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Lecture Note X – Summarized Learning Objectives for Topic 2 

Descriptive Chemistry and Laboratory 

  Feb 2022 

 

- 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] 

1. Flame Test, the Color of Ions, the Heat of Reactions/Dissolution, etc. 

1.1 Flame Test 

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] 

 

Typical flame colors: Colored flames of methanol solutions of different compounds, burning on cotton wool. 

From left to right: LiCl, SrCl2, CaCl2, NaCl, BaCl2, B(CH3)3, CuCl2, CsCl and KCl. 

 - from Wikipedia 
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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 

name ___manganate chromate dichromate / 

formula MnO4
–(aq)   Cu2+(aq)/Cu(NH3)4

2+(aq) 

color    _____/deep blue 

application 

strong oxidant, redox 

titration, no extra 

indicator needed 

LCP demo, strong oxidant,  

________+ 2H+ ⇌ _________ + H2O 

reduced to ____ (color: ____) in acidic  

dehydration of 

CuSO4·5H2O 

formation of complex 

name / / / / 

formula 
Co2+(aq) or 

Co(H2O)6
2+ 

CoCl4
2–(aq) Fe3+(aq) Ag+/Zn2+(aq) 

color    colorless 

application 

LCP demo 

Co(H2O)6
2+ + 4Cl– ⇌ CoCl4

2– + 6H2O 

how does the color change if adding water? 

K measurement 

for the formation 

of Fe(SCN)2+ ___ 

__________ d subshell 

→ NO d-d transition → 

no color 

 

  

Extension:  

o Color of Precipitates 

o Crystal Field Theory (d orbital splitting) 

o *Ligand-Metal Charge Transfer 

 

 

 

 

 - from compounds of interest 

 

[USNCO Example – N2021-P1-Q9/N2020-P1-Q12] 
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1.3 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 acid-base neutralizations are ________________, most redox reactions are ________________. 

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

o The dissolution of solid sodium bicarbonate in water 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 ________________. What is the reaction? ___________________________________ 

[USNCO Example – L2020-Q11]       [USNCO Example – N2015-P1-Q7] 

 

2. Solubility Rules 

o Pretty much all nitrates, acetates, Na+, K+, NH4
+ are soluble, a lot of precipitates are white unless ______. 

o Most chlorides are soluble except _____ and _____ (dissolve in hot water). 

o Most sulfates are soluble except Pb2+ and several group ____ cations, such as Ca2+, Sr2+, and Ba2+. 

o Most hydroxides, carbonates, oxalates, sulfides are insoluble except those listed in Rule #1. 

o *Fluorides are different from other halides, AgF is _______ while other AgX (X = Cl, Br, I) are insoluble, 

MF2 (M = Ca, Sr, Ba) are ______ while other MX2 (X = Cl, Br, I) are soluble. 

o Precipitates made by conjugate base of weak acids are more soluble in ________, such as hydroxides, 

carbonates, oxalates, and sulfides. Why? How about the precipitates of halides (excepts fluorides)? 

o Some precipitates dissolves when forming complex ions: AgCl(s) dissolved in concentrated 

______(formula of complex: ________), Al(OH)3(s) dissolved in concentrated _______(________).  

[USNCO Example – N2021-P1-Q8]     [USNCO Example – N2016-P1-Q8] 
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3. *Properties of Representative Metals/Nonmetals 

3.1 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 _______. 

Na + H2O → Na+ + OH– + ___ 

o Metals with a standard reduction potential ____ 0 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 

_____. Fe + H+ → ___ + H2(g) 

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

and ___ is commonly used as inert electrodes.  

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

to form metal cations and _______: Fe2O3 + H+ → Fe3+ + _____ 

o More reactive metals can displace the less reactive metals from their cation solutions:  

Cu(s) + AgNO3(aq) → _________ + _________  What is the driving force? 

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

 

 

3.2 General Properties of Nonmetals 

o Electronegative nonmentals tend to ______ electrons, typical examples are halogens, dioxygen. 

o Most nonmentals react with hydrogen gas to produce their covalent hydrides. 

o Typical nonmetal oxides are __________, reacting with _______ to produce the corresponding acids. 

o The more reactive halogens (X2) can displace the less reactive halogens from their halide solutions:  

Cl2(aq) + KBr(aq) → _________ + _________ What is the driving force? How about Br2 + NaCl? 

    (color change: _____________) 

[USNCO Example - N2015-P1-Q11/L2021-Q11] 
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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 _____.  

Reaction example:  Al + OH–(aq) + _______ → Al(OH)4
– + _____ 

[USNCO Example - N2015-P1-Q12]       [USNCO Example - N2016-P1-Q9] 

  

How about if excess strong acid is added in the second step? 

4. Strong/Weak Electrolytes, Acid-Base Property of Salt Solutions 

4.1 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 _______ (strong or weak) 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. 

