chem 105 exam 2

Chem 105 Exam 2 is a critical milestone for many students embarking on their chemistry education.
This exam typically delves into fundamental concepts that build the bedrock of further chemical
study. Understanding the scope of Chem 105 Exam 2 topics, from stoichiometry and chemical
reactions to atomic structure and bonding, is paramount for academic success. This comprehensive
guide aims to equip you with the knowledge and strategies needed to excel, covering key areas such
as balancing equations, predicting reaction products, understanding electron configurations, and
exploring different types of chemical bonds. By mastering these core principles, you'll not only
navigate your Chem 105 Exam 2 with confidence but also lay a strong foundation for advanced
chemistry courses. Prepare to delve into the building blocks of matter and the forces that hold them
together.

Understanding the Scope of Chem 105 Exam 2

Key Subject Areas Covered in Chem 105 Exam 2

The Chem 105 Exam 2 syllabus is meticulously designed to assess a student's comprehension of
foundational chemical principles. While specific curricula may vary slightly between institutions,
common themes consistently emerge. These typically revolve around the quantitative aspects of
chemical reactions and the fundamental nature of atoms and molecules. Expect to encounter topics
that require a solid grasp of how to represent and manipulate chemical information. Mastering these
areas is not just about passing the exam; it's about building the essential skills for any future scientific
endeavor.

A significant portion of Chem 105 Exam 2 often focuses on stoichiometry. This branch of chemistry
deals with the quantitative relationships between reactants and products in chemical reactions.
Students will need to be adept at interpreting chemical formulas and equations, performing mole
conversions, and calculating theoretical yields. Understanding limiting reactants and percent yield are
also crucial components of this section, requiring students to analyze reactions on a molecular level
and predict the outcomes of chemical processes with precision.

Navigating Stoichiometry: The Heart of Chem 105 Exam 2

Stoichiometry is arguably the most heavily weighted topic on Chem 105 Exam 2. It's the language of
chemical reactions, enabling chemists to determine the amounts of substances involved. At its core,
stoichiometry relies on the law of conservation of mass, which states that matter cannot be created or
destroyed in a chemical reaction. This fundamental principle is directly reflected in the process of
balancing chemical equations, a skill that is absolutely essential for success on your Chem 105 Exam
2.

Balancing chemical equations involves ensuring that the number of atoms of each element is the



same on both the reactant and product sides of the equation. This is achieved by adjusting
stoichiometric coefficients. For example, in the reaction between hydrogen and oxygen to form water,
the unbalanced equation is H2 + O2 = H20. To balance it, we need to ensure we have the same
number of hydrogen and oxygen atoms on both sides. The balanced equation is 2Hz2 + 02 = 2H:0.
This seemingly simple process is the gateway to all quantitative calculations in chemistry.

Once equations are balanced, students are expected to perform various calculations. These include
converting between grams, moles, and number of particles (atoms, molecules, ions) using molar
masses and Avogadro's number. A common type of problem on Chem 105 Exam 2 involves
calculating the mass of a product formed from a given mass of a reactant, or determining the mass of
a reactant needed to produce a specific amount of product. These calculations are multi-step and
require careful attention to units and significant figures.

Another critical aspect of stoichiometry is understanding limiting reactants and percent yield. The
limiting reactant is the reactant that is completely consumed first in a chemical reaction, thereby
limiting the amount of product that can be formed. Identifying the limiting reactant involves
comparing the mole ratios of reactants to their stoichiometric coefficients. Percent yield, on the other
hand, compares the actual amount of product obtained experimentally to the theoretical yield
calculated from the stoichiometry of the reaction. A low percent yield can indicate inefficiencies in the
reaction process or loss of product during isolation.

Predicting Reaction Types and Products

Beyond quantitative analysis, Chem 105 Exam 2 also assesses your ability to recognize and predict
the outcomes of different types of chemical reactions. This involves understanding the characteristic
behaviors of various classes of compounds and the conditions under which they react. Familiarity with
common reaction patterns will allow you to anticipate products and write balanced equations for
unfamiliar reactions.

