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General terms and definitions

Analytical chemistry is a part of chemistry studying 
composition and structure of substances (objects).

Chemical analysis is determination of chemical 

composition and structure of studied substances (objects).

Qualitative Quantitative

Answers on the question:

What elements or phases 

are contained within the 

studied substance?

What are their contents 

within the studied 

substance?



General terms and definitions

A specimen (sample, substance, phase) can be analyzed.

An element can be either detected or determined but 

not analyzed.

Sentences like “Aluminum in our sample was

analyzed by EDS…” or “we used SIMS for analysis

of copper in the fabricated specimen…” are wrong!

Specimen is a representative part of a studied substance 

(object).



General terms and definitions

Analytical technique is a set of basic principles necessary 

to perform chemical analysis.

Examples of analytical techniques: emission spectral

analysis, secondary ion mass spectrometry (SIMS), Auger

electron spectroscopy (AES), X-ray fluorescent analysis

(XRF), etc.



General terms and definitions

Analytical technique can be:  “wet” or instrumental.

“Wet” analytical technique is based on calculation of

content of an element of interest from a known chemical

reaction proceeding in liquid state, which this element was

involved in. Requires dissolving a sample within a solvent.

Examples: gravimetric analysis, titration.

Instrumental analytical technique is based on

measurements of emission, absorption or mass spectra from

an unknown sample. Examples: atomic absorption

spectroscopy (AAS), nuclear activating analysis (NAA), etc.



General terms and definitions

Analytical technique can be:  destroying or non-destroying.

Destroying (destructive) analytical technique requires

transformation of the initial sample (dissolving in an acid,

melting with smth, fine powdering, etc.) for further analysis.

Information about element distribution within the initial

sample is not retained. Examples: XRF, AAS, etc.

Non-destroying (non destructive) analytical technique

analyzes a part of the initial sample directly within the whole

sample. Examples: X-ray photoelectron spectroscopy (XPS),

nuclear activating analysis (NAA), AES, etc.



General terms and definitions

From the point of view of mass of an unknown sample, required 

for analysis, analytical techniques can be classified as follows:

Bulk analysis. Examples: X-ray fluorescent analysis (XRF),

spark mass spectrometry, etc.

Microanalysis. Examples: electron probe X-ray microanalysis 

(EPMA), laser micro mass spectrometry (LMMS), etc. 

Nanoanalysis. Examples: energy dispersive spectroscopy

(EDS) or electron energy loss spectroscopy (EELS) in TEM.

Surface analysis. Examples: X-ray photoelectron spectroscopy 

(XPS), Auger electron spectroscopy (AES), etc.



General terms and definitions

From the point of view of measured quantities analytical 

techniques can be subdivided into two groups:

Direct analytical techniques. Measured quantity presents

directly a content of an element of interest. Examples:

gravimetric analysis, titration.

Indirect analytical techniques. Measured quantity presents an

analytical signal, which can be connected to a content of an

element of interest with the help of calibration curves.

Examples: EDS or wavelength dispersive spectroscopy (WDS)

in SEM, XRF, AAS, etc.



General terms and definitions

Calibration curves are a system of equations or a set of

plots connecting measured analytical signals (I) to

contents of elements (C).

Signal (I)

C



General terms and definitions

Method or methodic is an exact description of a

sequence of procedures necessary to analyze given

samples. The description includes the sample preparation

(cutting, grinding, polishing, coating, etc.), analytical

technique, set up of necessary parameters, procedure of

measurements and data treatment.

Method sets limits of applicability of the selected

analytical technique to the analysis of given samples and

defines quality of analysis in terms of metrological

parameters.



General terms and definitions

Metrological parameters are a set of characteristics

describing the analysis quality. Metrological parameters

relate to the selected method rather than to the selected

analytical technique.

Results of analysis presented without metrological

parameters make no sense!!!



One simple example: How to derive the regression 
curve describing measured data?

For standard deviations indicated on the right plot regression by the

straight line is acceptable (70 % of all measured points are within

one standard deviation from the regression line, 30 % - within two

standard deviations).



