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ANALYTICAL CHEMISTRY
• Analytical chemistry is distinct and different from chemical analysis.

• Chemical analysis is concerned solely with the qualitative and 
quantitative analysis of matter.

• Though analytical chemistry is also concerned with the above 
analysis, analytical chemistry is also concerned with improving, 
modifying, or otherwise exploring how analysis techniques can be 
applied.

• Analytical chemistry can best be understood as a perspective, or a 
way of thinking about solving complex problems.



ANALYTICAL APPROACH TO 
PROBLEM SOLVING

 Flow diagram show-

Step 1. Identify and Define Problem   
What is the problem’s context?
What type of information is needed?

Step 5. Propose Solution to Problem
Is the answer sufficient?
Does answer suggest a new problem?

Step 2. Design Experimental Procedure 
Establish design criteria.
Identify potential interferents.
Establish validation criteria.
Select analytical method.
Establish sampling strategy.

Step 4. Analyze Experimental Data
Reduce and transform data.
Complete statistical analysis.
Verify results.
Interpret results.

Step 3. Conduct Experiment & Gather Data
Calibrate instruments and equipment.
Standardize reagents.
Gather data.

Feedback
Loop



IMPROVING NICKEL ANALYSIS
3Chapter 1  Introduction to Analytical Chemistry

Figure 1.1 Fresenius’ analytical scheme for the gravimetric analysis of Ni in ores. Note that 
the mass of nickel is not determined directly. Instead, Co and Ni are isolated and weighed 
(mass A), and then Co is isolated and weighed (mass B). The timeline shows that after 
digesting a sample, it takes approximately 44 hours to complete an analysis. This scheme 
is an example of a gravimetric analysis in which mass is the important measurement. See 
Chapter 8 for more information about gravimetric procedures.
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4 Analytical Chemistry 2.0

The development, in 1905, of dimethylglyoxime (dmg), a reagent 
that selectively precipitates Ni2+ and Pd2+, led to an improved analytical 
method for the quantitative analysis of nickel.4 The resulting analysis, as 
shown in Figure 1.2, requires fewer manipulations and less time after com-
pleting the sample’s dissolution. By the 1970s, flame atomic absorption 
spectrometry replaced gravimetry as the standard method for analyzing 
nickel in ores,5 resulting in an even more rapid analysis. Today, the standard 
analytical method utilizes an inductively coupled plasma optical emission 
spectrometer.

A more appropriate description of analytical chemistry is “the science 
of inventing and applying the concepts, principles, and…strategies for 
measuring the characteristics of chemical systems.”6 Analytical chemists 

4  Kolthoff, I. M.; Sandell, E. B. Textbook of Quantitative Inorganic Analysis, 3rd Ed., The Mac-
millan Company: New York, 1952.

5 Van Loon, J. C. Analytical Atomic Absorption Spectroscopy, Academic Press: New York, 1980.
6  Murray, R. W. Anal. Chem. 1991, 63, 271A.

Figure 1.2 Gravimetric analysis for Ni in ores by precipitating Ni(dmg)2. The timeline shows that 
it takes approximately four hours to complete an analysis after digesting the sample, which is 10x 
shorter than for the method in Figure 1.1. The factor of 0.2301 in the equation for %Ni accounts for 
the difference in the formula weights for Ni and Ni(dmg)2; see Chapter 8 for further details.
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