Key reaction types often covered on Chem 105 Exam 2 include:

e Combustion reactions: Reactions involving a substance reacting rapidly with an oxidant, usually
oxygen, to produce heat and light. Hydrocarbons, when combusted completely, produce carbon
dioxide and water.

e Synthesis (combination) reactions: Two or more simple substances combine to form a more
complex substance. For example, 2Na + Cl> -» 2NaCl.

e Decomposition reactions: A complex substance breaks down into two or more simpler
substances. For instance, 2H202 - 2H20 + Oa.

e Single displacement (single replacement) reactions: An element reacts with a compound,
displacing another element from it. An example is Zn + CuSO4 - ZnSOa4 + Cu.

e Double displacement (double replacement) reactions: The cations and anions of two ionic
compounds switch places, forming two new compounds. These often result in the formation of a
precipitate, a gas, or water. An example is AQNOs + NaCl -» AgCI(s) + NaNOs.



Successfully predicting products for these reaction types requires a deep understanding of solubility
rules, activity series, and the properties of common elements and compounds. For double
displacement reactions, knowing which combinations of ions are likely to form insoluble precipitates is
crucial for writing correct product formulas and determining if a reaction will occur. Similarly, for
single displacement reactions, the activity series of metals and halogens helps predict whether one
element will displace another from a compound.

Atomic Structure and the Foundation of Chemistry

Understanding the Atom: Protons, Neutrons, and Electrons

Before delving into how atoms interact, Chem 105 Exam 2 will undoubtedly test your knowledge of
the fundamental building blocks of matter: atoms. A thorough understanding of atomic structure is
foundational to all of chemistry. This includes knowing the subatomic particles that constitute an
atom and their respective charges and locations. The proton, positively charged, resides in the
nucleus. The neutron, neutral in charge, also resides in the nucleus. The electron, negatively charged,
orbits the nucleus in specific energy levels or shells.

Key concepts related to atomic structure include atomic number, mass number, and isotopes. The
atomic number (Z) defines an element and is equal to the number of protons in the nucleus. The mass
number (A) is the total number of protons and neutrons in the nucleus. Isotopes are atoms of the
same element (same number of protons) but with different numbers of neutrons, and therefore
different mass numbers. For example, carbon-12 and carbon-14 are isotopes of carbon; both have 6
protons, but carbon-12 has 6 neutrons, and carbon-14 has 8 neutrons.

Electron Configurations and Orbital Diagrams

The arrangement of electrons within an atom is critical for understanding chemical behavior and
bonding, making it a significant topic for Chem 105 Exam 2. Electron configurations describe the
distribution of electrons among the atomic orbitals. These orbitals are regions of space where there is
a high probability of finding an electron and are characterized by their shape and energy level (n),
subshell (1), and magnetic quantum number (m,).

The principal energy levels are denoted by integers (n=1, 2, 3, ...). Within each principal energy level,
there are subshells: s, p, d, and f. The s subshell has one orbital, the p subshell has three orbitals, the
d subshell has five orbitals, and the f subshell has seven orbitals. Each orbital can hold a maximum of
two electrons, provided they have opposite spins (Pauli Exclusion Principle).

Understanding the order of filling these orbitals is governed by the Aufbau principle, Hund's rule, and
the Pauli exclusion principle. The Aufbau principle states that electrons fill orbitals starting from the
lowest energy level. Hund's rule states that within a subshell, electrons will occupy each orbital singly
with parallel spins before pairing up. The Pauli exclusion principle states that no two electrons in an



atom can have the same set of four quantum numbers, meaning an orbital can hold at most two
electrons with opposite spins.

