Cell Biology: Chemical Fundamentals

Al-Generated Study Guide

(Based on |ectures delivered by Dr. Ty C.M. Hoffman)

I. Fundamental Chemical Concepts

Chemical Reactions:Definition: Transformation of reactants into products.

Reactants vs. Products: Left vs. right side of a reaction equation.

Electron Rearrangement: The core of chemical reactions.

Property Change: How rearrangement profoundly alters substance properties (e.g.,
sodium, chlorine, sodium chloride).

Elements, Compounds, and Atoms:Matter and Atoms: All matter is made of atoms.
Elements: Substances made of only one kind of atom (e.g., hydrogen, oxygen, sodium).
Listed on the periodic table.

Compounds: Substances made of two or more different kinds of atoms (e.g., water,
sodium chloride).

Periodic Table: Arrangement by atomic number (humber of protons). Groups (columns)
indicate chemical similarity. Periods (rows) represent energy levels.

Subatomic Particles:Protons: Positively charged (+1), located in the nucleus.
Determine the element's identity (atomic number).

Neutrons: Electrostatically neutral (no charge), located in the nucleus. Similar mass to
protons.

Electrons: Negatively charged (-1), found around the nucleus. Much smaller than
protons and neutrons but carry an equal and opposite charge to a proton.

Atomic Structure Models:Planetary Model (cartoon): Electrons orbiting a nucleus like
planets (useful but not accurate).

Probability Space Model (more accurate): Electrons found in a probabilistic space
around the nucleus.

lons:Definition: An atom or molecule that has gained or lost one or more electrons,
resulting in a net electrical charge.

Formation: Gain or loss of electrons (protons and neutrons remain constant in chemical
reactions).

Cation: Positively charged ion (loses electrons).

Anion: Negatively charged ion (gains electrons).

Distinction from neutral atoms: Unequal number of protons and electrons.

Il. Electron Configuration and Chemical Stability
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Electron Energy Levels/Shells:Definition: Subdivisions of space around the nucleus
where electrons can occur.

Arrangement: Closest to nucleus = lowest energy, most stable.

Electron Capacity: Each shell has a maximum number of electrons it can hold.

Electron Movement: Electrons can jump between energy levels (requires/releases
energy).

Subshells and Orbitals:Hierarchy: Shells contain subshells, which contain orbitals.
Orbitals: Specific regions within subshells where electrons are found. Each orbital can
hold a maximum of two electrons.

Types of Orbitals: S-orbitals (spherical), P-orbitals (dumbbell-shaped).

Shell Capacities:Shell 1: One s-subshell (1s orbital), max 2 electrons.

Shell 2: One s-subshell (2s orbital) and one p-subshell (three 2p orbitals), max 8
electrons.

Noble Gases: Elements with full outer (valence) shells, making them highly stable and
unreactive.

Valence and Chemical Reactivity:Valence Shell: The outermost electron-containing
shell of an atom.

Valence Electrons: Electrons in the valence shell; primarily involved in chemical
reactions.

Valence (Property): The number of additional electrons an atom needs to gain or lose
to fill its valence shell (or subshell). Represents the number of covalent bonds it typically
forms.

Metals vs. Non-metals:Metals: Tend to lose valence electrons to achieve stability (form
cations). Located on the left/lower part of the periodic table.

Non-metals: Tend to gain valence electrons to achieve stability (form anions or share
electrons). Located on the right/upper part of the periodic table (excluding noble gases).
Hydrogen is a non-metal.

Carbon's Specialness: Tetravalence (valence of 4), forming four bonds. Its small size
makes it highly versatile, leading to the diversity of organic chemistry.

Chemical Bonding

lonic Bonds:Formation: Transfer of electrons from a metal atom to a non-metal atom.
Result: Formation of oppositely charged ions (cation and anion).

Attraction: Electrostatic attraction between oppositely charged ions.

Strength: Weakest chemical bond.

lonic Compounds/Salts: Do not form discrete molecules; exist as extended crystal
lattices. Smallest unit is a "formula unit."

Covalent Bonds:Formation: Sharing of valence electrons between two non-metal
atoms.

Strength: Much stronger than ionic bonds (single < double < triple).

Molecules: Form discrete units called molecules (e.g., H20, Oz, CH.).

Types of Covalent Bonds:Non-polar Covalent Bond: Equal or near-equal sharing of
electrons due to similar electronegativity (e.g., Oz, C-H bonds).



Polar Covalent Bond: Unequal sharing of electrons due to a difference in
electronegativity.

Electronegativity: Atom's attraction for shared electrons. Increases diagonally from
lower-left to upper-right on the periodic table (excluding noble gases).

Partial Charges: Creates slightly negative (6-) and slightly positive (6+) poles on the
molecule (e.g., H:0).

Molecular Polarity: If a molecule contains polar bonds and has an asymmetrical shape
(e.g., water's bent shape), the overall molecule is polar.

Hydrogen Bonds:Definition: Weak electrostatic attraction between the slightly positive
hydrogen of one polar molecule and the slightly negative atom (often oxygen or nitrogen)
of another polar molecule.

