Chem 331 

Chapter 28

  High Performance Liquid Chromatography
Introduction: 


HPLC is a form of liquid chromatography used to separate compounds that are dissolved in solution. HPLC instruments consist of a reservoir of mobile phase, a pump, an injector, a separation column, and a detector.
Compounds are separated by injecting a sample mixture onto the column. The different component in the mixture pass through the column at differentiates due to differences in their partition behavior between the mobile phase and the stationary phase. The mobile phase must be degassed to eliminate the formation of air bubbles. 

HPLC system




The pump provides a steady high pressure without pulsation, and can be programmed to vary the composition of the mobile phase during the course of the separation. Detectors rely on a change in refractive index, UV-VIS absorption, or fluorescence after excitation with a suitable wavelength to detect the separated compounds.
FOUR TYPES OF LIQUID CHROMATOGRAPHY

1. Partition chromatography

2. Adsorption, or liquid-solid chromatography

3. Ion exchange chromatography

4. Size exclusion, or gel, chromatography

COMPOSITION OF A LIQUID CHROMATOGRAPH SYSTEM

1.   Solvent

2.   Solvent Delivery System (Pump)

3.   Injector

4.   Sample

5.   Column

6.   Detectors (Diode Array)

7.   Waste Collector

8.   Recorder (Data Collection)

Picture of HPLC instrument 




Uses of HPLC:

This technique is used for chemistry and biochemistry research analyzing complex mixtures, purifying chemical compounds, developing processes for synthesizing chemical compounds, isolating natural products, or predicting physical properties. It is also used in quality control to ensure the purity of raw materials, to control and improve process yields, to quantify assays of final products, or to evaluate product stability and monitor degradation. In addition, it is used for analyzing air and water pollutants, for monitoring materials that may jeopardize occupational safety or health, and for monitoring pesticide levels in the environment. Federal and state regulatory agencies use HPLC to survey food and drug products, for identifying confiscated narcotics or to check for adherence to label claims.  

HPLC Chromatograph injectors


The function of the injector is to place the sample into the high-pressure flow in as narrow volume as possible so that the sample enters the column as a homogeneous, low-volume plug. To minimize spreading of the injected volume during transport to the column, the shortest possible length of tubing should be used from the injector to the column. When an injection is started, an air actuator rotates the valve: solvent goes directly to the column; and the injector needle is connected to the syringe. The air pressure lifts the needle and the vial is moved into position beneath the needle. Then, the needle is lowered to the vial. 
[image: image3.jpg]



The instrument shown above is a HP 1090 chromatograph which is able to be operated manually or automatically. When operated manually a single injection is administered, while if operated automatically up to 99 injections can be performed simultaneously. By performing HPLC in an automatic setting it is more time efficient and more than one sample can be tested at the same time. 

The sample is drawn up into a sample loop by the syringe, metered by a stepper motor. The needle is raised a second time to allow the vial to move away. Then, the needle is lowered a second time and the air actuator reverses the valve, reconnecting the sample loop to the solvent flow. The entire sample is flushed out of the injector, reaching the column as an undiluted plug. Finally, the syringe stepper-motor moves the syringe plunger to the end of the syringe sending the remaining solvent to the waste.

HPLC columns:

Picture of an HPLC column [image: image4.jpg]




The column is one of the most important components of the HPLC chromatograph because the separation of the sample components is achieved when those components pass through the column. The High performance liquid chromatography apparatus is made out of stainless steel tubes with a diameter of 3 to 5mm and a length ranging from 10 to 30cm. Normally, columns are filled with silica gel because its particle shape, surface properties, and pore structure help to get a good separation. Silica is wetted by nearly every potential mobile phase, is inert to most compounds and has a high surface activity which can be modified easily with water and other agents. Silica can be used to separate a wide variety of chemical compounds, and its chromatographic behavior is generally predictable and reproducible.
WHAT AFFECTS SYSTEM
1. Column Parameters

A. Column Material

B. Deactivation

C. Stationary Phase

D. Coating Material

2. Instrument Parameters

A. Temperature

B. Flow

C. Signal

D. Sample Sensitivity

E. Detector

3. Sample Parameters

A. Concentration

B. Matrix

C. Solvent Effect

D. Sample Effect

 Usually, analytical columns are protected by a guard column which is an essence a disposable (or sacrificial) top of the main analytical column. The guard column is the final filter both mechanical and chemical. In addition to removing debris, it also can adsorb undesirable sample components that otherwise might irreversibly bind and possibly change the stationary phase of the analytical and preparative columns. Although economy alone is not a persuasive argument for the use of guard columns, the need for a long stable life of the analytical column to obtain reliable and reproducible results is perhaps even more important. There are several column types, according to their function, they can be classified as:
Normal phase 

In this column type, the retention is governed by the interaction of the polar parts of the stationary phase and solute. For retention to occur in normal phase, the packing must be more polar than the mobile phase with respect to the sample.

The stable functional groups which are used in a stationary phase with siloxane connection are: 

	cyano:
	-C2H4CN

	diol:
	-C3H6OCH2CHOHCH2OH

	amino:
	-C3H6NH2

	dimethylamino:
	-C3H6N(CH3)2


The stationary phase is usually silica and typical mobile phases are hexane, methylene chloride, chloroform, diethyl ether, and mixtures of these. 

