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Poterials wenerslly weed in molecular dynamics OV slnulation of Si0, properties customarly ate
vacitrated to a conbination of conpuied modserlar slactanic stuchure data wed expetirerol cysalling duta
The presear study 12415 paramelerizziion to data fram high-level, Arst-principles cleclaaie siruclure valvulzaons
afrie. The issue is crucial t the suceess of mulli-scale simualations. They raquize a consstenr cbedding of the
seecalled equaantam mechanizal regivn (forces from gradients of guanem inezhenios] 1o enereiss) In a classical
interione patentizl region W perzonclerized o widsly ased form of effectve interionic potential fer Si0); fiom a
high guality caleulaced daw for 14,500, and H.88,0, clusters sod for w-guarke,
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The: broac success of malecolar dynemics
(MLY simuletion of eendersed phase pooperlize
restz  Lron  nEr-onic  polentials  as  effective
substtutes for the explicit quanlisn meckanics of

hewding oy chadrogs [l 2] &0, i a
teekbnelamically  ard  scisntilically  important

example |3:, ‘I'hough there ure nany paransstorized
inleraetions o Sick |4, 3], the 1sgues of interast in
multscale  samulations. oor o leeus, ans cusi'y
illnstrated with the so-called 'T'UAM |G} ans BES
I7. B] pair pulcalils. (The acronyms refer <o the
raspective 3otz of awthors) These potentiuls are
hewwily cited in Lhe inaterats lilemoerr, 8 facl that
suzzgests they are viewad as successlul by U
inalerisls simulalion communicy [4,

A puilzhed, e TTAR ard BES pedenlials wors
parameterized to first-pricciples clectronic struclar:
resulls Jor s smell eesler nocnednesen wh
cxperimentdl b o7 e-quarms. [A-8]. The “T7TAM /
BIET form is
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waere The iong i, | have s2ative displacement o
Etecges are in oW, keogtls in A, e £ wre o eis
vl clectron chorge ma r_:rﬁt'_u']f. and k& iz ths
conversion Fom o oloeiony” per o Aotooey (w10
Froor thenr tanctional tooms, the thees torms arc
called Coulomb, Beckimgharn, ard van dar Wasls
fems, resprelively (Char nevtation Aiffers froan the
erigingia to facilitere commparative preseriatiog. )

OF conrs2, shree-tedy nteractions ane savsen Lo L
irnpartnd for corwenics [5 00, 113, el the meabism
ot e |1|:|1v-.n.'ia| 15 e dsane, RHH::, we live &
saiglz, fundamentn! concern: giver 3 successlul,
popuar Toon of polsntin., what are the ettects of
nsing dil"vrenl Sirst-nebiciples clocimoric saraclnre
Hiputs for parsmerzrzation? The eoamext 5 muli-
seals simulstiong, In thom, e forees Inoe reloiively
smedloregion, tae so-calied Q%M oregico, eone o
same chojce of approximate Quartum Mecaan:es.
The M secicn s embeddad v o2 tuch leeeer

callection  of  pamizles whose  dvarniics are
tleterrined by iner-ionic  perearals, the “Cw
pegion”. Brenner [127 has civer a comprelensive
discnzslon a7 the  {msues af powential
paramctorization  for codinery MO showalions,
CHoviously  Ehose siowderons da oo nvelve
cmbaeldigr 2 O repion, ke procadura we
altimately have in ming,

Buth BES and TTAM eed the sume hmead

approach to saricmersrization buo with significant
thilfzreness m detail  1ach eroop nicked a
termiaed itk closter ol owid diTeront
lerraipacionz. Tach ther found mulliplz peramcler
sats thas Gt e powendal o Hartcse-Fock {HED
reseds Tor Uwe struclure and cnergelios of lheir
clustzr, beom dnCng 1h0ie prranstes s2s, each
crou chose Jie oae sed that yiclded the best o oa
saleetzd sob wf caloolaled cresiallice propemias.
Lremails differ, bur thet is the essential scheme.
For g noltbseale valeadatmn 16 e unegaivacally
predictdve, the calibmden o experstertsl data
wonld hawve te b clanimatcd. Achicving that
freecom from experimental caliboazion is c'oscly
relatedt Lo the pricwary fovus ol this pape:. From that
perspective the oogeclive is W obtain the paramzter
ger for a given potential thar provides e best
possible reproduction ol calowlated k] gropertizs,
This is ceprivatons 1 perseinge the imnien lepic ol
the BRSSO LUTAM eppreach te 225 ead.

