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The heat of sublimation, density, melting point, and glass transition temperature are calculated for
myo- and neo-inositol, using the condensed-phase optimized molecular potentials for atomistic
simulation studieSCOMPASS [H. Sun, J. Phys. Chem. B02 7338 (1998] force field and
molecular dynamics techniques. Our results show that the calculated heats of sublimation and
density are very close to the experimental values for both compounds. Furthermore, our simulated
melting temperatures for myo- and neo-inositol also compare very well to the experimentally
obtained data. The glass transition temperatures for myo- and neo-inositol have been calculated to
be ca. 494 K and ca. 518 K, respectively, and the shape of the volume versus temperature plots
produced are typical for a glass transition. As a result, it is our view that the COMPASS force field
suitably describes these two compounds in molecular simulations and that molecular dynamics
techniques, combined with this force field, can be used to simulate the melt and glass transitions for
such molecules. €004 American Institute of Physic§DOI: 10.1063/1.1806792

I. INTRODUCTION MD simulations on aqueous solutions of the disaccharide. In
this study, the density of the amorphous matrix was moni-
ored as a function of temperature to detégt Mazeau and
HeouxX used MD techniques to study the structural differ-

years a number of studies have attempted to simulate usEnces between crystalline and amorphous cellulose. Amongst
ally by molecular dynamics techniques, the glass transitior). e properties calculated by the authors was the gl_ass transi-
of amorphous polymers and saccharides. Haml? used tion temperature for amorphous ceI'Iquse,' determined from
molecular dynamic$MD) to simulate the glass transition of volume versus temperature plots. Finally, in 2002 Yoshioka

four polymers: cis-poly(1,3-butadieng polyisobutylene, gt al.® used molecular dynamics to_predict the glass trans_i-
atactic polypropylene, and polystyrene. In this study, the aution temperature of aqueous squFlons of glucqse. In this
thors distinguish between diffusive and vibrational motionStUdy: the authors monitored density as a function of tem-
and monitor the latter as a function of temperature to detedp€rature to detect the glass transition temperature. Although
the glass transition. Tsige and Taylarsed diffusion coeffi- the .densme_s calcullated in this study were not validated
cients, also obtained from MD, to calculate the glass transi@dainst their experlmgntally determined counterparts, the
tion temperatureT,) of poly(methyl methacrylate With re- density of 1.43 gcm calc_ulated for pure amorphous
gard to saccharides, Caffarena and Grigera simulated thgglucose seems to be consistent when compared to the ex-
glass transition and crystalline melting of gluchas well as ~ Perimental value of 1.56 g cfi obtained for the crystal.

the glass transition in a number of glucose hydratesr the As part of a wider study, both experimental and compu-
melting point and glass transition temperature of glucosetational, on saccharides, we have investigated two closely
they used a counting routine to monitor the extent of interrelated molecules: myo- and neo-inositol. These two iso-
molecular hydrogen bonding as a function of temperaturemeric compoundsFig. 1) differ in only one aspect of mo-
The glass transition for these glucose hydrates was detectéeicular configuration: myo-inositol has only one hydroxyl
by monitoring the self-diffusion coefficient of water as a group in an axial position whereas neo-inositol has two. The
function of temperature. Conrad and de PAtdtudied the resulting difference in melting point between these two com-
cryo-protectant properties of-a-trehalose by performing pounds is, however, ca. 90 ¥ a very large value consid-

The introduction of high performance computers and
novel force fields has allowed the accurate simulation o
phase transitions in organic materidl©ver the last ten
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oH volve significantly slower heating rate®f the order of
OH 10 °C/min. As the observed glass transition temperature var-
e B ies according to how much relaxation a material has
" oH undergon& (which in turn depends on how long a material
’ spends at a temperature high enough to allow structural
change it is unlikely that the simulated and experimentally
Myo-inositol - melting point 498 K [9] obtained glass transition temperatures will agree precisely.
This discrepancy has already been mentioned by various
authors>3%7
Of the three physical properties that are calculated to
validate the use of the COMPASS force field, simulating
acceptable melting points for myo- and neo-inositol is prob-
. ably the most challenging. Ferretéit all* calculated the
OH melting point for succinic anhydride to within 10 K of the
OH literature value using molecular dynamics techniques. The
OH authors first adapted the OPLS force fiéltb reproduce the
density of this compound at 298 K along with its heat of
sublimation energy. They then proceeded to calculate a melt-
ing point by monitoring the cell density as a function of
temperature. The apparent agreement between the calculated
FIG. 1. Three-dimensional molecular structures and the reported experimerand experimentally determined melting points using their ap-
tal melting points of myo- and neo-inositol. proach for succinic anhydride might well be fortuitous in this
case given the effects of superheating that must undoubtedly
ering the small difference between their molecular geom-Iead .to a higher g:alculated mglting point, as recognized by
etries. Morris and Sond?® Indeed, Morris and Song, appear to have
alleviated this problem by introducing liquid regions into

