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Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

Typical steps for acquisition, treatment, and 

storage of diffraction data includes:

1. Sample preparation (covered earlier)

2. Selection of instrument variables, i.e. source, 

kV, mA, slits (covered earlier)

3. Data collection, i.e. range, step size, count time

4. Pattern reduction, i.e. smoothing, Ka2 strip, 

peak locate, peak correction, storage, report

5. Interpretation
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A. Steps in Data Acquisition 

3. Data collection, i.e. range, step size, 

count time.

a. Choice of d-spacing range and Two Theta

A large enough number of d-spacings must 

be measured to ensure complete 

identification of a material. Patterns can 

contain up to 50 lines, but higher symmetry 

gives less lines.
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A. Steps in Data Acquisition 

3. Data collection, i.e. range, step size, 
count time.

a. Choice of d-spacing range and Two Theta

Also the largest d-spacings are generally 
the most useful in pattern identification and 
indexing.  It is important not to miss low 
angle lines.

Important to take a survey scan first to 
determine 2q range and lines of interest.
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A. Steps in Data Acquisition 

3. Data collection

b. Choice of Wavelength

Copper Kalpha the most popular.

Ka1 = 1.54060 Å

Ka2 = 1.54439 Å
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Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

3. Data collection

b. Choice of Wavelength

An error in d-spacing calculation is 
proportional to an error in measurement of 
wavelength.

To obtain an 1/1000 accuracy must either 
weight average Ka1 and Ka2 or strip Ka2 or 
measure separately.



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

3. Data collection

b. Choice of Wavelength

For lattice parameter measurements utilize 

internal standards to calibrate out errors.

If the diffraction pattern is very complex, 

can collect the data using Kb instead to 

simplify the pattern.



Acquisition of Diffraction Data 
A. Steps in Data Acquisition

3. Data collection

b. Choice of Wavelength

Example: superlattices

Intensity for b is a 

factor of 5 lower 

compared to a.



Acquisition of Diffraction Data 

A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

During a scan – pulses are counted at each angle for 

a set time. These pulses are integrated for a time 

related to the RC time constant of the ratemeter. 

Time constant must be matched with the scanning 

speed. Too small an RC leads to noisy recording, too 

large an RC leads to severe distortion of the line 

profiles.
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A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

Since the ratemeter is integrating the x-ray photons 

at the detector, the integration time must be 

sufficient to allow a correct measure at a given angle. 

General rule to establish RC:

Rc < 30 x receiving slit width (degrees)/scan speed (degrees/min)

Ex. slit width – 0.2o scan speed – 2 o/min Rc < 3.
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A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

Must translate this for a pulse stepping motor and 

step scanning. 

Correct procedure to select parameters:

1. Take note of average count rate of the background.

Ex. 25 c/s.



Acquisition of Diffraction Data 

A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

2. Calculate statistical error needed to reveal small peaks.

Ex. 10% error
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A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

3. Calculate ratemeter setting.

Ex. s(RM) = 100/(r x 2RC)1/2

s(RM) = 10 = 100/(25 x 2 x RC)1/2

RC = 2
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A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

4. Allowing for receiving slit used, calculate maximum scan 

speed.

Ex. 0.2 slit

Rc < 30 x receiving slit width (degrees)/scan speed (degrees/min)

scan speed = (30 x 0.2)/2 = 3o/min
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A. Steps in Data Acquisition

3. Data collection

c. Choice of Scan Rate

Rc < 30 x receiving slit width (degrees)/scan speed (degrees/min)

scan speed = (30 x 0.2)/2 = 3o/min

In the lab: a 0.05 step size and 1 sec scan rate will translate into:

20 steps per degree = 20 sec  in 3 degrees = 1 minute

If unsure – scan a prominent peak

at high and low scan speeds



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

3. Data collection

d. Choice of Step Width

For step scans: the goniometer is moved in 

fixed angular increments, the timer/scaler 

counts for a fixed time increment when the 

goniometer is stationary.
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A. Steps in Data Acquisition 

3. Data collection

d. Choice of Step Width

Timer/scaler, goniometer, and the 

registering device are three separate 

processes.
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A. Steps in Data Acquisition 

3. Data collection

d. Choice of Step Width

If the step size is too large, a high degree of 

smoothing will decrease peak intensity and 

resolution.

