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LECTURE-18 

PHYSICOCHEMICAL METHODS 

5. Fluorimetry 

5.1 Fluorimetry 

This procedure uses the measurement of the intensity of the fluorescent light emitted by the 

substance under examination in relation to that emitted by a given reference standard. 

5.2 Apparatus 

 A simple filter fluorimeter or a more sophisticated spectrophotofluorimeter may be used but the 

latter is superior for analytical purposes on account of wavelength selectivity, accuracy, precision 

and convenience. 

 Instrument is operated strictly in accordance with the manufacturer’s instructions. 

5.3 Method 

Substance under examination is dissolved in the solvent prescribed in the individual monograph. 

Solution is transferred to the cell of the spectrofluorimeter and illuminated with an excitant light 

beam of the nominal wavelength prescribed in the monograph. 

Intensity of the emitted light is measured at an angle of 90º to the excitant beam. 

For quantitative analysis, apparatus is introduced with the solvent or the mixture of solvents used to 

dissolve the substance under examination and instrument is set to zero. 

Prescribed standard solution is introduced and the sensitivity of the instrument is adjusted so that the 

reading is close to the maximum.  

Solution of the substance under examination is introduced and intensity of fluorescence is recorded. 

Concentration, Cx of the substance in the solution to be examined is calculated by expression:  
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6. Infrared Absorption Spectrophotometry 

A. Infrared spectrophotometry 

1.  Apparatus 

 An infrared spectrophotometer for recording the spectra in the infrared region consists of  

 An optical system capable of providing the monochromatic light in the region of 4000 cm-1 to 

625 cm–1 (about 2.5 μm to 16 μm)  

 The means of measuring the quotient of the intensity of the transmitted light and the incident 

light  

 Fourier transform infrared spectrophotometers that are replacing the conventional dispersive 

instruments use polychromatic radiation and calculate the spectrum in the frequency domain from 

the original data by Fourier transformation. 

 For recording infrared spectra, the instrument should comply with the following test for resolution: 

 Resolution performance of the apparatus 

 Verification of the wave number scale 

2.  Preparation of sample  

A sample of the substance under examination may be prepared in one of the following ways: 

i. For normal recording 

a) Liquids — Liquid is examined as a thin film held between two plates or in a cell of suitable path 

length constructed of material transparent to infrared radiation in the region to be examined. 

b) Liquids or solids prepared as solutions — A solution is prepared in a suitable solvent. Absorption 

due to solvent should be compensated for by placing in the reference beam a similar cell containing the 

solvent used. 

 c) Solids — Solid is examined after dispersion in a suitable liquid (mull) or solid (potassium halide 

disc), as appropriate. 

 Mulls —  1) Triturate 1 to 5 mg of the substance with the minimum amount of liquid paraffin or  

  other suitable liquid to give a smooth creamy paste 

         2) Compress a portion of the mull between two suitable plates 

 Discs —  1) Triturate about 1 mg of the substance with approximately 300 mg of dry, finely  

  powdered potassium bromide IR or potassium chloride IR, as directed.  

 2) Grind the mixture thoroughly, spread it uniformly in a suitable die and compress under  

 vacuum at a pressure of about 800 MPa. 
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ii. For recording by multiple reflection 

When directed in the individual monograph, prepare the sample by one of the following methods: 

a) Solutions — Dissolve the substance in the appropriate solvent under the conditions described in the 

individual monograph. Evaporate the solution on a thallium bromo-iodide plate or any other suitable 

plate. 

b) Solids — Place the substance on a thallium bromo-iodide plate or any other suitable plate in a manner 

giving uniform contact. 

3. Identification by reference substances 

 The substance under examination and the Reference Substance are prepared in the form of discs 

dispersed in potassium bromide IR or potassium chloride IR and the spectra are recorded  between 

4000 cm–1 and 625 cm–1 (2.5 μm to 16 μm) under the same operational conditions.  

