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SPECTROSCOPIC METHODS APPLIED 
IN THE FOOD ANALYSIS 
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THE LIGHT  
 
The common analysis methods use the optical range of the 
electromagnetic spectrum which is called the „light”, that is, the 

UV + visible + infra red range 
 
The light has a dual feature: it can be understood as a particle 
(photon) and as an electromagnetic wave. 
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ELECTROMAGNETIC SPECTRUM 
Radiation  Wavelength  Change  Analytical method  

γ (gamma) < 0.01 nm  Nucleus  γ-spectroscopy  

X-ray 0.001–10 nm  Inner electrons X-ray spectroscopy  

Ultraviolet (UV)  1–400 nm Outer electrons  UV spectroscopy  

Visible light (VIS)  400–760 nm  Outer electrons  Visible spectroscopy  

Infrared (IR)  0.76–400 μm Atomic vibration and 
rotation (in the molecule)  

IR spectroscopy  

Microwave  1–300 mm  Vibration and rotation of the 
molecule 

Microwave spectroscopy  

Radio frequency (RF)  > 300 mm  Nuclear magnetic spin 
momentum  

NMR spectroscopy 
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INTERACTION BETWEEN THE LIGHT AND 
SUBSTANCE  

 

When light encounters a substance (solid, liquid or gaseous)  
basically can be (partially) 

- reflected (Reflection) 

- absorbed (Light absorption) 

- dispersed (Dispersion) 

- transmitted (Transmittion) 

I0 = IR + IA + ID + ITr, where I0 is the intensity of the incident light 



5 

Light absorption  
Substances absorb light because their atoms, molecules can absorb it. 
The law of light absorption (Bouguer–Lambert–Beer): 
 Decrease of the light intensity in dilute solutions: 
 

 lg (I0/I) = ε·c·b,   
 lg (I0/I) = absorbance (A) (0 to ∞),  
 I0: the intensity of the incoming light, 
 I: the intensity of the transmitted light, 
  ε: molar absorption coefficient, 
 c: concentration, 
 b: thickness of the solution layer.  

Absorbance changes 
linearly with the 
concentration (in dilute 
solutions). 
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SPECTROSCOPY 

Spectroscopic methods are based on the interaction between the 
electromagnetic radiation and the substance during which the atoms 
and molecules of the substance absorb energy. 

Due to the absorption of energy the substance becomes excited. 

Excitation can be carried out by applying  

  - thermal energy, 

  - electric energy, 

  - electromagnetic radiation. 
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Upon return to the ground state the excited substance emits the 
absorbed energy either in the form of heat or electromagnetic 
radiation. 

The absorbed and emitted energy is characteristic of the excited 
particles. 

The emitted radiation can be dispersed into its components of 
certain wavelength.  
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In emission spectroscopy the wavelength and intensity of the 
emitted radiation are measured. 

In atomic emission spectroscopy the emission of atoms is 
examined. 

In absorption spectroscopy the identification of the analyte is 
carried out by measuring the wavelength of the a absorbed 
radiation. Quantification is possible based on measuring the 
reduction in intensity of radiation due to the absorption. 

  



9 

 In atomic absorption spectroscopy the absorption of free atoms 
is examined 

 In molecular absorption spectroscopy the absorption of 
molecules is examined. 
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Atoms and molecules can absorb or emit energy only in defined 
amounts. 

The relationship between the absorbed or emitted energy and 
the frequency and wavelength of the radiation can be 
expressed as follows:  

ΔE = h · ν = h · c/λ  

h = Planck’s constant (6.626·10–34 J·s), 

ν = the frequency (s–1), 

λ = the wavelength (m), 

c = the speed of light in vacuum (3·108 m/s = 300,000 km/s). 
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Spectrum: Distribution of the absorbed or emitted energy 
according to the wavelength. 

 Based on its generation a spectrum can be  
  - absorption spectrum, or 
  - emission spectrum. 
 
Atomic spectrum: consists of single lines 
Spectra of molecules: consist of bands (can be resolved into 

lines). 
Glowing solid substances have continuous spectra (practically 

cannot be resolved into spectral lines). 
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Monochromatic light: in principle a light of a single 
wavelength, in the practice a light of a very narrow wavelength 
range. 
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EMISSION SPECTROSCOPY 

Emission 

1. The atoms being in the ground state are excited by the supply 
of energy. (The energy can be supplied by flame, electric arc or 
spark, plasma.)  