If the step size is too small, then too little 

smoothing will give peak shifts.

Narrow peaks require smaller step sizes.
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A. Steps in Data Acquisition 

4. Pattern reduction

Reduction includes:

-converting raw data to tables

i.e. d-spacings and intensities 
(absolute intensities values are 
converted to relative intensities 
where the strongest line is set to 
100%).

d-I list is referred to as the “reduced” pattern



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

1. Data collection

2. Smoothing

3. Background subtraction

4. alpha2 stripping

5. Peak location

6. Two theta calibration

7. Calibration and reporting of d
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A. Steps in Data Acquisition 

4. Pattern reduction

Computer software can be used to 

treat data or can be done 

manually. Different software 

packages give different results.
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

a. Data collection

Pattern is stored along with all 

parameters.
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A. Steps in Data Acquisition 

Diffraction patterns are best reported using 

dhkl and relative intensity rather than 2q and 

absolute intensity.

The peak position as 2q depends on instrumental 

characteristics such as wavelength.

The peak position as dhkl is an intrinsic, instrument-

independent, material property.

Bragg’s Law is used to convert observed 2q

positions to dhkl.
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A. Steps in Data Acquisition 

Diffraction patterns are best reported using 

dhkl and relative intensity rather than 2q and 

absolute intensity.

The absolute intensity, i.e. the number of X rays 

observed in a given peak, can vary due to 

instrumental and experimental parameters. 

The relative intensities of the diffraction peaks 

should be instrument independent.



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

Diffraction patterns are best reported using dhkl and 

relative intensity rather than 2q and absolute 

intensity.

To calculate relative intensity, divide the absolute intensity of 

every peak by the absolute intensity of the most intense peak, 

and then convert to a percentage. The most intense peak of a 

phase is therefore always called the “100% peak”.

Sometimes peak areas are used rather than peak heights as a 

measure of intensity.
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Acquisition of Diffraction Data 
4. Pattern reduction - example

What are the differences? Peak intensity and d-spacing

Peak intensities can be strongly affected by changes in electron 

density due to the substitution of atoms with large differences 

in Z, like Ca for Sr. 

SrTiO3 and 

CaTiO3



Acquisition of Diffraction Data 
4. Pattern reduction - example

Substitutional doping can change bond distances, reflected by a change in 

unit cell lattice parameters.

The change in peak intensity due to substitution of atoms with similar Z is 

much less.
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

b. Smoothing

Counting processes introduces 
random fluctuations in the raw data. These 
fluctuations are partially removed by data 
smoothing, i.e. 3pt or 5 pt smooth. 

Take odd # of data points and average and 
replace middle data point with average. Step 
one increment and continue process.
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Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

b. Smoothing

If the x-ray profile is asymmetric with 

intensity falling off more rapidly on the 

high angle side (axial divergence), then a 

linear digital filter will cause the peak 

maximum to shift. Better to use a quadratic, 

cubic, or higher order polynomial type filter. 

(Savitzky-Golay algorithm quadratic filter).
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

c. Background subtraction

Variations in background caused by:

- scatter from the sample holder (low angles with a too 

wide divergence slit)

- fluorescence from the sample

- presence of significant amounts of amorphous 

material in the sample

- scatter from the sample mount substrate (thin 

samples)

- air scatter (greatest effect at low two theta values)
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

c. Background subtraction

To differentiate peaks from the 

background noise:
- 1st linerarize the pattern to remove typical low-angle 

maximum of amorphous scattering.

- 2nd determine threshold of statistically significant data.
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

d. alpha2 stripping (not always beneficial)

Kalpha2 lines lead to distortion of 
diffraction profiles, especially in the 
mid angular region.

Removal of alpha2

- Rachinger technique

- Fourier technique
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

e. Peak location

Methods:

-manual

-computer – most programs use the 2nd

derivative.

Sample displacement of 10 um lead to a peak 

shift of 0.001 degrees.
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A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

e. Peak location

Profile Fitting – used to determine shape of diffracted 

line profile. Peak location methods using profile fitting 

procedures are popular with many software programs 

(I.e. Lorentzian function and split Pearson VII function). 

