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DISCLAIMER

• ACS is providing a remake of these tutorials and images as a courtesy to and 
for the convenience of the reader. It makes no representations or warranties, 
express or implied, relative to the accuracy, veracity, ownership, or authority 
contained within the information provided therein. In accessing these slides, 
the reader knowingly, willingly, and voluntarily accepts the information’s 
remake “as is”.

www.acs.org/Olympiad
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Flame Test, the Color of Ions, 
the Heat of Reactions/Dissolution, etc.

- Doing chemistry requires both understanding ideas and remembering key information!
- Hands-on intensive lab experience is the most efficient way to study this topic.

[Learning Objectives]
Introduction: A flame test is an analytical procedure used in chemistry to detect the presence of certain elements,

primarily (metal or nonmental) ions, based on each element's characteristic (absorption

or emission) spectrum. What causes the bright colors in fireworks?

Operation: In high-school chemistry courses, wooden splints are commonly used, mostly because solutions can be

dried onto them, and they are inexpensive. Bunsen burners are also commonly used as their flame is light. 

[USNCO Example – N2016-P1-Q12] [USNCO Example – N2020-P1-Q7]
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Fill the blanks with their flame colors.
Li Na K Cu/B Ca/Sr

1.2 The Color of Aqueous Ions – commonly used for AP Chemistry experiments
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Extension:

o Crystal Field Theory

o *Ligand -Metal Charge Transfer

- from compounds of interest

[USNCO Example – N2021-P1-Q9/N2020-P1-Q12]
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3. The Heat of Reactions/Dissolution – fill the blanks with exothermic or endothermic

o The dilution of concentrated H2SO4 is , the dissolution of solid NaOH in water is .

o The dissolution of solid sodium bicarbonate in water is .

o The acid-base neutralizations are , most redox reactions are .

o Reaction of baking soda (formula: ) with vinegar (formula: ) is ;

o Dissolution of most ammonium salts, such as NH4Cl, NH4NO3 is .

o *Reaction of solid barium hydroxide (formula: ) with solid ammonium chloride (formula

) is .

[USNCO Example – L2020-Q11] [USNCO Example – N2015-P1-Q7]
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3. *Properties of Representative Metals/Nonmetals

1. General Properties of Metals

o Metals conduct heat and electricity, tend to electrons (lose or gain).
o metals and most metals are highly reactive, which violently react with water to produce

MIOH) or MII(OH)2 and .

o Metals with a standard reduction potential V (> or
<) (pre-H metals) react with acid to produce the corresponding

salts and , such as Mg, Al, and several

4th period transition mentals and .

o Some metals such as Cu, Ag, Pt, Au (metallic money) are 

unreactive, is commonly used an inert electrode.

o Most metal oxides are (acidic or basic), reacting

with acids to form metal cations and .

o More reactive metals can displace the less reactive metals  from

their cation solutions:

Cu(s) + AgNO3(aq)  +

[USNCO Example – N2017-P1-Q8/L2020-Q9]
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3.3 Amphoteric Metals

Several metals close to the metal/nonmental boundary are amphoteric, meaning that they can react with both

and . Their oxides and hydroxides are also . The most typical example is .

[USNCO Example - N2015-P1-Q12] [USNCO Example - N2016-P1-Q9]
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4. Strong/Weak Electrolytes, Acid-Base Property of Salt Solutions

1. Commonly Used Acids and Bases

o List the THREE most commonly used strong acids in a HS chemistry lab: , ,

(first step strong, second step weak), a few more strong acids are HBr(aq), HI(aq), HClO4(aq).

o HF(aq) is a acid, the only exception in hydrohalic acids.

o Most carboxylic acids (RCOOH) are acids, such as acetic acid (formula).

o List the THREE most used strong bases in a HS chemistry lab: , , Ba(OH)2.

o NH4OH (aqueous solution of ammonia) is a typical (strong or weak) base.

o Amines are weak , which are organic derivatives of ammonia, NH3.
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1. Acid-Base Properties of Salt Solutions

o Salts made by cations of strong bases and conjugate bases of strong acids are (acidic, neutral, or 

basic), such as NaCl(aq).

o Salts made by cations of strong bases and conjugate bases of weak acids are (acidic, neutral, 

basic), such as NaF(aq) and CH3COONa(aq).

o Salts made by cations of weak bases and conjugate bases of strong acids are (acidic, neutral, 

basic), such as NH4Cl(aq).

o Salts made by highly charged cations and conjugate bases of strong acids are (acidic, neutral, 

basic), such as FeCl3(aq)

o the weaker the acids are, the (more or less) basic the conjugate bases are (conjugate see-saw).
*Extension: 0.1 M Na2CO3(aq) is (more or less) basic than 0.1 M NaHCO3(aq).

How to explain the above statements? Taking NH4Cl(aq) and NaF(aq) as examples.
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Beakers, Erlenmeyer flasks, or disposable plastic/glass pipets can’t be used for serious volume measurement as 

their marks are not precise and for reference only.

[USNCO Example - N2021-P1-Q7] [USNCO Example - L2018-Q11]
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[USNCO Example - N2019-P1-Q12]
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