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FOREWORD
Build-A-Lab (BAL) is a flagship project of Ateneo Chemistry Society that values the promotion 

of science education to the youth. It aims to help the public high schools have access to improved 

Science education by enhancing their laboratories through donating equipment, materials, and 

teaching aids for teachers, i.e modules. 

Given the restraints imposed by this pandemic and the implementation of the community 

quarantine, the BAL Core Team decided to adapt to the times, still responding to the needs of the 

partner schools through providing supplementary modules and a tutorial system for the students.

This module is designed to supplement students and their teachers in learning Chemistry. It 

contains guides patterned and in aid of the modules released by the Department of Education. 

The overview section is structured to emphasize different learning points that the students 

will encounter in their modules. Links to supplementary materials are provided to enrich their 

understanding of important Chemistry concepts. Some learning tips from the authors’ experiences 

are also included in the special discussion section. In addition, worksheets are tailored to maximize 

learning given how limited access is to essential learning resources.

The BAL Core Team would like to thank everyone who has contributed to the making 

of the modules. 

To our major sponsor, Phina’s Little Factory;

To our minor sponsor, Hapee Toothpaste;

To our media partners, Inq Pop! and Radyo Katipunan; and

To our organization partners, Ateneo Management Information Systems 

Association (MISA) and Kythe-Ateneo, for believing in and supporting 

our project

To FilSci Hub for providing additional materials and 

resources that will greatly aid in providing more quality 

material to the students and will help in expanding the 

reach of our modules.

To Dr. Ronaldo M. Fabicon for the comments, 

suggestions, and for sharing his knowledge to ensure 

that quality education is provided to the students.

To our partner schools, Ernesto Rondon High School 

and Carlos P. Garcia High School, for the continued 

cooperation and guidance as we navigate together in 

the digital setting.

Without you, this project would not be as 

successful. We are eternally grateful for all of your 

help. Hopefully, our goals on quality education and 

accessible resources are realized, today and in the 

days to come.
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In your Grade 8 Chemistry discussion, you have tackled the 

behavior and physical interaction of particles within substances 

which gave rise to three physical states, namely: solid, liquid, 

and gas. You also discussed different processes of transforming 

a state of matter into another state through physical changes. 

Further on, you have learned about the atomic structure. From 

an atom’s composition and their arrangement in space, different 

atomic models were conceptualized. Differences in subatomic 

composition brought different elemental properties which are 

arranged in a systematic way found in the periodic table of 

elements.

In your Grade 9 module, you will learn how atomic structure, 

especially electronic arrangements, affects chemical interaction 

between atoms. Eventually, you will also learn the characteristics 

of chemical bonding, which lead to the formation of different 

molecules. On top of that, you will get to know a special group 

of compounds based on carbon. Finally, the module ends with 

understanding the quantitative foundation of stoichiometry 

through the mole concept.

Recall
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In this module, you will learn how Bohr’s atomic model captures 

and how electrons reside in shells or “orbits” with discrete energies 

around the nucleus. Physical evidence for this nature of atoms is 

seen when metals with different electron arrangements exhibit 

different colors when subjected to a flame. You may want to revisit 

your Physics discussion on electromagnetic (EM) waves and how 

energy is related to a wave’s frequency and wavelength. This 

reformation of the earlier atomic models led to the currently used 

quantum mechanical model developed by Erwin Schrӧdinger. This 

model refined Bohr’s model by using wave mechanical equations 

to predict the probability of an electron’s location around a nucleus. 

As you will know, electrons do not reside in defined circular orbits, 

but rather, they are statistically distributed in an electron cloud.

They are most probably found in what we call orbitals.

With the concepts of energy and orbitals in mind, you will 

learn how an electron is identified through its quantum numbers, 

a set of numbers representing the energy level, subshell, orbital 

orientation, and spin of an electron. Through Pauli’s exclusion 

principle, Aufbau principle, and Hund’s rule, you will get to know 

how electrons of an atom in its ground state are arranged in 

increasing energy states called the electronic configuration. You 

may use the figure below as a guide in identifying an atom’s or 

ion’s electronic configuration given its number of electrons.

You may also find out a hidden pattern in how the elements 

are arranged in blocks in the periodic table above. It will definitely 

make your life easier in determining a neutral atom’s electron 

configuration but beware of some exceptions. Not all elements 

follow the usual order of electron distribution, especially some 

elements in the transition (d-block) and inner transition (f-block) 

metals. To further enrich your understanding of the topics in this 

module, you are encouraged to visit the following websites: 

Electronic 
Structure 
of 
Matter

Figure 1. Electron distribution in increasing orbital 
energy (1)

 Flame Test (JavaLab) 

https://javalab.org/en/flame_test_en/ 

JavaLab created a simulation of heating some elements with 

distinct electron arrangements to produce a wide range of colors. 

It also includes the spectral data of some elements. You may want 

to try this out in place of your supposed flame test laboratory 

experience. 

 Quantum Numbers (The Organic Chemistry Tutor)
https://youtu.be/eRIN9CPDrpo  

In this video, Gonzales discussed what the quantum numbers 

are, including how they mathematically related to each other, and 

provided useful examples in each property. Organic chemistry 

tutor is our trusty friend when it comes to applications of Chemistry 

concepts; so better watch some of his videos if you are in need of 

further clarification. 
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 Aufbau Principle (Kathryn Haas)

https://chem.libretexts.org/@go/page/166239  

Haas explained in this article rules governing how electrons 
are distributed in order of increasing energy states. She cited 
the following rules: (a) filling of lowest energy orbital, (b) Hund’s 
rule of maximum multiplicity, (c) Pauli exclusion principle, and (4) 
exchange interaction of particles with the same energy. She also 
included trends of elements that do not follow the general trend 
provided above.  

Chemical
BondingFrom the previous module, you have learned how the electrons 

are arranged around an atom’s nucleus. This time, you will focus 

on the outermost electrons of the main group elements. If you 

can recall in your grade 8 Chemistry, these electrons are called 

valence electrons. The main [goal] of chemical reactivity is to have 

a stable electron configuration. From your previous discussion, 

this can be attained by filling orbitals to lower their energy. A 

stable configuration follows that of a noble gas. For most of the 

main group elements, a complete outer shell is composed of 

filled s and p orbitals. This shell has a total of 8 valence electrons; 

hence, the name Octet rule. You will use this concept in exploring 

combinations of elements forming different compounds. Usually, 

these compounds are represented through their chemical formulas. 

