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POWDER DIFFRACTION

Possibilities — Problems

Kenny Stahl
DTU Chemistry
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Information from a powder diffraction pattern
*Appearances

*Phase identification

Indexing

*Stress/strain

*Rietveld refinements

*Background, counting statistics

Preferred orientation

*Absorption

*Axial divergence



DTU POSSIBILITIES
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D
Information content of a powder pattern
Background Reflections
/\ , m Profile
Sample Scattering from Position Intensity (FWHM, peak shape)

v

Diffuse scattering:

Local structure
Amorphous fraction

sample holder,
air etc.

Compton scattering

Instrument Sample
function broadening

v v v
Lattice parameters, Crystal structure: Real structure:
Space group:
Macro-strain Atomic positions Micro-strain
Qualitative phase Temperature factor Domain size
Lattice dynamics analysis Occupancy
Texture
Quantitative

phase analysis
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POWDER DIFFRACTION
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Counts

POWDER DIFFRACTION
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PHASE IDENTIFICATION

rystallographica Search-Match - [SearchMatchl]

u File Edit “iew Search-Match Peak List Heport Settings Tool: Graph Window Help

[_[=]x]
=181

D@ 0] slee| @f sl bkl dlms| w] ks 5]

E‘l Search Match | [l Pesk ListI Q Card Fletrievall Fleportl
Matched Material:

Pdf Mo | | Marme | Farmula |
Candidate b aterials Fﬂ II IE ﬂ @
I Pdf Mo | 4 | Marme | Farmula |A
il 00462 73 Mickel Hydrogen Alumi.. Mi2 H2 [AI6 5190 0192 )

i 791181 Ceszium Aluminum Silic: 4[AL95i231048])..

i 45-133 Cesziumn Alurninurm Silica.. C:0.4 [A0.9 5231 04..

@ 731173 B5 Thallium Alurinum Silic... TI3.35 [ A13.43 5i92.57...

il 39-225 64 Tetrakis [Tetrapropyla.. C48H116 N4 0196 Si96

48134 B2 Tetraethplammonium 5., [CEH20M J« | Mal.6 ..

B 15191 53 Thallium Aluminum Silic... TI3.35 AI3.43 5i92.57 ..

@m 04-385 56 Silicon Oxide Hydrate  Si12024(HZ20)

@ 931421 55 Silicon Ouide Sig6 0152

il 732401 55 Hydrogen Aluminum Sili.. H1.61 [ 5i94.22 A1.78 ...

i 731182 52 Cesium Aluminum Silicate Cz.4 [ 4195231 048)

B 15136 51 Sodium Aluminum Siic... Ma2.0AI1.9 594.1 01592

48-135 51 Hydrogen Sodium Alum... H1.7 Mal.6 4123 5i93...

il 595808 45 Silicon Carbon Hydrog.. [Si12024 1[CEHEM... —

(3 431762 45 MN.N-Diphenylguanidini.. C15H15N304

#1 36-1891 43 Ethylp-aminobenzoate CAH11 M 02

i 72-2351 43 Cesium Mercury lodide  Cs3Hgls

B4 06683 43 Gottardite [Ma2.5K0.2 Mg3.1 Ca...

il 45120 43 Cesium Aluminurn Silicate C=0.4 [ A0S Si231 04

il 072275 43 Silicon Oxide Si36 0152

i 031128 42 Mutinaite [Mal.72Ca2. 73] (&N

(3 93558 42 Octaguanidinium di-dio.. [C[MH2)3)8([C0O3..

i 42120 42 Sodium Aluminum Siic.. [Ma2 0007 (&203..

il 5951500 42 Silicon Aluminum Oxide... 5i23.92 AL08 D48 [[C.

i 431514 41 Gottardile Ma3 g3 Cab AN 5.

43-81 41 Silicon Oxide Bromine  5i96 0192 [Br2 J«

il 5951781 41 Silicon Oxide Si98 0152

@ 57518 41 Phosphaorus Chioride Ni.. [[CIZP 2N [P CIE]

B 76511 41 Hydrosylamine Mickel .. [Mi[MH20H]5]5 04

il 70-330 41 Zinc Phosphate Hydrate Zn5S[P3010)2[H20..

i 75-2041 41 lron Teluium Sulfur 0% Fe [0 TeF5J3(502..

