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Introduction 
 

This document will show the necessary steps for a manual identification and 
quantification of mineral phases using (1) tables to convert °2θ values to dhkl, (2) 

reference mineral files, and (3) a table with the experimental reflective power of 
various minerals. The following image (see below) demonstrates the relationship 
between the crystallographic planes of a mineral and the peaks of a diffractogram. 
In the case of dolomite, the radiation emitted coherently by the atoms in the 
planes parallel to the 104 face generates the most intense peak (d104) of the 
diffraction pattern. The distance between the planes is 2.887 Å.  
 
The table with the experimental reflective power of various minerals is included in 
Annex I. Reference mineral files and conversion tables (°2θ values to dhkl) can be 

found in Annex II and III, respectively.  
  



Miller Indices 

Dolomite 

d-spacing in Ångstrom (Å) 

°2θ 
104 

Dolomite Reference File 

104 

Distance between 
planes: 2.887 Å 
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23.1 

The peaks are first numbered and the value °2θ has to be determined for each peak. 

Manual identification 

all peaks are considered up to 50 °2θ                     



Peak °2ɵ d hkl (Å) Absolute Intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 

2 29.5 

3 31.6 

4 36.0 

5 39.5 

6 43.2 

7 47.2 

8 47.6 

9 48.6 

Determination of the °2θ value of each peak 
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Manual identification 

all peaks are considered up to 50 °2θ                     



40.10

41.50

43.90

45.05

42.70

2.25 Å

Conversión de °2θ a dhkl

Conversion  of °2θ to dhkl 

Important: The wavelength of the incident radiation in the conversion table and 
that used for the analysis of our sample have to be identical (usually Cu Kα). 

Manual identification 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 

2 29.5 

3 31.6 

4 36.0 

5 39.5 

6 43.2 

7 47.2 

8 47.6 

9 48.6 

Conversion of °2θ to dhkl 

Manual identification 



Bragg formula: 
 

nλ = 2dhkl sen θ 
  

The Bragg formula is rearranged to calculate dhkl,  
considering a wavelength of Cu Kα = 1.5418 Å: 

 
dhkl = 1.5418/(2 sen θ) 

 

 

 

Conversion of °2θ to dhkl  using the Bragg formula 

Manual identification 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 

2 29.5 3.03 

3 31.6 2.83 

4 36.0 2.49 

5 39.5 2.28 

6 43.2 2.09 

7 47.2 1.93 

8 47.6 1.91 

9 48.6 1.87 

Conversion  of °2θ to dhkl 

Manual identification 
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Muestra 1

23.1

En esta practica se considera 
una anchura de 1 mm para
todos los picos!

Intensidad absoluta (área del pico, 
mm2): altura (mm) x anchura del
pico a media altura (mm)

Determination of the absolute intensity 

Manual identification 

In this exercise we will consi- 
der a peak width of 1 mm  
for all peaks 

Absolute intensity (peak area,          
mm2): height (mm) x peak width 
at half height (mm) 



The width of the peaks generally depends on the crystallinity of the mineral. Phases of 
low crystallinity such as smectites have very broad peaks, while quartz is much more 
crystalline and usually has narrow peaks. 

smectite 

quartz 

Manual identification 
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The peak height has to be determined after subtraction of the background  
(in this case the baseline is simply drawn in order to determine the peak  
height correctly). 

Background subtraction 

Manual identification 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 80 

2 29.5 3.03 

3 31.6 

4 36.0 

5 39.5 

6 43.2 

7 47.2 

8 47.6 

9 48.6 
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80 

In this case we use the  
scale of the y-axis to deter- 
mine the peak heigth 
and calculate the absolute 
intensity 

Manual identification 
Determination of the peaks absolute intensity 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 80 

2 29.5 3.03 700 

3 31.6 2.83 20 

4 36.0 2.49 90 

5 39.5 2.28 130 

6 43.2 2.09 100 

7 47.2 1.93 50 

8 47.6 1.91 110 

9 48.6 1.87 120 

Determination of the peaks absolute intensity 

Manual identification 



In order to be able to compare the peaks dhkl and intensities of our 
sample with those of the reference minerals, we have to calculate the 
peaks relative intensity (%). 