For Chem 105 Exam 2, you will likely be asked to write electron configurations for various elements
and ions. For instance, the electron configuration for sodium (Na, atomic number 11) is 1522s22p%3s?.
For an ion, such as Na*, the outermost electron is removed, resulting in the configuration 1s22s22p®.
Orbital diagrams, which visually represent the filling of orbitals with electrons, are also frequently
tested.

Periodic Trends and Their Significance

The periodic table is a powerful tool that organizes elements based on their atomic structure and
recurring chemical properties. Chem 105 Exam 2 will often assess your understanding of periodic
trends, which are predictable patterns in the properties of elements across the periodic table. These
trends arise from the systematic variation in atomic structure, particularly the number of valence
electrons and the effective nuclear charge experienced by these electrons.

Key periodic trends include:

e Atomic radius: The size of an atom, generally decreasing across a period (from left to right) and
increasing down a group (from top to bottom).

e |onization energy: The energy required to remove an electron from a gaseous atom or ion. It
generally increases across a period and decreases down a group.

e Electron affinity: The energy change that occurs when an electron is added to a gaseous atom.
It generally becomes more negative (more favorable) across a period and less negative down a

group.

¢ Electronegativity: The ability of an atom in a chemical bond to attract electrons to itself. It
generally increases across a period and decreases down a group.

Understanding these trends is crucial for predicting the reactivity of elements and the types of
chemical bonds they are likely to form. For example, elements with low ionization energies and low
electronegativities (typically metals on the left side of the periodic table) tend to lose electrons easily
to form positive ions, while elements with high ionization energies and high electronegativities
(nonmetals on the right side) tend to gain electrons to form negative ions.

Chemical Bonding: The Forces that Hold Matter
Together



lonic Bonding: The Transfer of Electrons

lonic bonding is a fundamental type of chemical bond that involves the electrostatic attraction
between oppositely charged ions. This type of bond typically forms between metals and nonmetals.
Metals, having low ionization energies, tend to lose their valence electrons to form positively charged
cations, while nonmetals, with high electron affinities, tend to gain electrons to form negatively
charged anions. Chem 105 Exam 2 will require you to identify elements that form ionic bonds and
predict the chemical formulas of ionic compounds.

The formation of an ionic compound, such as sodium chloride (NaCl), involves the transfer of electrons
from sodium atoms to chlorine atoms. Sodium (Na), in Group 1, readily loses its single valence
electron to become Na+*. Chlorine (Cl), in Group 17, readily gains one electron to achieve a stable
electron configuration, becoming Cl-. The strong electrostatic attraction between these oppositely
charged ions forms the ionic bond. The resulting ionic compound forms a crystal lattice structure,
which is held together by these strong attractions.

Predicting the formula of an ionic compound involves ensuring that the overall charge of the
compound is neutral. For instance, to form an ionic compound between calcium (Ca2+) and bromide
(Br-), two bromide ions are needed to balance the +2 charge of the calcium ion, resulting in the
formula CaBr-.

Covalent Bonding: The Sharing of Electrons

Covalent bonding occurs when atoms share electrons to achieve a stable electron configuration,
typically resembling that of a noble gas. This type of bond usually forms between two nonmetals. The
shared electrons are attracted to the nuclei of both bonded atoms, holding them together. Chem 105
Exam 2 will cover the principles of covalent bonding, including Lewis structures and molecular
geometry.

Lewis structures are a way to represent the valence electrons in a molecule and how they are shared
or exist as lone pairs. In a Lewis structure, valence electrons are depicted as dots. A single covalent
bond is represented by a single shared pair of electrons (a line), a double bond by two shared pairs,
and a triple bond by three shared pairs. The octet rule, which states that atoms tend to gain, lose, or
share electrons to achieve eight valence electrons, is a guiding principle in drawing Lewis structures,
though exceptions exist.

