
Analytical Methods for Materials

Laboratory Module #8
Identification of Unknowns via X-ray Diffraction 

Techniques
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Learning Objective
• Upon completion of this module, the student will 

be able to accurately identify an unknownbe able to accurately identify an unknown 
specimen using the ICDD search manuals.  

• Upon completion of this module, the student will 
know how ICDD search-match software works.
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Introduction
• In engineering practice, it is highly likely that you 

will be called upon to identify an unknown 
material.

• Where this is critical
– Failure analysis

Reverse engineering– Reverse engineering
– Development of new alloys
– Etc…
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How is it done?
1. Collect an XRD 

pattern and 
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2 Intensity (%) d (Å) 
39.80 100.00 2.263

2 sinn d 
39.80 00.00 . 63
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67.53 27.70 1.385 
81.34 30.80 1.182 
85 80 8 90 1 13285.80 8.90 1.132

103.63 4.70 0.980 
117.86 17.90 0.899 
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Continued
2. Identify the 3 most 

intense peaks and 
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3. Locate proper d1
group in the 
Hanawalt

2 Intensity (%) d 
39.80 100.00 2.263
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0

Hanawalt 
(numerical) Search 
Manual

39.80 00.00 . 63
46.28 47.50 1.960 
67.53 27.70 1.385 
81.34 30.80 1.182 
85 80 8 90 1 132Manual 85.80 8.90 1.132

103.63 4.70 0.980 
117.86 17.90 0.899 
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Continued
4 M t h d l k f t h t d d th4. Match d1; look for match to d2 and then 

repeat for d3.

5. Once all three match, compare relative 
intensities with tabulated values.  

6. When the experimental d-spacings and 
intensities for the most intense reflections 
match those in the Hanawalt manual, get 
the ICDD card and compare for allthe ICDD card and compare for all 
reflections.  Once all agree, you will have 
matched the pattern and identified the 
unknown.
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Additional Notes
• This method of analysis will work for multiphase 

materials, no matter how many phases arematerials, no matter how many phases are 
present.

• The technique is the basic one that most 
computer phase ID programs use.

• Works for powders.  Some difficulties arise with p
bulk materials.
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Multiphase Unknowns
I i (%)Intensity (%) 
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Multiphase Unknown – cont’d

2theta
Intensity 

(cps) I/Io d (Å)

34.96 89558.4 100.0 2.57

Intensity (%)
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38.52 70211.3 78.4 2.34

40.59 55128.3 61.6 2.22

55.61 11353.3 12.7 1.65
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(101.72,16.0)

(116 35 14 8)

58.75 33939.3 37.9 1.57

69.69 21387.7 23.9 1.35

70.23 31522.6 35.2 1.34

 
30 40 50 60 70 80 90 100 110 120

0 
10 

(55.61,12.7) (82.56,7.0)

(107.80,2.8)(87.85,5.3)

(116.35,14.8)

73.85 10494.4 11.7 1.28

82.56 6292.7 7.0 1.17

87.85 4734.2 5.3 1.11

Three strongest peaks:

d1 = 2.57 Å I/Io = 100

d2 = 2 34 Å I/I = ~80
95.05 8962.5 10.0 1.04

98.22 12845.8 14.3 1.02

101.72 14293.5 16.0 0.99

d2  2.34 Å I/Io  80

d3 = 2.22 Å I/Io = ~60
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101.72 14293.5 16.0 0.99

107.80 2534.4 2.8 0.95

116.35 13242.4 14.8 0.91



The Process
Use 2 57 – 2 51 (0 01) group in search manualUse 2.57  2.51 (0.01) group in search manual 
 

Excerpt from Search Manual (1993 edition, p. 1003) 
 

Strongest reflections Formula PDF # Strongest reflections Formula PDF #
o 2.588 2.33X 2.558 1.55X 1.449 1.409 1.389 1.277 CoZr4 23- 945
 2.575 2.335 2.185 1.15X 1.165 3.284 2.914 1.674 CeCr2B6 26- 350 
 2.56X 2.336 2.086 1.256 1.166 2.705 1.545 1.455 ThTc2 18-1319 
 2.56X 2.338 2.078 1.198 1.346 0.896 0.863 1.402 GeHf2 15- 728 
 2.558 2.33X 2.585 1.55X 1.449 1.409 1.389 1.277 CoZr4 23- 945

 
Note only two possible matches based on our identified d1 and d2:  

 ThTc2 ( b i f k i t it d d i )2

 GeHf2 
 
However, neither of these has 2.22 as the third most intense reflection.  
I dditi th i t it f d t i t k d t t h

(on basis of peak intensity and d-spacing)

In addition, the intensity of our second most intense peak does not match 
with the patterns for ThTc2 or GeHf2 (from subscripts in search manual). 
 
