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CONCEPT: ATOMS - SMALLEST UNIT OF MATTER
●_________________: anything that takes up space & has mass (ex. organisms, rocks, oceans, etc.).
□ All matter consists of at least 1 chemical ___________________.
●Chemical Elements: pure substances made of only one type of __________.
□ Atom: the _________________ unit of an element (& therefore, the smallest unit of matter).
□ Atoms makes up both _____________ & ______________ matter.
EXAMPLE: Atoms are the Smallest Units of Matter.

Atomic Structure
●Atoms are made of ______ subatomic particles, each with a characteristic charge, mass & location in the atom.
1) ____rotons: ____ositively charged.
2) _________rons: _____________ (no charge).
3) Electrons: __________________ charged.

EXAMPLE: Negatively charged particles of atoms with almost no mass are called:
a) Electrons.

b) Protons.

c) Neutrons.

d) Ions.

e) Polymers.

PRACTICE: A proton ___________:
a) Has one positive charge.

b) Has one AMU.

d) Only a and b are true.

e) a, b, and c are true.

c) Is found in the nucleus of the atom.
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CONCEPT: ATOMS - SMALLEST UNIT OF MATTER
Elements of Life
●Of all the known elements, only a ____________ subset is found in living organisms.
□ Periodic Table of __________________: arranges all of the known elements based on their chemical properties.
●~97% of the mass of most life is composed of Carbon, Hydrogen, Nitrogen, Oxygen, Phosphorus & Sulfur (CHNOPS).
□ ____________ Elements: required for life in ___________ amounts.
EXAMPLE: Periodic Table of Elements.

Atomic Properties
●Each atom of an element has unique properties:
□ ___________ Number: # of _______________ in the nucleus (atomic number ___________ each element).
□ __________ Number: mass of the nucleus (# of _______________ & _______________).
□ Atomic mass (or atomic ____________) = _________________ total mass of all atoms of an element.
EXAMPLE: Atomic Properties of a Carbon Atom.
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CONCEPT: ATOMS - SMALLEST UNIT OF MATTER
EXAMPLE: The atomic number of an element is equal to the number of:
a) Neutrons only.

b) Protons plus electrons.

d) Neutrons plus electrons.

e) Protons only.

c) Protons plus neutrons.

PRACTICE: The average oxygen atom has a mass number of 16 and an atomic number of 8. This means that the number
of neutrons in this oxygen atom is:
a) 24.

b) 8.

c) 16.

d) 4.

e) 2.

Electron Orbitals & Energy Shells
●Electron ______________: 3D-regions around a nucleus where electrons are found (envisioned in 2D as energy shells).
□ Shells closer to the nucleus are ___________ in energy than distant shells, which are higher in energy.
□ Valence Electrons: electrons found in the __________________ energy shell (valence shell).
□ 1st shell holds up to ______ electrons; 2nd shell holds up to ______ electrons; each shell holds varying #’s.
EXAMPLE: Energy Shells for C, H, N, O, P, S.

PRACTICE: How many valence electrons does an atom with five total electrons have?
a) 5.

b) 7.

c) 3.

d) 2.

e) 1.

PRACTICE: Which of the following is true about electron energy shells?
a) They represent regions around the nucleus in which the electrons orbit.
b) The shells closest to the nucleus contain electrons with higher energy.
c) They contain electrons of the same energy.
d) a and b only.
e) a and c only.
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CONCEPT: ATOMS- SMALLEST UNIT OF MATTER
Octet Rule
●_____________ Rule: atoms are more stable (less reactive) when their valence shells are fully occupied.
□ Recall: 1st energy shell holds up to ______ electrons; 2nd energy shell holds up to ______ electrons.
□ Atoms are ___________ reactive when their outer valence shells are _________.

SOME IMAGE WILL GO HERE

EXAMPLE: According to the octet rule, electron distribution in each shell of a neutral nitrogen atom (atomic number 7) is:
a) 1,5.

b) 2,4.

c) 2,5.

d) 1,4.

PRACTICE: An average neon atom (Ne) is unreactive for which of the following reasons?
a) It has 7 valence electrons.

b) It has 8 valence electrons.

c) Its valence shell is full of electrons.

d) It has 20 valence electrons.

e) b and c only.