Nature: Not a chemical bond; temporary and easily broken.

Importance: Crucial for water's unique properties and many biological processes.

IV. Molecular Interactions and Biological Significance

Signal Molecules and Receptors:Signal Molecules (Ligands): Chemical particles
(often molecules) that trigger a response in cells.

Receptors: Proteins on or within cells that have a specific shape to bind to a particular
signal molecule.

Specificity: Binding is based on complementary shapes (lock-and-key).
Conformational Change: Upon binding, the receptor protein changes shape, initiating a
cellular response.

Endogenous Signals: Produced within the organism (e.g., endorphins).

Exogenous Signals (Drugs): Originating outside the organism, can mimic endogenous
signals if their "business end" fits the receptor (e.g., morphine).

Proteins as Receptors/Enzymes:Versatility of Proteins: Can form an almost limitless
number of shapes, making them ideal for specific binding functions (receptors,
enzymes).

Ligand-Protein Binding (General Principle): Ligands (anything that binds to a protein)
cause a conformational change in the protein upon binding, leading to a specific function
(e.g., enzyme catalysis, signal transduction).

Quiz: Basic Chemistry & Molecular Interactions

Instructions: Answer each question in 2-3 sentences.

1.

Explain how a chemical reaction, despite being a rearrangement of electrons, can lead
to products with fundamentally different properties than the reactants. Provide an
example.

Differentiate between an element and a compound. How does the arrangement of atoms
differ in each?



3. Describe the key characteristics and location of protons and electrons within an atom.
How do their charges relate to each other?

4. What is an ion, and how is it formed? Explain the difference between a cation and an
anion.

5. Define "valence shell" and "valence electrons." Why are valence electrons particularly
important in chemistry?

6. Compare and contrast ionic bonds and covalent bonds in terms of how they form and
their relative strengths.

7. Explain the concept of electronegativity. How does it determine whether a covalent bond
is polar or non-polar?

8. Why is the water molecule (H.O) considered a polar molecule, despite being electrically
neutral overall?

. Describe what a hydrogen bond is and why it is not considered a chemical bond.

10. Explain the general principle of how signal molecules interact with receptor proteins to
elicit a cellular response. What is the significance of "conformational change" in this
process?

Answer Key: Basic Chemistry & Molecular Interactions
Quiz

1. A chemical reaction fundamentally involves a rearrangement of electrons between
atoms. This rearrangement alters how atoms are bonded, profoundly changing the
substance's properties. For example, highly reactive and poisonous sodium and chlorine
combine to form sodium chloride (table salt), which is essential for life.

2. An element is a substance composed of only one type of atom, meaning all its atoms
have the same number of protons. A compound, in contrast, is a substance made up of
two or more different types of atoms chemically bonded together in a fixed ratio, resulting
in a new substance with distinct properties.

3. Protons are positively charged subatomic particles located in the atom's nucleus.
Electrons are much smaller, negatively charged particles found in the space surrounding
the nucleus. A single electron carries a charge equal in magnitude but opposite in sign to
a single proton.

4. Anion is an atom or molecule that has gained or lost electrons, resulting in a net
electrical charge. A cation is a positively charged ion formed when an atom loses
electrons, while an anion is a negatively charged ion formed when an atom gains
electrons.

5. The valence shell is the outermost electron-containing energy level of an atom, and
valence electrons are the electrons residing in this shell. These electrons are crucial
because they are the ones directly involved in forming chemical bonds and determining
an atom's reactivity.

6. lonic bonds form through the complete transfer of electrons from a metal atom to a
non-metal atom, resulting in charged ions that attract each other electrostatically.



Covalent bonds form when two non-metal atoms share valence electrons. Covalent
bonds are generally much stronger than ionic bonds.

7. Electronegativity is an atom's measure of its attraction for shared electrons in a covalent
bond. If two bonded atoms have very different electronegativities, the sharing of
electrons will be unequal, leading to a polar covalent bond. If their electronegativities are
similar, the sharing is equal, resulting in a non-polar covalent bond.

8. The water molecule is considered polar because oxygen has a significantly higher
electronegativity than hydrogen. This causes the shared electrons in the O-H bonds to
spend more time around the oxygen atom, making the oxygen slightly negative (6-) and
the hydrogen atoms slightly positive (&+), creating distinct poles.

9. A hydrogen bond is a weak, temporary electrostatic attraction between a slightly positive
hydrogen atom in one polar molecule and a slightly negative atom (like oxygen or
nitrogen) in another polar molecule. It is not a chemical bond because it does not involve
the transfer or sharing of electrons that permanently alters the substances involved.

10. Signal molecules, acting as ligands, bind to specific receptor proteins based on their
complementary shapes. This binding event causes a "conformational change" (a change
in shape) in the receptor protein. This shape change is then recognized by the cell,
initiating a cascade of events that lead to a specific cellular response.