For standard deviations indicated here, 30 % only of all measured

data are within one standard deviation from the regression line,

therefore, the regression by a straight line is not acceptable!!! The

regression model should be much more complicated.



Important metrological parameters

1. Selectivity

2. Sensitivity

3. Accuracy

4. Reproducibility (repeatability)

5. Limit of detection

6. Information volume

The information volume (analytical lateral resolution, depth of

analysis) is of especial importance for non-destructive analytical

techniques.



Selectivity is the method ability to distinguish different species.

Sensitivity (dI/dC) is an amount of change of the

corresponding analytical signal when changing the content:

Signal (I)

C



Results of measurements (analysis) are always random variables. All

possible information on a random variable is contained in its

function of distribution of probabilities f(C).

C

𝑓(𝐶)



Most important parameters of this function are mean value (m), variance

(s2) and standard deviation (s).

The mean value is a measure of a location of distribution of

probabilities f(C) for a given random variable.

The standard deviation is a measure of scattering the random

variable around its mean value.

C𝜇(𝐶)

𝜎(𝐶)

𝑓(𝐶) 𝜇(𝐶) = න𝐶𝑓 𝐶 𝑑𝐶

𝜎2(𝐶) = න(𝐶 − 𝜇)2𝑓 𝐶 𝑑𝐶

𝜎(𝐶) = 𝜎2



Data sampling obtained from measurements is always restricted by a

sample size. For this reason, parameters m and s can not be exactly

determined but can be estimated only!!!

A best estimate for m(C) is

ҧ𝐶 =
1

𝑚


𝑖

𝐶𝑖

ഥ𝐶.
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From the central limiting theorem follows:

1. The mean value of the introduced estimate for parameter m is equal

to the estimated parameter:

Such estimate is termed as the unbiased estimate.

2. The standard deviation of the introduced estimate for parameter m

decreases with increasing the sample size m:

Such estimate is termed as the well-grounded estimate.

𝜇 ҧ𝐶 = 𝜇(𝐶)

𝜎 ҧ𝐶 = 𝜎(𝐶)/ 𝑚



Similarly, a best estimate (unbiased and well-grounded)

for s(C) is S, where:

𝑆2 =
σ(𝐶𝑖 − ҧ𝐶)2

𝑚 − 1

𝜇 𝑆2 = 𝜎2(𝐶)

and for normally distributed C:

𝜎 𝑆2 = 𝜎2
2

𝑚− 1



Accuracy and reproducibility (repeatability)

Cҧ𝐶C0

𝑆

∆

C0 is a “true” value.

 is a systematic error, characterizing 

metrological parameter accuracy.

S is a statistic (random) error, 

characterizing metrological parameter 

reproducibility (repeatability).

Don’t use a term “Precision” in description of analytical results!



Reproducibility (repeatability)

Repeatability reflects random errors when varying minimum 

number of random factors, as a rule, non-uniformity in specimen 

composition and fluctuations of measured quantities.

Random errors are connected to a number of random factors: non-

uniformity in specimen composition, random variation of analytical

parameters (mass, voltage, current, time, temperature, etc.),

fluctuations of measured intensities and other measured

quantities,…

Reproducibility takes into account random errors when varying 

additional random factors.



Limit of detection

Limit of detection 𝐶𝑙𝑖𝑚,𝑃 presents a minimum content of an

element of interest in a given substance, which can be detected (not

determined!) with a confident probability P.

𝑵 𝑷𝒆𝒂𝒌 − 𝑵(𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅) ≥ 𝟐 ∙ 𝒕(𝑷,𝒎) ∙ 𝑺(𝑵𝑩𝑮)

Limit of detection relates to the selected method.



Limit of detection

Generally speaking, peak is a measured analytical signal from real

specimen, background is a measured analytical signal for “blanc”

experiment.

“Blanc” experiment is the analysis of the same matrix without the

element of interest.

The “blanc” experiment is performed using the same method as

that selected for analysis.



How to estimate limit of detection?