Depending on the electronegativity and nature of elements 

involved in bonding, the bonding structure among them differs 

from electron transfer in ionic bonding to sharing of electrons 

in covalent bonding. All of which are governed by electrostatic 

interactions. In visualizing electron distribution among atoms in 

a compound, the Lewis dot structure offers a simple image of 

several bond structures. Normally, atoms in compounds follow the 

octet rule but there are a few exceptions. For example, hydrogen 

can only have a maximum of two valence electrons. Also, atoms 

with a low number of valence electrons (such as Be and B) cannot 

fill in the required octet. Lastly, some atoms in the p-block with a 

principal quantum number higher than three can form super octets, 

or go beyond the required octet. These exceptions are governed 

by formal charges of participating atoms, which aim to reduce a 

molecule to its most neutrally charged state.

 Ionic Bonds (PBS Learning Media) 

https://www.pbslearningmedia.org/resource/lsps07.sci.phys.matter.
ionicbonding/ionic-bonding/ 

This is the first of the two-part interactive display explaining 
chemical bonds. It centers on ionic interactions, how ionic bonds 
form, and writing formulas of ionic compounds. It also contains an 
activity on determining the chemical formula of an ionic compound.
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 Covalent Bonds (PBS Learning Media) 

https://www.pbslearningmedia.org/resource/lsps07.sci.phys.matter.
covalentbond/covalent-bonding/

This is the second of the two-part interactive display explaining 
chemical bonds. It centers on how covalent bonds form from 
nonmetals and naming molecular compounds. It also contains 
activities on naming molecular compounds. 

 Ionic & Covalent Bonding 

https://teachchemistry.org/classroom-resources/ionic-covalent-bonding-
simulation

In this video, Gonzales discussed what the quantum numbers 

are, including how they mathematically related to each other, and 

provided useful examples in each property. Organic chemistry 

tutor is our trusty friend when it comes to applications of Chemistry 

concepts; so better watch some of his videos if you are in need of 

further clarification. 

 (American Association of Chemistry Teachers)

 Bonding Models and Lewis Structure (Crash Course)

https://youtu.be/a8LF7JEb0IA 

This video of Green described the different bonding models 
developed to visualize how chemical bonding works and the 
commonly used Lewis structures. Furthermore, he discussed 
how Lewis dot structures of compounds are illustrated and how 
to know the bonding nature between participating species in a 
molecular compound. 

 Exceptions to the Octet Rule (Ed Vitz, et. al.)

https://chem.libretexts.org/@go/page/49250 

This is an advanced discussion by Vitz et. al. on certain species 
or compounds which do not follow the octet rule. They stated the 
following reasons: compounds containing (a) electron deficient 
species, (b) species with expanded octet, and (c) free radicals. 

Organic 
Chemistry Organic compounds are molecules that contain carbon species 

covalently-bonded to a hydrogen species and other nonmetals 
such as halogens, oxygen, sulfur, nitrogen, and phosphorus. 
It is due to carbon’s electronic structure which allows it to form 
long chains with other carbon atoms and other nonmetals; thus, 
building a wide range of compounds. Due to its vast domain, 
organic compounds are divided into multiple major groups based 
on the present elements, which is further classified into different 
functional groups with different bonding and electronic nature 
leading to different physical and chemical properties. In this 
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module, you will learn about (a) hydrocarbons, (b) oxygen-

containing organic compounds such as alcohol and carbonyl 

groups, (c) their structure, nomenclature, and physical properties 

affected by intermolecular interactions, and (d) their common 

industrial and household applications. 

You may use Fig. 2 as a reference for different functional groups 

you may encounter in an organic molecule. It lists structures and 

naming systems for specific functional groups.

09

Figure 2. Common functional groups in organic chemistry (2)

Mole 
ConceptIn this last module, you will learn how particles of matter are 

quantified and expressed in the language of the mole concept. 

This concept bridges physical and chemical observations of 

matter to a quantitative model that enables chemists to predict 

the needed and expected amount of substances in a chemical 

reaction. This becomes important as it lays a vital foundation in 

knowing the efficiency of chemical reactions, which is essential in 

maximizing the limited resources that we have in small laboratories 

housed in our schools to bigger scale industrial applications. Also, 

it standardizes how quantities of substances are communicated in 

the scientific community. 



Here is a list of important equations you will be needing in this 

module:

Molar mass (MM) or formula 
mass of a molecule with 
molecular formula A

x
B

y
C

z

x atoms (MM of A) + y atoms (MM of 
B) + z atoms (MM of C)

MM of A
x
B

y
C

z 
= 

Ex. Carbon dioxide (CO
2
)

MM of CO
2
 = 1 C atom (MM of C) + 2 O atoms (MM of O)

MM of CO
2
 = 1 (12.01 g/mol) + 2 (16.00 g/mol) = 44.01 g/mol

Conversion of moles to mass mass (m) = number of moles (n) x molar mass (MM)

Ex. 2.0 mol Carbon dioxide (CO
2
)

m CO
2
  = n CO2 x MM CO2

m CO
2 
= 2.0 mol x 44.01 g/mol 

 = 88 g CO
2

Conversion of moles to number 
of atoms or molecules

Ex. 2.0 mol Carbon dioxide (CO
2
)

molecules CO
2
  = n CO2 x  N

A

molecules CO
2 
= 2.0 mol x 6.022x1023 molecules/mol

 = 1.2x1024 molecules CO
2 

numbers of moles (n) x Avogadro's 
number (N

A
)

number of atoms or 
molecules

=

Percent composition of a 
molecule with molecular 

formula X
A
Y

B

A atoms (MM of X)

MM of X
A
Y

B

percent 
composition of X

= x 100%

Ex. Carbon dioxide (CO
2
)     MM of CO

2
=44.01 g/mol

B atoms (MM of Y)

MM of X
A
Y

B

percent 
composition of Y

= x 100%

percent composition of X + percent composition of Y = 100%

1 atom (MM of C)

MM of CO
2

percent 
composition of C

= x 100%

1 (12.02 g/mol)

44.01 g/mol
= x 100%

= 27.29%

2 atoms (MM of O)

MM of CO
2

percent 
composition of O

= x 100%

2 (16.00 g/mol)

44.01 g/mol
= x 100%

= 72.71%
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Here is a list of essential conversion factors and constants you 

may use in dealing with problems involving the mole concept.

Table 1. Commonly used prefixes in metric or SI units (3)This table can be used as your 

reference in converting units of 

varying degrees. This may also 

help you in converting some of your 

answers into scientific notation.

 Mass conversions may be 

used, though rarely, in case you are 

given masses, not in standard metric 

or SI units. 