Using myo- and neo-inositol, the work reported hereinth . alli del. Th . lerate th i
aims to use computer simulation methods to achieve the fol- er crystallineé model. 1hese regions accelerate the meiting

lowing objectivesi(i) Validate a modeling methodologyn- process and redgce superheating by effecfcively seeding the

cluding choice of force fieldfor glass transition studies, and _?_LOWth ?}f the flutldep\?gse alrourd tdhe me_ltlng temperat;Jrltla.

(i) simulate the glass transitions for myo- and neo-inositol. ". e authors used molecular dynamics to successiully
With regard to(i), we have used the condensed-phase_sr'mmate the melting transition of a Lennard-Jones system.

optimized molecular potentials for atomistic simulation stud-f 0 |n\t/est|gate ;hestcar] ptomtshfurther V\éje trep_ort Ih e{-reﬂghree ﬁ.'f'
ies (COMPASS force field to calculate energies using both erent approacnes that we nhave used to simulate the metting

MD and energy minimization techniqu&.This generic point: one method that ignores any possible superheating ef-

force field has been shown to possess two key features irr@Ct (method J; an(_zl t\_NO othergmethods 2 and)ahat aQopt
portant to the current study(i) it successfully predicts a a melt6h0dology similar to that proposed by Morris and
number of physical properties exhibited by carbohydratesong'

compounds; andii) it is specifically parametrized for con-

densed phasés$in order to validate this force field for myo-

and neo-inositol, a number of physical properties are calcu-

lated and compared with their experimentally obtained counyj. METHODS

';erparts. The three physical prop_ert|e_s to be calculate%. Computer hardware and software

or force field and methodology validation purposes are as

HO

HO

Neo-inositol - melting point 588 K [9]

follows: All calculations were performed on a dual processor Oc-
(a) Heat of sublimation. tane2 silicon graphics workstation runningixe4 (release
(b) Density at 298 K. 6.5 system operating software. Limitations associated with
(c) Melting point. the licensing of the modeling software, meant that all calcu-

Three of the studies previously mentiofiéd gauge the lations could only be performed on a single proce<600
quality of the force field parameters according to how closeViHz). The OFF modules in the Cerfuéversion 4.6 (Ref.
the simulated glass transitiohy temperature matches the 17) molecular modeling environment were used to perform
experimental value. Although these studies elegantly illusall energy minimizations and molecular dynamics simula-
trate a number of useful points, it should be noted that comtions, and the builder modul@lso incorporated in Cerits
paring simulatedT, values with experimentally obtained was used to expand unit cells into supercells. The crystallo-
glass transition temperatures may not be a satisfactory valgraphic coordinates of both myo- and neo-inosis®e later
dation criterion. The molecular dynamics simulation tech-also were obtained from crystallographic structural
niques used by these investigators simulate heating rates @ratabas¥ searches using a windows based Hewlard Packard
the picosecond to nanosecond time regime, whereas the egersonal computef1.7 GH2 running Conquestversion
perimental techniques used to determing(usually by dif- 1.5).1° The results of these searches were displayed in Mer-
ferential scanning calorimetry or dilatometry methpits  cury (version 1.1.1°
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B. General molecular dynamics methodology The construction of pressure versus temperature dia-
Sgrams(method 3 was carried out using solid-liquid coexist-