Thus it is likely that our second and/or third reflections belong to
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Thus, it is likely that our second and/or third reflections belong to 
another phase. 



The Process – cont’d
Let’s search again treating the third most intense peak as d2 and our 
fourth most intense peak as d3.

 d1 = 2.57 Å I/Io = 100 
 d2 = 2.22 Å I/Io = ~80 
 d3 = 1 57 Å I/I = ~40 d3  1.57 Å I/Io ~40

 
Use the 2.57 – 2.51 (0.01) group in search manual 
 

Excerpt from Search Manual (1993 edition, p. 1004)
 

 Strongest reflections Formula PDF # 
 2.57X 2.232 1.572 1.572 2.201 1.581 1.331 1.291 TiH1.924 25- 983 
* 2.57X 2.237 1.584 1.344 1.291 1.001 1.021 1.111 TaC 35- 801 

2 56 2 23 2 45 2 36 2 20 2 09 3 18 2 43 Pd S 11 499 2.568 2.23X 2.458 2.368 2.208 2.098 3.186 2.436 Pd2.5Se 11- 499
i 2.52X 2.23X 2.22X 2.21X 2.988 2.978 6.665 3.315 Cu15Hg11 15- 728 
 2.52X 2.23X 2.15X 2.11X 4.548 3.638 3.946 2.326 -Ga3Re 36-1103 

 
 On the basis of our new d1, d2, and d3and their relative intensities
(taking into account the 0.01 Å error in the tables), the only possible 
match appears to be TaC. 
 The only other phase that is close is TiH1.924, however its peak 
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y p p
intensities do not match the experimental pattern. 
 Compare with ICDD/JCPDS Card 



ICDD card for TaC

FROM EXPERIMENT

d1 = 2.57 Å I/Io = 100

d2 = 2.22 Å I/Io = ~80

d3 = 1.57 Å I/Io = ~40

d4 = 1 34 Å I/I = ~40d4 1.34 Å I/Io 40

Etc…
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ID of unknown #1 in the multiphase pattern

Observed ICDD/JCPDS Card 35-801 
2theta intensity I/Io (%) dhkl hkl Phase dhkl I/Io (%) 

34.96 89558.4 100 2.57 (1 1 1) TaC 2.572 100 
38 52 70211 3 78 2 3438.52 70211.3 78 2.34   
40.59 55128.3 62 2.22 (2 0 0) TaC 2.228 70 
55.61 11353.3 13 1.65       
58.75 33939.3 38 1.57 (2 2 0) TaC 1.575 41 
69 69 21387 7 24 1 3569.69 21387.7 24 1.35   
70.23 31522.6 35 1.34 (3 1 1) TaC 1.343 41 
73.85 10494.4 12 1.28 (2 2 2) TaC 1.286 14 
82.56 6292.7 7 1.17       
87 85 4734 2 5 1 11 (4 0 0) TaC 1 114 687.85 4734.2 5 1.11 (4 0 0) TaC 1.114 6
95.05 8962.5 10 1.04       
98.22 12845.8 14 1.02 (3 3 1) TaC 1.023 10 

101.72 14293.5 16 0.99 (4 2 0) TaC 0.996 12 
107.8 2534.4 3 0.95107.8 2534.4 3 0.95   

116.35 13242.4 15 0.91 (4 2 2) TaC 0.909 3 
 

Now we repeat the same steps for the second set of peaks!
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Now we repeat the same steps for the second set of peaks!



ID of unknown #2 in the multiphase pattern

Take second set of peaks and normalize intensities with respect to the 
remaining unidentified peaks. 

 
Observed 

2theta Intensity I/Io (%) dhkl hkl
38.52 70211.3 100 2.34   
55.61 11353.3 16 1.65
69.69 21387.7 30 1.35   
82.56 6292.7 9 1.17   
95.05 8962.5 13 1.04   
107.8 2534.4 4 0.95   

 
Let’s search again treating the most intense peak as d1, the second as d2, 
and the third as d3. 

 d1 = 2.34 Å  I/Io = 100 
 d2 = 1.35 Å  I/Io = ~30 
 d3 = 1.65 Å  I/Io = ~20 
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ID of unknown #2 in the multiphase pattern – cont’d

Use 2.36 – 2.30 (0.01) group in search manual 
 

Excerpt from Search Manual (1993 edition p 1078)Excerpt from Search Manual (1993 edition, p. 1078)
 

