RMC PRACTICAL

Modelling the structure of vitreous SiO;

All the files needed for this practical, including programs, are found in the file
rnca_si o02. zi p. Extract them al into the same directory. You should have the
following:

conf pl ot . exe
convol . exe
coord. exe
extract. exe
ncgr _31. exe

m dpt . exe
noveout . exe
nei gh. exe
random exe
rnca. exe
rmcpl ot . exe
show. exe
triplets.exe

si _net. dat

si 02. dat

si 02_fq. dat

si 02_ntgr. dat
si 02_ntgr_0. dat
si 02_neutron.fq

The general approach in this practical is asfollows:

Various relevant distances will be determined from G(r) which is obtained from
the experimental F(Q) using the MCGR program. Because thisis a quick example
and the model is small this G(r) will initially be used as the 'data.

A network of Si atoms that are 4-fold coordinated will be created using RMCA as
a hard sphere Monte Carlo simulation with coordination constraints.

The bonds in this network will be 'decorated’ with O atoms to produce a network
of corner sharing SIO, units.

The topology of this network will be maintained while the data are fitted using the
RMCA program to produce the final model.

The times given in this practical, for running MCGR and RMC isreal time and
NOT CPU time. The times may have to be increased on a slow computer. The
outputsyou get, will probably not be identical to the outputsin this example.



1. The model is based on the neutron scattering data of Desa et a. Thisisin the file
si 02_neut ron. f q. Plot it with the program show.

File format (RAW TEXT, DATA)? data
Full File name: sio2 neutron.fq

Bl ocks no: 1 to 1 exists.

>d 1

Now you should have a plot on the screen.

To plot with other limits
> d 1 Xl ow Xhigh Yl ow Yhigh
To exit

> €
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2. We need to create a radia distribution function to use as the 'data’ in this small
example. In practice it is aways best to model G(r) first anyway. We can also
determine some relevant distances for creating the initial RMC configuration and
make some checks on errors in the experimental data. G(r) is produced using the
MCGR program. First a quick run is made to find the closest approach of atoms. The
control dataarein si 02_ntgr 0. dat . Use an editor (like Wordpad) to look at the
control data.

Si Q2

.fal se. I rerun

.fal se. I pl ot

0. 0657 I nunber density

.fal se. I fitting partials

1 I n_partials

1 I no of zero constraints
10.00.7 I zero constraint

0.01 I delta

5,10.0 I''nmr, rmax

.fal se. I save nulti

.fal se. I converge only

1 I no of positivity contraints
1 0.0 50. I positivity constraint
0 I no of coordination constraints
.true. I snoot h

3

1

0.1 50.

.fal se. I conv_resol

1000 I step for printing

4 4 I time limt, step_save
10 I n_data sets

si 02_neutron.fq

1 220 I points to fit

0.0 I const to subtract

0. 2759 I coeff.

0.01 I sigm

.fal se. I renorm

.true. I background

1 I nback

.fal se. I magnetic

si 02 _ntgr_ O

Run the program ncgr 31 and give si 02_ntgr 0. dat as input file. This will
take 4 minutes. On the screen you can see how X decreases as the fitted F(Q)
approaches the experimental F(Q). Ther spacing for G(r) will be 0.029 A because the
maximumQ value in the original data is 45’Asee MCGR manual). This gives an
space resolution of245 ~ 0.15 A, giving 5 points across the resolution width (5
points are recommended).



3. While this is running you can start making the initial configuration for the RMC
model. First we make a random structure of Si atoms, at the density that they will
have in the final model, using the program r andom

Nunber of Euler angles > 0

Nunber of particle types > 1

Density > 0.0219

Nunber of particles of type 1 > 100
Qutput file (no extension, will be .cfg)
si _ran

4. Plot the resulting G(r) from the MCGR run, si 02_ntgr_0.g, with the
program show. You need to choose a closest approach of atoms that will be used
both for a 'proper’ run of MCGR and also later in RMC. A suitable value is about 1.4
A.
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5. Now do a better run of MCGR. This includes calculation to higher r (20 A). We
can also let the program plot the resulttag) andF(Q) as it is running. The control
data file is insi 02_ntgr . dat .

Si Q2

.fal se. I rerun

.true. I pl ot

5000 I update pl ot

0. 0657 I nunber density

.fal se. I fitting partials

1 I n_partials

1 I no of zero constraints
10014 I zero constraint

0.01 I delta

5,20.0 I''nmr, rmax

.fal se. I save nulti

.fal se. I converge only

1 I no of positivity contraints
1 0.0 50. I positivity constraint
0 I no of coordination constraints
.true. I snoot h

3

1

0.1 50.

.fal se. I conv_resol

1000 I step for printing

60 15 I time limt, step_save
10 I n_data sets

si 02_neutron.fq

1 220 I points to fit

0.0 I const to subtract

0. 2759 I coeff.

