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INSTRUMENTAL METHODS OF ANALYSIS- BP701T

          UNIT : 4 GC and HPLC
 

         CLASS: 2

TOPIC: INSTRUMENTATION OF  HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
SOLVENT DEGASSING

 The constituents of the mobile phase should be degassed and filtered before use. Several methods are employed to remove the dissolved gases in the mobile phase. They include heating and stirring, vacuum degassing with an aspirator, filtration through 0.45µ filter, vacuum degassing with an air-soluble membrane, helium purging ultra signification or purging or combination of these methods. HPLC systems are also provided an online degassing system, which continuously removes the dissolved gases from the mobile phase.
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MOBILE PHASE:
                      Mobile phases used for HPLC typically are mixtures of organic solvents and water or aqueous buffers. Table given below lists the physical properties of organic solvents commonly used for HPLC. Isocratic methods are preferable to gradient methods. Gradient methods will some times be required when the molecules being separated have vastly different partitioning properties. When a gradient elution method is used, care must be taken to ensure that all solvents are miscible. 
Physical Properties of Common HPLC Solvents
	Solvent
	MW
	BP
	RI (25oC)
	UVa
Cut-off (nm)
	Density g/ml
(25oC)
	Viscosity 
(25oC)
	Dielectric
Constant

	Acetonitrile
	41.0
	82
	1.342
	190
	0.787
	0.358
	38.8

	Dioxane
	88.1
	101
	1.420
	215
	1.034
	1.26
	2.21

	Ethanol
	46.1
	78
	1.359
	205
	0.789
	1.19
	24.5

	Ethyl acetate
	88.1
	77
	1.372
	256
	0.901
	0.450
	6.02

	Methanol
	32.0
	65
	1.326
	205
	0.792
	0.584
	32.7

	CH2Cl2
	84.9
	40
	1.424
	233
	1.326
	0.44
	8.93

	Isopropanol
	60.1
	82
	1.375
	205
	0.785
	2.39
	19.9

	n-propanol
	60.1
	97
	1.383
	205
	0.804
	2.20
	20.3

	THF
	72.1
	66
	1.404
	210
	0.889
	0.51
	7.58

	Water
	18.0
	100
	1.333
	170
	0.998
	1.00
	78.5

	                               a: The wavelength at which the absorbance of 1cm cell is 1.0


The following points should also be considered when choosing a mobile phase:
It is essential to establish that the drug is stable in the mobile phase for at least the duration of the analysis.

Excessive salt concentrations should be avoided. High salt concentrations can result in precipitation, which can damage HPLC equipment.

The mobile phase should have a pH 2.5 and pH 7.0 to maximize the lifetime of the column.

Reduce cost and toxicity of the mobile phase by using methanol instead of acetonitrile when possible.

Minimize the absorbance of buffer. Since trifluoroacetic acid, acetic acid or formic acid absorb at shorter wavelengths, they may prevent detection of products with out chromophores above 220 nm. Carboxylic acid modifiers can be frequently replaced by phosphoric acid, which does not absorb above 200 nm.

Use volatile mobile phases when possible, to facilitate collection of products and LC-MS analysis. Volatile mobile phases include ammonium acetate, ammonium phosphate, formic acid, acetic acid, and trifluoroacetic acid. Some caution is needed as these buffers absorb below 220 nm.

                  Ionizable compounds in some cases can present some problems when analyzed by reverse phase chromatography. Two modifications of the mobile phase can be useful in reverse phase HPLC for ionizable compounds. One is called ion suppression and other ion pairing chromatography. In both techniques, a buffer is used to ensure that the pH of the solution is constant and usually at least 1.5 pH units from a pKa of the drug to ensure that one form predominates. If pH is approximately equal to pKa, peak broadening can occur. In ion suppression chromatography, the pH of the aqueous portion of the mobile phase is adjusted to allow the neutral form of the drug to predominate. This ensures that the drug is persistent in only one form and results in improvement of the peak shape and consistency of retention times.              
COLUMNS: 
                 The heart of the system is the column. The choice of column packing material and mobile phases depends on the physical properties of the drug. Many different reverse phase columns will provide excellent specificity for any particular separation. It is therefore best to routinely attempt separations with a standard C8 or C18 column and determine if it provides good separations. If this column does not provide good separation or the mobile phase is unsatisfactory, alternate methods or columns should be explored. Diol, cyano and amino groups can also be used for reverse phase chromatography.
                      Particle size affects the back-pressure of the column and the separation efficiency. Column back-pressure and column efficiency are inversely proportional to the square of the particle diameter. This means that as the particle size decreases, the column back-pressure and efficiency increase. 
A well packed column with 3μm packing produces almost twice the separation efficiency of a comparable 5μm column. However, the 3μm column will have about a three-fold higher back-pressure compared to the 5μm column when operated with the same mobile phase and at the same flow rate. 

