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Results of simulations:
Refinements of simulated powder
diffraction patterns using correct

and biased models

0

4000

8000

12000

20.0 40.0 60.0 80.0 100.0 120.0 140.0

Refinement of simulated pattern
with correct model.

NIntdp=72, Nprof=5, Nref=3960
Neff=(188, 368, 726)/Solv=(2.6,5.1,10.1)

R
B
=0.79, R

P
=2.5, χχ

2=1.01

In
te

n
si

ty
 (

a.
u

.)

2 ΘΘ (°)

RM (systematic errors): Correct structural and
peak shape model NI=72 (Plot-pattern)

0

4000

8000

12000

10.0 35.0 60.0 85.0 110.0 135.0 160.0

Refinement of simulated pattern

with biased peak shape and correct
structural model.

NIntdp=16, Nprof=8, Nref=393
Neff=(173, 244, 301)

In
te

n
si

ty
 (

a
.u

.)

2ΘΘ  (×)

RM (systematic errors): Correct structural
model, biased peak shape N I=16 (Plot-pattern)

0

2000

4000

6000

8000

10000

0.0 25.0 50.0 75.0 100.0 125.0 150.0

Refinement of simulated pattern
with biased peak shape and correct

structural model.

NIntdp=39, Nprof=5, Nref=1507
Neff=(70, 137, 248)/Solv=(1.8,3.5,6.4)

In
te

n
si

ty
 (

a
.u

.)

2 ΘΘ (°)

RM (systematic errors): Biased peak shape+
correct structural model NI=39 + bad resolution

0

4000

8000

12000

0.0 25.0 50.0 75.0 100.0 125.0 150.0

Refinement of simulated pattern
with biased peak shape and correct

structural model.
NIntdp=39, Nprof=5, Nref=1507

Neff=(185, 352, 611)/Solv=(4.8,9.0,15.7)

In
te

n
si

ty
 (

a
.u

.)

2ΘΘ  ( ° )

RM (systematic errors): Biased peak shape+ correct
structural model NI=39 + better resolution

Behaviour of Rietveld R-factors,
and other indicators, versus

counting statistics for perfect and
biased models



2

0

5

10

15

20

25

30

35

40

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

R-factors (R
P
, R

WP
, R

Bragg
 and R

F
)

cRp(B)
cRwp(B)
Rb
RF

R
(%

)

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393

Neff=(173, 244, 301)

Correct model

RM (systematic errors): Behaviour of  R-factors

versus counting time (correct model)
RM (systematic errors): Behaviour of  RWP  factors

versus counting time (biased peak shape)

0

10

20

30

40

50

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

R-factors  (R
WP

) Rwp
cRwp
Rwp(B)
cRwp(B)R

W
P

(%
)

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393

Neff=(173, 244, 301)
Biased peak shape

0

2

4

6

8

10

12

14

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

R-factors (R
Bragg

 and R
F
)

Rb
RF

R
(%

)

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393

Neff=(173, 244, 301)

Biased peak shape

RM (systematic errors): Behaviour of  RBragg and RF

factors versus counting time (biased peak shape)

0,50

1,00

1,50

2,00

2,50

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

Durbin-Watson DW

D W
EDW

D
u

rb
in

-W
a

ts
o

n
 s

ta
ti

st
ic

s

Log(Counting Time)

(B)

NIntdp=16, Nprof=8, Nref=393
Neff=(173, 244, 301)

Biased peak shape

RM (systematic errors): Behaviour of  DW indicators
versus counting time (biased peak shape)

0,50

1,00

1,50

2,00

2,50

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

Durbin-Watson DW D W
DW(S)

D
u

rb
in

-W
a

ts
o

n
 s

ta
ti

st
ic

s

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393

Neff=(173, 244, 301)
DW(S): Biased peak shape

RM (systematic errors): Behaviour of  DW indicator
versus counting time (biased/unbiased peak shape)

RM (systematic errors): Behaviour of  reduced
Chi-square versus counting time (correct model)

0,600

0,800

1,000

1,200

1,400

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

R-factors(χχ
2
)

Chi2
Chi2(B)

R
ed

u
ce

d
 

χχ
2

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393

Neff=(173, 244, 301)

Correct model



3

0

10

20

30

40

50

60

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

R-fac tors (χχ
2)

Chi2
Chi2(B)

R
e

d
u

c
e

d
 χχ

2

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393
Neff=(173, 244, 301)

Biased peak shape

RM (systematic errors): Behaviour of  reduced
Chi-square versus counting time (biased peak shape)

Behaviour of positional
parameters (atom co-ordinates),

versus counting statistics,
resolution, ... for perfect and

biased models

RM (systematic errors): Behaviour of  positional
parameters versus counting time (biased peak shape)

0,1380

0,1400

0,1420

0,1440

0,1460

0,1480

2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

Coordinate "x" of the first atom x1

R
e

d
u

c
e

d
 c

o
o

r
d

in
a

te

Log(Counting Time)

NIntdp=16, Nprof=8, Nref=393
Neff=(173, 244, 301)
Biased peak shape

Atom co-ordinates versus
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RM (systematic errors): Positional parameters, NI=16
High counting time (biased peak shape)
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Atom co-ordinates versus
statistics

(biased peak shape, NI=39)
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Structural misfit versus resolution
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