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• I will post these lectures as a pdf on the 
website after each class.

• So, when taking notes, make sure to 
write down what I’m saying that 
DOESN’T appear on the slides.

• Each slide has a unique serial number, 
so if you have a question about a slide, 
refer to that number.
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• For example, this slide is number 1-7

Lecture number
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• For example, this slide is number 1-8

Slide number
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Chem 115
Instrumental Analysis and Bioanalytical Chemistry

Part 1:  Concepts and analysis



1-10

What’s in this lecture?

• What is analytical chemistry?

• How do analytical chemists approach 
problems?
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What is analytical chemistry?

• Qualitative - What is this?

• Quantitative - How much is there?

The qualitative and quantitative 
characterization of matter.
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Analytical chemistry is broad...

• Pharmaceuticals

• Manufacturing

• Law enforcement

• Museums
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Why instrumental analysis?

• Faster than wet methods

• More sensitive

• Less operator error

• Typically non-destructive
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What goes into instrumental 
analysis?

• Chemistry

• Physics

• Electronics

• Biology

• Materials science

• Food science

• ...
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It is the analytical chemist’s job to 
communicate with other scientists.
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The analytical approach:
1. Define the problem.

2. Design the method.

3. Sampling and sample storage.

4. Sample preparation.

5. Perform the measurement.

6. Assess the data.

7. Validate the method.

8. Document.
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Define the problem...

• How precise and accurate?

• Organic, inorganic, or both?

• Possible interferences?

• Qualitative or quantitative?
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Qualitative analysis...

• What is this?

• Distinguish between molecular analysis 
and elemental analysis:

• Molecular - Sucrose vs. Fructose.

• Elemental - Carbon vs. Oxygen.
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Quantitative analysis...

• How much is there?

• Generally expressed as a concentration.

• Sensitivity is important!
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Concentration...
• Molarity - moles per liter

• Percent
• Atomic percent
• Weight percent
• Volume percent

• Parts per ______
• Hundred (same as %)
• Thousand
• Million
• Billion
• Trillion
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Concentration, cont...

• Molality - moles per gram

• Mole fraction

• Normality
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Molarity vs. molality
• Molarity

• Depends on mass 
and volume

• Temperature 
dependent

• Molality

• Depends on mass 
only

• Temperature 
independent
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Common instrumental methods...
Method Qualitative? Quantitative?

Elemental Molecular Elemental Molecular
Atomic absorption No No Yes No
Atomic emission Yes No Yes No

Capillary electrophoresis Yes Yes Yes Yes
Electrochemistry Yes Yes Yes Yes

Gas chromatography No Yes No Yes
ICP-Mass spectrometry Yes No Yes No

IR spectroscopy No Yes No Yes
Ion chromatography Yes Yes Yes Yes

Liquid chromatography No Yes No Yes
Mass spectrometry Yes Yes Yes Yes

Nuclear magnetic resonance No Yes No Yes
Raman spectroscopy No Yes No Yes

Thermal analysis Yes Yes Yes Yes
UV/Vis spectroscopy Yes Yes Yes Yes

UV absorption No Yes No Yes
UV fluorescence No Yes No Yes
X-ray absorption Yes No Yes No
X-ray diffraction No Yes No Yes

X-ray fluorescence Yes No Yes No
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Concentration ranges...
Method Destructive Ultratrace

<1 ppm
Trace

1 ppm - 0.1%
Minor

0.1 - 10%
Major
>10%

X-ray diffraction No No No Yes Yes
NMR No No Yes Yes Yes

X-ray fluorescence No No Yes Yes Yes
IR spectroscopy No No Yes Yes Yes

Raman spectroscopy No No Yes Yes Yes
UV/VIS No No Yes Yes Yes

Colorimetry No Yes Yes Yes No
Molecular fluorescence No Yes Yes Yes Yes

Atomic absorption Yes Yes Yes Yes No
Atomic emission Yes Yes Yes Yes Yes

ICP-MS Yes Yes Yes Yes No
GC-MS Yes Yes Yes Yes Yes
LC-MS Yes Yes Yes Yes Yes

Potentiometry No Yes Yes Yes Yes
Voltammetry No Yes Yes Yes Yes

HPLC Maybe Yes Yes Yes Yes
Ion chromatography Maybe Yes Yes Yes Yes

Capillary electrophoresis No Yes Yes Yes Yes
Thermal analysis Yes No No Yes Yes
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The analytical approach:
1. Define the problem.

2. Design the method.

3. Sampling and sample storage.

4. Sample preparation.

5. Perform the measurement.

6. Assess the data.

7. Validate the method.

8. Document.
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Defining the problem

1. What accuracy is required?

2. How much sample is available?

3. What is the concentration range?

4. What are likely interferences?

5. What are the matrix properties?

6. How many samples?



1-27

Designing the analytical method
• Limits

• Time
• Sample
• EH&S

• Blank
• Matrix
• Reagent

• Standard

• Literature
• Journals
• Books
• Associations
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The analytical approach:
1. Define the problem.

2. Design the method.

3. Sampling and sample storage.

4. Sample preparation.

5. Perform the measurement.

6. Assess the data.

7. Validate the method.

8. Document.
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Sampling...

• Need a sample that is representative

• Worry about contamination

• Many standard methods
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The analytical approach:
1. Define the problem.

2. Design the method.

3. Sampling and sample storage.

4. Sample preparation.

5. Perform the measurement.

6. Assess the data.

7. Validate the method.

8. Document.
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Significant figures

50.1 50.09≠

Uncertain digit Uncertain digit

When reporting numbers, report all 
certain digits, and 1 uncertain digit

45 50 55 45 50 55