 The absorption maxima in the spectrum obtained with the substance under examination correspond 

in position and relative intensity to those in the spectrum obtained with the Reference Substance.  

 When the spectra recorded in the solid state show differences in the positions of the absorption 

maxima, the substance under examination and the Reference Substance are treated in the same 

manner so that they crystallize or are produced in the same form and then record the spectra.  

4. Identification by reference spectra 

 The substance is prepared as a disc in a dispersion of potassium bromide IR and the spectrum is 

recorded  from 2000 cm-1 to 625 cm-1 (5 μm to 16 μm) 

 To allow for possible differences in wavelength calibration between the instrument on which the 

reference spectrum was obtained and that on which the spectrum of the substance is being recorded, 

suitable reference absorption maxima of a polystyrene spectrum are superimposed on the reference 

 spectrum or the specimen should be checked with the specimen of polystyrene.  

 With reference to these maxima of polystyrene, the positions and relative intensities of the 

absorption bands of the substance should conform to those of the reference spectrum.  

 When comparing the two spectra, care should be taken to allow for the possibility of differences in 

resolving power between the instrument on which the reference spectrum was prepared and the 

instrument being used to examine the substance.  

B. Near-infrared spectrophotometry 

 The near-infrared (NIR) spectral range extends from about 780 nm to about 2,500 nm (from about 

12,800 cm-1 to about 4,000 cm-1).  
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 NIR spectra are dominated by C-H, N-H, O-H and S-H overtone resonances and combinations of 

fundamental vibrational modes.  

 NIR bands are much weaker than the fundamental mid-IR vibrations from which they originate. 

 Because molar absorptivities in the NIR range are low, radiation typically penetrates several 

millimeters into materials, including solids.  

 Physical as well as chemical information, both qualitative and quantitative, is available from NIR 

spectra. 

 Measurements in the NIR region are influenced by many chemical and physical factors. 

Reproducibility and relevance of results depend on control of these factors. 

1. Apparatus 

 All NIR measurements are based on passing light through or into a sample and measuring the 

decrease of the emerging (transmitted, scattered or reflected) beam. 

 Spectrophotometers for measurement in the NIR region consist of a suitable light source, a 

monochromator or interferometer.  

 Monochromators:  Acousto-optical tuneable filters (AOTF), gratings or prisms.  

 Light source: High intensity light sources such as quartz or tungsten lamps or similar are used. The 

tungsten lamp light source can be highly stabilized. Therefore many NIR instruments have the 

single-beam design.  

 Detectors: Silicon, lead sulphide, indium arsenide, indium gallium arsenide, mercury cadmium 

telluride (MCT) and deuterated triglycine sulphate are commonly used detector materials.  

 Sampling device: Conventional cuvette sample holders, fibre-optic probes, transmission dip cells 

and spinning or traversing sample holders are a few common sampling devices.  

 Suitable data processing and evaluation units are usually part of the system.  

2. Measurement methods 

2.1 Transmission mode 

 Transmittance (T) is a measure of the decrease in radiation intensity at given wavelengths when 

radiation is passed through the sample.  

 The sample is placed in the optical beam between the source and detector.  

 The arrangement is analogous to that in many conventional spectrophotometers and the result can be 

presented directly in terms of transmittance (T) or/and absorbance (A).  
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2.2 Diffuse reflection mode  

 The diffuse reflection mode gives a measure of reflectance (R), the ratio of the intensity of light 

reflected from the sample (I) to that reflected from a background or reference reflective surface (Ir).  

 Spectra are obtained by calculating and plotting log (1/R) versus the wavelength or wavenumbers. 

 

2.3 Transflection mode 

 This mode is a combination of transmittance and reflectance.  

 In the measurement of transflectance (T*) a mirror or a diffuse reflectance surface is used to reflect 

the radiation transmitted through the sample a second time and thus doubling the path length.  

