
Introduction to Quantitative Analysis

¸ Qualitative: ID phases by comparison with standard patterns. 

Estimate of proportions of phases by comparing peak intensities 

attributed to the identified phases with standard intensity ratios 

vs

¸ Quantitative: Determination of amounts of different phases in 

multi-phase samples based on precise determination of 

diffraction intensity and/or determination of the fit of the pattern 

of each phase to the characteristics of that phase (i.e., amount, 

crystal structure, crystallite size and shape).  

¸ While ñstandardò patterns and structural information are used as 

a starting point, in quantitative analysis, an attempt is made to 

determine structural characteristics and phase proportions with 

quantifiable numerical precision from the experimental data 

itself.  

¸ The most successful quantitative analysis usually involves 

modeling the diffraction pattern such that the calculated pattern 

duplicates the experimental one. 



The Intensity Equation

where:

¸ I(hkl) = Intensity of reflection of (hkl) in phase .  

¸ I0 = incident beam intensity

¸ r = distance from specimen to detector

¸ = X-ray wavelength

¸ 2nd term = square of classical electron radius

¸ Mhkl = multiplicity of reflection hkl of phase 

¸ Next to last term on right = Lorentz-polarization (and monochromator) 

correction for (hkl)

¸ In that term, 2 m = diffraction angle of the monochromator

¸ v = volume of the unit cell of phase 

¸ s = linear absorption coefficient of the specimen

¸ F(hkl) = structure factor for reflection hkl of phase (i.e., the vector sum 

of scattering intensities of all atoms contributing to that reflection). 
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Assuming we can get accurate intensity measurements, the big problem 

relates to the mass absorption coefficient for the sample, ( / )s.  In most 

experiments ( / )s is a function of the amounts of the constituent 

phases and that is the object of our experiment. All peak intensity-

related methods for quantitative analysis involve circumventing this 

problem to make this equation solvable. 
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¸ Recognizing that many of the terms are consistent for a particular 

experimental setup we can define an experimental constant, Ke.  

¸ For a given phase we define another constant, K(hkl) , that is effectively 

equal to the structure factor term for phase .   

¸ Substituting the weight fraction (X ) for the volume fraction, the density 

of the phase ( ) for the volume, and the mass absorption coefficient 

of the specimen ( / )s for the linear absorption coefficient yields the 

following equation: 

The Intensity Equation



Sample Preparation & Particle Size Issues

¸ As discussed previously, to achieve peak intensity errors of less 

than 1% for a single phase (100% of specimen) requires 

particles between 0.5 and 1.0 m in size. 

ï Sizes of 1-5 m are more reasonable in ñreal lifeò practice 

ïMulti-phase specimens add to the error in inverse relation to 

their proportions

¸ Bottom line is reported errors of less that 5% in intensity-related 

quantitative analyses are immediately suspect

¸ Most rock specimens and many engineered materials exhibit 

compositional particle (i.e., crystallite) size inhomogeneities that 

can affect intensity measurements significantly

¸ Following are a summary of the various factors affecting 

intensity measurements in diffraction:



Introduction to Quantitative Analysis

¸ 1. Structure-sensitive Factors

ï Atomic scattering factor

ï Structure factor

ï Polarization

ïMultiplicity

ï Temperature

¸ Most of these factors are included in the K(hkl) term in the 

intensity equation, and are intrinsic to the phase being 

determined

¸ Temperature can affect resultant intensities

¸ Keeping data collection conditions consistent for specimens and 

standards is critical for good intensity data



Introduction to Quantitative Analysis

¸ 2. Instrument-sensitive Factors

ï (a) Absolute intensities

¸ Source Intensity

¸ Diffractometer efficiency

¸ Voltage drift

¸ Takeoff angle of tube

¸ Receiving slit width

¸ Axial divergence allowed

ï (b) Relative intensities

¸ Divergence slit aperture

¸ Detector dead time

¸ Bottom line issues:

ïOptimize operational conditions of the diffractometer

ï Intensities of strongest peaks can be affected by detector 

dead time ïapply the appropriate correction to your data



Introduction to Quantitative Analysis

¸ 3. Sample-sensitive Factors

ïMicroabsorption

ï Crystallite size

ï Degree of crystallinity

ï Residual stress

ï Degree of particle overlap

ï Particle orientation

¸ All of these are discussed in the chapter on specimen 

preparation and related errors

¸ Bottom line to minimize these is to keep particle (i.e., crystallite) 

size as close to 1 m as possible 



Introduction to Quantitative Analysis

¸ 4. Measurement-sensitive Factors

ïMethod of peak area measurement

ï Degree of peak overlap

ïMethod of background subtraction

ï K 2 stripping or not

ï Degree of data smoothing employed

¸ Some approaches to minimizing these errors:

ï Be consistent in how background is removed from pattern before 

calculating peak areas ïAccuracy of RIR-based methods depend 

on consistency in picking backgrounds

ï Always use integrated peak area for intensity

ï Avoid overlapping peaks or, if unavoidable, use digital peak 

deconvolution techniques to resolve overlapping peaks

ï Jade includes tools for removing background and stripping K 2

peaks, peak decomposition into components, and analyzing peak 

shapes (for size, shape and strain analysis).



What is the RIR?

¸RIR is an intensity ratio of a peak area in a 
determined phase to that of a standard phase 
(usually corundum) 

¸ It is a ratio of the integrated intensity of the 
strongest peak of the phase in question to the 
strongest peak of corundum

¸ I/Ic (RIRcor) is published for many phases in 
the ICDD PDF database 

¸ It may be experimentally determined for 
particular systems and used in ñspikedò 
specimens



RIR depends on background picks



Absorption-Diffraction Method
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The relationship between I for phase in a 

specimen and I of the pure phase:

Note that ( / )s is unknown.   

In the specialized case where the 

absorption coefficients for the phase 

and specimen are identical:

For the specialized case of a binary mixture where ( / ) is known 

for each phase, the relationship is described by the Klug equation:

For the general case, ( / )s must be estimated.  This may be done if bulk 

chemistry is known using elemental mass attenuation coefficients.



Internal Standard Method

A known amount of a standard (typically 10-20 wt %) is added to a 

specimen containing phase to be determined.  The absorption 

coefficient for the sample drops out of the equation yielding:

X

X
k

I

I

hkl

hkl

)'(

)(

For this to work the constant k must be experimentally determined 

using known proportions of the standard and phase in question.  

Standards should be chosen to avoid overlap of peaks with those in the 

phases to be determined

Requires careful specimen preparation and experimental determination 

of k at varying proportions of the two phases