numerous energy minimization stepelaxation and MD ence modelfs and the .NVEcc.)nstant volume, energyen-
simulations. Minimization steps were performed using thesemble: .Du.rlng these simulations the systems _evolve to"""?“P'S
COMPASS force field and the smart minimizer algorithm, 2" €duilibrium temperature and pressure, which, by defini-
available within Cerius Furthermore, these steps were car-1on. 1 the melting pqlnt at a particular pressure. Fu'rther-
ried out using the EWALD summation technidééo calcu-  1O'€ SOme of the solid may also melt during these simula-
late the long-range electrostatic forces. MD simulations weréﬁ'onS if the initial temperature is higher than the melting

performed using the Verlet-Verlag velocity integration point however, if the temperature is lower the system may

algorithm?? and a time step of 1 fs. The COMPASS force initially solidify before reaching equilibrium. During these

field™ was used to calculate the energy during each dynamt_)rocesses either kinetic energy is converted into potential

ics run and the nonbondddan der Waals and electrostatic energy to reflect the latent heat absorbed on melting, or po-

forces were truncated using direct-space cutoffs. The choicT(?nt"f’II energy 1s converted to kinetic energy to reflect the
of cutoff for the main MD runs was made according to two required increase temperature for the system to be brought to

selection criteriali) the energy calculated from single point egwht&qumt from the fof\;ild. The sdarr?e Cond.'t'onsz' Itlzm('al'h
calculations on the starting models closely matched the en- ep, direct-space cutofivere used here as in model 2. The

ergy calculated using the more accurdbait much more ‘ VE rugs were adjludgTddto htavedeqtulkl)blrateczid when tem_p%ra-f
computationally expensiye EWALD summation  ture and pressure leveled out and stabilized over a period o

techniqué* (ii) increasing or decreasing the cutoffs by up tot|me._E.a.ch modgl was found to have partially melted when
1.5 A did not significantly change the energy valuegiin both initial and final models were compared.

Due to the different molecular arrangements in the models

used in this study, the distance at which the electrostati€- Validation of the COMPASS force field

contributions converge must be different. Thus, we should®" myo- and neo-inositol

not be surprised in the following sections by the use of dif-1. Heat of sublimation ( AHsub ) calculation

ferent directspace cutoffs to deal with the nonbonded inter-
actions of different molecular arrangemefitg., models of
the same compound used in methods 1 and 2 in the followin
sections. It is also important to note that all the direct-space

cutoffs used in this study are smaller than half the length 0ﬁor each structure the cell was expanded to yield a supercell

the shortest supercell dimension. o o »
. . . . containing 128 molecules. Periodic boundary conditions
Temperature control was provided in each simulation by

were imposed on the supercell, and each molecule was al-
the Berendsen thermostatand pressure was controlled us- ) e
. . lowed full conformational flexibility. The arrangement was
ing the Parrinello-Rahman barostat.Furthermore, each

N-P-T simulation was performed under atmospherice" €nerdy minimized and an energy minimum vallligs
pressure was obtained.

The investigations outlined in Secs. Il F and Il G, respec- The internal energy of the gaseous phikg, was cal-

tively, attempt to simulate the melt and glass transitions. Fo\fvlggtreedmisvgl?r\g; ?hzlzgllif (;ndﬁ)ll(jfal#]zgffgif:[hoé (r;esc])j-;r;%snol
methods 1 and 2 in Secs. Il F and Il G, respectively, the su:

percell volume is plotted as a function of temperature anc}hen energy minimized. From this, an energy vallygswas

transitions are detected from specific characteristics exhibqbtained' . .
Using a similar approach to that of GavezZsttind the

[ the resulting profiles. It is important mphasiz .
ted by the resulting profiles Is important to emphas eetxpressmn below the values ftt s, Ugas, @and AHg,,
that separate molecular dynamics runs were performed & Y 9

: . were calculated
several temperatures over an increasing temperature range:
Each simulation lasted for at least 100 ps and the initial AHgw=AU—-RT. (N)

conditions(atomic coordinates, velocities, and supercell voI—In this equation: AHy, is the enthalpy of sublimation

ume for subsequent higher temperature molecular dynamic% molY): AU is the difference in internal energy between 1

e e et e ofGaseaus molectes and 1 mol f moecies i e
first simulation in eacﬁ case were provided by their respec(-:rySta"Ine arrangemerite., U as” Yens/J Mol 7); RIs the
. L . : . gas constant 8.314 JRmol™; T is the absolute tempera-
tive energy minimized model&reparation outlined in the ture (K)