Reverse phase 
In this column the packing material is relatively nonpolar and the solvent is polar with respect to the sample. Retention is the result of the interaction of the nonpolar components of the solutes and the nonpolar stationary phase. Typical stationary phases are nonpolar hydrocarbons, waxy liquids, or bonded hydrocarbons (such as C18, C8, etc.) and the solvents are polar aqueous-organic mixtures such as methanol-water or acetonitrile-water.

 Size exclusion 

In size exclusion the HPLC column is consisted of substances which have controlled pore sizes and is able to be filtered in an ordinarily phase according to its molecular size. Small molecules penetrate into the pores within the packing while larger molecules only partially penetrate the pores. The large molecules elute before the smaller molecules.
Ion exchange 

In this column type the sample components are separated based upon attractive ionic forces between molecules carrying charged groups of opposite charge to those charges on the stationary phase. Separations are made between a polar mobile liquid, usually water containing salts or small amounts of alcohols, and a stationary phase containing either acidic or basic fixed sites.

Definitions:
Injector - the module used to introduce a sample into a LC system.

Mobile phase - the stream of solvent in an LC system used to elute the solute or analyte being studied.

Column - a large tube (id = 2-8 mm) containing small particles (5-125 m) called the stationary phase.

Stationary phase - the particles (usually silica or alumina) held within the confines of the column, comprising the chromatographic bed.  A sample mixture separates as a result of different components adhering to or diffusing into the packing particles.

Bands - zones of sample components that a sample is separated into.

Elution - the process by which bands migrate through a chromatographic bed and eventually pass through and out of the column.

Peak - a recorder tracing from the elution of a single band.

Chromatogram - the collection of peaks which result from an injected sample.

Retention time - the time required to elute the corresponding band from the column.  Proper identification of peaks requires an accurate recording device along with a pumping system that will deliver a precise flow rate throughout the separation.

Resolution ® - Separation of one band or peak from another.
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Capacity Factor (k’) - The ratio of the total amount of compound on the stationary

phase to the total amount of compound in the mobile phase Sst/Sm, for an equilibrated band in a given LC system.  
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The capacity factor is usually measured from the chromatogram where V1 is retention (in volume, time, or distance) of the sample, and V0 is retention of the void volume.

Void volume:  the volume of the column which is not being occupied by the packing material.

Selectivity Factor

K’ values tell us where bands elute relative to the void volume.  These values are unaffected by such variables as flow rate and column dimensions. The value tell us where two peaks elute relative to each other.  This is referred to as the selectivity factor or separation factor (now and then as the chemistry factor).  
Selectivity Factor is equal to the ratio of the k’ values between two bands.
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Just like k’ values that tell us where bands are eluted relative to the void volume, the  values tell us where bands are eluted relative to each other.  Both of these values are used to monitor the efficiency of an Liquid Chromatography.

Number of Theoretical Plates (N)

This is an expression which describes width of a band in a chromatographic bed as a function of column length.  Minimal band spreading results in a higher number of theoretical plates.

Methods for calculating theoretical plate number:

The sigma 4 method of plate count calculation
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The sigma 5 method of plate count calculation.

Height equivalent to a theoretical plate.
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This expression is used to relate column length (L) to plate count (N) to derive the height equivalent to a theoretical plate (H).

The Resolution Equation

This expression shows the relationship of k’, and N to resolution.

By substituting all of the values (k’, and N) in the resolution equation we can derive a new resolution equation which will tell us what will happen to resolution if we increase or decrease  k’, and N.
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How do you change k’, and N so that you will increase the resolution between two overlapping peaks?

	k’ Value
	k’ Term in Equation
	Resolution

	1
	½
	.50

	2
	2/3
	.67

	3
	¾
	.75

	10
	10/11
	.91

	20
	20/21
	.95


By increasing the k’ value you will have a greater resolution.

Value

	 Value
	 Value in equation
	Resolution

	1.1
	(1.1 - 1) / 1.1
	0.09

	1.4
	(1.4 - 1) / 1.4
	0.29

	1.6
	(1.6 - 1) / 1.6
	0.38

	2.0
	(2.0 - 1) / 2
	0.50


By increasing the  value you will have a greater resolution.

Plate Count (N)

	Plate Count (N)
	Plate Count in Equation
	Resolution

	1000
	(1000)1/2
	31.6

	2000
	(2000)1/2
	44.7

	3000
	(3000)1/2
	54.7

	5000
	(5000)1/2
	70.7

	10,000
	(10,000)1/2
	100

	15,000
	(15,000)1/2
	122.4


By increasing the Plate Count (N) you will have a greater resolution.

Types of Liquid Column Chromatography

(LCC)

9.   LLC (Liquid Liquid)

10.   LSC (Liquid Solid - adsorption)

11.   SEC (Size Exclusion)

12.   GLC      GSC

13.  SFC (Supercritical Fluid)

Types of Detectors

14.   Absorbance (UV with Filters, UV with Monochromators)

15.   IR Absorbance

16.   Fluorescence

17.   Refractive-Index

18.   Evaporative Light Scattering Detector (ELSD)

19.   Electrochemical

20.   Mass-Spectrometric

8.      Photo-Diode Array

EVALUATION PARAMETERS

1) EFFICIENCY

2) RESOLUTION

3) INERTNESS

4) RETENTION INDEX

5) COLUMN BLEED

6) CAPACITY FACTOR
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