0.01 I sigm

.fal se. I renorm

.true. I background

1 I nback

.fal se. I magnetic

si 02_ntgr

This will take 60 minutes (if needed, run again settisgun to. t r ue. ). Expected
final 4°~0.19.



6. Back to the configuration for RMC. The random Si atoms now have to be moved

apart to a suitable separation. With some knowledge of the structure of silica, i.e. that

it is a network of corner sharing SiO, tetrahedra, and from G(r) found in step 8 (we

are jumping ahead dlightly here), it can be estimated that the closest Si-Si distance is

dightly above the first O-O peak, which is the second peak in G(r). A value of 2.9 A

will be used (this is more easily found from X-ray data). The most efficient way to
move atoms apart, at least until the majority satisfy the closest approach constraints, is
to use theroveout program. An example run of this program is shown below. The
exact replies required to the prompts may differ slightly because the initial random
configurations are themselves different.

Starting configuration (no extension) ?
si _ran
(Version 3 format configuration file)

Qutput file © Si_nov
Cl osest approaches 1.0

10 atons of type 1 have too close nei ghbours

Move atons of type 1 ? (T/F) : t

Maxi mum nove 1.0

Max. no. of iterations : 50000
9 atonms of type 1 have too cl ose nei ghbours after 0 iterations
8 atons of type 1 have too close nei ghbours after O iterations
7 atonms of type 1 have too cl ose nei ghbours after literations
6 atons of type 1 have too cl ose nei ghbours after 3 iterations
5 atons of type 1 have too cl ose nei ghbours after 3 iterations
4 atons of type 1 have too cl ose nei ghbours after 3 iterations
3 atonms of type 1 have too cl ose nei ghbours after 5 iterations
2 atons of type 1 have too close nei ghbours after 7 iterations
1 atons of type 1 have too cl ose nei ghbours after 7 iterations
0 atons of type 1 have too cl ose nei ghbours after 7 iterations

Re- cal cul at e nei ghbours? (T/F) : f
Change cut-offs ? (T/F) Dot
Cl osest approaches 1.5

26 atonms of type 1 have too cl ose nei ghbours
Move atons of type 1 ? (T/F) : t
1

Maxi mum nove : .
Max. no. of iterations : 50000

Continue to increase the closest approaches until you reach a cut-off of 2.9 A.



7. Now we need to make the initial Si network for the RMC model. Thisis done using
program r nta, without fitting to any data but with coordination constraints. Start
from the final configuration produced in step 6.

Copysi _nov. cfgtosi _net.cfqg.

The RMCA datafileisin si _net . dat. The maximum distance of 3.5 A for Si-Si
bonds is estimated fro@(r) (actually done in the next step).

Making Si network for Si Q2

0. 0219 I nunber density

2.9 I cut offs

0.3 I maxi mum noves

0.1 I r spacing

.fal se. I noveout option

0 I nunber of configurations to coll ect
2000 I step for printing

15 15 I Time limt, step for saving
00O0O I sets of experinents

1

1129354 1.0 0.00001

0

.fal se.

Runr nta and givesi _net as the input file name (no extension). The coordination
constraint should bel99% satisfied at the end. Have a look at the configuration with
the prograntonfplot (see point 18).



8. Look at the latest MCGR output. You can usether ncpl ot  program for this.

Graphics device/type (? to see list, default /NULL): /ws
File to plot (or RETURN to exit) > sio2_ntgr.out
Input file contains 2 groups of plots:
G oup 1 contains 1 plots of 3 curves
Goup 2 contains 1 plots of 1 curves
Pl ot which group (enter O to exit) ? 1

This will plot your origina F(Q) together with the fitted F(Q) and a fitted
background. The fit should be quite reasonable. If only a poor fit has been achieved at
this stage then either there is something wrong with the parameters used in MCGR or
the data contain non-negligible systematic errors. This should be checked very
carefully before proceeding. Running RMCA with wrong parameters or poor data is
simply awaste of time. The level of fit achieved with MCGR is a measure of the best
fit that might be achieved with RMCA.

0.3 5

F(Q) with fitted F(Q) with MCGR
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Now look at G(r) by continuing withr ncpl ot .

Change limts ? (T/F) > f
Input file contains 2 groups of plots:
G oup 1 contains 1 plots of 3 curves
Goup 2 contains 1 plots of 1 curves
Pl ot which group (enter O to exit) ? 2
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9. The Si-O closest approach of 1.4 A chosen at gtépobviously satisfactory. The

first peak 'ends' at 1.8 A so Si should be 4 fold coordinated to O within this distance.
It should be checked that the area is reasonably consistent with such a coordination
otherwise there will be an inconsistency between the constraint used in RMCA and
the data which will inevitably lead to a poor fit to the data. Boor d.