2. The atoms absorb certain amount of energy. 

3. The atoms return to the ground state by emitting radiation, 
energy of which corresponds to the difference between the 
excited state and the ground state. This energy (the wavelength) 
is characteristic for the element. 
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EXAMPLES FOR ONE RESONANCE LINE OF ELEMENTS 
Element Wavelength (nm) Element Wavelength (nm) 

Arsenic (As) 193.7 Magnesium (Mg) 285.2 

Calcium (Ca) 422.7 Manganese (Mn) 279.5 

Chromium (Cr) 357.9 Mercury (Hg) 253.7 

Cobalt (Co) 240.7 Potassium (K) 766.5 

Copper (Cu) 324.8 Sodium (Na) 589.0 

Iron (Fe) 248.3 Selenium (Se) 196.0 

Chromium (Cr) 357.9 Zinc (Zn) 213.9 
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Flame spectrometry 
 

Excitation is carried out by the thermal energy of flame. 
 

1. The sample solution is nebulized (made into a fine aerosol) and 
introduced into the flame.  
2. The solvent evaporates, the solid particles melt and evaporate. 
3. The vaporized metal salts dissociate thermally into free atoms. 
4. The free atoms get excited, (also some ionization also occurs). 
5. Excited atoms emit radiation and the intensity of this radiation is 
measured. 
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Number of the excited atoms does not exceed 1–2% of the total 
atomic population.  
Flame temperature: 1700 to 4000 K. 
 
Fuel gas: acetylene, propane/butane, hydrogen. 
Oxidant gas: air, oxygen. 
 
Flame spectrophotometry is mainly suitable for the determination 
of most easily excitable elements such as alkali metals, alkaline 
earth metals. 
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F A 

STRUCTURE OF A FLAME PHOTOMETER 

F: air acetylene flame  
M: monochromator 
D: detector 
A: amplifier 
C: computer 

1: sample 
2: air 
3: acetylene 
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The emitted radiation is focused onto the entrance slit of a 
monochromator, dispersed spectrally and detected.  

Qualitative analysis: The characteristical line of the element  is 
chosen 

Quantitative analysis: On the basis of the intensity of the spectral 
lines 
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ICP OES (or AES)  

Inductively Coupled Plasma (Atomic) Optical Emission 
Spectrometry 

The analyte is excited in a very hot argon plasma (6,000–12,000 
K) to emission. The plasma is an ionized gas that contains atoms, 
ions and electrons. 

The source of energy: high-frequency field of an RF (radio-
frequency) generator. 

The temperature that can be reached depends on the power of the 
high-frequency generator.  
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The plasma is „ignited” with a Tesla spark and the ionization of 
the Ar atoms starts. The energy transfer is via the high-frequency 
field in the induction coil that is surrounding the plasma. 

The free electrons are accelerated and heat the plasma by 
collision with the argon atoms.  

The sample is introduced by peristaltic pump into the nebulizer 
and made into an aerosol that is carried by an Ar flow into the 
torch. 
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In the plasma the atoms and particularly the ions are excited to 
emission.  

The emitted radiation is dispersed spectrally in a powerful optical 
system (monochromator or polychromator).  

The element-specific wavelenghts are used for identification and 
quantification. 
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Main parts of an ICP spectrometer 
 
1. The high-frequency generator 
2. The plasma torch 
3. The nebulizer 
4. The spectrometer (monochromator or polychromator) 
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Advantages of ICP-OES: 
 

1. High sensitivity (low detection limit).  

2. High reproducibility.  

3. Simultaneous determination of more element (even 40–50). 

4. Relatively low matrix effect due to the high temperature 
applied. 



24 

ICP 
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ICP 
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ABSORPTION SPECTROSCOPY 
Based on the light absorption of substances. 
 
In Ultraviolet and Visible Light (UV-VIS) range: 
 Atomic absorption 
 Molecular absorption 
 
In infrared range: 
 Molecular absorption  
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Atomic Absorption Spectrophotometry (AAS) 
 

An atomic vapour consisting of ground state free atoms of the analyte 
is generated and a characteristic radiation (the resonance radiation) is 
passed through it. 

The atoms absorb the resonance radiation. 

Due to absorption by the atoms the intensity of the incident radiation 
reduces. 
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Measuring of the absorbance allows a quantification based on the 
Law of Lambert–Beer. 

The absorbance is proportional to the number of ground-state 
atoms (N0) or to their concentration (c) 

A = lg (I0/I) ≈  kN0 ≈ kc 

 

Characteristic radiation: the radiation that is absorbed only by 
the atoms of the examined element. 
 
