Introduction to Sample Preparation
Overview. This module introduces some of the basics of sample preparation, and the ways in which samples must be handled and modified to make them amenable to a particular instrumental method of analysis. Included are theory and applications of liquid-liquid and solid phase extraction and microextraction techniques, and derivatization methods for GC and HPLC. Throughout the module, the primary goal is to present thought-provoking questions that lead to critical thinking about which of the available sample preparation methods is appropriate for a given sample scenario. Supporting materials detailing these techniques can be found in Chapter 7 in the online textbook Analytical Chemistry 2.01 by David Harvey available from the Analytical Sciences Digital Library (www.asdlib.org ). Section I of Chapter 7 contains key terms and links to further discussion. If you need to review any terminology, Chapter 3, section H in Harvey also defines many of the key terms used in this module.2
Learning Objectives. After completion of this learning module, you will be able to:
· Describe why many samples need some form of preparation before analysis.

· Describe the properties of an analyte that can be used to separate it from a mixture.

· Describe the general theory of the following extraction techniques

· Liquid-liquid extraction (LLE)
· Solid-phase extraction (SPE) 

· Adsorption

· Charge (anion/cation exchange)

· Mixed modes

· QuEChERS

· Solid-phase microextraction
· Describe common derivatization methods used in sample preparation methods for gas chromatography
· Describe common derivatization methods that “tag” an analyte, allowing it to be detected spectrophotometrically, electrochemically or using fluorescence

· Predict the best extraction method for isolating the analyte given a sample scenario.
Introduction. Consider your sample as shown in Figure 1, comprised of your analyte (triangles) in a matrix of various interferents (circles and moons). Consider someone trying to measure neonicotinoid pesticides in a plant sample collected in an area with a noticeable bee decline. These pesticides have in recent years come under scrutiny for contributing to the decline in honeybee populations.3 A field is sprayed with a neonicotinoid pesticide. You take some plant samples back to the lab and homogenize for subsequent preparation and analysis.
Q1. Do an Internet search to find structures of nicotine and imidacloprid (one of the neonicotinoids). Do these structures indicate to you how this class of insecticides was named?
Q2. In the plant sample, state the identity of your analyte and list some possible interferents.
The interferents can cause problems with your eventual measurement by doing things such as
· Adding to the analyte signal

· Masking the analyte signal 

· Quenching the analyte’s signal

· Wreaking havoc on your instrument (e.g. clogging a chromatography column)
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Figure 1: Shows the removal of interferents (circles and moons) from the analyte (triangles) in a complex sample (A). After isolation (B), the sample may be ready for analysis, or additional preparation steps (like concentration or derivatization) may be required.
Q3. List at least four chemical properties of the analyte that may allow it to be separated from interfering components in its matrix.
Keep your list in mind as you read through the next sections describing various extraction methodologies.
Sample preparation
	A) How do you get your sample from this…
	B) To this?
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Figure 2. Photographs of samples before (A) and after (B) the preparation steps for injection onto a gas chromatograph. 
As shown in Figure 2, in most chemical analyses, the sample as collected is not suitable for direct analysis, but must be converted into a proper form through a process known as sample preparation.  For example, a solid may have to be dissolved in water or digested in acid, and then filtered to remove insoluble components. Compounds that could interfere with the analysis must be removed or masked during sample preparation; a process that typically involves a separation step. Also, within this step it may be necessary to dilute or concentrate the sample to place the analyte within the appropriate concentration dynamic range of the measurement.

In this module several aspects of sample preparation will be considered. The focus of the first section is directed at liquid-liquid extraction (LLE) and solid phase extraction (SPE). Though other aspects of sample preparation such as digestion, precipitation, and pre-concentration are critical to a successful analysis, they are typically specific for the sample and analyte to be determined. On the other hand, methods of extraction can be considered in more general terms, and their successful exploitation often determines the success of a validated analytical method. Figure 3 below outlines the extraction methods discussed in this series of modules. 
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Figure 3. Diagram of the extraction methods discussed in this module series.

Additionally, even after purification, samples may not be in a form that is amenable to determination by typical instrumental methods. In many cases, the sample must be converted by reaction to a form containing an additional functionality detectable by the instrument of choice. This conversion, referred to as derivatization will be discussed in sections that address sample analysis by GC and by HPLC. 
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