B 501745 41 AquaUrea Thorium Sul.. [[H20 ][5 04)2(0..

i 71-134 41 Cesium Oxide Cz4 0

i 142 41 Mutinaite, syn Al203154 5i02

il 71-1467 41 Cobalt Ammine Miate ... Co2 [OHJ2[HZ0)2..

il S6-2064 41 Cesium Copper Mittate  Cs2 [Cu [N 03)4)

il 13784 41 Silicon Oxide sioz

i 951442 41 Thallium Osmium Carbo... TI2[0sF3Br2[CO]) LI
D ata: Faw Data zsmb

For Help. use the Help menu
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PHASE IDENTIFICATION

{4 PDF # 411355, Wavelength = 1.54051 (A)

41-1355 Quality: | Casl25i3010-3H20 =

CAS Number: Calcium Aluminum Silicate Hydrate

Molecular Weight 39234 Ref: Alberti, 4., Pongiluppi, D., Vezzalini, G., Neues Jahrb. Mineral., Abh., 143, 231 [1982]

Yolume[CD]: 2294.10

Dx: 2.272  Dm: 2.240 i

Sys: Monoclinic =z

Lattice: End-centered @

5.G.:Cc(9) B & -

Cell Parameters: X = s

21848 b 1896 cB548 | “ “ N @

o G 90.75 y | 0 J U

55/FOM: F30=9(0.037, 94) 0 10 gl 30 40 50 B0 28°

I/lcor:

Rad: CukKal ] Intf h k || 2 Intf  h k || 28 Intf h k |

Larbda: ;54091 13333 100 2 2 0 (34370 3 4 60 [42800 3 480

Fiter: Ni 15.080 59 1 1 1 | 34685 9 2 4 2 |43514 5 840

d-sp: diffractometer 18700 74 0 4 0 |34685 3 6 40 (43847 1 7567

Mineral Name: 19.178 43 4 0 0 | 34755 74 2 2 [44551 4 313

Scolecite 20.159 3B 1 31 |36.204 8 171 [45471 31891
20.238 37 311 |36204 8 17 1 [46.356 T 35353

Also called: 20.451 8 311 (36679 2 55 1 |46.356 1911

Scolecite 21.044 31 2 40 |36804 3 71 1 |46.684 T 3233
21.361 20 4 2 0 |37.103 8 7 1 1 |46.684 1 911
24413 10 3 3 1 |37.915 1 08 0 |47699 3 3891
26.929 4 44 0 (38505 1 4 4 2 |47699 3 3891
27.662 14 1 5 1 |38746 3 371 47912 1 010 0
27.972 10 5 1 1 |38.851 4 4 4 2 |48373 3 1583
28.234 14 5 1 1 |38.851 4 371 |48373 3 680
28.936 720 2 |39.203 4 280 [485N1 T 395804
29.110 4 20 2 (3925 4 7 31 [485N 1 282
29.846 12 2 6 0 |39634 4 06 2 (48732 2 95354
30.440 31 222 |39964 3 60 2 |48732 2 8620
30.440 31 6 20 |40076 3 820 |48983 4 8§22
30.784 40 3 5 1 |40.834 29 2 6 2 |48983 4 210 0
30.926 54 3 5 1 |40.834 29 6 6 0 |49.466 3 822
31.003 43 5 3 1 |41.582 3 6 2 2 |50076 E B 6 2
31.270 42 5 3 1 |42130 1 11 3 |50076 6 771 =1

The PDF4 database contains about 250000 entries



DTU PATTERN CALCULATION

Style: |Ball and Stick. = |Calour: |I:|y Elernent ﬂ EUELCREN HE SrAceSa in C2/c 7] x|

a b c & b* ©* | x- X+ Y- W+ I- I+ | x-90 x490 v

Current skruckure: |Sr.ﬁ.ceSa inic2)c ﬂ

[ Show Labels Faor |.ﬁ.|| atorns Jwith |.ﬁ.t0m Label

Click and drag left mouse butkon to zoom in.

Cuskaorise, ., Reset zoom | Save. .. | Save image...|
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Il 1 W i TN LR
10.0 20,0 30,0 40,0 50.0

2 theta
Display Options Wavelength: 1,54 43,991, 10209 h, k, 1=3, 1, 4

Display of
Close
[ Packing [ short Cantack < (sum of wdiy ~ =ontacts. Iv

[ Auto centre | L] H-Bond Deefault definiti [ Show cell axes [ Z-Clipping r {Ii Multiple: Structures
Mare Info -

[ Label stoms [ Stereo 8 structures.., |
Powdet..
Reset ll | il |

Skruckure Mavigator | SearchesJ

Press the left mouse button and mowve the mouse to rotate the structure ; ")
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Cubic:
(1/dp)?>=(h?+Kk>+1%) /a2
2 Oy SINBp = A
Sin 0y, = (h? + k? + 1) A2 /(4a?)

INDEXING
20 sSin? o
25.96  0.05043
30.01 0.06704
43.06  0.13468
50.97 0.18517
5341 0.20196
62.54 0.26941
68.88 0.31984
70.97 0.33693
78.92 0.40391

(h2+ k% +1?)