Resonance radiation: a characteristic radiation that is emitted by 
the atom when it returns back from an excited state to the ground 
state.   
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EXAMPLES FOR ONE RESONANCE LINE OF ELEMENTS 

Element Wavelength (nm) Element Wavelength (nm) 

Arsenic (As) 193.7 Magnesium (Mg) 285.2 

Calcium (Ca) 422.7 Manganese (Mn) 279.5 

Chromium (Cr) 357.9 Mercury (Hg) 253.7 

Cobalt (Co) 240.7 Potassium (K) 766.5 

Copper (Cu) 324.8 Sodium (Na) 589.0 

Iron (Fe) 248.3 Selenium (Se) 196.0 

Chromium (Cr) 357.9 Zinc (Zn) 213.9 
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Main components of a common AA spectrophotometer 
 
1. Radiation source 
2. Sample introduction unit 
3. Atomization unit  
4. Optical system (Monochromator) 
5. Detector 
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CONSTRUCTION OF AN AA SPECTROMETER 
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ATOMIC ABSORPTION SPECTROPHOTOMETER 
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The radiation source produces the characteristic radiation. 

Hollow cathode lamps (HCL) is a glass cylinder that contains a 
cathode and an anode, and filled with low-pressure argon (or 
neon). 

The cathode is made of the metal examined. 

 

- Single-element lamps: The cathode contains one elements. 

- Multi-element lamps: Enable determination of several elements 
with one lamp (but not simultaneously).   
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A HOLLOW CATHODE LAMP 
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Operation of hollow cathode lamps 
 

Applying a voltage of several hundred volts (300–400 V) between 
the anode and the cathode, the discharge is set up and the argon is 
ionized (Ar+) by the anode.  
 

Ar+ ions are accelerated toward the cathode and impact on it, 
sputtering excited metal atoms from its surface. 
 

The metal atoms get excited and emit their own characteristic 
(resonance) radiation.   
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Atomization is the production of the atomic vapour. 

This can be done by 

- Flame atomization (FAAS) 

- Electrothermal atomization (Graphite Furnace technique, ETA 
or GF AAS) 

- Hydride generation technique (HG AAS) 

- Cold Vapour technique for mercury 

 In comparison to AES, the temperature applied is lower for 
AAS (< 3000 K), and the atomic population consists almost 
totally of ground-state (non-excited) atoms (number of excited 
atoms <1% even for alkali metals). 
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Flame atomization 

- The sample solution is aspirated and made into a fine aerosol. 

- The aerosol is mixed with the fuel gas. 

- The aerosol/fuel gas/oxidant mixture is introduced into the 
flame. 

In the flame: 

- The solvent evaporates. 

- The solid particles melt, evaporate and dissociate into free 
atoms.   
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- Fuel gas: acetylene, hydrogen, propane. 
- Oxidant gas: air, nitrous oxide (N2O). 
- Temperature range: 2000 to 3000 K, which is sufficient to 

dissociate all analyte compounds without causing ionization. 
 
Flame atomization is fast, economic and provides reproducible 

results in the mg/l range. 
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The detection of the radiation is carried out by a photomultiplier 
tube (PMT). 

The PMT converts the incident photon current into an electric 
signal and also amplifies this signal. 

The PMT consist of a photocathode and an electron multiplier. 
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UV and Visible Spectroscopy  
 

It is based on light absorption of molecules which is associated 
with electronic transitions. 
If molecules absorb light, this causes the excitation of their 
electron system (σ and π bonding electrons, and non-bonding 
lone pairs). 
Due to the high variety in electronic transitions in a molecule, the 
absorption spectrum of a compound has bands instead of sharp 
single lines. 
Precondition for a compound to have an UV and VIS spectrum is 
the presence of one or more chromophore in the molecule. 
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Chromophores are groups of atoms that contain easily excitable 
electrons. 
From the UV and VIS spectrum of an unknown compound, 
identification of functional groups is rarely possible. 
 
For quantitative determination, the absorbance is measured based 
on the Lambert–Beer’s Law. 
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ABSORPTION OF ATOMIC GROUPS 

Atomic group λmax, nm 

C-O 185 

C-S 210 

S-S  194 

C-NH2 195 

N-OH 190 

C-Halogen 180–260 

C=O 195 

C=C 190 

Benzene (C6H6)  255 and 195 
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Radiation source:  

- In the UV range: hydrogen or deuterium lamp.  

- In the VIS range: tungsten filament light bulb. 

 

Material of the cuvettes: glass (VIS), quartz (UV). 

Solvents: water, methanol, hexane (do not absorb in the UV-VIS 
range. 
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C 

CONSTRUCTION OF AN UV-VIS SPECTROFOTOMETER 

L: lamp  

M: monochromator 

K: cuvette 

D: detector 
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