12. Sampling methods

why not use Boltzmann
sampling?

umbrella sampling
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Based on all of the above considerations the ‘proposed algorithm for the
(T, ¥, 1) Monte Carlo simulations consists of the following steps :

davw

1) Initialize N, rV. CavITY — RIASED
( ) . m v
(2) Perform a particle displacement according to the canonical ensemble

Metropolis method.

o Meze) )
(3) Perform an insertion/deletion step as follows :

(3.1) With probability 1/2 go to step 3.3.

(3.2) Insertion :

Generate N, points.
Find the number of points that are in a cavity.

N Update the estimate of PN, ‘
) If no point was found to be in a cavity, go to step 3.2.2.
(3.2.1) Cavity-biased insertion : '

Insert one particle at one of the points whjch was found to

be in a cavity.
Accept the insertion with probability PB,

Go to step 4.

(3.2.2) Random insertion :
Insert a particle at a randomly selected point.
Accept the insertion with probability P;®.
Go to step 4.

(3.3) Deletion :

Choose a particle randomly.

With probability (1 — P,N-1)"t go to step 3.3.2.

(3.3.1) Cavity-biased deletion :
Delete the chosen particle with probability P
(Note, that in case N - 1 was not sampled yet in the calcula- .
tion, P,N-1 is to be obtained by extrapolating from P 2
PN oris to be set equal to PV if Nis the only value
sampled. In the calculations reported here, linear ex-
trapolation was used.)
Go to step 4.

(3.3.2) Random deletion :
Delete the chosen particle with probability P

”

cB -

)

h\

(5) Repeat from step 2 until acceptable convergence limits have been

) Accumulate ensemble averages.

reached.
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Now ready to create particle 1

Check to see if there are any holes to put it in
icest = C

Generate NTEST test points uniformly
do 95 i=1,NTEST
Xt = g05daf (0.040,1.0d0) *size
vyt = g05daf (0.0d40,1.0d0) *size
zt = g05daf{0.0d0,1.0d0})*size

Find out if the tesgt point is in a beta cage

DO 9 ib=1,IBCAGE

DISTX = Xt - BCAGE(ib, 1)
DISTY = Yt - BCAGE (ib,2)
DISTZ = Zt - BCAGE(ib, 3)
DISTX = DISTX - S8IZE * ANINT(DISTX/SIZE
DISTY = DISTY - SIZE * ANINT(DISTY/SIZE)

DISTZ = DISTZ - SIZE * ANINT(DISTZ/SIZE)
DIST2 = DISTX**2 + DISTY**2 + DISTZ**2
IF (DIST2. LT.SEPCAG) go to 95
S CONTINUE
Not close to any zeolite atoms?

rhole = (sigco*rf)**2
rhcle = COMIN*1.05d0
rhole = COMIN

DO 76 m=1,NO

distx = Xt - O{m, 1)
digty = Yt - O{m,2)

distz = 2t - 0{m,3)

distx = distx - SIZE*ANINT(distx/SIZE)
disty = disty - SIZE*ANINT(disty/SIZE)
digtz = distz - SIZE*ANINT (distz/SIZE)

dist2 = distx**2 + disty**2 + distz**2
if (dlSt2 1t .rhole) goto 895
76 CONTINUE '
rhole = (giggos*rf)**2
rhole = CSMIN*1.0540
rhole = CSMIN
DO 77 m=1,NS
distx = Xt - S{m, 1)

disty = Y& - S{m,2)
distz = 2t - S{m,3)
distx = distx - SIZE*ANINT(distx/SIZE}

disty = disty - SIZE*ANINT(disty/SIZE)
digstz = digtz - SIZE*ANINT(distz/SIZE)
dist2 = distx**2 + disty**2 + digtz**2
if {(dist2.lt.rhole) goto 95

77 continue

rhole= {(gigll+rf)**2

rhole = CCMIN*L1.05d40

rhole = CCMIN

see 1f the test point intersects Ar atoms

do 92 m=1,nmolel

digtx = x1(m}-xt

disty y1l{m)-yt

digtz z1l (m) -zt

noH



distx = distx -size*anint(distx/gize)
disty = disty -sizeranint (disty/size)
distz = distz ~size*anint{distz/size)
dist2 = distx**2 + disty**2 + digtz¥+*2

if (disgt2.1lt.rhole) goto 85
92 continue
¢ did not find any overlaps with Ar, now check for Xe