1 metric ton = 1000 kg

1 kg = 1000 g = 2.205 lbs

1 g = 6.022x1023 amu

The molar mass of an element can be found in the periodic table 

of elements provided above. Lastly, the only constant you will be 

needing in this module is Avogadro’s number N
A
. This constant 

pertains to the number of particles (atoms or molecules) in one 

mole of a substance. Its value is equal to 6.022x1023 particles/mol. 

Since this is a constant, the identity of the substance matters only 

to specify the particle species. A mole of potassium has 6.022x1023 

K atoms and a mole of water has 6.022x1023 H
2
O molecules. 

To further enrich your discussion of the mole concept, you 
are encouraged to visit the following websites:

 How big is a mole? (Ted Ed)

https://youtu.be/TEl4jeETVmg

In this video, Dulek discussed how the mole concept was 
developed by Amadeo Avogadro, what it is, and how it is applied 
in real situations.

 Concept of Mole | Avogadro's Number | Atoms and

https://youtu.be/13i3xbuaCqI 

The concept of mole was defined and shown in a series of 
animations with voice over for the benefit of both audio and visual 
learners. Mole was compared to grams in different scenarios to 
better differentiate the two concepts, which are interchangeable. 

 Molecules | Don't Memorise (Don't Memorise)

 Mole Carnival (cK-12)

https://interactives.ck12.org/simulations/chemistry/mole-carnival/app/
index.html 

Mole Carnival is an interactive website that features exercises 
involving mole conversions that will make use of dimensional 
analysis. It has a brief introduction that summarizes the key 
concepts in the simplest way possible. Ultimately, it defines what a 
mole is and its use in chemistry.
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Basic Chemical Formula 
and Nomenclature

Household substances are known for their common names. A quintessential 
example is salt—to be more specific, table salt—which is used to season our 
daily meals. On a molecular level, it is composed of sodium cations and chloride 
anions. Hence, its chemical formula is NaCl and it has a chemical name of sodium 
chloride. Another household item that you may have encountered nowadays is 
the disinfectant muriatic acid which is usually used to sanitize a surface. If you 
check its components, you may see hydrochloric acid (HCl) as its chemical name. 
Countless substances have their common and chemical names for identification 
purposes. Due to the arbitrary and cultural nature of their common names, the 
International Union of Pure and Applied Chemistry (IUPAC) developed a set of 
rules to standardize the way chemical substances are named. (Also, for ease of 
communication across the scientific community) 

Chemical nomenclature covers vast conventions for every chemical group. 
So, in this discussion, we will focus only on the names and formulas of ionic and 
molecular compounds.

Basic Chemical Formula and Nomenclature:

Ionic compounds and their 
constituent ions

As you may know from your previous discussion, ionic compounds are 
composed of positively-charged ions called cations and negatively-charged 
ions called anions. These ions may be monatomic (single atom) or polyatomic 
(a group of different atoms). Monoatomic cations generally come from metal 
atoms which can lose their electrons whereas monatomic anions usually come 
from nonmetals which can gain some electrons. In between, you have hydrogen 
and semimetals (or metalloids) which can exist either as a cation or an anion 
depending on its partner ion and charge. 

Groups (families) in the periodic table can be used to predict the number of 
electrons an atom can gain or lose. You may further read on the oxidation states 
of atoms and their trends in the periodic table. A special section in the periodic 
table contains metals that have more than one common oxidation state due to 
the stabilizing effect of electrons in d and higher energy orbitals. These metals 
are known as transition metals which reside in the d block of the periodic table 
and some heavy metals in the p block. A summary of the common oxidation 
states of atoms is found below.

Element

Group 1A

Group 2A

Group 2B

Group 1B

Group 7A

Group 6A

Group 5A Other metalsGroup 3A

Oxidation 
State

Oxidation 
State

Oxidation 
State

Element Element

+1

+1

See next table

+2

+2

+3

-1

-2

-3

H*, Li, Na,
K, Rb, Cs

O, S, 
Se, Te

Cu*, Ag,
Au*

H*, F, Cl, 
Br, I

Zn*, Cd,
Hg, Hg

2

Al, B N, P

Mg, Ca,
Sr, Ba

Table 2. List of common oxidation states of some elements

* exists with more than one common oxidation state
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Figure 3. Common polyatomic ions (2)

Oxidation 
State

+2, +4

+3, +4

+4, +5

Table 3. List of common oxidation states of some metals with variable states

Oxidation 
State

Oxidation 
State

Bi

Au

Zn, Cu

V

Ti

Mo, W

Mn

Element Element Element

+1, +2 +2, +3

+3, +5 +2, +3, +4, +5

+1, +3 +2, +4, +7

Fe, Co,
Cr, Ni

Sn, Pb,
Pt

Polyatomic ions differ from 

molecules and compounds in that 

these groups of atoms have an 

overall non-neutral charge whereas 

molecules and compounds must be 

neutrally charged.  A list of common 

polyatomic ions is shown in Figure 3.

You may see a pattern in the 

names of polyatomic anions. It is 

pretty common for these anions to 

have a name with suffix -ite and -ate, 

especially in oxyanions (anions with 

two different constituent atoms and 

one of which is oxygen atom). This 

naming system shows the hierarchy of 

increasing oxygen atom count in the 

anions of the same charge, with -ite 

for the lower number and -ate for the 

higher number. Oxohalide (composed 

of halogen and oxygen atoms) anions 

have additional nomenclature rules: 

prefix hypo- is added to the name 

of the anion with a fewer number of 

oxygen atoms when another oxygen 

atom is removed (e.g. hypochlorite) 

and prefix per- is added to the anion 

with a higher number of oxygen atoms 

when another oxygen atom is added 

(e.g. perchlorate). 
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It must be composed of an anion and a cation.

It must have a neutral charge. Thus, the sum of the oxidation 

states/charges of the ions must be equal to zero.

The cation is written first before the anion.

The number of participating cations and anions is written as 

subscripts. If the number of participating cation/anion is only one, 

there is no need to write a subscript.

    In writing chemical formulas of ionic compounds,  

  it is important to consider the following conditions:  

1
2

3
4



Some examples in writing formulas of ionic compounds are shown below.

For compounds with polyatomic ions, enclose them first in a 

parenthesis before writing its corresponding subscript. If the 

number of participating polyatomic ions is only one, there is no 

need to enclose with a parenthesis and write a subscript.

For hydrated ionic compounds (ionic compounds with water 

molecules as part of the molecule), write the chemical formula first 

before writing a dot followed by the chemical formula of water 

(H2O) with its corresponding number.

