diffusion coefficients yield (DS
second-order OCF. The observed trends follow those just dis=0.181& ps?, D$m20.133/3? ps?t and D%Xptz 0.079 pst,

cussed for the first-order relaxation. Quantitative analysis Obgsz_OG_lpgl respectively. Although the simulations

such relaxations gets somewhat more complicated sincghow quantitative differences with experiment, the density
these functions show a small additional component at longlependence of botiD; and Dg also reveals an anomaly
times or a long-time tail which may be approximated by anwithin the range 0.955-0.975 g/énwhere both transla-

algebraic power law such as t™. The origin of the latter tional and rotational dynamics show a change of regime.
contribution seems to be specific to reorientations of oblate

particles as described in detail in REE8]. Fully quantitative

estimates of thé exponents were, however, hampered by the V. DISCUSSION
rather high statistics required to isolate such a weak signal
from the main relaxation. Here we will discuss the relevance of the obtained results

mostly within the context of phenomena pertaining the exis-
tence of liquid—liquid transitions as presently postulated to
C. Calculated spectra explain a whole variety of mostly dynamic phenomena.

As explicited above, the use of a crude diffusion approxi-
mation to model the experimental intensity and subsequently
extract dynamic information is validated by simulation re-
sults that show that both the mass and rotational dynamics The crystal structure of 2MP has been reported twice in
can be safely treated on such grounds. Even more, the effettte recent literatur¢19]. Both studies report an orthorhom-
on the non-negligible anisotropy in the molecular reorienta-bic P2,2,2; unit cell comprising four molecules. Molecular
tions has been quantified and found to result in a systematigacking shows a herringbone arrangement with clear indica-
underestimation of the average isotropic rotational diffusiortions of directional bonding with neighboring molecules ei-
coefficient by 7%. ther by C-H--N or C-H---7 electron cloud interactions.

Also, the F{(Q,t) self-intermediate scattering function That is, the crystal data show direct evidence of the self-
was obtained from the simulations for different mass densiassociating nature of this system. Pictorially, the molecular
ties of the liquid. The long-time part of the center-of-masspacking along100) is shown in Fig. 10.
intermediate functionsi-4(Q,t). ., were fitted to an expo- From such packing arrangement relevag(r) and
nential decay as it is predicted by the Fick translational dif-g. ,(r) have been calculated and are compared to the liquid
fusion model. The exponent factors multiplying the ticttee  structure functions in Fig. 11.

A. Liquid structure

021501-7
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into different words, the comparison just discussed points
towards the presence within the liquid of local structures
closer packed than within the crystal having a concentration
that increases with increasing density. Data at hand as dis-
cussed by Vorontsoet al. [19] identify local configurations
where two molecules adoptT configuration that is having
the molecular planes normal to each other, as able to explain
such features as well as the presence of crogssogbesti¢
K points in the density dependence of the atom-atom functions.
In fact, such local configurations are found in the crystal
0.6 . structure of the positional isomer 4-methyl-pyridif20,21]
which shows at low temperatures a tetragohgl/a with
eight molecules per unit cell having the rotational axis of the
methyl groups aligned along the crystabxis.

1.6 |-

14 |

12

08 -

gc.n.m. (r)

B. Findings in other systems

Here we consider the present results within the context of
others found for liquids composed of oblatelike spheroidal
particles.

The data for a number of liquids composed of planar mol-
ecules reported so fgR2—24 have evidenced the presence
of some change of regime at a given temperatorepres-
surg that manifests itself as a change in slope of the tem-
perature dependence of the specific heat, nuclear magnetic
relaxation rate, or any other dynamical property. It has been
interpreted 24,25 as a dynamical transition within the liquid
state. In fact, for most systems the findings at microscopic
scales can be correlated with well-defined features in macro-
scopic thermodynamic quantities such as the specific heat
' ' ' ' [24,26 or even some transport properties such macroscopic
. shear viscosity and surface tensi#v] which may show a

r(A) noticeable curvature within a restricted range of tempera-
i tures. In short, the temperature dependence of the specific

FIG. 11. The upper frame shows a comparison between the Calje 51 and viscosity follows a behavior qualitatively similar to

culatedg;, (1) for the liquid at a density of 0.990 g cth(symholy that shown by microscopic probes such as the NMR relax-

with that resulting from the crystal. Notice the scale factor that f ¢ ther diffusi fficients det ined b
applies to the crystal data. The lower frame shows a comparisoﬂl lon rates or othér diffusion coetlicients cetermined by neu-

between the distributiongs(r) for the molecular centers of mass of 0N Scattering, and therefore it is the presence of some non-
crystal (line) and liquid (symbolg. In order to enable a direct Monotous behavior in both microscopic and macroscopic
comparison, the calculation has been made on the same groundsRiobes that gives support to the dynamic transition view.
the simulation—that is, including all the hydrogens within the clos-Liquid quinoline is perhaps the most widely studied system
est carbon as pseudoatoms. of this kind. Its basic thermophysical properties show a num-

ber of features of interest such as the isobaric thermal expan-

The most striking feature of plots shown in Fig. 11 con-sion coefficient[26] which behaves in a fairly anomalous

cerns the absence within the crystal structure of any featureiay, showing all curves measured at a given temperature
matching the intensity of the shoulder appearing in the liquidcrossing point at pressures of about 500 bars. This phenom-
gem(r) at about 4.2 A. The result is of interest since theenon is rationalized on the basis of the weakly associating
crystal density 1.117 g c exceeds our maximum density nature of the liquid, and indeed, the isobaric heat capacity of
by about 13% and therefore one would expect within thethe liquid that shows a well-defined pressure-dependent
crystal a more closely packed structure than the liquid. Theninimum is understood on the basis of contributions from
comparison of atom-atom functions also shown in the figurdraction of unassociated liquid plus a contribution from the
in contrast with the ¢c.m. functions shows less marked differenthalpy of association. The picture drawn here resembles in
ences in the contact region. The graphs compared in theome respects that proposed to explain a good set of proper-
lower frame of Fig. 11 show that the liquid radial distribu- ties of liquid water in terms of a two-state modé&b]. Such
tion, apart from the low-feature just referred to, follows in a conceptual framework can also explain the negative disper-
its oscillations most of the details shown by the crystal. Pusion of hypersonic velocity reported in R¢28].

g (1)

Toon
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VI. CONCLUSIONS perimental artifact as an explanation for the observed
In search for the double critical point of the mixture of anomaly. Second, the molecular simulations served to verify

2MP and heavy water we came across a remarkable anomdfye Procedure employed for the analysis of experimental
appearing within 2MP neat liquid at applied pressures ofPectra as well as to gain access to quantities not eas.|ly ame-
about 200 bars. It manifests itself as a marked change df@ble to experiment. In particular, computer experiments
regime of the translation and rotational-diffusion coefficientshave validated the use of the model given by Ef.since
versus densitypressurg To add more intrigue, the pressure the motional anisotropy was proved to be small.
range at which such an anomaly takes place basically coin- The picture that emerges from the present study portrays
cides with that where the DCP shown in Fig. 1 is located. the interactions within these liquid materials as substantially
The same phenomenon has been reproduced by meansrobre complex than initially though ¢8] since the liquid by
molecular simulations. This first serves to rule out any exAtself behaves as a weakly associated entity.
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