File containing g(r): sio2_ntgr.g

Density: 0.0657

Add constant [0.]: 0.2759

Concentration [1.]: 0.6667

Coefficient [1.]: 0.1069

Wite a file with cunul ative coordination (y/n)? n

Sel ect m n/max r-value G=Graphically or N=Nunerically: n
M ninmumr-value [0.]:

Maxi mumr-value [Max-r]: 1.8

Coor di nati on= 3.63

The result from the example shown is 3.63. This is somewhat low because the data
are not yet fitted very well at higQ: in fact MCGR should be run for longer. The
second peak iB(r) starts at 2.35 A, which is then the O-O closest approach. The Si-
Si peak is not obvious (it can be seen in X-ray data but starts slightly after the O-O
peak at almost 2.5 A. Constraint distances of 2.9-3.5 A will be used for the Si network
step7) since this range covers both the Si-Si peak and twice the Si-O peak. The latter
is necessary because O atoms will be added at the centre of Si-Si bonds: the Si-O
bond length will then be in the required range.



10. Now look at the data file for the proper RMC model. This is contained in

si 02. dat .

Si2 network (Fit to neutron r))

0. 0657

2.35 1.40
2.35

0.05 0.05

2. 855993E- 2

. fal se.

0

9000

60 10

1000

sio2_ntgr.g

1 1000

0.

. 0191 . 1069

. 1499
0. 03
. fal se.

oo
NE==
N 00 00

8

OFRLNPFPW
NN

.fal se.

nunber density

cut offs

maxi mum nove

r spacing

whet her to use noveout option
nunber of configurations to coll ect
step for printing

Time limt, step for saving
No. of g(r), neutron, X-ray, EXAFS expts
Range of points used

Const ant

Coefficients
St andard devi ati on
whet her to renornalise
no. of coordination constraints
0. 00001
0. 00001
0. 0001
no. of average coordi nati on constraints
whet her to use a potenti al

» The choice of closest approach constraints has been described above. Maximum
moves of 0.05 A are set for each atom. When relatively tight coordination
constraints are used the maximum move needs to be approximately the same as
ther point spacing to ensure a reasonable number of accepted moves.

* Three coordination constraints are used. Each Si has 4 O neighbours and each O
has two Si neighbours within 1.8 A: each Si should have no O neighbours
between 1.8 and 2.2 A. The aim of the third constraint is to maintain the 'gap'
between the first and second peak&(n), which should clearly be there despite a
small amount of noise in the experimer@t). This is a less important constraint
so it has a smaller weighting (s larger).



11. The distribution of neighbours in the Si network can be checked using the
program nei gh.

NEI GHBOURS

Configuration si _net

M ni mrum bond | engt hs 0.0

Maxi mum bond | engt hs 3.5

Qutput file Ssi _net. nei

Cal cul ati ng nei ghbours ...

Stop - Program term nated.

Look at thefilesi _net . nei

Cal cul ation of neighbours in si_net

No. of atomtypes =1

M ni mum bond | engt hs 0. 000000E+00

Maxi mum bond | engt hs 3. 500000
Type 1 - Type 1 nei ghbours:

1 2 2. 000

4 98 98. 000

Aver age coordi nation 3.94

When modelling this structure ‘properly’ we would now attempt to remove any
remaining coordination defects. If there are very few they are unlikely to disappear
just from running r nta for longer. One possible solution is to remove them using
del at ombased on information about the coordination of defects found from nei gh
above (in the example printed there are two 1-fold coordinated Si), and then to add
them into back into the configuration randomly using addr and or near to under-
coordinated atoms using addat om rnta should then be run again and this
procedure repeated as necessary. Note that it probably becomes a waste of time after
about 99.5% correct coordination; you are unlikely to get an absolutely perfect
network and anyway it is probably not perfect in reality either.



12. We now add O at the mid-points of Si-Si bonds to make the SiO, network. Use
the program m dpt .

ADD ATOVE AT BOND CENTRES

Configuration si _net

Maxi mum bond | engt hs : 3.5

Bond [FromTo] : 11

Type of atomto add D2

No. of atons added = 197

Config. size = 297

Qutput file : sio_net.cfg

In the printed example three O too few have been added because of the 1-fold
coordinated Si. Check the neighbour distribution using nei gh. There are now 2 types
of atom in the configuration so 3 bond lengths are required. Have a look at the
configuration with confplot (see point 18).

NEI GHBOURS

Configuration : sio_net

M ni mrum bond lengths : 0.0 0.0 0.0
Maxi mum bond lengths : 3.5 1.75 0.0
Qutput file . sio_net.nei
Cal cul ati ng nei ghbours ...

Look at theresultinsi o_net . nei .