Molecular geometry, or the three-dimensional arrangement of atoms in a molecule, is determined by
the repulsion of electron pairs around a central atom (Valence Shell Electron Pair Repulsion Theory -
VSEPR). Understanding VSEPR theory allows you to predict the shapes of molecules, which in turn
influences their physical and chemical properties, such as polarity and reactivity. For example, water
(H20) has a bent molecular geometry due to the two lone pairs on the oxygen atom, while carbon
dioxide (COz) is linear.



Metallic Bonding: The Sea of Electrons

Metallic bonding is characteristic of metals and involves a lattice of metal cations surrounded by a
"sea" of delocalized valence electrons. These electrons are not associated with any particular atom
but are free to move throughout the entire metallic structure. This delocalization of electrons
accounts for many of the unique properties of metals, such as their excellent electrical and thermal
conductivity, malleability, and ductility.

The strong electrostatic attraction between the positively charged metal ions and the mobile
electrons holds the metallic structure together. While less frequently the primary focus of Chem 105
Exam 2 compared to ionic and covalent bonding, understanding metallic bonding provides a complete
picture of the different ways atoms can bond to form substances. It explains why metals are generally
good conductors of heat and electricity, as the free-moving electrons can easily transfer charge and
thermal energy.

On Chem 105 Exam 2, you might be asked to compare and contrast the properties of substances
based on their bonding types. For instance, ionic compounds typically have high melting points and
are brittle, while covalent compounds can have a wide range of melting points and are often poor
conductors of electricity. Metals, as discussed, are good conductors and are malleable.

Frequently Asked Questions

What are the key concepts covered on the Chem 105 Exam 2,
typically focusing on topics like stoichiometry, atomic
structure, and bonding?

Chem 105 Exam 2 commonly assesses understanding of stoichiometry (mole calculations, limiting
reactants, percent yield), atomic structure (electron configurations, quantum numbers, atomic radii,
ionization energies), and chemical bonding (Lewis structures, VSEPR theory, molecular polarity,
hybridization).

How should | approach stoichiometry problems involving
limiting reactants and percent yield for the exam?

To master limiting reactant problems, convert all given quantities to moles, use mole ratios from the
balanced equation to determine which reactant is completely consumed, and then use that reactant
to calculate theoretical yield. Percent yield is calculated as (actual yield / theoretical yield) 100%.

What are the fundamental principles of quantum numbers and
how do they relate to electron configurations?

Quantum numbers (n, I, ml, ms) describe the properties of atomic orbitals and electrons. 'n' denotes
the principal energy level, 'l' describes the shape of the orbital (s, p, d, f), 'ml' specifies the orientation
of the orbital in space, and 'ms' indicates the electron's spin. These are crucial for predicting electron



configurations.

Explain the VSEPR theory and how it's used to predict
molecular geometry and polarity.

VSEPR (Valence Shell Electron Pair Repulsion) theory states that electron groups (bonding and non-
bonding pairs) around a central atom repel each other and arrange themselves to minimize this
repulsion, determining the molecular geometry. Molecular polarity then depends on the geometry and
the electronegativity differences between bonded atoms.

What are the common types of chemical bonds and how do
their properties differ?

The primary types are ionic (transfer of electrons, typically metal-nonmetal), covalent (sharing of
electrons, typically nonmetal-nonmetal), and metallic (electron sea model, typically metals).
Differences lie in electronegativity, conductivity, melting/boiling points, and solubility.

How do intermolecular forces (IMFs) affect the physical
properties of substances, and which IMFs are most important?

IMFs (like London dispersion forces, dipole-dipole interactions, and hydrogen bonding) influence
properties such as boiling point, melting point, viscosity, and surface tension. Stronger IMFs lead to
higher boiling/melting points and increased viscosity. Hydrogen bonding is the strongest type among
the common IMFs.

What are the rules for assigning oxidation states, and how are
they applied in redox reactions?

Rules include assigning +1 to Group 1 metals, +2 to Group 2 metals, -2 to oxygen (except in
peroxides), and -1 to halogens. Oxidation states help identify elements that are oxidized (lose
electrons, increase oxidation state) and reduced (gain electrons, decrease oxidation state) in redox
reactions.

