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Notes for Unit V of ME 302 

Analysis of different alloying elements in commercial metals 
 

• Chemical Analysis of different alloying elements in commercial metals, C, Fe, Cr, Ni, Mn, Mg, S, P, Co, Mo, etc. 

• Different chemical reagents, Equipment 

• Volumetric and Gravimetric analysis 

• Spot test, Colorimetric methods 

• Optical and spectrophotometric analysis. 

 
Chemical analysis of metals is used for a wide variety of purposes and can help companies with their manufacturing 

quality control, reverse engineering and failure investigations. 

 

Material identification, characterisation and verification are essential for businesses to ensure their materials or 

products have been manufactured to the correct alloy grade and conform to national or international codes and 

standards. Metal chemical analysis is also used in reverse engineering to determine the alloys used to produce a 

component and in failure investigations to establish whether the correct alloy was used. 

CLASSIFICATION OF PHYSICAL-CHEMICAL METHODS OF THE ANALYSIS: OPTICAL, ELECTROCHEMICAL, 

CHROMATOGRAPHIC, KINETIC. 

PCMA are divided on: 

§ Optical methods are based on measurement of optical properties of substances. 

§ Chromatographic methods are based on usage of ability of different substances to selective sorption. 

§ Electrochemical methods are based on measurement of electrochemical properties of substances. 

§ Radiometric methods are based on measurement of radioactive properties of substances. 

§ Thermal methods are based on measurement of heat effects of substances. 

§ Mass spectrometric methods are based on studying of the ionized fragments ("splinters") of substances. 

§ Kinetic methods are based on measurement of dependence of speed of reaction from concentration of 

substance 

 

Advantage of PCMA 

§ High sensitivity - a low limit of detection (10-9 mg) and definition 

§ High selectivity 

§ Rapid analysis methods 

§ Automation and computerization is possibility 

§ Analysis is possibility on distance 

§ Possibility of the analysis without destruction of the sample 

§ Possibility of the local analysis 

 

Reagents and Laboratory Chemicals Information 

Reagents and laboratory chemicals include substances of sufficient purity for use in 

chemical analysis, chemical reactions or physical testing. 

 

More technically, IUPAC defines a reagent as a substance or compound that is added to a 

system in order to bring about a chemical reaction, or added to see if a reaction occurs." 

Reagents may be either organic or inorganic compounds that are commonly used for 

analytical purposes such as chemical analysis, physical testing or testing of chemical reactions. 
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Types 

 
Chemicals reagents are commonly referred to as reagent. It is a large class of pure chemical 

substances with various standard purities and can be used for education, scientific research, 

analysis and testing as well as the functional materials and raw materials required by some 

kinds of novel industrial materials. There is a large variety of chemical reagents and the number 

has reached hundreds of thousands in the world. There are also tens of thousands of reagents 

that have been used in daily life in this world. 

There is still no uniform international rules in the classification methods for chemicals. It is 

customary divided by subject and actual application. Take the representative catalog issued by 

the Ger a  E • Mer k Co pa  as e a ple, there are t el e ategories a d se e t  
categories while in most countries, it is divided with the scope of application. We divide the 

reagents into four categories. 

 

1. General reagents: generally refers to inorganic reagents and organic reagents that can meet standard purity. It is 

often applied to scientific research, analysis and testing, and synthetic reaction and used as new materials. 

 

2. Analysis Reagents: regent dedicated to analysis and test and can be divided into two subcategories: 

 

(1) Reagents for chemical analysis: testing items for the chemical reaction analysis. 

 

1) Baseline Reagent: pure compound directly used for the standard solution in the formulation and volumetric 

analysis. 

 

2) Indicator: it can be used to indicate the end of the titration reagent and can be classified into pH indicator, 

redox indicator adsorption indicator, metal indicator, a fluorescent indicator, and so on. 

 

(2) Regents for instrument analysis: high-purity compounds dedicated to instrumental analysis. 

 

1) Spectroscopically pure reagents: spectroscopically pure compound, often expressed in the SP for spectral 

analysis reagents. 