Reference mineral file 

Manual identification 
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Determination of the peaks relative intensity 

Manual identification 

Relative intensity (%): (absolute  
int./absolute int. of the peak with  
max. intensity) x 100 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 80 11 

2 29.5 3.03 700 

3 31.6 2.83 20 

4 36.0 2.49 90 

5 39.5 2.28 130 

6 43.2 2.09 100 

7 47.2 1.93 50 

8 47.6 1.91 110 

9 48.6 1.87 120 

(80/700)*100 = 11 

Manual identification 

Determination of the peaks relative intensity 



Peak °2ɵ d hkl (Å) Absolute intensity 

(mm2) 

Relative 

intensity (%) 

1 23.1 3.85 80 11 

2 29.5 3.03 700 100 

3 31.6 2.83 20 3 

4 36.0 2.49 90 13 

5 39.5 2.28 130 19 

6 43.2 2.09 100 14 

7 47.2 1.93 50 7 

8 47.6 1.91 110 16 

9 48.6 1.87 120 17 

Calcite Reference File 

Identification of the mineral considering the peak of max. relative intensity (100%)  
and verification considering the positions and intensities of the remaining peaks. 

Manual identification 



Identification and quantification of a mixture of minerals 

Manual identification and quantification 

all peaks are considered up to 30 °2θ            up to 50 °2θ  only  the most intensive peaks are considered 



                              Identification      Quantification 
Peak °2θ d hkl 

 (Å) 
A.I. 
(mm2

) 

R.I. 
(%) 

Phase1 R.I.Ph2  
(%) 

Phase2 A.I./R.P. wt% 

1 11.6 

2 20.9 

3 23.4 

4 26.7 

5 29.0 

6 31.2 

7 33.4 

8 36.5 

9 39.5 

10 42.5 

11 45.7 

12 47.9 

13 50.1 

Determination of °2θ 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  

all peaks are considered up to 30 °2θ            up to 50 °2θ  only  the most intensive peaks are considered  



                                 Identification      Quantification 
Peak °2θ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I. Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.63 

2 20.9 4.25 

3 23.4 3.80 

4 26.7 3.34 

5 29.0 3.08 

6 31.2 2.87 

7 33.4 2.68 

8 36.5 2.46 

9 39.5 2.28 

10 42.5 2.13 

11 45.7 1.99 

12 47.9 1.90 

13 50.1 1.82 

Conversion of °2θ to dhkl 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                                 Identification       Quantification 
Peak °2θ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 

2 20.9 4.25 33 

3 23.4 3.80 30 

4 26.7 3.34 100 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Cuarzo 

9 39.5 2.28 16 16 Cuarzo 

10 42.5 2.13 12 12 21 Yeso 

11 45.7 1.99 10 10 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 65 Yeso 

5
7

 m
m

 

In this case we use a ruler 
to measure and calculate the  
absolute intensity (mm2): 
Peak heigth (mm) x width at   
half heigth (mm) 
Example: 
57 mm x 1 mm = 57 mm2 

Determination of the absolute intensity 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                                 Identification     Quantification 
Peak °2θ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2 

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 57 

2 20.9 4.25 33 33 

3 23.4 3.80 30 30 

4 26.7 3.34 100 100 

5 29.0 3.08 28 28 

6 31.2 2.87 10 10 

7 33.4 2.68 11 11 

8 36.5 2.46 13 13 

9 39.5 2.28 16 16 

10 42.5 2.13 12 12 

11 45.7 1.99 10 10 

12 47.9 1.90 16 16 

13 50.1 1.82 37 37 

In order to use the mineral reference files to identify  
the mineral phases in our samples we have to calculate 
the relative intensity (%) of all peaks 
 