How is the concept of molar mass relevant to stoichiometry
calculations and converting between mass and moles?

Molar mass (grams per mole) is the bridge between mass and moles. It's calculated by summing the
atomic masses of all atoms in a molecule. It's essential for converting a given mass of a substance
into moles, and vice versa, for all stoichiometric calculations.

What are the different types of isomerism, and how can |
distinguish between them for organic molecules?

Isomers are molecules with the same molecular formula but different structural formulas. Common
types include constitutional isomers (different connectivity) and stereoisomers (same connectivity,
different spatial arrangement). Stereoisomers can be enantiomers (non-superimposable mirror
images) or diastereomers.



What is the relationship between electronegativity, bond
polarity, and molecular polarity?

Electronegativity is the ability of an atom to attract electrons in a covalent bond. A difference in
electronegativity between bonded atoms creates a polar covalent bond. Molecular polarity arises from
the arrangement of these polar bonds in a molecule and the overall symmetry. A molecule can have
polar bonds but be nonpolar if the bond dipoles cancel out due to symmetry.

Additional Resources

Here are 9 book titles related to concepts commonly found on a Chemistry 105 exam, with
descriptions:

1. Introduction to General Chemistry: The Fundamentals

This foundational text covers essential principles like atomic structure, stoichiometry, and chemical
bonding. It provides a solid groundwork for understanding chemical reactions and their quantitative
aspects. Students can expect detailed explanations of concepts crucial for solving quantitative
problems often encountered in exams.

2. Chemical Principles: Concepts and Applications

This book delves deeper into topics such as gas laws, thermodynamics, and kinetics. It bridges
theoretical concepts with real-world applications, making the material more relatable. The emphasis
on problem-solving strategies and clear examples is beneficial for exam preparation.

3. Acids, Bases, and Solutions: An Equilibrium Approach

Focused on acid-base chemistry and equilibrium, this resource explains concepts like pH, buffers, and
solubility products. It thoroughly explores the principles governing reversible reactions and how to
predict their outcomes. This is particularly relevant for sections on aqueous solutions and their
behavior.

4. Stoichiometry and Chemical Reactions: A Quantitative Guide

This title specifically targets the skills needed to balance chemical equations, calculate molar masses,
and perform stoichiometric calculations. It provides numerous practice problems with step-by-step
solutions. Mastering the content here is essential for tackling quantitative problems on the exam.

5. Molecular Structure and Bonding: Visualizing Chemistry

This book uses visual aids and molecular models to explain the three-dimensional structure of
molecules and the nature of chemical bonds. It covers topics like VSEPR theory and hybridization,
crucial for understanding molecular properties. A strong grasp of molecular geometry aids in
predicting reactivity.

6. Thermodynamics in Chemistry: Energy and Change

This text focuses on the energy transformations that accompany chemical processes, including
enthalpy, entropy, and free energy. It explains the laws of thermodynamics and their application to
chemical reactions. Understanding these concepts is key for predicting spontaneity and the energetic
feasibility of reactions.

7. Kinetics and Reaction Mechanisms: The Pace of Chemistry
This book explores factors that influence the rate of chemical reactions, such as concentration,



temperature, and catalysts. It introduces concepts like reaction order and activation energy.
Understanding kinetics helps predict how quickly reactions will occur and the pathways they follow.

8. Solutions and Their Behavior: Properties and Interactions

This resource details the properties of solutions, including concentration units, colligative properties,
and intermolecular forces. It explains how solutes affect the physical properties of solvents. This is
fundamental for understanding many laboratory experiments and theoretical concepts.

9. Periodic Trends and Properties: Organizing the Elements

This book provides an in-depth look at the organization of the periodic table and the recurring trends
in elemental properties. It explains how electron configurations dictate reactivity, atomic size, and
ionization energies. Understanding these trends is vital for predicting the behavior of elements and
compounds.
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