 

4.2 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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[USNCO Example – L2018-Q9]       [USNCO Example - N2017-P1-Q10] 

  

 

5. Typical Gas Evolution and Redox Reactions 

5.1 Typical Gas Evolution Reactions 

gas evolved reaction net ionic equation 

H2(g) Pre-H metals reacting with ______  

CO2(g) carbonates or bicarbonates reacting with ______  

SO2(g) sulfites or bisulfites reacting with _____  

NH3(aq) ammonium reacting with strong _____  

NOx(g) metals including post-H metals reacting with ___ acids  why no H2(g) produced? 

 

[USNCO Example - N2020-P1-Q10]      [USNCO Example - L2017-Q10] 

  

5.2 Typical Redox Reactions 

redox reaction characters net ionic equation 

metals reacting with 

water/acid/base  
H+ or H2O is reduced into _____   

decomposition of H2O2(aq) 
____thermic, catalyzed by a variety of 

catalysts, such as MnO2(s), Br–, I–, Fe3+, etc. 
 

standardization of MnO4
–

(aq) by C2O4
2– or Fe2+(aq) 

MnO4
– is _____ (color), used as oxidant and 

indicator (turns pink when last drop of MnO4
– 

is added), solution is acidified 

 

titration of H2O2(aq) using 

standardized MnO4
–(aq)  

H2O2 is oxidized into ____, solution is 

acidified, MnO4
– is reduced to ___ (color___) 

 

titration of I2(aq) using 

standardized S2O3
2–(aq) 

starch as indicator, forms ___ (color) complex 

with I2/I3
–, S2O3

2– is oxidized into ______ 
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[USNCO Example - N2021-P1-Q10]     [USNCO Example - N2015-P1-Q9] 

 

 

6. Volumetric Glassware 

volumetric 

glassware 

 

name      

uncertainty ±0.0X mL ±0.0X mL ±0.0X mL ±0.X mL ±0.0X mL 

other 

characters 
to contain (TC) 

bulb needed, 

*finger on top 

read the volume 

difference 
easy to use 

bulb needed, 

*finger on top 

application 

preparing a 

solution with a 

certain molarity 

transfer a fix 

volume of 

solution 

titrations 

transfer a certain 

volume of 

solution with a 

lower precision 

transfer a 

certain volume 

of solution 
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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] 

  

[USNCO Example – L2019-Q12]     [USNCO Example – L2020-Q8] 

 

 

7. UV-Vis Spectroscopy and Beer's Law 

7.1 Principle  

UV/Vis spectroscopy is routinely used in AP and analytical chemistry for the quantitative determination of 

different analytes or sample with colors, based on the Beer’s Law  

𝐴𝑏𝑠 = 𝜀𝑙𝑐 

where 𝜀 is the ____________________, l is __________, c is the molarity of the solution. 
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7.2 Procedures 

o prepare the standard solution series 

o measure the spectrum (Abs vs λ), “blank” is needed  

o pick up a wavelength (λmax is commonly used unless Abs@λmax is too large or interreference existed) 

o measure the Abs@λ and plot the calibration curve 

o measure the Abs of the sample solution at the picked λ, plot the Abs in the calibration curve to get the c. 

 

[USNCO Example - N2015-P1-Q6]     [USNCO Example - N2021-P1-Q12] 

 

 

7.3 Color Wheel 

The color of the solution is the ______________ color of the light absorbed. 

[USNCO Example - N2020-P1-Q8]  
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8. Titrations and Error Analysis 

8.1 Error Analysis 

[USNCO Example - N2020-P1-Q9(calorimetry)]      [USNCO Example – L2019-Q11(gravimetric analysis)] 

 

 

 

[USNCO Example - N2015-P1-Q9(iodometry)]  [USNCO Example - N2019-P1-Q12(acid-base titration)] 

 

 

8.2 Important Concepts in Titrations 

o titrant (typical put in the burette) 

o analyte (typically put in the titration flask) 

o indicator (phenolphthalein, pH range 8~10, change from ____ to ____) 

o standardization (KMnO4, I2, HCl, NaOH, etc.) 

o *primary standard (KIO3, Na2CO3, potassium hydrogen phthalate (KHP), Na2C2O4)  

What is the application of each? 

o equivalence point vs end point 

o half equivalence point 
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9. Some Extra Challenging Questions  

[USNCO Example – N2000-P1-Q1-6]    [USNCO Example – N2001-P1-Q1-5&Q7/N2010-Q6] 
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[USNCO Example – N2011-P1-Q1-2&Q7]     [USNCO Example – N2019-P1-Q10]  

   

 

 

 

   [USNCO Example – N2020-P1-Q10-11]  

 

     

 

[USNCO Example – N2013-P1-Q8-9]      [USNCO Example – N2021-P1-Q11]  

 

[USNCO Example – N2014-P1-Q11]      [USNCO Example – L2012-Q7]  

 

[USNCO Example – N2018-P1-Q7&10]     [USNCO Example – L2018-Q7]  

 

 

[USNCO Example – N2019-P1-Q10]  
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