following section$ and the initial velocities were assigned '

from a Boltzmann distribution at 300 K. In all simulations, ) ]

the molecules were allowed to be fully flexible, unless oth-2- Deénsity calculation

erwise stated, and equilibration was attained when the vol-  The following protocol was used to calculate the density
ume of each supercell leveled out and stabilized over a pesf both myo- and neo-inositol under atmospheric pressure at
riod of time. With regard to the latter, this occurred in each298 K: a crystalline supercell containing 128 molecules was
simulation within the first 80 ps of the run. The period sub-equilibrated under atmospheric pressure, at 298 K for 100 ps
sequent to equilibration was used to calculate bulk propertieasingN-P-T molecular dynamic$? Direct-space cutoff val-
such as density, supercell volume, and temperature. ues of 9.5 and 12.5 A were applied, respectively, to myo-

The computer modeling carried out in this work involve

The internal energy .y Of the crystalline phase, a nec-
essary parameter in the calculationAdfl g, was calculated
%s follows: unit cells for myo-inositol and neo-inositol were
btained from the Cambridge structural datab&S&D).!
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Finally, with regard to the starting models used in
method 3 for both inositols, these were assemblies of the
model 2a configuration described above.

E. Preparation of amorphous models
of myo- and neo-inositol

A supercell was prepared by the procedure already out-
lined in Sec. IIC 1. Four randomly chosen molecules were
then permanently removed to assist molecular movement in
FIG. 2. Model used in method 2. Only mode 2or myo-inositol has been  the later MD simulations. The remaining molecules of this
represented in this figure; however, a similar model has been produced f@upercell were then manually repositioned within the super-
neo-inositol. The blackened species represent molecules that are constraingg|| houndaries, using the tools available in Celits yield
to remain in the crystalline configuration during high temperature NVT dy- . - : . _
namics. The remaining regions represent the movable disordered regior?s disordered structure. This method of disordering the mol
that represent the liquid phase. The arrow and spot depict the vertical dire€CUl€S ensured a completely random array of molecules. To
tion and the direction into the plane of the paper along in which the superprevent artificial close contacts occurring between these dis-

cell is expanded by a factor of 2 to yield mode.2 ordered molecules, the amorphous supercell was minimized
and a NVT dynamics simulation was carried out at 400 and
500 K, for myo- and neo-inositol, respectively. The tempera-

calculations. The density was calculated for each inositolVithin the molecules. The last frame of this trajectory file
from the final 20 ps of each simulation. was selected and the model energy minimized.

The above preparation method, to our knowledge, has
not been attempted previously for the construction of amor-
phous models. We emphasize that the preparation attempts to
create a truly random array of 124 molecules with no obvi-

As mentioned earlier, three approaches were used tous short-range crystalline order. A future publication exam-
simulate the melting points of each compound, i.e., methodming the microstructure of amorphous models of myo-
1, 2, and 3. Starting models for method 1 were prepared foinositol as a function of preparation method will show there
MD using the following procedure: unit celfsof both myo-  to be little variation in the glass transition temperature when
inositol and neo-inositol were obtained from the CSD andthe method of preparation is varied.
then expanded into separate supercells containing 128 mol-
ecules. The positions of the molecules were then relaxed tB. Melting point simulation methodology
yield an energy minimized structure. 1. Method 1

With regard to method 2, two slightly different super-
cells were constructed for each inositol, i.e., modal&hd
model 2Zb. Model 2a was built using the starting model con-
structed for method 1 by the following procedure: within an X )
arbitrary selected central region of the method 1 model, th&onfiguration.

positions of ca. 33% of the molecules were constrained to 1€ N-P-T ensemble Wfif used for e?\ch simulation and
remain fixed(blackened molecules, Fig).2The remaining direct-space cutoffs of 9.5 A and 12.5 A were employed,

molecules were left unconstrained and able to m@nen- respectively, to truncate the nonbonded interactions of myo-

blackened specigsTwo molecules were then permanently @nd neo-inositol.