C

N-NBG

2 ∙ 𝑡(𝑃,𝑚) ∙ 𝑆(𝑁𝐵𝐺)

𝐶𝑙𝑖𝑚,𝑃

1st technique

𝐶𝑙𝑖𝑚,𝑃 = 𝑘 ∙ 2 ∙ 𝑡(𝑃,𝑚) ∙ 𝑆(𝑁𝐵𝐺)

0

Typical view of the calibration curve at low concentrations (C) of the

element of interest. The error depends on background intensity only.



To find a limit of detection one should prepare a set of similar

samples with a variation of the content of the element of interest, to

determine analytical signal and its error

for each sample and to plot dependence shown in the previous slide.

Note, that the content of the element of interest in all samples should

be selected reasonably low in order to make the measured error to be

constant.

1st technique

2𝑡(𝑃,𝑚) 𝑆(𝑁𝐵𝐺)N-NBG



How to estimate limit of detection?

2nd technique

2 ∙ 𝑡(𝑃,𝑚) ∙ 𝑆(𝑁𝐵𝐺)

𝑁 − 𝑁𝐵𝐺

=
𝑘 2 ∙ 𝑡 𝑃,𝑚 ∙ 𝑆 𝑁𝐵𝐺

𝑘(𝑁 − 𝑁𝐵𝐺)
=
𝐶𝑙𝑖𝑚,𝑃

𝐶

From the previous consideration one can conclude that the

relative error of signal measurement can be calculated as

for linear range of the calibration curve.



To estimate a limit of detection one should have one sample only

with a reasonably low content of the element of interest and to

determine the relative error of the analytical signal for this sample

2nd technique

δ =
2 ∙ 𝑡(𝑃,𝑚) ∙ 𝑆(𝑁𝐵𝐺)

𝑁 −𝑁𝐵𝐺

After that a limit of detection can be calculated as

𝐶𝑙𝑖𝑚,𝑃 = δ𝐶



How to estimate limit of detection?

3rd technique (applicable for any types of spectral analysis)

In this case, N is distributed according to Poisson law.

𝑁𝑃𝐾 −𝑁𝐵𝐺 ≥ 2 2 ∙ 𝑁𝐵𝐺

Then, for confident probability P = 0.975



How to estimate limit of detection?

𝐶 = 𝐶𝑠𝑡𝑑 ∙ 𝐺𝑍𝐴𝐹 ∙
𝐼

𝐼𝑠𝑡𝑑

EDS & WDS in SEM, ZAF correction,  P = 0.975

where C and Cstd are contents of the element of interest within

the analyzed sample and the selected standard, respectively,

I and Istd are measured intensity of the element of interest from

the analyzed sample and from the selected standard, respectively,

and GZAF is the ZAF correction factor.



where m – number of measurements,

t – duration of a single measurement.

Then,

𝐼 =
1

𝑚
σ 𝐼𝑖=

1

𝑚
σ

𝑁𝑖

𝜏

𝑆(𝐼) =
𝐼

𝑚𝜏



𝐶𝑙𝑖𝑚,0.975 = 𝐶𝑠𝑡𝑑 ∙ 𝐺𝑍𝐴𝐹
2 2 ∙ 𝐼𝐵𝐺

𝑚𝜏 ∙ 𝐼𝑠𝑡𝑑

Then, finally, one can obtain

𝐶𝑙𝑖𝑚,0.975~
1

𝑚𝜏𝑖𝑃

Taking into account that IBG and Istd are proportional 

to the probe current iP one can conclude that



How to estimate limit of detection?

𝐶𝑙𝑖𝑚,0.975 = 𝑘𝐴𝑀 ∙
2 2 ∙ 𝑁𝐵𝐺

𝑁𝑀

EDS in TEM, Cliff-Lorimer correction,  P = 0.975

Where kAM - Cliff-Lorimer coefficient   

M-A system, M-matrix, A-element of interest.

𝐶𝐴
𝐶𝑀

= 𝑘𝐴𝑀 ∙
𝑁𝐴
𝑁𝑀

Accounting for CM ≈ 1 and NA= 2 2 ∙ 𝑁𝐵𝐺