C rhole = (gigl2¥rf}**2
o) rhole = CNMIN*1,K 0540
rhole = CNMIN
do 94 m=1,nmole?
distx = x2(m)-xt
disty = y2{m} -yt
distz = z2{(m}-zt
distx = distx -size*anint (distx/size)}
digty = disty -size*anint (disty/size)
distz = distz -size*anint (distz/sgize)

digt2 = digtx**2 + disty**2 4+ digtat*2
if {dist2.lt.rhole) goto 95
94 continue

¢ found a hole! o . . . ,
itegst = itest+l oL O o Jﬁﬂw/ﬂAmﬁwﬁﬁﬂﬁ ?)dLﬁCﬁ? j%%»#ﬁ@

xhole {itest) = =xt
vhole {itest) = vt . _ .
zhole{itest) = zt &Lﬁﬂf E}UADxAZ@%ﬂ NTERST iﬂ@%ﬂﬂ%ﬂib
9 5 COHt i llue D - C e ‘. ....... Sa— e e ‘ PIRPREE P [EEE ( e

¢ update the cavity biased precballlility .
ntl(nmolel, nmole?) = ntl(nﬁhlel,nmoleZ) + 1 C%fﬂ¢$“4%W%
frac = dfloat (itest)/dfloat (ntest) i 0

)

fracl (nmolel, nmele?) = fracl{(nmolel,nmole2) + frac .
fral(nmoleil,nmole2) = fracl{nmolel,nmole2) C?Wﬁé%@{aymi
+ /dfloat (ntl (nmolel, nmole2) ) . 2
¢ 1f no holeg found attempt to create at a random location anyway J}/
if (icest.eq.0) goto 103
¢ now choose cone ameng the found heles
ih = g05daf{0.0d4d0,1.0d0) *itest +1
nmakeattl = nmakeattl + 1

xlnew = xhole(ih)

vinew = yhole(ih)

zlnew = zhole(ih)

DC g6 J=1,NO

RXCO{(J) = X1INEW - 0O{J,1)

RYCO(J) = YINEW - O(J,2)

RZCO{(J) = ZINEW - O(J,3)

RXCO{(T) = RXCO{T) - SIZE*ANINT (RXCO{(J)/SIZE)
RYCO{(J) = RYCO{J) - SIZE*ANINT(RYCO{J)/SIZE)

)
RZCO(J) = RZCO{J)
896 CONTINUE

etc. calculate energy changes

- SIZE*ANINT{(RZCO{J) /SIZE)

IF (ITEST.EQ.0) DETOTAL=DEal/USC/TEMP+LOG (DFLOAT (NMOLEL+1) /VOLUME)
- ~-RTLACTL/UGC/TEMP
IF (ITEST.NE.O) DETOTAL:DEal/UGC/TEMP+LOG(DFLOAT(NMOLE1+1)/VOLUME)%&%WM
+ /fral (nmolel, nmele2)) -RTLACTL/UGC/TEMP
. j3 et
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¢ REJECT/ACCEPT NEW CONFIGURATION BASED ON METROPCLIS SCHEME

..{



PACC = 1.0DO0
IF (DETOTAL.GT.EXPLIM) DETOTAL = EBXPLIM
IF (DETOTAL.GT.0.0D0) PACC = EXP(-DETOTAL}
IF (GOSDAF(C.0DO,1.0D0) . .LT.PACC) THEN
C UPDATE THE ENERGY (IN kJ PER MOLE)
B = B + DBEal
sh = sh + dstotal
El = Bl + DEal
B2 = K2 + BEF1F2NEW
EFF = EFF + EBEPF1PLINEW + EF1FZNEW
gff = gff + sfflZnew
EF1Fl = EF1PF1 + EF1FINEW
EF1F2 = EF1F2 + EFLFZNEW
sffl12 = sffl2 + sfflZnew
EFW = EFW + EFWNEWL
EFW1l = EFWl + EFWNEWL