erased from each movable regidgiour molecules in total

were removefto assist molecular movement and a molecu-2- Method 2

lar dynamics simulation was performed on the supercell un-  As mentioned in the introduction, the current work em-
der constant volume and temperatyMVT ensembl&) at  bodies a method similar to the one employed by Morris and
1200 K for 150 ps(A direct-space cutoff of 8.5 A was ap- Song in which theyinter alia, calculate the melting point of
plied to both inositol models in order to truncate the non-an atom based Lennard-Jones system. However, the method-
bonded energy calculationsTo yield the final model 2  ology presented here differs slightly to Morris and Song in
configuration, the final frame from this high temperaturethat the N-P-T ensemble is employeths opposed to the
simulation was minimized, first with the central region con-NVE ensemblg By using the constant pressure-temperature
strained and then with all atoms allowed to move. The conensemble macroscopic profiles such as volume versus tem-
struction of model B, on the other hand, followed a simpler perature plots can be compared to experimentally obtained
procedure in comparison to modeh 2This particular super- profiles to ensure that the melt transition is indeed being
cell was constructed by expanding a previously preparedimulated correctly. We feel that this is an important valida-
model 2a into a larger supercell containing 496 molecules.tion requirement.

The expansion was made along the directions outlined in  The constant pressure-temperature simulations are car-
Fig. 2. Following the enlargement, the whole arrangementied out on the coexistence models prepared in Sec. IIC
was energy minimized. (model 2a and ). In each case, direct-space cutoffs of 10.3

D. Preparation of melting point simulation models

Independent molecular dynamics simulations were per-
formed in 100 K steps between 300 K and 1200 K to equili-
brate supercells of myo- and neo-inositol in the model 1
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and 9.45 A for myo-inositol and neo-inositol, respectively, TABLE . Exper'ir_nental and calculateq va_Iues for the heat of sublimation
were used to truncate the nonbonded interaction calculation§Hsu2nd densities of myo- and neo-inositol.
These cutoffs were chosen according to critéjaand (ii) AH o (kd molY)

outlined in Sec. II B.

Density (g cm )

For both compounds, each molecule was again allowed Expt. Calc. Expt. Calc.
to be fully flexible and simulations were performed undermyo-inositol 161 159 1.570 1.575
atmospheric pressure. For modets dboth were equilibrated Neo-inositol 181 1.694 1.676

for 100 ps at: 300 K, 350 K, 400 K, 450 K, 500 K, 550 K,
600 K, 650 K, and 700 K. For model$2 myo-inositol was
equilibrated at 490 K, 500 K, 510 K, 520 K, and 530 K for
200 ps; neo-inositol was equilibrated for the same length ofll. RESULTS AND DISCUSSION

time at 560 K, 570 K, 580 K, 600 K, and 620 K. The tem- 5 yjajigation of the COMPASS force field

perature regions explored for moddb vere specifically se-

lected to encapsulate the literature melting point values of ~Table I displays the heat of sublimatidrH,;, and the
both inositols and to reduce the number of lengthy MD runsdensity calculated for myo- and neo-inositiol. The agreement

required. The method of temperature increase between incréetween the calculated and experimentally determined val-
ments has been explained in Sec. II B. ues of myo-inositol is very good, which indicates that the

COMPASS force field adequately describes these two com-

pounds in energy calculations. Although an experimental

value for AHg, is not available for neo-inositol, the calcu-
3. Method 3 lated value is higher than that of myo-inositol, which one

would expected for a material possessing a higher melting
Method 3 resembles more closely the approach of Morygint.

