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Materials Science & Engineering
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Jenkins & Snyder Chap 12

Krawitz Chap 8

Cullity Chap 9
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PDF card

General comments

Quality mark
*  Highest quality
i reasonable quality
o   low quality
blank  quality lower than o
c  calculated data
r  d’s from Rietveld refinement

D’s, I’s and Miller indices

Krawitz

Set number
Add 1950  year Chemical formula

Chemical name
Mineral nameExperimental info

Types of X-ray
Wavelength
Monochromator/filter
Method of d measurement
Max measurable d-spacing
Method of I measurement
I/I(corundum)
Literature source

Physical data
Xtal system
International tables space group symbol
Axial lengths, Axial ratios
Interaxial angles
Number of chemical formulas in unit cell
Melting point, Literature source
X-ray density, Measured density
Figure of Merit
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PDF card & Quality mark

PCPDFWIN

CAS; chemical abstracts 
service registry number

 *  Highest quality

 average ∆2θ < 0.03 degree, all lines 

were indexed, I measured 

quantitatively

 i reasonable quality

 average ∆2θ < 0.06 degree, indexed 

with no more than two lines being 

unaccounted for, I measured 

quantitatively

 o   low quality

 low precision, poorly characterized, no 

unit cell data

 blank  quality lower than o

 c  calculated data

 r  d’s from Rietveld refinement
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PDF card

 Modern computer programs can help you determine what phases are present in your 

sample by quickly comparing your diffraction data to all of the patterns in the 

database.

 The PDF card for an entry contains a lot of useful information, including literature 

references. 

Scott A. Speakman
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Powder diffraction data

hkl dhkl (Å) 
Relative 
Intensity 

(%)

{012} 3.4935 49.8

{104} 2.5583 85.8

{110} 2.3852 36.1

{006} 2.1701 1.9

{113} 2.0903 100.0

{202} 1.9680 1.4

Position
[°2θ]

Intensity 
[cts]

25.2000 372

25.2400 460

25.2800 576

25.3200 752

25.3600 1088

25.4000 1488

25.4400 1892

25.4800 2104

25.5200 1720

25.5600 1216

25.6000 732

25.6400 456

25.6800 380

25.7200 328

Raw Data Reduced d-I list

Scott A. Speakman
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Powder diffraction data

 Phases with the same chemical composition can have drastically different 

diffraction patterns.

 While every diffraction pattern is different, some can be very similar.

Scott A. Speakman
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diffraction pattern of a mixture 

From the XRD pattern you can determine:

What crystalline phases are in a mixture (phase ID)

The amount of each crystalline phase in the mixture (quantitative phase analysis, QPA)

If any amorphous material is present in the mixture

Position [°2Theta] (Cu K-alpha)

15 20 25 30 35 40

Quartz

Cristobalite

Glass

Position [°2Theta] (Copper (Cu))

15 20 25 30 35 40

0

Mixture

Scott A. Speakman
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XRD peak positions are compared with those of reference patterns

 A small amount of mismatch in peak position and intensity is acceptable 

experimental error

Peak positions from 
reference pattern 

Measured pattern

Scott A. Speakman
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Displacement error, K-alpha1 and K-alpha2 peak doublets

Scott A. Speakman

Peaks that are close 
together should be  
shifted the same     

direction and by the 
same amount 

The peak shift follows 
a cosθ behavior, so      

peak shift might          
change direction over  
a large angular range

Specimen 
displacement 

K-alpha1

K-alpha2

K-alpha1
K-alpha2

K-alpha1
K-alpha2

 The k-alpha1 and k-alpha2 peak doublets are further apart at high angle 2theta

 The k-alpha1 peaks always have twice the intensity of the k-alpha2

 Specimen displacement is a systematic peak position error due to misalignment of the sample.