Write the name of the cation first before the anion. Make sure the 

charges of the cations and anions are balanced.

For monatomic anions, replace their ending syllables with -ide 

(e.g. oxide for oxygen, sulfide for sulfur, bromide for bromine).

For polyatomic species, there is no need to change their names. 

A special group of oxyanions (anions with oxygen atoms) with 

hydrogen atoms may be written in their systematic or common 

name. A table containing their systematic and common names is 

shown below.

There is no need to indicate the number of constituent atoms per 

ionic species. Exception to this rule is seen above in hydrogen-

containing oxyanions. 

For metals with variable oxidation states (many possible charges), 

there are two nomenclature systems:

Table 3. Systematic and common names of some hydrogen-containing oxyanions

Ion

HPO
4

2- Hydrogen phosphate ion

Hydrogen carbonate ion Bicarbonate ion

Hydrogen sulfate ion Bisulfate ion

Hydrogen sulfite ion Bisulfite ion

Dihydrogen phosphate ionH
2
PO

4
-

HCO
3

-

HSO
3

-

HSO
4

-

Systematic Name Common Name

-

-

5

6

• K+ (potassium cation) with Br- (bromide anion): KBr

• Ca2+ (calcium cation) with F- (fluoride anion): CaF
2
 

 [(2+) (from calcium cation) + 2(-1) (from two fluoride anions) = 0]

• Ba2+ (barium cation) with OH- (hydroxide anion): Ba(OH)
2

 [(2+) (from barium cation) + 2(-1) (from two hydroxide anions) = 0] 

• Al3+ (aluminum cation) with O2- (oxide anion): Al
2
O

3

 [2(3+) (from two aluminum cations) + 3(2-) (from three oxide anions) = 0]

• NH4+ (ammonium cation) with NO
3

- (nitrate anion): NH
4
NO

3

• NH4+ (ammonium cation) with CO
3

2- (carbonate anion): (NH
4
)
2
CO

3

 [2(1+) (from two ammonium cations) + (2-) (from carbonate anion) = 0]

• Calcium sulfate dihydrate (gypsum): CaSO
4
•2H

2
O

 In writing chemical name of ionic compounds,

 consider the following guidelines:

1

2

3
4

5

6
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The common system uses suffixes -ic and -ous to distinguish 

the ordinal (which has higher or lower oxidation number) 
(a)



nature of the cation. Prefix -ic is used for higher oxidation 

states while -ous is used for lower oxidation states. (e.g. Cu 

has two common oxidation states: Cu+ and Cu2+. Cu+ is known 

as cuprous ion while Cu2+ is the cupric ion) Also, this system 

makes use of the Latin names of the elements. A table of 

the Latin names of some transition metals is shown below. 

Exception to this rule is mercury which uses its English root 

instead of its Latin name (mercuric and mercurous ions).

The more modern approach utilizes the Stock system. This 

system indicates the oxidation number of the metal cation by 

writing it after the English name of the element. It is written 

using Roman numerals and enclosed in a parenthesis. (e.g. 

for Mn2+ and Mn4+, these manganese ions are written as 

manganese(II) and manganese(IV) ions)

Element Symbol Latin Name

Iron Fe Ferrum

Cuprum

Aurum

Stannum

Plumbum

Cu

Sn

Au

Pb

Copper

Tin

Gold

Lead

Table 4. Latin names of some transition metals with variable oxidation states

Some examples of naming ionic compounds is shown below:

• KBr: Potassium bromide

• CaF
2
: Calcium fluoride (not calcium difluoride)

• Ba(OH)
2
: Barium hydroxide

• (NH
4
)
2
CO

3
: Ammonium carbonate

• Ca(HCO
3
)
2
: either Calcium hydrogen carbonate or Calcium bicarbonate

• FeO: either Ferrous oxide or Iron(II) oxide 

 (Fe atom in this compound has oxidation charge 2+; thus, [(2+) + (2-) = 0] )

• PbO
2
: either Plumbic oxide or Lead(IV) oxide 

 (Pb atom in this compound has oxidation state of 4+; thus, [(4+) + 2(2-) = 0] )

Due to the variable charges of some metal cations, it is easier to 

identify first the oxidation state of their anion pair to know the metal’s 

oxidation state in the compound. As mentioned above, there are 

two common lead oxides: PbO and PbO
2
. With an oxide ion having 

a charge of (2-), lead in PbO must have a charge of (2+) while lead in 

PbO
2
 must have a charge of (4+) to balance the charges.

Molecular compounds form from nonmetal species that are 

covalently bonded. In this discussion, we will focus on binary molecular 

compounds (compounds with two nonmetals) and some ternary 

compounds.   

Similar to writing ionic compound formulas, the less electronegative 

atom is generally written first (more positive atom) before the more 

electronegative atom (more negative atom). Exceptions to this rule 

include carbon atoms which are usually written first before their 

nonmetal partner, hydrogen atoms written after the more electronegative

(b)

Basic Chemical Formula and Nomenclature:

Molecular Compounds

16



Table 5. Numerical prefixes for naming molecular compounds

Some examples of writing names 
and formulas of molecular 
compounds are shown below:

 nitrogen atom (e.g. NH
3
), and many more compounds.

Naming molecular compounds follow the cation-anion arrangement, 

only with the more electronegative atom assuming the anion naming 

system. Simply put, the name of a molecular compound follows 

the order of how its chemical formula is written. The distinguishing 

feature of molecular nomenclature involves a numerical prefix system 

to indicate the number of participating atoms in the molecule. The 

following prefixes are used:

The latter hydrogen compounds exist as acids when placed in an 

aqueous medium. Hence, their acidic forms are named hydrochloric 

acid and hydrosulfuric acid, respectively. There is a separate set of 

rules in naming acidic compounds. In this discussion, we will focus on 

acids containing hydrogen atoms. 

Binary acids consist of a hydrogen species and a more 

electronegative, monatomic element, usually with halide and sulfide 

ions. As previously mentioned, when molecular compounds of binary 

acids are dissolved in an aqueous medium, they are called by their 

acidic forms. The prefix hydro- is added to the root syllable of the 

more electronegative element followed by the replacement of its last 

syllables with the suffix -ic and the word acid. There are a few known 

binary acids as seen on the right.