 

2) Chromatography pure reagents: reagents dedicated to analysis of gas chromatography and liquid 

chromatography analysis. 

 

3) Deuterated reagents: reagent decided to the analysis of the nuclear resonance instrument. 

 

3. Reagents of electronics industry: special chemical products dedicated to electronics industry. 

 

4. Biochemical reagents: they are basic chemical substances extracted from living organisms or chemically synthesized 

and is a large type of reagent as important reagents for biological component research and analysis and identification 

including clinical immunology reagents, genetic engineering reagent, cell culture reagents, hormone-type substances, 

reagent for poison carcinogenic research and reagent for anti-mold and insecticide research. 

 

Standards 

 

Purity standards for reagents and laboratory chemicals are set by organizations such as ASTM International or the 

American Chemical Society. 

 

ASTM D4447 - This guide is intended to provide the chemical laboratory manager with guidelines for the disposal of 

small quantities of laboratory wastes safely and in an environmentally sound manner. 

BS 6376 P2 - Reagents for chemical analysis. 

DOD-R-23679 - This specification covers reagents for use in checking the quality of water testing chemicals and 

equipments used in boiler powered ships. 
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VOLUMETRIC ANALYSIS 

BASIC CONCEPTS OF VOLUMETRIC ANALYSIS 

Chemical analysis of the compounds is carried out in two ways 

1. Qualitative analysis. 

2. Quantitave analysis. 

Qualitative analysis shows what element a given contains. 

Quantities analysis determines the quantity of a particular component present in substance. 

It is carried out in two ways 

1. Gravimetric analysis. 

2. Volumetric analysis. 

 

Gravimetric analysis involves the estimation of the amount of a given compound from the results of weighing. 

Volumetric analysis is based on the measuring the volume of the solution of a substance. 

 

Terms involved in volumetric analysis 

1. Titration: The process of finding out the volume of one of the solution required to react completely 

with a definite volume of one the other solution of known concentration is called titration. 

2. Titrant: The solution of known strength is called titrant. 

3. Titrate: The solution whose concentration to be estimated. 

4. Indicator: The reagent which indicates the endpoint or equivalent point of the titration. The strength 

of concentration of a solution is expressed in the following ways. 

 

NORMALITY: 

Number of gram equivalents of the substance dissolved per liter of the solution is called Normality. 

It is denoted by N 

Normality = Wsolute/Esolute × 1/Vsovent (in lit) 

Where E is Gram equivalent weight 

 

MOLARITY: 

Number of grams moles of a solute dissolved per liter of solution is called Molarity. It is denoted by 

M Molarity = Wsolute/Msolute × 1/Vsovent (in lit) 

Where M is Gram molecular weight 

 

MOLALITY: 

It is the number of mole of the substance dissolved in 1kg of the solvent it is denoted by (m). 

Molality = Wsolute/Msolute × 1/Wsovent (in kg) 
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2 

Gravimetric Analysis 

Gravimetric analysis is a process of measuring the amount of an analyte by its mass. Hence, it is a quantitative 

determination. Here, the desired constituent in a liquid is converted to a solid form that can easily be 

separated and weighed in order to determine the amount of it and that solid mass can be used for further 

analysis. The typical gravimetric analysis will have the following steps. 

 

1. Preparation of a solution 

2. Separation of the desired constituent from the solution 

3. Weighing the amount of constituent 

In order to make this analysis a success, the constituent must be completely 

precipitated as a pure compound and it also must be easy to separate the 

precipitate via filtration. For the formation of a precipitate, a reagent is 

added to the solution. This reagent is known as a precipitating agent. Either  

a filtration method or a volatilization method can be used to separate the 

precipitate from the solution, 

Here, filtration includes filtering of the liquid phase, leaving the solid 

precipitate on the filter paper. The separation of the precipitate can be done 

using the following methods; 

 

1. Filtration under gravity 

2. Filtration in a Buchner funnel (vacuum filtration) 

3. Volatilization of the liquid phase leaving the precipitate 

Some applications of gravimetric analysis include precipitation of Ag+, Pb+2, and Hg 2+ as halides, precipitation  

of Ca2+ as calcium oxalate (CaC2O4), precipitation of Ba2+ as Barium sulfate (BaSO4), etc. 