Cal cul ati on of nei ghbours in sio_net

No. of atomtypes = 2

M nimum bond lengths = 0. 000000E+00 0. 000000E+00
0. 000000E+00
Maxi mum bond lengths = 3. 500000 1. 750000

0. 000000E+00
Type 1 - Type 1 nei ghbours:

1 2 2. 000
4 98 98. 000

Aver age coordi nation 3.94

1 2 2. 000
4 98 98. 000

Aver age coordi nation 3.94



2 197 100. 000

Aver age coordi nation 2. 00

0 197 100. 000

Aver age coordi nation .00

13. Now we are ready to stat RMC modelling. The RMCA data file has been
discussed earlier. Copy the SiO, configuration (si o_net . cfg) to a file of the
correct name (si 02. cf g). Runr nta and give asinput file sio2 (no extension). This

will take 60 minutes (It probably takes longer to get a good fit). Expected y%/nq ~ 8.5.

14. When the RMCA job has finished you can plot its output (RMC fit and the partial
9as(r)) withr nepl ot .
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1.0 SiO, network (fit to neutron G(r))

G(R)
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Plot the partial gap(r).

12

10 Jsisill) . Jsio(") - 9o

The first peak in goo(r) at 1.6 A is from atoms which still do not satisfy the O-O
closest approach constraint because RMCA has not in fact been run for long enough.

15. The resulting RMC model isi 02. cf g can be analysed with some standard
programs. First look at th&l 02. out file to determine the positions of the minima

in gos(r). These occur at about 3.5, 1.85 and 2.85 A. You can also have a look at the
configuration withconfplot (see point 18).

16. Look at the neighbour distribution usimgi gh. The Si-O 4-fold coordination

has been maintained by the coordination constraints. O has approximately six O
neighbours as would be expected for corner sharing tetrahedra. Si still have
approximately 4 Si neighbours, but not exactly since the constraint used to create the
original Si network is no longer enforced.

Configuration: sio2.cfg

M ni mum bond lengths: 0.0 0.0 0.0
Maxi mum bond | engths: 3.5 1.85 2.85
Qutput file: sio2. nei



Look at thefile si 02. nei :

Cal cul ati on of neighbours in sio2. cfg

No. of atomtypes = 2

M nimum bond lengths = 0. 000000E+00 0. 000000E+00
0. 000000E+00

Maxi mum bond lengths = 3. 500000 1. 850000
2. 850000

Type 1 - Type 1 nei ghbours:

3 1 1. 000
4 90 90. 000
5 9 9. 000

Aver age coordi nation 4,08

Type 1 - Type 2 nei ghbours:

2 1 1. 000
4 99 99. 000

Aver age coordination 3.98

Type 2 - Type 1 nei ghbours:
2 199 100. 000
Aver age coordination 2.00

Type 2 - Type 2 nei ghbours:

3 8 4.020
4 50 25.126
5 81 40. 704
6 45 22.613
7 13 6. 533
8 2 1. 005

Aver age coordi nation 5.06

17. Look at the bond angle distribution using the programt ri pl et s.

Np. OF theta points > 100

No. of nei ghbours for bond ang (0 for all) > 0
Nunber of configurations > 1

Configuration file > sio2.cfg

Maxi numr values > 3.5 1.85 2.85

Qutput file > sio2.tri

(A)ngle or (Cosine distribution [C] > c

For atwo component system there are six different bond angle distributions 111, 121,
211, 212, 221 and 222. Use ext r act to extract the O-Si-O distribution then plot it
with show.
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The peak occurs close to the internal tetrahedra angle of 109°.

18. Ball and stick pictures of the different configurations can also be produced with
the program confplot.exe. See the manual for this program for instructions how to use
it. Here are some examples:

Figure 1. Left: s_mov.cfg, Right: si_net.cfg. Lines between Si-atoms indicate the
tetrahedral structure.



Figure 2. Left: sio_net.cfg Oxygen atoms are located half way between Si atoms.
Right: sio2.cfg; the final RMC model.

19. There is also possible to run RMC by fitting to F(Q) instead of G(r). Because of
the limited size of the configuration however, we need to convolute the measured
F(Q) inr space by a step function. This can be done with the program convol and the
truncation distance to be used is the (minimum) half box length. This length can be
found in the beginning of the configuration file. Run convol:

Input file > sio02 _neutron.fq
Truncation di stance > 8.295106
Qutput file > si 02 _neutron.cfq

The convoluted structure factor is now in sio2_neutron.cfg. Copy the configuration
sio_net.cfgto sio2_fg.cfg and use the control file sio2_fq.dat for anew run of rmca.

Check the result as described above. The model used in this practical is abit small in
order to shorten the time needed to run RMC. For a better fit alarger model should be

used. Expected x%/nq ~ 8.5.