ris and Sond® Starting models of myo- and neo-inositol
were primed for the NVE simulations by, respectively,
equilibrating each at 505 and 575 K under atmospheric press ; C .
sure for 20 ps using thBl-P-T ensemble. The final condi- B. Melting point simulations
tions of these runs were used as the initial starting conditions  Figures 3 and 4 display the volume versus temperature
for NVE simulations. These constant volume-energy molecuplots calculated for methods 1 and 2 of myo- and neo-
lar dynamics runs were initially carried out for 20 ps during inositol, respectively. In each graph, the melting point is ap-
which time the velocities were adjusted to the temperatureparent from the characteristic sharp increase in volume that
employed in the prioN-P-T run using the velocity scaling describes the first-order nature of the melt transition>
method*? (Employing this crude method of temperature con-The melting points calculated using the method 1 approach
trol helped speed up equilibrationrSubsequent to this, the are 675 K and 1120 K for myo- and neo-inositol, respec-
velocity scaling was removed and the simulation was contintively [Figs. 3a) and 4a) respectively. Therefore, for both
ued for a further 80 ps during which time pressure and temmyo- and neo-inositol, method 1 yields a melting point that
perature was found to have equilibrated. Temperature anig significantly higher than their literature values of 498 K
pressures were calculated over the final 20 ps of this latteand 588 K, respectively. Using mode&2on the other hand,
MD run. The procedure was repeated several times usingiethod 2 appears to be successful in reducing the simulated
separate starting models; however, in each separate run theelting points of method 1 and yields a melting point of ca.
volume of the supercell was increased slightly following the562 K for myo-inositol and ca. 660 K for neo-inositel64 K
priming step. From these simulations, the melting point ofand 72 K higher than the experimental values, respectively.
each inositol was plotted as a function of pressure and fronincreasing the size of the modea Zupercell to give model
the resulting graphs converged melting temperatures for botBb further improves these estimates. For example, mobel 2
compounds at atmospheric pressure were obtained. yielded melting points for myo- and neo-inositol of ca. 505
K and 575 K, respectively, which are both within 15 K of
their literature values. Switching from thé-P-T ensemble
to the NVE ensemble as described for method 3, refines
these melting points even further. From Fig. 5 melting points
of 490 K and 578 K are obtained, respectively, for myo- and
neo-inositol. Furthermore, the positive slopes of the melting
For myo-inositol, an amorphous supercell was equili-point lines shown in Fig. 5 are entirely consistent with the
brated for 100 ps in separate MD runs between 300 and 60&bruptincreasein volume at the melting points of the two
K (50 K intervalg, and for neo-inositol the same simulation compoundgFigs. 3 and 4
time was employed; however, equilibrations were made be- The results illustrate four very important points.
tween 300 and 700 K50 K intervalg. All simulations were (i) Using an approach that does not account for super-
performed under atmospheric pressure and direct-space cuteating (method ) can yield melting temperatures well
offs of 10.3 and 9.45 A were employed to truncate the nonabove literature values.
bonded contributions for the myo- and neo-inositol models,  (ii) Introducing liquid regions into the crystalline mod-
respectively. els (model 2a) alleviates superheating effects.

G. Molecular dynamics simulation
of the glass transition
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FIG. 3. (a) Plot of supercell volume vs temperature for myo-inositol using FIG. 4. (a) Plot of supercell volume vs temperature for neo-inositol using
method 1. The broken vertical line displays the melting temperature, whichmethod 1. The broken vertical line displays the melting temperature, which
has been estimated at 675 K. The error bands for each point are too small fbas been estimated at 1120 K. The error bands for each point are too small
display but range from-/—120 A® to +/—230 A3, (b) Supercell volume vs  for display but range from-/—105 A% to +/—370 A, (b) Supercell volume
temperature plot for myo-inositol using moded 2nd method 2. The broken vs temperature plot for neo-inositol using model and method 2. The
vertical line displays the melting temperature, which has been estimated dfroken vertical line displays the melting temperature, which has been esti-
562 K. (c) Supercell volume vs temperature plot for myo-inositol using mated at 660 K(c) Supercell volume vs temperature plot for neo-inositol
model 2 and method 2. Again, the broken vertical line displays the meltingusing model » and method 2. Again, the broken vertical line displays the
temperature, which has been estimated at 505 K. melting temperature, which has been estimated at 575 K.
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a. perheating effects even further. This finding is probably due
to an increased number of sites in which melting can be
0.081 initiated from. The main drawback of using models of com-
0064 parable size to modellRis that a ca. 14-fold increase in
E‘ ' computation time is required for each simulation, i.e., using
S 0044 model 2a, 100 ps of the simulation took24 h to perform,
- whereas using modell® 200 ps of the simulation took ca.
" 0.02 4 14 days to perform. With regard to poifit/), superheating
g effects are eliminated with the introduction of method 3 and
5 0\ . . . . . precise melting points are obtained. Furthermore, the accu-
¢ 470 480 /490 500 510 520 530 racy of these melting points to the experimentally obtained
B 002 Temperature K values again validates the COMPASS force field for these
two compounds. It is also worth noting that the effect of
-0.04 superheating with method 2 is small given the simulated

melting point values obtained for method 2 and method 3.
From the three approaches described, the following
b. question arises: which model best describes the melting tran-
sition? The answer to this question is not straightforward.