 
Volumetric Analysis 

Volumetric analysis is a process used to determine the amount of the desired constituent by its volume. Hence 

it is a quantitative determination. Here, the volume of the constituent is measured via a titration (titrimetric 

analysis). 

In titrations, a reagent that can react with the analyte is added as 

proportions until all analyte molecules react with the reagent molecules. 

When both the sample and the reagent are colorless solutions, an indicator 

should be used in order to determine the endpoint of the reaction. The 

endpoint indicates the end of the analyte molecules. 

 

The indicator is a reagent that can give a color change when the endpoint 

has been reached. The color change occurs when a change in the reaction 

mixture has occurred. For example, an acid-base indicator is sensitive to the 

change of pH in the reaction mixture. It gives the color change when the pH 

is changed. But some reagents act as self-indicators. Ex: Potassium 

permanganate. 

 

The reagent used to determine the amount of analyte should completely  

and quickly react with all analyte molecules. The concentration of this 

reagent should be known and the portions added should be noted, because 

these details are required for the calculation of the concentration of the 

analyte. 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

Main Difference – Gravimetric vs Volumetric Analysis 

The amount of a constituent present in a mixture of constituents can be determined using either gravimetric 

analysis or volumetric analysis. These methods can be used to determine the purity of a constituent in a given 

sample. The main difference between gravimetric and volumetric analysis is that in gravimetric analysis, the 

mass of the analyte is determined whereas, in volumetric analysis, the volume of the analyte is determined. 
 

 

Spot analysis, spot test analysis, or spot test 

is a chemical test, a simple and efficient technique where analytic assays are executed in only one, or a few 

drops, of a chemical solution, preferably in a great piece of filter paper, without using any sophisticated 

instrumentation. 

Spot tests are simple chemical procedures which uniquely identify a substance. They can be done on small samples, 

even microscopic samples of matter with no preliminary separation. 

In a typical spot test, a drop of chemical reagent is added to a drop of an UNKNOWN mixture. 

If the substance in question is present, it produces a chemical reaction characterized by one or more unique 

observables. 

These observables can include- gas bubbling, color change, odor, precipitation. 

Occasionally the presence of one substance will interfere with the identification of another. This is referred to as an 

Interference. Alternative or additional tests must be used to get correct results. 

IDENTIFYING an UNKNOWN 

1. 
-2 

CO3 adding H+ produces effervescence (CO2) 

2. 
-2 

SO4 acidified Ba+2 produces a white precipitate 

3. 
-3 

PO4 (NH4)2MoO4 + HNO3 produces a yellow precipitate 

4. 
-2 

CrO4 acidified H2O2 produces a blue solution + O2 

5. SCN-
 acidic Fe+3 produces a blood red solution 

6. Cl- acidified Ag+ gives a white curdy precipitate 
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7. CH3CO2
-
 acidification produces a vinegar odor 

8. NH4
+

 heating with base produces a basic gas (NH3) 

 

NOTES: (numbers refer to above ions) 

1. No heat necessary. To see effervescence may require shaking the tube. This effervescence will also be seen in 

acidifying UNKNOWN for other tests. 

2. Acidify to prevent precipitation of BaCO3, Ba3(PO4)2 or BaCrO4. 

3. Heat may be necessary. Must form yellow precipitate! Yellow solution indicates only a trace of PO4-3. 

4. Very characteristic test! 

5. May require many drops of Fe+3 if ions such as PO4-3 are present. 

6. If SCN- is present it must first be destroyed by oxidizing with boiling HNO3. 

7. Use H2SO4 to acidify because it is less volatile than other strong acids. Caution your nose can become less effective 

at recognizing the vinegar odor after smelling it for a while. 

8. Heat solution and test vapors with moist red litmus paper to confirm presence of NH3. Caution: placing litmus 

paper in the test liquid will turn it blue due to the NaOH present. 