 Strongest reflections Formula PDF # 
* 2.34X 1.354 1.652 0.883 1.052 1.171 0.951 0.831 Ta 4- 788 
 2.33X 1.358 1.995 1.655 3.812 1.522 1.272 3.301 Ag2LiSn 23- 639 
i 2 33 1 35 1 65 1 17 0 00 0 00 0 00 0 00 T V D 39 1334i 2.33X 1.355 1.652 1.171 0.001 0.001 0.001 0.001 Ta0.5V0.5D 39-1334
 2.33X 1.35X 1.17X 1.658 3.245 2.085 1.295 1.205 -NbN 43-1420 
 2.29X 1.354 2.433 1.372 0.902 2.882 1.062 1.861 Ta2B 25- 920 

 
 
On the basis of our new d1, d2, and d3, their relative intensities, and 
taking into account the 0.01 Å error in the tables, the only possible 
match appears to be Ta (card # 4 0788)match appears to be Ta (card # 4-0788).
 
Compare with ICDD/JCPDS Card 
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ICDD card for Ta

FROM EXPERIMENT

d 2 34 Å I/I 100d1 = 2.34 Å I/Io = 100

d2 = 1.65 Å I/Io = ~30

d3 = 1.35 Å I/Io = ~20

d4 = 1.17 Å I/Io = ~10

Etc…
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ID of unknown #2 in the multiphase pattern

 
Identification of second unknown in multiphase 

materialmaterial
 

Observed ICDD/JCPDS Card 4- 788
I/Io dhkl dhkl I/Io

2theta intensity 
I/Io
(%) 

dhkl
(Å) hkl Phase

dhkl
(Å) 

I/Io
(%)

38.52 70211.3 100 2.34 (1 1 0) Ta 2.338 100 
55.61 11353.3 16 1.65 (2 0 0) Ta 1.653 21 
69.69 21387.7 30 1.35 (2 1 1) Ta 1.350 38( )
82.56 6292.7 9 1.17 (2 2 0) Ta 1.1687 13 
95.05 8962.5 13 1.04 (3 1 0) Ta 1.0453 19 
107.8 2534.4 4 0.95 (2 2 2) Ta 0.9543 7 

 
 

“This unknown is composed of Ta and TaC!” 
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Applicability of the Method
• This method works for any combination or 

number of phases.number of phases.

• It can be very tedious!It can be very tedious!
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Other techniques that could be useful
• Light optical microscopy, scanning electron 

microscopy x-ray spectroscopy massmicroscopy, x ray spectroscopy, mass 
spectroscopy, wet chemical analysis, etc…

• These techniques may allow us to:• These techniques may allow us to:
– Determine number of phases present in the unknown

D i l h i h k– Determine elements that are present in the unknown

– Etc…

• They can provide supplementary information

• You will do this in your final group projects.ou do t s you a g oup p ojects

821



Intensity (%)

90

100

This is a practice pattern.  It 
contains 3 different elements.  They 
are:  Al, Si, and Re.  See if you can 
d i hi i h h d

70

80

determine this using the methods 
that I have outlined for you.

40

50

60

20

30

40



25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
0

10

822



Here is the relevant XRD data for the pattern.  I strongly suggest Here is the relevant XRD data for the pattern.  I strongly suggest 
th t t itth t t itthat you try it. that you try it. 

2theta intensity dhkl 2theta intensity dhkl
28 45 1532 9 3 134 82 04 832 8 1 17428.45 1532.9 3.134 82.04 832.8 1.174
37.59 1215.7 2.391 82.33 174.0 1.17
38.43 2220.8 2.341 83.68 590.9 1.155
40.44 1312.6 2.229 87.45 117.0 1.114
42 89 4964 8 2 107 88 08 248 5 1 10842.89 4964.8 2.107 88.08 248.5 1.108
44.67 1042.2 2.027 93.97 149.4 1.054
47.32 945.1 1.919 95.00 34.6 1.045
56.15 534.6 1.637 98.93 80.3 1.013
56 39 699 8 1 63 99 39 135 7 1 0156.39 699.8 1.63 99.39 135.7 1.01
65.02 585.8 1.433 106.77 86.1 0.96
67.83 757.1 1.38 111.58 367.4 0.931
69.16 131.5 1.357 111.83 270.6 0.93
75 23 811 0 1 262 114 16 164 1 0 91875.23 811.0 1.262 114.16 164.1 0.918
76.41 189.2 1.245 116.36 264.5 0.907
78.13 618.9 1.222 116.94 122.3 0.904
80.23 111.1 1.196
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