Sin? 0y, = h? X; + k? X, + 1> X5 + hk X, + hl X; + kI X

hkl
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PARTICLE SIZE - STRESS/STRAIN (DEFECTYS)

Size (t) (Sherrer) : B=kA/1cos(0)

B?=FWHM,2 - FWHM,? (rad)

Stress/strain (g): B =4 ¢tan(0)

Williamson-Hall: B=kA/tcos(0) + 4 ¢tan(0)

beta*cos(th)

Bcos(O)=kA/t + 4¢sin(0)

0.0120

Strain = 0.001294
Particle size = 193 A

0.0110 -

0.0100 -

0.0090

1.2 1.6 2.0 2.4 2.8 3.2
4*sin(th)
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RIETVELD REFINEMENT
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RIETVELD REFINEMENT

Least-squares: D =X, W, (Y, — Y;)?

Y =B+ S Xy A(20) Py Lp(20) ®(20-205,,4,) [Frl®

Y = Calculated intensity

B. = Background intensity

S = Scale factor

A(20) = Absorption correction

P = Preferred orientation correction
Lp(20) = Lorentz and polarization correction

D(20-20g,,4,) = Profile function
IF 2 = Diffracted (single-crystal) intensity
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Si(1)

Si(2)

Si(3)

-0(1)
-0(2)
- 0(9)
- O(10)
-0(3)
- 0(6)
- O(7)
- 0(9)
-0(4)
-0(5)
- O(8)
- O(10)

RIETVELD REFINEMENT

1.632(7)
1.593(6)
1.597(6)
1.609(7)
1.676(8)
1.642(7)
1.610(7)
1.636(8)
1.586(8)
1.621(8)
1.622(7)
1.641(8)

Scolecite, Huber data

Al(1)

Al(2)

-0(1)
-0(3)
-0(5)
- O(7)
-0(2)
-0(4)
- 0(6)
- O(8)

1.694(8)
1.691(7)
1.786(8)
1.748(8)
1.775(8)
1.768(8)
1.739(7)
1.730(8)
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ANISOTROPIC SIZE EFFECTS

18
110 440 °C

w 12- 104
=
-
(@)
<

67 012 113 16 309

0 - f a0 T R e o O R Ot O T D T T e T

Fe203 -'V'“-—Wv—‘w%—v—w - N

a=5.0364(8), c = 13.750(2) A  D(a) =399(3) A, D(c) = 87(2) A
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PROBLEMS - ERRORS

Background

Preferred orientation

Systematic errors

General

Fluorescence/incoherent scattering
Counting statistics

Poor sample

Texture

Absorption — intensities
Absorption — peak positions

Axial divergence
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BACKGROUND

310,

300.

Read-out-noise

Counts
290

800,

Counts
GO0

400,

dark

20 40 B0 80 100
28

140

Sample holder (transmission mode)
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Counts
15,

an.

25,

20.

19.

BACKGROUND

Reflection mode

5] _skive_2n

i,

20 40
28

a0

Si single crystal (711 reflection tilted 5°)
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Lounts

2000,

BACKGROUND

Siderite, FeCO,

3000.

2500.

1800,

1600,

Wy

Siderite

<0

40 B0
=G

Fluorescence scattering

an

1oo
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a0 {0 (1] ab 10 120

-

b(D) = 6.671 fm

Rp =4.65%

12000

BACKGROUND

HIO,

i

bl IE;

\
JIW‘N uw‘ w3

kg

vk.v\-\

Ll m LR s e e

LR D L

s t i |
WA 1\,, Vi “e«"»lc‘*"s-"\f"v-cf-'m/"wf"

b(H) = -3.739 fm

Rp = 1.52 %

Incoherent scattering!
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70000

60000 -+

50000 -

40000 +

30000 -

20000 A

10000 +—

COUNTING STATISTICS

Poisson statistics: o?(l) = |
o()/1 =1/sqrt( 1)

Huber data on sugar. 10 / 60 / 480 min
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COUNTING STATISTICS

10000

8000 -

6000 -

4000 +

2000 -

90 92

94 96 938 100

Huber data on sugar. 10 / 60 / 480 min
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30000 =

COUNTING STATISTICS

25000

20000 o

15000

10000 A

2000 A

— 2afstep
— 28sistep
— 530s/step
— 1% API

5.1

9.2

5.3 24 2.5 5.6 2.7

1°= 50 steps, 530 s/step — 7 hours

2.8

5.9




POOR SAMPLE
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PREFERRED ORIENTATION (TEXTURE)
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Counts

POOR SAMPLE

15060,

1000.

BOG.

20 40

Emery paper
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Counts
2000,

0

POOR SAMPLE

40640

3000,

1009,

20 40 B0

2

Emery paper

80

100



ABSORPTION EFFECTS
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Transmission mode
Capillary sample

Reflection mode
Flat plate sample
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AXIAL DIVERGENCE
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Counts

10000

5000 A

g000 4

4000

2000

AXIAL DIVERGENCE

Capillary sample: 1 mm beam height vs. 8 mm beam height

Scolecite

—— Conventional 4 h
— MAX 20 5

8

18

oS

1]

22 24 28 25 30
two-theta
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