 

Colorimetric Methods 

Colorimetric analysis is a method of determining the concentration of a chemical element or chemical 

compound in a solution with the aid of a color reagent. It is applicable to both organic compounds and 

inorganic compounds and may be used with or without an enzymatic stage. 

Colorimetric methods possess a measurement parameter, where the concentration is directly  proportional 

to color development and intensity after addition of a known volume of reagent(s). 

Equipment 

The equipment required is a colorimeter, some cuvettes and a suitable color reagent. The process may be 

automated, e.g. by the use of an AutoAnalyzer or by Flow injection analysis. Recently, colorimetric analyses 

developed for colorimeters have been adapted for use with plate readers to speed up analysis and reduce the 

waste stream. 

A colorimeter is a device used in colorimetry. In scientific fields the word generally refers to the device that 

measures the absorbance of particular wavelengths of light by a specific solution. This device is commonly  

used to determine the concentration of a known solute in a given solution by the application of the Beer- 

Lambert law, which states that the concentration of a solute is proportional to the absorbance. 

 
 

(1) Wavelength selection, 

(2) Printer button, 

(3) Concentration factor adjustment, 

(4) UV mode selector (Deuterium lamp), 

(5) Readout, 

(6) Sample compartment, 

(7) Zero  control (100% T), 

(8) Sensitivity switch, 

(9) ON/OFF switch 
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A cuvette (French: cuvette = "little vessel") is a small tube-like container with 

straight sides and a circular or square cross section. It is sealed at one end, and 

made of a clear, transparent material such as plastic, glass, or fused quartz. 

Cuvettes are designed to hold samples for spectroscopic measurement, where 

a beam of light is passed through the sample within the cuvette to measure 

the absorbance, transmittance, fluorescence intensity, fluorescence 

polarization, or fluorescence lifetime of the sample. This measurement is done 

with a spectrophotometer. 

 

Output 
 

The output from a colorimeter may be displayed by an analogue or digital 

meter and may be shown as transmittance (a linear scale from 0-100%) or as absorbance (a logarithmic scale 

from zero to infinity). The useful range of the absorbance scale is from 0-2 but it is desirable to keep within 

the range 0-1 because, above 1, the results become unreliable due to scattering of light. 

 

In addition, the output may be sent to a chart recorder, data logger, or computer. 

 
 

Optical Analysis 

Optical analysis is the application of generally non-contact methods, with emphasis on optical principles, i.e. 

different types of lighting, scene capture and algorithms. 

 

CLASSIFICATION OF OPTICAL METHODS OF THE ANALYSIS: 

 

A major part of modern Instrumental Analytical Chemistry, focuses on the study of the energy exchange 

between electromagnetic radiation and matter. These interactions are visible to the naked eye, when the 

radiations concerned fall within the visible spectrum. 

 

А) O  i estigated o je ts 

 

§ The nuclear spectral analysis 

§ The molecular spectral analysis 

 

B) On the nature of interaction of electromagnetic radiation with substance 

 

1. Absorption analysis 

 

§ Atomic-absorption analysis - Atomic absorption spectroscopy (AAS) is a spectroanalytical procedure 

for the quantitative determination of chemical elements employing the absorption of optical 

radiation (light) by free atoms in the gaseous state. 

§ Molecular-absorption analysis - Molecular absorption spectroscopy in the ultraviolet (UV) and visible 

(VIS) is concerned with the measured absorption of radiation in its passage through a gas, a liquid or 

a solid. 

§ Turbidimetric analysis - Turbidimetry (the name being derived from turbidity) is the process of 

measuring the loss of intensity of transmitted light due to scattering effect particles suspended in it. 

Light is passed through a filter creating a light of known wavelength which is then passed through a 

cuvette containing a solution. 
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2. The emissive spectral analysis 

 

§ Flame photometry - Flame photometry, more properly called flame atomic emission spectrometry, 

is a fast, simple, and sensitive analytical method for the determination of trace metal ions in 

solution. 

§ Fluorescence analysis - Luminescence is emission of light by a substance not resulting from heat; it 

is thus a form of cold body radiation. 