The last syllables of the second element are replaced with 

suffix -ide. Unlike in ionic compounds, the prefix mono- is 

used to indicate the number of atoms even if there is only one 

participating atomic species except when writing the name of 

the first element. (e.g. NF
3
 is named as nitrogen trifluoride, 

not mononitrogen trifluoride)

Higher number of participating atoms in a molecule makes 

use of the numerical prefix system regardless of its order 

in the chemical formula (e.g. S
2
F

10
 is named as disulfur 

decafluoride).

If the first letter of the second element (more electronegative 

atom) is a vowel, such as in oxygen, drop the ending vowels 

a or o in the prefix. For prefixes di- and tri-, the vowel is 

retained. (e.g. NO is named nitrogen monoxide, N
2
O

4
 is named 

dinitrogen tetroxide, and CO
2
 is named carbon dioxide)

Number of atoms Number of atomsPrefix Prefix

1 6mono- hexa-

hepta-

octa-

nona-

deca-

di-

tri-

tetra-

penta-

2 7

3 8

4 9

5 10

• N
2
O: Dinitrogen monoxide

• H
2
O: Dihydrogen monoxide (water)

• PCl
5
: Phosphorus pentachloride

• SF
6
: Sulfur hexafluoride

• HCl: Hydrogen chloride (not 

hydrogen monochloride)

• H
2
S: Hydrogen sulfide (can be 

named as dihydrogen monosulfide)

Take note of the following conventions:    

17

An exception to this rule includes binary compounds containing 

hydrogen which must be treated like an ionic compound. In these 

compounds, the other nonmetal is treated as an anion.

1

2

3

• HCl: hydrochloric acid

• HF: hydrofluoric acid

• HBr: hydrobromic acid 

• HI: hydroiodic acid

• H
2
S: hydrosulfuric acid



Dimensional 
Analysis

Ternary acids involve a hydrogen species and a polyatomic anion. 

Most of these acids are also called oxyacids as most contain oxyanions. 

Unlike binary acids, the hydrogen species is unidentified in its 

nomenclature. Instead, it follows the ordinal naming system of suffixes 

-ic and -ous to distinguish oxyanions of similar elemental composition. 

The suffix -ic is used for oxyanion with the higher number of oxygen 

atoms (replacing those ending with -ate) while the suffix -ous is used 

for oxyanions with lower number of oxygen atoms (replacing those 

ending with -ite). Then, it is followed by the word acid. Examples of 

ternary acids are shown in the left.

Exceptions to this naming rule are polyatomic anions that do not 

contain oxygen species such as cyanide, thiocyanate, and azide ions. 

For cyanide ions, contrary to other polyatomic anions, they follow 

the naming convention of binary acids. Thus, its acidic form (HCN) is 

known as hydrocyanic acid. For other polyatomic anions, they follow 

the naming convention of ternary acid such as thiocyanic acid. Simply 

put, those polyatomic anions ending with -ide follow the naming 

system of binary acids while those ending with -ate follow the naming 

system of ternary oxyacids.

The molecular compounds provided in this discussion are part of 

a subclassification called inorganic compounds. The other class of 

molecular compounds (organic compounds) has its own set of naming 

and formula writing conventions that merits another discussion. 

Further into your lecture, you will know how some basic organic 

compounds are drawn, named, and written.

Measurements done in nature exist in the form of physical quantities. 

Anything with dimension can be measured and is expressed in terms 

of a magnitude and its corresponding unit. For example, when asked 

what our age is, we commonly express it with a number followed by 

an appropriate unit of time. This appropriateness is relative to one's 

culture and technological development which tends to be arbitrary. 

Hence, the International Bureau of Weights and Measures established 

standard units referenced on known scientific universal constants to 

avoid confusion in communicating measurements. You may want to 

revisit the seven fundamental SI units and review how they define 

other units of measurement. 

Chemical systems involve interrelated physical quantities. This 

relationship is expressed in the mathematical equations we were 

taught to remember. With a lot of relationships describing physical 

phenomena, we tend to forget some of these formulas. Luckily, there 

is a simple method we can use to establish these relationships without 

fully knowing these equations. This method is called dimensional 

analysis. At the heart of dimensional analysis, as its name suggests, 

https://www.nist.gov/pml/weights-
and-measures/metric-si/si-units 

https://physics.nist.gov/cuu/Units/
units.html

• HNO
3
: nitric acid

• HNO
2
: nitrous acid 

• CH
3
COOH (or C

2
H

4
O

2
): acetic acid

• H2CrO
4
: chromic acid
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Check out these links to know 

more about the SI units:



are dimensions expressed in magnitude and unit of measurement. Let 

us see how it works through this example:

You are given variables X and Y, with units r and r/s respectively, and 
you are tasked to find variable Z, with unit s. Using dimensional analysis, 
we can establish the following relationship:

Since we are to find Z with unit s, we must inspect where we can find 
unit s in the other variables. As we can see, variable Y has this unit in 
the denominator. To make it appear in the numerator, we simply get the 
reciprocal of this variable:

Now, we have a unit r in the denominator but we are only interested in unit s so 

we need to cancel out the denominator. Surprisingly, variable X has unit r which we 

can multiply to the unit above to obtain unit s: 

Luckily, it is common in general chemistry to have such relationships 
with a proportionality constant k equal to 1. Thus, the relationship above 
essentially becomes

From the equation above, we can establish a relationship between 
these variables:

1/Y = s/r

s/r x r = s

1/Y x X ~ Z

1/Y x X = Z

Another way to look at it is when you are given a lot of physical 

quantities and you need to obtain another physical quantity. This is 

pretty common in problems involving chemical systems. So, let us see 

how it works through this example: 

As you may find out later in your discussion, variable Y commonly 

exists as conversion factors between metric units, constant properties 

of substances, and even in multidimensional universal constants, such 

as the gas constant used in gas laws. Normally, this variable is not 

stated in a given problem; thus, you need to be ready in familiarizing 

what factors and constants have the essential units of measurement 

Consider a system with two variables, A and B. Variable A has a unit of 
1/x and variable B has a unit of x2. To establish a relationship between them, 
we must observe if there is a common base unit between these variables. 
As we can see, both variables have a base unit of x. Then, we can relate 
these variables by transforming them in terms of the base unit:

A = 1/x becomes x = 1/A

B = x2 becomes x = √B

By squaring both sides, we get B ~ (1/A)2

By isolating variable A, we get A ~ √1/B

1/A ~ √B

By simply equating both values of x, we establish the following 
relationship:

Since we are primarily dealing with dimensions, we can only establish 
relationships between them in terms of proportionality (given by the symbol 
~). This relationship can be transformed depending on convenience. 
Hence, we can have the following formulas: 
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Tips on Problem Solving: Use of Dimensional Analysis

In this module, you will encounter situations involving the mole 

concept. Similar to what is discussed above, here are some steps you 

can take to approach such problems:

Identify the given variables in a problem. Take note of their 

corresponding units.