etc. updating sums

(& A R R R R R R R R R E R EEE R R R R R R R R R I R T S I o O
C FLUID1 ANNIEILATICON STEP
C R R R e R R R R R L i A I A I A i e S b A S S S A b b S S R e e e e
¢ RANDOMLY SELECT AN ATOM TO TRY AND DESTRCOY (EXCHANGE WITH BULK)
110 IF (NMOLE1l . EQ.0) GOTO 100
NDEADATTL = NDEADATTL + 1
NKILL = NINT(GOSDAF (0.5D0, (DFLOAT (NMOLEL) +0.5DC} ) )
DEal = -BZEOL (NKILL)
dstotal = {.0d0
EFWNEWL = ~BZEOL (NKILL)
EF1¥iINEW = 0.0DO
EF1FZNEW = 0.0DOC
sffl2new = 0.0d0
DO 230 J = 1,NMOLEL
DEal = DEal - EIJ11{(J,NKILL)
BFLFINEW = EF1FINEW - EIJL11(J,NKILL)
230 CONTINUE
DG 232 J = 1, NMOLEZ2
DEal = DEal EIJL2 (NKILL,I)
dstotal = dstotal -sijl2(nkill, )
EF1IFONEW = EFLPF2NEW - BEIJL12 (NKILL,.J)
sffiZnew = gffliZnew - gijl12(nkill,3)

232 CONTINUE

with probability (1l-fral) NTEST use random point probability

else choose cavity hiased probability
pann (1.040 - frali{nmolel-1l,nmolez)) **NTEST e
ITF (GCSBDAF(0.0DC,1.0D0) .LT.PANN) THEN
DETOTAL=DEal/UGC/TEMP-LOG (DFLOAT (NMOLEL) /VOLUME)

+RTLACTL /UGC/TEMP

..“

ELSE
DETOTAL=DEal /UGC/TEMP-LOG (DFLOAT (NMOLEL} /VOLUME
+ /@ral(nmolelml,nmoleZ)) +RTLACT 1 /UGC/TEMP

endhffmwm““\\(’f

C R e e R e R R E R E R R R R R R R R R SRS RS AR R A R S

¢ REJECT/ACCEPT NEW CONFIGURATION BASED ON METROPOLIS SCHEME

C R R R R R R R R R R Rl Bl A e i e i A A A A A




PACC = 1.0DO

IF (DETOTAL.GT.EXPLIM) DETOTAL = EXPLIM
IF (DETOTAL.GT.C.0DO) PACC = BXP(-DETOTAL)
IF (GOSDAF(0.0DC,1.0DC) .LT.PACC) THEN

C ACCEPT THE NEW CONFIGURATION
NDEAD1 = NDEADIL + 1

E = K + DEal

ah = 8h + detotal

El = Kl + DEal

2 = RB2 + EFLF2NEW
EFW = BFW + EFWNEW1
EFWLI = FEFW1 + EFWNEWL
EFF = HBFF + EF1F1NEW + EF1F2NEW
sEf = it + sfflznew
EF1Fl = EF1F1 + BFLFLNEW
EF1iF2 = EFlF2 + EF1FZNEW
sffl2 = gffl2z + gffll2new

....etc. update the sums that are being accumulated

ey Levratpe eaed
dimension xhole (ntest),yvhole(ntest), zhole(ntest),
+ fral{0:max,0:max), fra2(0:max,0:max),fracl (0 :max, 0 :max),
+ fracz {0 :max,0:max), ntl{C:max,0:max),nt2 {0 :max, 0:max)
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FIG. 1. The interionic potential of mean force at p*~ mes

4*=1.0 and g**=188.0. The primitive model result a88
that €=7.7996.
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PAIR CORRELATION FUNCTIONS FOR Ar
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FIG. 2. The pair correlation function obtained by matching the

P ‘(r}'s of Fig. 1. For comparison with the exact result we
ghow the data of Kalos et al. (Ref. 11).
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FIG. 3. The potential of mean force obtained from a simula-
tion of two Lennard-Jones particles dissolved in 214 ST2 water
molecules is shown in circles. Solid line shows the Pratt—
Chandler result. ‘
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Figure 4. Potential of mean force as a function of the distance betweer
sodium and chloride ions. Pmf and the distance are in kcal/mol anc

in angstroms, respectively.
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