§ The spectral analysis with usage of effect of combinational dispersion of light 

 

3. Other methods 

 

§ Nephelometric method - Nephelometry is the measurement of scattered light. This technique 

requires a special measuring instrument, where the detector is set at an angle to the incident light 

beam. 

 
 

Optical arrangements of nephelometry and turbidimetry 
 
 

§ Refractometric analysis - Refractometry is the method of measuring substances' refractive index (one 

of their fundamental physical properties) in order to, for example, assess their composition or purity. A 

refractometer is the instrument used to measure refractive index ("RI") 

Components in a typical reflectometer used to measure analytes on urine dipstick  
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§ Interferometric analysis - Interferometry is a family of techniques in which waves, usually 

electromagnetic, are superimposed in order to extract information about the waves. 

Three amplitude-splitting interferometers: Fizeau, Mach–Zehnder, and Fabry Perot 
 

C) On electromagnetic spectral range which use in analysis: 

 

§ Spectroscopy (spectrophotometry) in UV and visible spectrum 

§ IR - Spectroscopy - Infrared spectroscopy (IR spectroscopy) is the spectroscopy that deals with the 

infrared region of the electromagnetic spectrum, that is light with a longer wavelength and lower 

frequency than visible light. 

§ X-ray spectroscopy - X-ray spectroscopy is a gathering name for several spectroscopic techniques for 

characterization of materials by using x-ray excitation. 

§ Microwave spectroscopy - The interaction of microwaves with matter can be detected by observing 

the attenuation or phase shift of a microwave field as it passes through matter. 

 

D) By the nature of energy jump 

 

§ Electronic spectrum 

§ Vibrational spectrum 

§ Rotational spectrum 

 

Spectrophotometry 
 

Spectrophotometry is a tool that hinges on the quantitative analysis of molecules depending on how much  

light is absorbed by colored compounds. Spectrophotometry uses photometers, known  as 

spectrophotometers, that can measure a light beam's intensity as a function of its color (wavelength). 

Important features of spectrophotometers are spectral bandwidth (the range of colors it can transmit through 

the test sample), the percentage of sample-transmission, the logarithmic range of sample-absorption, and 

sometimes a percentage of reflectance measurement. 

 

A spectrophotometer is commonly used for the measurement of transmittance or reflectance of solutions, 

transparent or opaque solids, such as polished glass, or gases. Although many biochemicals are colored, as in, 

they absorb visible light and therefore can be measured by colorimetric procedures, even colorless 

biochemicals can often be converted to colored compounds suitable for chromogenic color-forming reactions 

to yield compounds suitable for colorimetric analysis. However, they can also be designed to measure the 

diffusivity on any of the listed light ranges that usually cover around 200 nm - 2500 nm using different controls 

and calibrations. Within these ranges of light, calibrations are needed on the machine  using standards that 

vary in type depending on the wavelength of the photometric determination 
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Page 10 of 10 A. K. Shrimali  

What is an optical spectrometer? 

 

An optical spectrometer (spectrophotometer, spectrograph or spectroscope) is an instrument  used  to 

measure properties of light over a specific portion of the electromagnetic spectrum, typically used in 

spectroscopic analysis to identify materials. The variable measured is most often the light's intensity but could 

also, for instance, be the polarization state. The independent variable is usually the wavelength of the light or   

a unit directly proportional to  the photon energy, such as reciprocal centimeters or electron volts, which has    

a reciprocal relationship to wavelength. 

 

 
A spectrometer is used in spectroscopy for producing spectral lines and measuring their wavelengths and 

intensities. Spectrometers may also operate over a wide range of non-optical wavelengths, from gamma rays 

and X-rays into the far infrared. If the instrument is designed to measure the spectrum in absolute units rather 

than relative units, then it is typically called a spectrophotometer. The majority of spectrophotometers are 

used in spectral regions near the visible spectrum. 

 

In general, any particular instrument will operate over a small portion of this total range because of the 

different techniques used to measure different portions of the spectrum. Below optical frequencies (that is, 

at microwave and radio frequencies), the spectrum analyzer is a closely related electronic device. 

 
 

*** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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