Identify what variable is asked in a problem. Sometimes, the 

unit of this variable is already stated in a problem but in case it 

is not, familiarize yourself with the common units associated with 

that variable. For example, if you are asked to find the mass of a 

chemical sample, express it in terms of its SI unit, which is in grams 

(g) unless otherwise is stated. 

Most problems do not state the needed conversion factors. That is 

why you need to familiarize yourself with them and be ready with a 

list of the commonly used conversion factors and property tables. 

You may find these lists and tables in the links given at the start of 

this chapter.

Apply dimensional analysis in solving for the unknown variable. 

Practice multiplying and reciprocating fractions. The goal here is 

to cancel out all units other than your target unit.

Do not forget to express your answer in the correct number of 

significant figures. Practice expressing your answers in scientific 

notation.

Calculate the mass of 2.0 mol of calcium. 

How many atoms are there in 5.00 g of argon gas?

Given: 

Target:

Strategy:
With the given units, we must 
find a variable with both of 
them present. As we browse 
the periodic table above, the 
needed variable is the molar 
mass of calcium, which is 
MM Ca=40.08 g/mol. We can 
check.

With the given units, we 
cannot directly establish a 
relationship between them 
as we do not have a variable 
containing both units. In order 
to identify which variables 
are needed in the problem, 
we can begin by tracing back 
from the target unit. 

With the established relationship, we can fill in the magnitudes of 
the variables:

In 2 significant figures, we get 80. g of calcium.

mass m (g)

mass m (g)

number of moles n (mol)

number of atoms (atoms)

mol x g/mol = g
n x MM = m

2.0 mol Ca x (40.08 g/mol Ca) = 80.16 g Ca

Given: 

Target:

Strategy:

you need in solving a problem. With this concept in mind, you are now 

ready to solve problems in chemistry. 
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1

2

3

4

5

Let us solve the following sample problems using this method:

(a)
If we have the sufficient variables by multiplying the units of the 
given variables:

(b)
Our target unit is in atoms. A variable associated with the number of 
atoms/molecules is Avogadro’s constant, NA=6.0221023atomsmol. 
With this variable, it leaves us with units g and mol. A variable 
associated with these units is the molar mass of argon, which is 
MM Ar=39.95 gmol from the periodic table. We can now check if 
we have the sufficient variables to work with by transforming and 
multiplying these units:

Since our given unit is in g, we must cancel out this unit by having a 
denominator with unit of g. We can simply take the reciprocal of the 
molar mass to get this unit. With the unit of mol present in both the 
numerator and the denominator, they cancel out each other. Thus, 
we obtain this equation:



Given: 

Target:

We are given with the number of CO
2 

molecules and we 
must find the mass of C in it. Later in your discussion, you will 
realize that there is 1 mole of C for every 1 mole of CO

2
. Similar 

to the previous strategies, we can begin by tracing back from 
the target unit.
Our target unit is in g C. A variable associated with this unit is 
the molar mass of C, which is MM C=12.01 g/mol. This leaves 
us with a unit of mol C, which we can find from the number of 
moles of C in a CO

2
 molecule 

(1 mol C/1 mol CO
2
). Now, this leaves us with units CO

2
 molecules 

and mol CO
2
, which we can both find in Avogadro’s constant, 

N
A
=6.022x 1023 molecules/mol. We can now check if we have 

the sufficient variables by multiplying the fractions of units:

Since CO
2
 molecules is in the numerator, we must have a 

denominator with the same unit to cancel this out. This can be 
done by reciprocating Avogradro’s constant. Thus, we have 
this equation:

With the established relationship, we can fill in their magnitudes:

With the established relationship, we can fill in their 
magnitudes:

In 3 significant figures, the number of argon atoms is 7.54 x 

1022atoms.

In 3 significant figures, the mass of C is 23.9 g.

= 23.932 g C

mass of carbon m C (g)

number of CO
2
 molecules 

(molecules) and number 
of moles of C in a CO

2
 

molecule (1 mol C/1 mol 
CO

2
)

5.00 g Ar x (1 mol/39.95g Ar) x (6.022x1023 atoms Ar mol/ 1 mol Ar) 

=  7.537 x 1022 atoms Ar

CO
2
 molecules x ( mol CO

2 / CO
2
 molecules) x ( mol C/ mol CO

2
) x ( g C/mol C) = g C

1.20 x 1024 CO
2
 molecules x (1 mol CO

2 / 6.022x1023 CO
2
 molecules) x (1 mol C/ 1 mol CO

2
) x ( 12.01 g C/1

 
mol C) 

CO
2
 molecules x (1  / N

A 
) x (1 mol C/ 1 mol CO

2
) x MM C = g C

Important note: As you may have noticed from the series of examples, it becomes harder 
to just use dimensional analysis when you are dealing with a lot of variables. Hence, it is 
really important for us to fully understand the concepts behind these relationships to be 
familiar with what variables to use in dealing with these kinds of problems. Also, this is 
only applicable to some physical relationships. Take the area of a circle as an example. 
Even though the unit for area A is in m2 with the unit of radius R in m, the relationship 
between them is not just A=R². As we were taught about it, the area of a circle is A=πR2, 
with a proportionality constant of . So, just be careful in dealing with problems involving 
geometric and normalized relationships. There are also relationships which have an 
arbitrary unit assigned to them, such as percent (%) in percent composition. For these 
relationships, you must understand how they relate variables with each other, which you 
may simply end up memorizing some basic formulas. Finally, the main goal of dimensional 
analysis is for us to see how we can arrive at the desired unit with a given set of units. 
Use the advantage of dimensional analysis when you get confused about whether you 
need to reciprocate variables or not to obtain your target variable.

g x (mol/ g) x (atoms/mol) = atoms

m x (1/MM) x (N
A
) = atoms

Calculate the mass of carbon in 1.20 x 1024 CO
2
 molecules. (c)

Strategy:
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[He] 2s2 2p6.
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S
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2
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Instructions: Apply what you have learned in the 

module to answer the crossword below. Refer to the 

given clues and give the best answer that would fit 

the crossword. A clue is given to help you out. 