 Non-absorbed radiation is reflected back from the sample to the detector. 
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3. Sample preparation/presentation 

3.1 Transmission mode.  

 The measurement of transmittance (T) is dependent on a background transmittance spectrum for its 

calculation.  

 A background reference can be air, an empty cell, and a solvent blank or a reference sample. 

 The method generally applies to liquids, diluted or undiluted, dispersions, solutions and solids.  

 The samples are examined in a cell of suitable path length, transparent to NIR radiation, or by 

immersion of a fibre optic probe of a suitable configuration, which yields a spectrum situated in a 

zone of transmission compatible with the specifications of the apparatus and appropriate for the 

intended purpose. 

3.2 Diffuse reflection mode  

 This method generally applies to solids.  

 The sample is examined in a suitable device.  

 When immersing a fibre optic probe in the sample, care must be taken in the positioning of the probe 

to ensure that it remains stationary during obtaining spectra. 

 The reflected radiation of a background reference is scanned to obtain the baseline. Common 

reflectance references are ceramic tiles, perfluorinated polymers and gold.  

3.3 Transflection mode 

A reflector is placed behind the sample so as to double the path length.  

The sample is examined in a cell with a mirror or a suitable diffusive reflector, made either of metal or 

of an inert substance (for example titanium dioxide) not absorbing in the NIR region. 

4. Factors affecting spectral response 

 Factors that can affect the spectral response are sample temperature, moisture and solvent residues, 

sample thickness, sample optical properties, polymorphism and the age of samples.  

 Care must be taken to ensure that samples for NIR analysis are representative of those used for 

calibration. 

 Suitable adjustments may be made to the test conditions in order to cope with these factors. 

5. Control of instrument performance 

Use the apparatus according to the manufacturer’s instructions and carry out the prescribed verification 

at regular intervals, according to the use of the apparatus and the substances to be tested. 
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6. Qualitative analysis 

6.1 Establishment of reference spectra: 

 Spectra of a suitable number of batches of the substance are recorded.  

 All spectra should have the same: (a) spectral range and number of data points; (b) technique of 

measurement; (c) data pre-treatment. 

6.2 Pre-treatment of data 

 In many cases, and particularly for reflection mode spectra, some form of mathematical pretreatment 

of the spectrum may be useful before the development of a calibration model.  

 The aim can be to reduce baseline variations, to reduce the impact of known variations that are 

interfering in the subsequent mathematical models, or to compress data before use.  

 Typical methods are multiplicative scatter correction (MSC), the Kubelka-Munk transforms, spectral 

compression techniques and the numerical calculation of the first- or second-order derivative of the 

spectrum. 

6.3 Data evaluation 

Direct comparison of the spectrum of the substance under investigation is made with the individual or 

mean reference spectra of all substances in the database. 

6.4 Validation of the database 

Parameters to be taken into account are specificity and robustness. 

7. Quantitative analysis 

7.1 Establishment of a spectral data base for a calibration model 

7.2 Pre-treatment of data.  

 Data pre-treatment can be defined as the mathematical transformation of the NIR spectral data to 

enhance spectral features and/or remove or reduce unwanted sources of variation prior to the 

development of the calibration model.  

 Many suitable algorithms for data pre-treatment and calibration exist. The selection is based on the 

suitability for the intended use.  

 Wavelength compression may be applied to the data. 

7.3 Validation 

 The conventional analytical performance characteristics should be considered for demonstrating the 

validation of NIR methods.  

 Specific acceptance criteria for each validation parameter must be consistent with the intended use of 

the method. 
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7.4 Ongoing model evaluation 

 NIR models validated for use should be subjected to ongoing performance evaluation and 

monitoring of validation parameters. If discrepancies are found, corrective action will be necessary. 

7.5 Transfer of databases 

 When databases are transferred to another instrument, spectral range, numbers of data points, 

spectral resolution and other parameters have to be taken into consideration.  

 Further procedures and criteria must be applied to demonstrate that the model remains valid with the 

new database or new instrument. 
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