Relative intensity (%) = (Absolute intensity (mm2)/ 
absolute intensity of the peak with max. absolute 
intensity (mm2)) x 100 
 
Example: 
(57 mm2/100 mm2) x 100% = 57% 
 
In this case both have the same value because the  
absolute intensity of the peak with the max. intensity =  
100 mm2 

 
 

Determination of the relative intensity 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                            Identification      Quantification 
Peak °2θ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 I.r.F2  

(%) 

Fase 2 I.a./P.R. wt% 

1 11.6 7.62 57 57 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 

4 26.7 3.34 100 100 Quartz 

5 29.0 3.08 28 28 

6 31.2 2.87 10 10 

7 33.4 2.68 11 11 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 

11 45.7 1.99 10 10 Quartz 

12 47.9 1.90 16 16 

13 50.1 1.82 37 37 Quartz 

Quartz 

We consider the peak with the max. relative intensity (100%) in order to 
identify the first phase in our sample and compare all other peaks of the 
reference mineral file with the remaining peaks of our sample.  

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.F2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                                Identification      Quantification 
Peak °2ɵ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 57 100 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 

4 26.7 3.34 100 100 Quartz 

5 29.0 3.08 28 28 49 

6 31.2 2.87 10 10 18 

7 33.4 2.68 11 11 19 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 

11 45.7 1.99 10 10 Quartz 

12 47.9 1.90 16 16 28 

13 50.1 1.82 37 37 Quartz 

In order to identify the additional mineral 
phases of our sample, we have to re-scale 
the most intense peak of the remaining 
peaks to 100% and calculate the relative 
intensity of all remaining peaks.  
 
 
Example: 100%/57% = 1.75 
                 
               30% x 1.75 = 53% 

Determination of the relative intensity of the remaining peaks 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                       Identification      Quantification 

Peak °2ɵ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 57 100 Yeso 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Quartz 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

Gypsum 

Identification of the second phase of our sample considering the max. relative 
intensity (100%) of the remaining peaks and verification by comparing the 
position and intensities of all peaks of the reference mineral file. 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.F2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  



                       Identification      Quantification 

Peak °2ɵ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 57 100 Yeso 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Cuarzo 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Cuarzo Yeso 

9 39.5 2.28 16 16 Cuarzo 23 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

Gypsum 

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.F2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  

Identification of the second phase of our sample considering the max. relative 
intensity (100%) of the remaining peaks and verification by comparing the 
position and intensities of all peaks of the reference mineral file. 

In some cases small variations in the 
second decimal of the dhkl values 
might be observed due to 
experimental errors or changes in the 
lattice parameters, for example due to 
isomorphic substitutions. Variations in 
intensity might be more severe and 
are due to the preferred orientation of 
the crystals in our sample. 



                       Identification      Quantification 

Peak °2ɵ d hkl 

 (Å) 

A.I. 

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2  

(%) 

Phase2 I.a./P.R. wt% 

1 11.6 7.62 57 57 100 Yeso 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Quartz 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

Some peaks may have 
intensity contribution of 
two or more phases. 
Hence, their intensity is 
higher than that shown in 
the reference pattern files.  

dhkl = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,  
A.I./R.P. = Absolute intensity divided by the reflective power  

Identification of the second phase of our sample considering the max. relative 
intensity (100%) of the remaining peaks and verification by comparing the 
position and intensities of all peaks of the reference mineral file. 



For the manual quantification we have to divide the value of the max. absolute 
intensity (the dhkl of the corresponding peak is indicated in the table) of each phase 
by the corresponding reflective power (R.P.). In our case it would be the R.P. of 
quartz and gypsum. Note: Mineral names are included in English because XRD 
analysis software use English names. 