 The direction and amount of peak shift will vary as ��� ����
�

K-alpha1 and K-alpha2 
peak doublets 
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Diffraction pattern > peak match

Scott A. Speakman

If a major reference peak is 
not observed in the data,       

then that is not a good match

Minor reference peaks could be lost  
in the background noise, so it may be 
acceptable if they are not observed

Position [°2Theta] (Copper (Cu))

25 30 35 40 45

Counts

0
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PDF-4
Jenkins & Snyder, page 324
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 Successful qualitative phase analysis depends both on the accuracy of the 

measurement of unknown pattern and the accuracy of the PDF

 Figure of Merit FN – quantitative criteria for evaluating powder patterns

inadequate data 
treatment in locating 

peak position

uncertainties in 
the value of 
wavelength

preferred 
orientation

poor 
crystallinity

partially resolved diffraction 
wavelength multiplets

line 
broadening 

Errors in experimental 
d-values 

Errors in experimental 
intensities 




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∆2θ & ∆d

 Typical error windows

 Debye Scherrer camera ±∆2θ = 0.1°

 diffractometer ±∆2θ = 0.05°

 diffractometer (internal standard corrected) ±∆2θ = 0.01°

 diffractometer (internal standard corrected & peaks profile fitted) ±∆2θ = 0.005°

 ∆2θ – d relationship is non-linear

 Low angle (low 2θ, large d-value) lines have large error

Jenkins & Snyder, page 322
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∆2θ & ∆d

δd/d = - ∆θ cotθ

δd
/d

2θ Jenkins & Snyder
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Phase ID & Search indexes

 Alphabetical index; chemistry-based index using only elemental information

 Hanawalt index; intensity-driven index, use only the strongest lines

 Fink index; D-spacing-driven index, mainly use the largest d-values

Jenkins & Snyder, page 333

 Process of qualitative phase ID = search/match/identify

 Search – index

 Match – file (PDF)

16 CHAN PARK, MSE, SNU   Spring-2019   Crystal Structure Analyses

Alphabetical index

Krawitz
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Alphabetical index

 End of proper name :

 Chloride: Sodium

 Sodium Chloride:

 2.82x – X stands for 100 (intensity)

 1.996 – 6 stands for 60 (intensity)
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Hanawalt index

 8 most intense lines are listed

 d’s of three strongest lines

 2 listings if I2/I1 > 0.75, I3/I1 < 0.75; d1, d2 & d2, d1

 3 listings if I3/I1 > 0.75, I4/I1 < 0.75; d1, d2 & d2, d1 & d3, d1 

 ----

 In case of NaCl, one listing  I2/I1 < 0.75

 Multiple listing  to minimize problems of preferred orientation

Krawitz

Hanawalt group
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Groups of 

Hanawalt index 

& Fink index
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Fink index

 8 listings

 Useful when I information is not reliable  oriented grains, 

overlapping multiphase patterns

Krawitz
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Factors affecting PDF search

 Preferred orientation - I

 solid solution – d (mostly)

 Impurities – d (mostly)

 Defect – d, I

 Site occupancy – d, I; e.g. spinel

 Order/disorder

 Knowledge of possible elements present  elemental analysis   
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Site occupancy in spinel

 Spinel AB2O4; MgAl2O4, MgFe2O4, Fe3O4

 Cubic close packed anion

 2x2x2 ccp cells = 1 unit cell

 Z (# formula units per unit cell) = 8

 1 unit cell; 32 anions, 16 cations in octahedral sites, 8 cations in 

tetrahedral sites

 ½ octahedal sites & 1/8 tetrahedral sites occupied

 MgFe2O4 ; Fe – octa, Mg – tetra  normal spinel

 MgFe2O4 ; Mg/Fe – octa, Fe – tetra  inverse spinel
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Octahedral & Tetrahedral interstices in CCP lattice

8 tetrahedral sites
8 x 8 = 64

4 octahedral sites
4 x 8 = 32

(MgAl2O4; ZnFe2O4 ; MnFe2O4)

Spinel

 1 unit cell of spinel 

 32 anions

 16 cations in octahedral sites, 8 cations in tetrahedral sites

 ½ octahedral sites & 1/8 tetrahedral sites occupied

24 CHAN PARK, MSE, SNU   Spring-2019   Crystal Structure Analyses

Spinel

MgFe2O4

normal spinel

inverse spinel

MgFe2O4

Same peak positions

Different peak intensities




