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History
• Hanawalt, J. D. & Rinn, H. W.  (1936).  Identification of crystalline 

materials.  Ind. Eng. Chem. Anal. Ed. 8, 244-247, reprinted in (1986) 
Powder Diffraction 1, 2-6.

• Hanawalt, J. D., Rinn, H. W. & Frevel, L. K.  (1938).  Chemical analysis by 
X-ray diffraction.  Ind. Eng. Chem. Anal. Ed. 10, 457-512, reprinted in part 
in (1986) Powder Diffraction 1, 7-14.

• 1941 - Joint Committee for Chemical Analysis by Powder Diffraction 
Methods, supported by Committee E-4 of the American Society for Testing 
and Materials (ASTM)

• 1969 - independent non-profit Joint Committee on Powder Diffraction 
Standards (JCPDS).

• 1978 - name change to the International Centre for Diffraction Data



Products and Services

• PDF-2 (5 year) – 316,820 entries (2021)
• PDF-4+ (annual) – 444,133 (2021)
• PDF-4 Organics – 547,295 (2021)
• WebPDF-4, PDF-4 Minerals (48,946), PDF-4/Axiom (97,789)
• SIeve/SIeve+
• Powder Diffraction, Advances in X-ray Analysis
• Denver X-ray Conference, Pharmaceutical Powder Diffraction Symposium
• Clinics and Workshops
• Grant-in-Aid







Ag0.8Cu0.2Bi3S5?
Ag, Cu, Bi, S only





Herbertsmithite
Name + Ambient + Coordinates





Zeolite MFI





Author’s Unit Cell
P-orthorhombic

a = 9.623, b = 10.565, c = 9.219
Change esd on volume to 10 Å3















Search your own surname





ICSD Collection Code 88605





Boolean Searches
Ca,Mg,C,O only and space group #167 and ambient







A Case Study: 
The 6H Perovskite Ba3CaSb2O9

Chris Ling
The University of Sydney
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Data from 1-BM-C
C2/c, a = 5.99898(7), b = 10.37797(19), c = 14.8658(3) Å, 
β = 91.384(2)°, V = 925.23(3) Å3

χ2 = 3.857
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Look more closely:
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There are peaks unaccounted for:
2θ d (λ = 1.182279 Å) Intensity

22.87 2.9817 400
28.05 2.4392 70
28.44 2.4065 60
31.63 2.1619 150
32.51 2.1118 300
40.14 1.7226 260
46.70 1.4915 140
52.58 1.3346 110
55.04 1.2794 80
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A weak peak at 28.44° (2.4065 Å) 
is still unaccounted for:
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There’s still a very weak peak 
at 32.89°/2.0881 Å:
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χ2 = 1.978
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Quantitative Phase Analysis

Phase Concentration, wt%

Ba3CaSb2O9 88.59(3)

Ba2CaSbO6 10.59(9)

CaO 0.53(3)

BaO? 0.28(2)

other trace
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Ba3CaSb2O9



Use of SIeve+ and JADE



“prelithiated Si”
ashu003.xrdml





IExpress flower food
kadu1852.xrdml





Supplied with PDF-4
“Sessions”



Inorganic Phases

• Exercise 7-1-1. Believed to be a pure phase, but not sure that the label 
on the reagent bottle is correct.

• Exercise 7-1-2. A student tried to prepare SrTiO3 using reagent SrO, 
but the reaction did not go as planned.  Check the SrO.

• Exercise 7-1-3. Check the product of a preparation of CdTiO3 to see 
if it is phase pure.



Inorganic Phases

• Exercise 7-1-4. A mixture of three common oxides.
• Exercise 7-1-5. A smear mount of a natural specimen of witherite, 

BaCO3.
• Exercise 7-1-6. A white paint.
• Exercise 7-1-7. A black filter deposit from a filter in a new solar hot 

water system.  XRF indicates Fe, Ca, and minor Mg.  An acid test 
indicates the presence of carbonate.



Inorganic Phases

• Exercise 7-1-8. A sample of lime (prepared by heating calcite at 
1000°C) was left exposed to the air for several days.  What is it now?

• Exercise 7-1-9. A synthetic red phosphor for color television tubes.
• Exercise 7-1-10. A fluorescent screen (which turns out to be a solid 

solution).



Minerals

• Exercise 7-2-1. A natural specimen of a zinc mineral.  Consider data 
quality of old PDF entries and associations.

• Exercise 7-2-2. A mixture of polymorphs.
• Exercise 7-2-3. A mixture prepared to simulate the pressure-induced 

changes which can be induced by severe grinding.  The specimen was 
prepared without any special care to avoid preferred orientation.



Minerals

• Exercise 7-2-4. An attempt to estimate the composition of a solid 
solution mineral.

• Exercise 7-2-5. A hydrothermal ore containing a trace of gold.
• Exercise 7-2-6. Typical raw material used to make dental ceramics 

(the best grade of whiteware porcelain).  It is mined from a pegmatite 
deposit.  We are asked to identify the feldspar(s) present.



Minerals

• Exercise 7-2-7. A mixture of sulfide minerals.
• Exercise 7-2-8. A mineral with low-angle lines and an impurity.
• Exercise 7-2-9. The < 2µm fraction of a sedimentary rock 

(sandstone).



Metals and Alloys

• Exercise 7-3-1. An artificial example to build confidence in 
identifying multi-phase unknowns

• Exercise 7-3-2. A steel
• Exercise 7-3-3. A corrosion product from a white metal bearing.  

XRF indicates the presence of Sn, with small amounts of Cu and Sb.



Organic Phases

• Exercise 7-4-1. A tablet, ground to a fine powder and smeared on a 
zero-background holder.

• Exercise 7-4-2. A potassium-containing compound isolated from a 
winery.

• Exercise 7-4-3. The product of an organic synthesis which used both 
NaOH and HCl.

• Exercise 7-4-4. A complete unknown.



Organic Phases

• Exercise 7-4-5. An over-the-counter medication.
• Exercise 7-4-6. A white powder found in an abandoned house.
• Exercise 7-4-7. An over-the-counter pharmaceutical.
• Exercise 7-4-8. A pharmaceutical which is known to contain sulfur.
• Exercise 7-4-9. A mixture which is known to contain CN, Cl, and 

COOH groups.
• Exercise 7-4-10. A prescription medication which is known to contain 

S by XRF.
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