0.044 Although method 3 provides precise and accurate melting
points in the present case, it does not simulate the experi-
0.031 mental conditions in which melting points are obtained and

thus its usefulness is limited in microscopic studies. In con-
trast, method 2 does simulate experimental conditions more
closely but is continually dogged by superheating effects.
Thus, for studies aimed at providing a microscopic explana-
tion for a particular melt transition performing two separate
570 580 590 600 610 simulations might be appropriate: one that follows method 3
(to validate the force field and one that follows method 2
(for microscopic studies

Pressure x10° Pa
o
=

-0.011 Temperature K

-0.024
C. Glass transition simulations

FIG. 5. Plot of melting point of myo- and neo-inositol as a function of . . . .
pressure(method 3. (a) represents the calculated melting point line for Figure 8a) displays the change in volume as a function

myo-inositol and(b) represents the calculated melting point line for neo- of temperature for the amorphous model prepared for myo-

inositol. The melting points at atmospheric pressure for myo- and neos ; ; i ; ; ; _

inositol have been calculated to be 490 K and 578 K, respectively. IHQSIIOI. Comparing this diagram with experimentally deter
mined volume versus temperature curves generally observed
for amorphous materials, it is immediately apparent that the

. . ) _ molecular dynamics simulations are successful in producing

(iii) Increasing the size of the coexistence cell and in- glass transition. The temperature of this glass transition is
creasing the length of simulation time, can reduce superheatsiimated to be ca. 494 Kee figure however, no experi-
ing even furthe(model ). mental value is available for comparison.

(iv) Switching from the constant pressure-temperature Figure Gb) displays the volume versus temperature dia-
ensemble to the constant volume-energy ensemble eliminat?am for the amorphous model prepared for neo-inositol.
;uperheating effects and provides precise and accurate me gain, this diagram displays a typical volume versus tem-
ing points for both compounds. perature profile for an amorphous material. The temperature

With regard to(i), comparing the melting temperatures of {he glass transition is estimated to be ca. 518 K; however,
obtained from method 1 with experimentally obtained val-4, experimental value is not available for comparison.

ues, it is apparent that the short time scale of these molecular

dynamics simulations is not long enough to observe, at Iowelr) Microsconic considerations
temperatures, the nucleation and growth of the melt. As a” P
result, the system is superheated to higher temperatures until  The number of hydrogen bonds per molecule exhibited
the molecules possess sufficient momentum to surmount thgy myo- and neo-inositol in the crystal phases of both com-
energy barriers associated with the disordering of the cryspounds is an obvious starting point when rationalizing the
talline configuratiort® With regard to(ii), superheating is different melt and glass transition temperatures. From the
reduced since the starting models used in metho@e2,  crystal structures of both myo- and neo-inositol, we find that
model 2a) already possesses liquid regions, i.e., regions arboth compounds possess 12 hydrogen bonds per molecule
already disordered, hence the energy barriers for melting ar@ither donating or acceptipgn fact, from a CSD search on
reduced® Finally, point (iii) illustrates that increasing the other inositols we find that L-chird® muco-?® and
number of molecules in the starting models of methdde2,  epi-inositof® also possess 12 hydrogen bonds per molecule.
model 2b) accelerates the melting process and reduces sururthermore, there appears to be no obvious pattern from the
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a. E. Evaluation of methodology and protocols
28000
= 27500
< 1. Direct-space cutoffs
g 27000
= The use of direct-space cutoffs can be a crude method of
g 26500 truncating the long-range electrostatic contributions and can
T 26000 lead to inaccuracies in a simulatihOn the other hand,
g 25500 Surt! noted that using the COMPASS force field with a
= direct-space cutoff to predict the density of a large number of
@R 25000 liquids did not have a significant effect on MD simulations
I when compared to the highly accurate EWALD summation
24500200 250 300 350 400 450 500 550 600 650 method. Sutt also reported that switching from the EWALD
summation method to a direct-space cutoff of 10.5 A de-
Temperature K creased computation time by a factor of 20. In order to ex-
tend Sun’s conclusions to our present systems, the following
b. control test was performed on modeh f myo-inositol: a
number of separate MD simulations were carried out, as de-
28000 scribed in Sec. IIF 2, at 560 K and 570 K using direct-space
- cutoffs of 8.0 to 11 A(at 0.5 A increments The two tem-
‘j 27500 peratures chosen for this control test are significant since at
€ 000 560 K the coexistence model of myo-inositol is crystalline
% and at 570 K it is molten liquidFig. 3). Therefore, if the
: 26500 simulated melting point is sensitive to the direct-space cut-
§ 1 off, then a significantly different volume is expected to be
5 26000 calculated at these temperatures, i.e., a higher melting point
-y would be indicated by a lower volume for the 570 K simu-
v 25500 | lation (to reflect the existing crystalline arrangemeand a
25000 I lower melting point would be indicated by a larger volume
300 350 400 450 500 S50 600 650 for the 560 K run(to reflect the fluid molten stateAs a
further check at these two temperatures, the enthalpy differ-
Temperature K ence between the two models at 560 and 570 K was calcu-