More precise method for individual lines. 

Rietveld technique used for whole-pattern fitting.



Acquisition of Diffraction Data 

A. Steps in Data Acquisition 

4. Pattern reduction

Steps in Data Treatment

f. Two theta calibration

g. Calibration and reporting of d

(Includes calibration methods using 

standards).
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Various types of standards are used in x-ray diffraction -

these are certified as Standard Reference Materials (SRMs) 

by NIST. These standards fall into 5 categories:
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by NIST. These standards fall into 5 categories:



Acquisition of Diffraction Data 

B. Use of Calibration Standards 

1. External 2q Standards

Typically silicon, a-quartz, and gold

Used to check for correct alignment of 
diffractometer.

Peaks from the experimental and standard 
pattern are measured and D2q (2qobs-2qcalc) is 
plotted vs 2q.

External standard will not correct for sample 
displacement errors.
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B. Use of Calibration Standards 

2. Internal 2q and d-spacing Standards 

The ideal internal standard properties; good angular 

coverage, simple pattern, stable, inert, and available in 

small particle sizes.

Used to correct for instrument alignment, sample 

transparency and sample displacement.

Typically Si (SRM 640b), Fluorophlogopite (SRM 675), 

W, Ag, quartz, diamond.

Si (SRM 640b) is good for scans from 240 2q and up.

Fluorophlogopite is good for low angle scans. It is a 

type of mica that strongly orients in [00l] direction.
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B. Use of Calibration Standards 

3. Internal Intensity Standards 

Quantitative standards of high phase purity that exhibit 

minimal preferred orientation. 

These standards include Al2O3 (SRM 676), a and b -

silicon nitride (SRM 656), Oxides of Al, Ce, Cr, Ti, and 

Zn (SRM 674a), a - SiO2 (SRM 1878a), and Cristobolite 

(SRM 1879a).

The oxides standard (SRM 674a) is unique in that it has 

a linear range of attenuation coefficients from 126 to 

2203 cm-1 for CuKa radiation.
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B. Use of Calibration Standards 

4. External Sensitivity Standards 

This standard is used to quantify variations in 

angular sensitivity between different 

diffractometers. 

Usually use Al2O3 (SRM 1976). This is a 

sintered plate of a - alumina.
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B. Use of Calibration Standards 

5. Line Profile Standards 

Used for broadening calibration

Typically Lanthanum Hexaboride (SRM 660)

Defines the instrumental broadening of the 

diffractometer, since this standard is relatively 

free from strain and particle size effects which 

lead to broadening. Obtain the FWHM values 

by use of a split Pearson VII profile shape 

function.

Can also be used for Rietveld refinement.
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C. Use of Databases

Once a reduced pattern is finalized –

determination of the crystalline structure can be

done through comparison in databases.
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History
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C. Use of Databases

ICCD: JCPDS Files

The International Centre for Diffraction Data (ICDD) maintains a 

database of powder diffraction patterns, the Powder Diffraction 

File (PDF).

The database includes: 

d-spacings and relative intensities of observable diffraction 

peaks. 

Patterns may be experimentally determined, or computed based 

on crystal structure and Bragg's law. 

The PDF contains more than a million unique material data sets. 
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C. Use of Databases

ICCD: JCPDS Files

The PDF contains more than a million unique material data sets. 

Each data set contains diffraction, crystallographic and 

bibliographic data, as well as experimental, instrument and 

sampling conditions, and select physical properties in a 

common standardized format.

https://www.icdd.com/
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C. Use of Databases
ICCD: JCPDS Files
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C. Use of Databases

There are a wide range of tools to help in 

solving crystal structures and identifying our 

samples. So we will discuss the use of various 

databases and software for our diffraction data 

in another lecture.

Next lecture – expand on phase identification.



Reading Assignment:

Read Chapter 3-7, 9-11 and 13 from:

-Introduction to X-ray powder 

Diffractometry by Jenkins and Synder

Read Chapter 3, 4, 6, 13, and 14 from 

-Elements of X-ray Diffraction 

by Cullity and Stock

Read Chapter 2 from Norton

Exam 2 – Oct 31st - Lectures 7-12