Essay Format Questions

1. Discuss the critical role of electrons in all chemical reactions and how their
rearrangement can fundamentally alter the properties of substances. lllustrate your
answer using the example of sodium, chlorine, and sodium chloride.

2. Explain the hierarchical organization of electrons within an atom, from energy levels to
orbitals. How does understanding this organization, particularly the concept of a "filled
outer shell," help explain the chemical stability of noble gases and the reactivity of other
elements?

3. Compare and contrast the formation, characteristics, and biological significance of ionic
and covalent bonds. Provide examples of compounds formed by each type of bond and
explain why a "molecule of salt" is a misnomer.

4. Analyze the concept of polarity in molecules, focusing on how electronegativity
differences lead to polar covalent bonds and overall molecular polarity. Explain why
water's polarity is considered indispensable for life on Earth.

5. Describe the lock-and-key model of signal-receptor binding and the importance of
conformational change in cellular communication. Discuss how exogenous substances
like drugs can mimic the effects of endogenous signals, providing an example.

Glossary of Key Terms

e Anion: A negatively charged ion, formed when an atom gains one or more electrons.
e Atomic Number: The number of protons in an atom's nucleus, which uniquely identifies
an element.



Atom: The smallest unit of an element that retains the chemical identity of that element.
Cation: A positively charged ion, formed when an atom loses one or more electrons.
Chemical Bond: An attraction between atoms that allows the formation of chemical
substances with different properties.

Chemical Reaction: A process that involves the rearrangement of the atomic structure
of substances, transforming reactants into products.

Compound: A substance formed when two or more different chemical elements are
chemically bonded together.

Conformational Change: A change in the three-dimensional shape of a protein, often
induced by the binding of a ligand, that alters its function.

Covalent Bond: A chemical bond formed by the sharing of electrons between two
atoms.

Electronegativity: A measure of an atom's ability to attract shared electrons in a
chemical bond.

Electron: A negatively charged subatomic particle that orbits the nucleus of an atom.
Electron Shell (Energy Level): A region of space around an atom's nucleus that is
occupied by electrons; electrons in higher shells have more energy.

Element: A pure substance consisting of only one type of atom, defined by its atomic
number.

Endogenous Signal: A chemical signal produced within an organism.

Exogenous Signal: A chemical signal originating from outside an organism (e.g., a
drug).

Formula Unit: The smallest electrically neutral collection of ions in an ionic compound; it
represents the simplest ratio of ions in the compound.

Group (Periodic Table): A vertical column on the periodic table; elements in the same
group often share similar chemical properties.

Hydrogen Bond: A weak electrostatic attraction between a slightly positive hydrogen
atom in one polar molecule and a slightly negative atom (often oxygen or nitrogen) in
another polar molecule. Not a chemical bond.

lon: An atom or molecule that has gained or lost one or more electrons, thereby
acquiring a net electrical charge.

lonic Bond: A chemical bond formed by the electrostatic attraction between oppositely
charged ions, which result from the transfer of electrons from one atom to another.
Ligand: A molecule or ion that binds to a central metal atom to form a coordination
complex, or more generally, any molecule that binds specifically to a protein.
Molecule: A group of two or more atoms held together by covalent bonds; the smallest
fundamental unit of a chemical compound that can take part in a chemical reaction.
Neutron: A subatomic particle with no electrical charge, located in the nucleus of an
atom.

Noble Gases: Elements in Group 18 of the periodic table, known for their chemical
inertness due to having a full valence electron shell.

Non-polar Covalent Bond: A type of covalent bond where electrons are shared equally
between two atoms due to similar electronegativities.



Nucleus (Atomic): The dense, central part of an atom, composed of protons and
neutrons.

Orbital: A region around the atomic nucleus where electrons are most likely to be found.
Each orbital can hold a maximum of two electrons.

Period (Periodic Table): A horizontal row on the periodic table.

Polar Covalent Bond: A type of covalent bond where electrons are shared unequally
between two atoms due to a difference in electronegativity, creating partial positive and
negative charges.

Polar Molecule: A molecule in which there is a net separation of charge, resulting in a
positive end and a negative end (dipole).

Product: A substance formed as a result of a chemical reaction.

Proton: A positively charged subatomic particle located in the nucleus of an atom.
Reactant: A substance that takes part in and undergoes change during a chemical
reaction.

Receptor: A protein on or in a cell that binds to a specific signaling molecule, initiating a
cellular response.

Salt (lonic Compound): A chemical compound formed from the ionic bonding of a metal
cation and a non-metal anion.

Signal Molecule: A molecule that transmits information from one cell or part of the body
to another, initiating a specific response.

Subatomic Particle: Particles smaller than an atom (protons, neutrons, electrons).
Subshell: A subdivision of an electron shell, containing one or more orbitals of a given
type (e.g., s, p, d, ).

Valence: The combining capacity of an element, often referring to the number of bonds
an atom typically forms to achieve a stable electron configuration.

Valence Electrons: The electrons located in the outermost electron shell (valence shell)
of an atom, which are involved in chemical bonding.

Valence Shell: The outermost electron shell of an atom that contains electrons.
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