lated for each cutoff in these separate MD simulations.
FIG. 6. (a) Supercell volume vs temperature plot for amorphous model of -
myo-inositol. The broken vertical line displays the glass transition tempera- QU results indicate that the supercell volume calculated
ture, which has been estimated at 494(K. Supercell volume vs tempera- at these particular temperatures does not vary significantly
tgre plot for amorphou_; model of neo-inosjtol. The brokeq vertical line\yhen the direct-space cutoff is Changed from 8.0 to 11.5 A,
displays the glass transition temperature, which has been estimated at 518 K., . . :

which suggests that the melting point also does not vary.

Furthermore, the enthalpy difference calculated between the

high (570 K) and low-temperaturé560 K) molecular dy-

namics runs for each cutoff does not vary significartilg.,
hydrogen bonding networks to indicate why myo- and neo-8.0 A=54.34 kJmol'; 8.5 A=53.01 k mol'}; 9.0 A=52.96
inositol melt at such vastly different temperatures in both thekJ mol'; 9.5 A=55.30 kJmol?; 10.0 A=53.85 kJmol*;
crystal and amorphous models. Our initial findings point to-10.5 A=56.13 kI mol*; 11.0 A=53.24 kI mol?). Thus, it
wards differences in molecular packing of these moleculesappears that the results described in this publication are not
For example, due primarily to the positions of axial hydroxyl significantly affected by the direct-space cutoffs used in each
groups on the molecules of these inositols, molecular packinstance.
ing in neo-inositol appears to be more efficigobmpare Our attempts to use the EWALD summation method to
densities in Table)l Thus, our preliminary examinations of deal with the long-range nonbonded interactions were not
the simulations presented in the current study indicate thaguccessful. Although this technique is the most desirable
the molecules of myo-inositol break up at a lower temperatechnique to use, it took ca. 72 h of computation time to
ture simply due to this difference in packing, i.e., moleculesperform 25 ps of the simulation. The former was deemed to
of myo-inositol are not as efficiently locked into the crystal- long for the study in hand and the latter insufficient simula-
line configuration as their neo-inositol counterparts. Ourtion time for the models to fully equilibrate. Thus an accurate
studies are still ongoing in this area and involve quantunsupercell volume could not be determined from these tests.
chemical techniques to investigate the possibility of variadn comparison, using a direct-space cutoff to truncate long-
tions in cooperative effects in the hydrogen bonding patternsange nonbonded interactions, 100 ps of each simulation was
exhibited in these two crystal structures. complete within 36 h.
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2. Simulation time versus glass transition substantial increase in melting point. Our work is currently
temperature ongoing in this area and a forthcoming publication will sug-

It is plausible that increasing the length of time that thegest possible reasons for this.
amorphous models of myo- and neo-inositol spend at each Another forthcoming publication will compare the bulk
temperature will affect the predicted glass transition tem-tructural characteristics of the amorphous models presented
perature. Thus, in order to investigate how the glass transin this paper along with other amorphous models prepared
tion temperature varies as a function of simulation time, thdrom a number of different methods. It is also intended to
molecular dynamics simulations performed for 100 ps onmonitor how these characteristics change as the models ap-
amorphous models of myo-inositol were repeated at 400proach and pass through the glass transition.
450, 500, 550, and 600 K, for 200 ps. Again, the initial
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