The computed data seported i Bell [13]
shorw Sl bl s ool an cosy &k Thal slaly beared
“ehemsically or phesicaily appoelicg” clustes D
tound a wide variaton in calibration datz sets cven
iU oo sesbricns wensideonion losoeh coesbers, The
veriation Fas two hroad scurces. Fst, there 13 20
unigue  chcius of Dlawsible reflersnee clusiers.
Ploroover, tesulls Tor any parlice e clesie yars
substantatly sith chaoives of mebodowgy (evel of
refmement of soprodimatios, busts sl sive, el
The ather extrerce e o ocacibration svstem. the
perfect crvstal alope, was studied o B=D [L1].
Commparison ol e erystullio: wned cluster resnles in
Chemss bwvny ppurs michis ciear 1har calion ation of the
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and tha ate of the code ROBEIT [15]. The fiting is
difficult in fwro specific senses. It iz hand to avoid
spuricus nepative parameters. In paticular, it Is
gasy to obl@in Yoo = O Tn the original TS
parasr.atarizabion yon was set to zoro n the eluster
pare ot the fif, and then detzrmined entirely from the
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erysalline pare of their fiting procedure. Working
with clnster data alone precludes this remedy.

Table (1 Evergy shifts (1TTarreee) for che nneonseeained BKY cluster, H S, from CUSDET),
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ILis weelear how o oweight consigwrations
thut are coecgelic:lly for [aen equibibrivea in e
nttira Wete Tele 1 again. The issue does rab séens
1 Lave been addeeszed in eariier work. Tyvenmally
w sellled voar inveess Hoear waighting wy = (R -
EJg = iF;, - EJ whare E, s the caliulaed
cauilibrium wital enerpy and [y ace the cnorgics eof
the strained comfizurations, with i = 1 the stalked
contipueatiog nearast in enermy 10 By Tha rosnlting
paramwcke s arc i Table 11 We do net recomimeand
these parameters for maaterials simuolations because
of the unzbysical D=0 lneal maviemn jusr
disenssed & we.l ag the genera. grounds m entioned
celicr.

Lable (23 Tarameders of the BRKS type for Salicy
Froom filLing b encrgelics of the yuconstrained
IL510y; see text for cautionary nsles, O inn unily

of electron charge, rry, in eV, i) in L wy in eV-
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Chaes vy 1o Gearde 2 proslem af e (=00
aquiliiwim separalions 15 W0 uze the “Telrahedraily
constrainad™ (o™ clostgr eeac’s froam Tef T175]
Thiase calenlat ens nacd tha same method and basis
onoa RES HGSI0, cluster constrainad bo etrahizedral
=500 raemamy with e ternivaling Tle eye’ic at
the dikecra dangzle Forod by D= The irisosed
semmedry Bf course tosolves the 0=00 prohlern bal
el & considarable cost o strain energys see el
Fo3] The svmmeiry comstrsne glso decounles the
Bowtd atrerch (a1 aml angular (e omodes of
tnot.on for bmag. Caloulated energies onoa grid of
14 b lengelles and 17 wngles went gie e 10 2 0e
reFd it e dacmmetsrs ag i lable G

Table {31 Tarameters ol the RKS iy e Tar Kilieo
creergetics for HuSiQr, constrained 1o tetrahed val
wermelty; see lexd forlelails. 1nits as in Takle
I
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In additien o the genwral cantion ahout
~ceornmwnding any el these parameter sets, there i3
a strone teason too disrrust this particular sel The
wmimire of the firod ceergy vcowes at a sotably
larger apgle, abour L 17%, than the micimoam in e
welevenee Jan, Curioas’y, the publiskes BES
parametets have the sams aw. TUG. 4 Giaplays e
];l:l_:lblt[;L Molice  in i‘-arﬂmﬂﬂl' that the Fed
parametsrs eive @ poternal thar rephicate: dhe o
sretch enerpeties mech heicer G the piblished
pararaeters but thar both sats mise the minimn in
he ampalas coerselivs, [Souee that the zaos of
energy have bean atifred ‘o mewch in F1G, 4, The
pabished BES and TTAM purenigtess give a zito
ol anergy that s crasticaly dilferecl from 1l
grparatzd alom limie of e ousecn e or cvyscalfine
viteulatiorns.]

Turning Lo he TTAM-Lype fiting, we
chinze ELRLEY =5 the refercncz mioeeculs in parl
because il hatd been weed 45 o curropate for sihca
energelive since vt Juast the werlk of Newon and
(rooks 164 A portinet revew from faal perind i=
by Lisks 7)Y fers tecenily Wonp-Sz oL al | 15]
mdeled sone nspeers of sikca fracture mechsnics
bazed on Restticted Nastrec-Fock  (RHE)
calzielations for Ha3i0d,. Morzaver, this moleculy
does provide information o the S8 inlemeiio.
T the present waork, the caloulated mralecuar
gnergics (in the COSD apposximat.on) were Sor 17

single 51-U gond |13 . This relatively small sunypslz
al conligurales iilustrales the limis baposed 2y
compumatiocal  cost. I partoalar,  delailed
explosation of the weds dependunee on e cenmal
SL0-50 anple would have been way cesthy. bes
Bet, [13] for details 1owevor, lhe solaive surcess
ef w gquocnume mechanical Hamilkaosan
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