Fase P.R. dhkl  (Å) 

Quartz 1.43 3.34 

Calcite 1.05 3.03 

Dolomite 1.03 2.88 

Gypsum 0.70 7.56 

Feldspars 0.98 ~3.20 

Strontianite 0.60 3.53 

Celestite 0.52 2.97 

Fluorite 2.00 3.16 

Galena 1.50 2.96 

Clays 

(mica, illite, 

kaolinite, 

smectite) 0.09 ~4.50 

Manual quantification 



                                  Identification       Quantification 
Peak °2θ d hkl 

 (Å) 

A.I.  

(mm2) 

R.I. 

(%) 

Phase1 R.I.Ph2 

(%) 

Phase2 A.I../P.R. wt% 

1 11.6 7.62 57 57 100 Yeso 57/0.7 

= 81.4 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Quartz 100/1.43= 

 69.9 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Cuarzo 

9 39.5 2.28 16 16 Cuarzo 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

sum.:151.4 

Manual quantification 

For the quantification we have to divide the max.  
absolute intensity of both phases by the corresponding 
reflective power. Both results are integrated. 



                               Identification          Quantification 
Peak °2θ d hkl 

 (Å) 

A.I.  

(mm2) 

R.I.  

(%) 

Phase1 R.I.Ph2 

(%) 

Phase2 A.I./P.R. w% 

1 11.6 7.62 57 57 100 Yeso 57/0.7 

= 81.4 

(81.4/151.4) x 

100 wt% = 54 wt% 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Quartz 100/1.43 

= 69.9 

(69.9/151.4) x 

100 wt% = 46 wt% 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

sum.:151.4 

Manual quantification 

Both results are divided by the sum and  
multipied by 100 in order to obtain a quan- 
tification in weight % (wt%). 



                               Identification           Quantification 
Peak °2θ d hkl 

 (Å) 

I.a.  

(mm2) 

I.r.T  

(%) 

Phase1 R.I.Ph2 

(%) 

Phase2 A.I./P.R. wt% 

1 11.6 7.62 57 57 100 Yeso 57/0.7 

= 81.4 

(81.4/151.4) x 

100 wt%= 54 wt% 

2 20.9 4.25 33 33 Quartz 

3 23.4 3.80 30 30 53 Yeso 

4 26.7 3.34 100 100 Quartz 100/1.43= 

 69.9 

(69.9/151.4) x 

100 wt%= 46 wt% 

5 29.0 3.08 28 28 49 Yeso 

6 31.2 2.87 10 10 18 Yeso 

7 33.4 2.68 11 11 19 Yeso 

8 36.5 2.46 13 13 Quartz 

9 39.5 2.28 16 16 Quartz 

10 42.5 2.13 12 12 Quartz 21 Yeso 

11 45.7 1.99 10 10 Quartz 18 Yeso 

12 47.9 1.90 16 16 28 Yeso 

13 50.1 1.82 37 37 Quartz 65 Yeso 

sum.:151.4 

Manual quantification 



Reflective power (R.P.) of various minerals and dhkl of the most intensive peaks  

Fase P.R. dhkl  (Å) 

Quartz 1.43 3.34 

Calcite 1.05 3.03 

Dolomite 1.03 2.88 

Gypsum 0.70 7.56 

Feldspars 0.98 ~3.20 

Strontianite 0.60 3.53 

Celestite 0.52 2.97 

Fluorite 2.00 3.16 

Galena 1.50 2.96 

Clays 

(mica, illite, 

kaolinite, 

smectite) 0.09 ~4.50 

Annex I 



Annex II 

Calcite 

Reference mineral file 



Annex II 

Quartz 

Reference mineral file 



Annex II 

Gypsum 

Reference mineral file 



Annex II 

Dolomite 

Reference mineral file 



Annex II 

Galena 

Reference mineral file 



Annex II 

Celestite 

Reference mineral file 



Annex II 

Strontianite 
Reference mineral file 



Annex II 

Fluorite 

Reference mineral file 



Annex III 
Tables to convert °2θ to dhkl  



Annex III 
Tables to convert °2θ to dhkl  



Annex III 
Tables to convert °2θ to dhkl  