Highly efficient, small-particle (3μm and 4μm) columns are ideal for complex mixtures with similar components. Fast, high-resolution separations can be achieved with small particles packed in short (10-50 mm length) columns.

Large particle (5μm and 7μm) columns are typically used for routine analyses where analytes have greater structural differences. 

Larger 10μm packing has only moderate column efficiencies. Columns packed with 10μm packing are generally used as scout columns for future preparative separations, semi- preparative applications, or routine QA/QC methods where high chromatographic efficiencies are not required.

Very Large particles (15- 20μm) are used for preparative-scale separations.

                  The size of the analyte should be considered when choosing the appropriate pore size for the packing material. The molecular weight of an analyte can be used to estimate the size of the molecule. 
As a general rule, a pore size of 100A° or less should be used for analytes below 3,000 MW. 

A pore size of 100A° - 130A° is recommended for samples in the range of 3,000 MW - 10,000 MW.

For samples above 10,000 MW including peptides and proteins, a 300A° material provides the best efficiency and peak shape.

Pore volume is a measurement of the empty space within a particle. Pore volume is a good indicator of the mechanical strength of a packing. 
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                               FLOW CHART OF COLUMN SELECTION
	Sample
	
	LC mode
	Column choice

	
	
	Reverse Phase-ion pair (allows neutral and charged compounds to be simultaneously analyzed)
	C18, C8, C6, C4, C2, TMS, CN, amino (not for carbonyl compounds), phenyl, Hamilton PRP-1 (pH 1-13)


	
	Basic or Acidic
	
	

	
	
	   Ion suppression

	C18, C8, C6, C4, C2, TMS, CN, amino (not for carbonyl compounds), phenyl, Hamilton PRP-1 (pH 1-13)

	Ionizable
	
	Ion Exchange
	

	
	
	Anionic 
	Strong Anion exchange

	
	
	Cationic
	Strong Cation exchange


	
	
	    Normal phase
	Increasing polarity of bonded phases diol

	
	
	
	CN

	Neutral
	
	
	NH2 

	
	
	
	Silica 

	
	
	Reverse phase
	Alumina

	
	
	

	Increasing polarity of bonding phase

	
	
	
	C-18  

	
	
	
	C-8

	
	
	
	Phenyl, C2,TMS,CN


SAMPLE INJECTOR:
                     Injection ports are of two basic types; (a) those in which the sample is injected directly into the column- flowing stream and (b) those in which the sample is deposited before the column inlet (stop flow injection) and then swept by a valving action into the column by the mobile phase. The valve injection through fixed or variable loop is a common way of introducing the sample. The Rheodyne valve is the mostly used devise.
                    Automatic injector is a microprocessor controlled version of the manual universal injector. Usually upto 100 samples can be loaded into the auto injector tray. The system parameters such as flow rate, gradient, run time, volume to be injected, etc. are chosen, stored in memory and sequentially executed on consecutive injections. 
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Fig: Manual HPLC Sample Injection
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Fig: Automatic HPLC Sample Injection

DETECTORS:
                 The detector for an HPLC is the component that emits a response due to the eluting sample compound and subsequently signals a peak on the chromatogram.
Generally, there are two types of HPLC detectors, bulk property detectors and solute property detectors. 
Bulk property detectors: 

                        These detectors are based on differential measurement of a property, which is common to both the sample and the mobile phase. Examples of such detectors are refractive index, conductivity and dielectric constant detectors.
Solute property detectors: 

                        Solute property detectors respond to a physical property of the solute, which is not exhibited by the pure mobile phase. These detectors measure a property, which is specific to the sample, either with or without the removal of the mobile phase before the detection. Solute property detectors which do not require the removal of the mobile phase before detection include spectrophotometric (UV or UV-Visible) detector, fluorescence detectors, polarographic, electro-chemical and radio activity detectors, where flame ionization detector and electron capture detector both require removal of the mobile phase before detection.
                    UV-Visible and fluorescent detectors are suitable for gradient elution, because many solvents used in HPLC do not absorb to any significant extent.
DATA COLLECTION DEVICE:

 Signals from the detector may be collected on chart recorders or electronic integrators that vary in complexity and in their ability to process, store and reprocess chromatographic data. The data storage capacity of these devices is usually limited.

Modern data stations are computer based and have a large storage capacity to collect process and store data for possible subsequent reprocessing. Analytical reports can often be customized to the needs of the analyst.
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