Carbon Compound

ACROSS

3

6

number of bonds Carbon 

atoms can form

term used to describe 

compounds that are primarily 

composed of Carbon and 

Hydrogen atoms 

group of hydrocarbon atoms 

that have triple bonds between 

carbon atoms 

A common example of a 

carbonyl compound. Used as a 

cleaning agent like nail polish 

remover. 

type of bond present in the 

following compound:

7

12

13

16

17

propyne

group of hydrocarbons that 

have double bonds between 

Carbon atoms.

type of bond present in the 

compound: 

butene

DOWN

2

1

4

5

8

9

10

11
14

15

Example: Carbon atom has four ___ electrons (outermost 
electrons). Answer: valence 
type of bond present in the compound: 
group of hydrocarbons that have single bonds between 
Carbon atoms
term used to describe compounds that are primarily 
composed of Carbon atoms
Carbonyl compounds are organic compounds that contain 
carbonyl functional group, represented by ___. Write –  for 
single bond, = for double bond, and  = for triple bond. 
Right or wrong. The properties of an organic compound 
depend on its structure. 
Alcohol is another group of organic compounds. It contains 
the functional group called ___ represented by -OH. 
Right or wrong. Organic compounds are only produced 
naturally. 
What is the type of bond that Carbon atoms can form? 
Which of the three has the shortest bond length: 

type of bond present in the following compound: 

ethyne

hex-2-ene

ethane ethene
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Mole 
Concept Mole-ific: It's a Mole World

Instructions: Fill this jar with everything you 
learned about moles and mole calculation so far 

(Don’t worry no judgements!)

Mole Analogy

Instructions:  Provide the missing values for the mass and 
the number of atoms/molecules for the given elements and 
compounds provided the number of moles.

Given Mass (g) # of moles (mol) # of atoms/molecules

H 1

H
2

2

N 2

N
2

1

28

A mole is simply a 
unit of the number of 

things.

Seeing the pattern, recall how one mole is equal to the molar mass (g/mol) of the element or the compound.



Enhance your skills

Show your complete solution. Make sure that your dimensional 
analysis is in a single line only. Show the cancellation of units and 
mind the number of the significant figures in the final answer.

1. How many moles are in 40.0 grams of water?

2. How many grams are in 3.7 moles of Na
2
O?

3. How many atoms are in 14 moles of cadmium?

4. How many moles are in 4.3 x 10²² molecules of H
3
PO

4
?

5. How many molecules are in 48.0 grams of NaOH?

6. How many grams are in 4.63 x 1024 molecules of  CCl
4
?
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Exercises

Answer what is being asked in the problem.

3. Determine the mass in grams of each of the following: (a) 0.600 mol of oxygen atoms (b) 0.600 
mol of oxygen molecules, O

2
 (c) 0.600 mol of ozone molecules, O

3
.

2. Which contains the greatest number of moles of oxygen atoms: 1 mol of ethanol (C
2
H

5
OH), 1 

mol of formic acid (HCO
2
H), or 1 mol of water (H

2
O)? Explain why.

1. Which contains the greatest mass of oxygen: 0.75 mol of ethanol (C
2
H

5
OH), 0.60 mol of formic 

acid (HCO
2
H), or 1.0 mol of water (H

2
O)? Explain why.

4. Determine the number of moles of compound and the number of moles of each type of atom 
in each of the following:

(a) 25.0 g of propylene, C
3
H

6

(b) 3.06 × 10-³ g of the amino acid glycine,  C
2
H

5
NO

2

(c) 25 lb of the herbicide Treflan, C
13

H
16

N
2
O

4
F (1 lb = 454 g)

(d) 0.125 kg of the insecticide Paris Green, Cu
4
(AsO

3
)
2
(CH

3
CO

2
)
4

(e) 325 mg of aspirin, C
6
H

4
(CO

2
H)(CO

2
CH

3
)

5. The approximate minimum daily dietary requirement of the amino acid leucine, C
6
H

13
NO

2
, is 1.1 

g. What is this requirement in moles?

6. Which of the following represents the least number of molecules? 20.0 g of H
2
O (18.02 g/mol), 

77.0 g of CH
4
 (16.06 g/mol), 68.0 g of CaH

2
 (42.09 g/mol), 100.0 g of N

2
O (44.02 g/mol) or 84.0 g 

of HF (20.01 g/mol)
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Electronic 
Structure

Answer Key

1. 15P       A neutral phosphorus atom has 15 electrons.

2. 29Cu       Copper’s electronic configuration is included 
in the list of exceptions which does not follow the usual 
order of electron distribution. Its filled 3d orbitals offer a 
more stable configuration than its filled 4s orbitals due 
to stabilization of the high exchange interaction among 
the degenerate (having same energy) electrons in the 3d 
orbital and the effects of increasing nuclear charge on the 
energies between 4s and 3d orbitals (1). This exception is 
pretty common in the stability of half-filled and filled d and 
f subshells.

3. 40Zr       A neutral zirconium atom has 40 electrons.

4. 9F-    This fluorine anion has a net charge of -1, which 
means that it has one more electron than its neutral atom. 
The total number of electrons in this anion is 10 electrons. 
It follows neon’s electron configuration, which can be 

expanded to [He] 2s2 2p6.

5. 19K+    This sodium cation has a net charge of +1 which 
means that it has one less electron than its neutral atom. 
The total electron in this cation is 18 electrons. It follows 
argon’s electron configuration, which can be expanded 
to [Ne] 3s2 3p6.

1s2 2s2 2p6 3s2 3p3

[Ne] 3s2 3p3

1s2 2s2 2p6 3s2 3p6 4s1 3d10

[Ar] 4s1 3d10

1s22s22p63s23p64s23d104p65s24d2

[Kr] 5s2 4d2

1s2 2s2 2p6

[Ne]

1s2 2s2 2p6 3s2 3p6

[Ar] 

3s 3p

4s 3d

5s 4d

3s 3p

2s 2p



Ionic compounds with fixed oxidation states

Chemical Formula Chemical Name

CaCl
2

Calcium chloride

Mg
3
P

2
Magnesium phosphide

Rb
2
O Rubidium oxide

Al
2
O

3
Aluminum oxide

KOH Potassium hydroxide

BaC
2
O

4
Barium oxalate

CsH
2
PO

4
Cesium dihydrogen phosphate

(NH
4
)
2
MoO

4
Ammonium molybdate

Na
2
S∙9H

2
O

2
Sodium sulfide nonahydrate

Al
2
(C

2
H

4
O

6
)
3

Aluminum tartrate

Chemical 
Formula

Chemical Name

Common 
System

Stock System

AuCl
3

Auric chloride Gold (III) 
chloride

PbO Plumbous oxide Lead (II) oxide

Co(OH)
3

Cobaltic 
hydroxide

Cobalt (III) 
hydroxide

Sn(HPO
4
)
2

Stannic 
hydrogen 
phosphate

Tin (IV) 
hydrogen 
phosphate

FeBO
3

Ferric borate Iron (III) borate

Ionic compounds with variable oxidation states

Practical Application

Chemical formula:

Chemical Name: 

Chemical formula of 

iron (III) oxide monohydrate:

Fe
2
O

3

Ferric oxide (common) 

Iron (III) oxide (stock)

Fe
2
O

3
∙H2O

Molecular compounds

Chemical Formula Chemical Name

HI Hydrogen iodide

BrF
3

Bromine trifluoride

B
2
O

3
Diboron trioxide

SiCl
4

Silicon tetrachloride

P
4
S

3
Tetraphosphorus trisulfide

XeF
2

Xenon difluoride

HIO Hypoiodous acid

H
2
CO

3
Carbonic acid

H
3
PO

3
Phosphorous acid

HN
3

Hydrazoic acid

Practical Application

Charge of 
nitrogen

Chemical 
Formula

Chemical Name

+1 N
2
O

Dinitrogen 
monoxide (nitrous 

oxide

+2 NO
Nitrogen 

monoxide (nitric 
oxide)

+3 N
2
O

3

Dinitrogen 
trioxide

+4 NO
2

Nitrogen dioxide

+5 N
2
O

5

Dinitrogen 
pentoxide

A.

B.

Compound Oxidation state of sulfur

SO
2

+4

SO
3

+6

H2S
2
O

7
+6

S
2
Br

2
+1

Chemical Formula 
and Nomenclature

Answer Key



Carbon Compound
Answer Key

ACROSS

3

6

number of bonds Carbon 

atoms can form: four

term used to describe 

compounds that are primarily 

composed of Carbon and 

Hydrogen atoms: hydrocarbon 

group of hydrocarbon atoms 

that have triple bonds between 

carbon atoms: alkyne 

A common example of a 

carbonyl compound. Used as a 

cleaning agent like nail polish 

remover: acetone

type of bond present in the 

following compound: double

7

12

13

16

17

propyne

group of hydrocarbons that 

have double bonds between 

Carbon atoms. alkene

type of bond present in the 

compound: triple

butene

DOWN

2

1

4

5

8

9

10

11
14

15

Example: Carbon atom has four ___ electrons (outermost 
electrons). Answer: valence 
type of bond present in the compound: 
group of hydrocarbons that have single bonds between 
Carbon atoms: alkane
term used to describe compounds that are primarily 
composed of Carbon atoms: organic 
Carbonyl compounds are organic compounds that contain 
carbonyl functional group, represented by ___. Write –  for 
single bond, = for double bond, and  = for triple bond: C=O
Right or wrong. The properties of an organic compound 
depend on its structure: right
Alcohol is another group of organic compounds. It contains 
the functional group called ___ represented by -OH: hydroxyl 
Right or wrong. Organic compounds are only produced 
naturally: wrong
What is the type of bond that Carbon atoms can form? covalent
Which of the three has the shortest bond length: ethyne

type of bond present in the following compound: single

ethyne

hex-2-ene

ethane ethene
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Mole 
Concept

Mole Analogy

Given Mass (g) # of moles (mol) # of atoms/molecules

H 1.01 1 6.022 x 1023

H
2

2.02 2 1.2044 × 1024

N 14.01 2 1.2044 × 1024

N
2

28.02 1 6.022 x 1023

Enhance your skills

1. 40.0g H
2
O  x

1 mol H
2
O

18.01g H
2
O

=  2.22 mole H
2
O

2. 3.7 moles Na
2
O  x 62 g Na

2
O

1 mol Na
2
O

=  230g Na
2
O

3. 14 moles Cd  x 6.022 x1023 atoms Cd
1 mol Cd

=   8.4 x 1023 atoms Cd

4.  4.3 x 1022 molecules H
3
PO

4 
  x

1 mol H
3
PO

4

6.022 x1023 molecules H
3
PO

4

=  7.1 x 10-2  moles H
3
PO

4
 

5.  48.0 g NaOH  x
1 mol NaOH
40g NaOH

x
6.022 x1023 atoms NaOH

 1 mol NaOH
=  7.23 x 1023 molecules NaOH

6.   4.63 x 1024 molecules CCl
4
  x

1 mol CCl
4

6.022 x 1023 atoms CCl
4

x
153.8 g CCl

4

 1 mol CCl
4

= 1180 g CCl
4

Exercises

1. Formic acid. Its formula has twice as many oxygen atoms as the other two compounds (one each). 
Therefore, 0.60 mol of formic acid would be equivalent to 1.20 mol of a compound containing a 
single oxygen atom.

2. 1 mole of ethanol has 1 oxygen atom while 1 mole of water also has one oxygen atom. While the 
formic acid, that is HCOOH, contains two oxygen atoms. Therefore, we can say that since we are 
dealing with equimolar quantities that 1 mole of formic acid will have the greatest number of oxygen 
atoms (1 mole formic acid x  2 moles O

1 mole formic acid
=  2 moles O).

3. (a) 9.60g 
    (b) 19.2g 
    (c) 28.2g

Answer Key



=  7.23 x 1023 molecules NaOH

= 1180 g CCl
4

4. (a) 0.595 mol C
3
H

6
, 1.78 mol C, 3.57 mol H

    (b) 4.08 × 10-5 mol C
2
H

5
NO

2
, 8.16 × 10-5 mol C, 2.04 × 10-4 mol H, 4.08 × 10-5 mol N, 8.16 × 10-5 mol O

    (c) 40.106 mol C
13

H
16

N
2
O

4
F, 521.37 mol C, 641.70 mol H, 80.212 mol N, 160.42 mol O, 40.106 mol F

    (d) 0.202 mol Cu
4
(AsO

3
)
2
(CH

3
CO

2
)
2
, 0.808 mol Cu, 0.404 mol As, 2.02 mol O, 0.808 mol C, 1.212 mol H

    (e) 0.00181 mol C
6
H

4
(CO

2
H)(CO

2
CH

3
), 0.01625 mol C, 0.0144 mol H, 0.0072 mol O

5. 0.0084 mol C
6
H

13
NO

2

6. 20.0 g of H
2
O represents the smallest number of moles, meaning the least number of molecules 

present. Since 1 mole = 6.022 × 1023 molecules (or atoms) regardless of identity, the least number 
of moles will equal the least number of molecules.
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