PRACTICE: How many electrons does an Oxygen atom need to fulfill the octet rule by filling its valence shell?
a) 8.
b) 4.
c) 1.
d) 2.
e) 6.
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CONCEPT: ISOTOPES
●All atoms of an element have the same # of protons, but NOT necessarily the same number of neutrons.
□ _______________: atoms of the same element that only vary in the number of ________________.
□ __________ atomic numbers (# of protons) BUT _________________ mass numbers (# of protons + neutrons).
□ Recall: Atomic Mass is the average mass of all isotopes.
EXAMPLE: Atomic Mass of Carbons 3 Isotopes.

PRACTICE: What is TRUE about carbon-13 and carbon-14?
a) They are isotopes.
b) They have the same mass number.
c) They have the same number of neutrons in their nuclei.
d) They behave differently in biological reactions.
e) None of the above are true.
PRACTICE: How are Carbon-13 and Nitrogen-15 respectively different from the more abundant isotopes Carbon-12 and
Nitrogen-14? Carbon-13 and Nitrogen-15 _______________:
a) Each have an extra neutron.
d) Each have one less proton.

b) Each have an extra proton.

c) Each have one less neutron.

e) Each have one less electron.
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CONCEPT: ISOTOPES
PRACTICE: The atomic number of nitrogen is 7. Nitrogen-15 has a greater mass number than nitrogen-14
because the atomic nucleus of nitrogen-15 contains ________.
a) 7 neutrons.

b) 8 neutrons.

c) 8 protons.

d) 15 protons.

Radioactive Isotopes
●_____________________ Isotopes: unstable isotopes that break down & emit energy in the form of rays or particles.
□ Half-life: time it takes for ____________ of all radioactive atoms in a sample to break down.
□ Radioactive isotopes are used in medicine & radiometric dating of fossils.
EXAMPLE: Radioactivity of Carbon-14.

PRACTICE: Radioactive isotopes are utilized for all of the following except:
a) Dating fossilized material of once living things.
b) Radiation treatment to slow or stop the development of cancer cells.
c) Labeling regions of the body with radioactivity for special imaging techniques.
d) All of the above.
PRACTICE: The isotope Carbon-14 has a half-life of 5,730 years. How many years must pass for a sample of Carbon-14 to
break down to ¼ of its original amount?
a) 5,730 years

b) 17,190

c) 11,460

d) 2,865
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CONCEPT: INTRODUCTION TO CHEMICAL BONDING
●Chemical _____________: attractive forces between atoms, holding them together to form molecules & compounds.
□ __________________: substance containing ≥ 2 chemically bound ___________ (ex. O2).
□ __________________: complicated molecule composed of ≥ 2 different _________________ (ex. H2O).
□ Chemical Formula: reveals the _______________ & ____________ of atoms in a molecule (ex. C6H12O6).

Intramolecular vs. Intermolecular Bonds
●Bonds between atoms can either be __________-molecular or __________-molecular:

1
2

Intramolecular Bonds: interactions between atoms within the ____________ molecule.
Intermolecular Bonds: interactions between atoms of ____________________ molecules.

EXAMPLE: The Hydrogen Fluoride (HF) molecules below are interacting with each other through which types of bonds?
a) Intramolecular Bonds.
b) Extramolecular Bonds.
c) Intermolecular Bonds.
d) None of the Above.
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CONCEPT: INTRODUCTION TO CHEMICAL BONDING
PRACTICE: Appropriately label all of the chemical bonds in this image as either intramolecular or intermolecular.

Map of the Lesson on Chemical Bonding

PRACTICE: According to the map above, which of the following are types of covalent bonds?
a) Polar.
b) Van der Waals.
c) Ionic.
d) Hydrogen.
e) None of the above.
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CONCEPT: COVALENT BONDS
●__________________ Bonds: an interaction between 2 atoms resulting from the _________________ of electrons.
□ _______ types of covalent bonds:

1) ________-Polar Covalent

&

2) ____________ Covalent.

●The two types of covalent bonds exist due to differences in atoms’ _______________________.
□ Electronegativity: a measure of an atom’s attraction to ____________________ (scaled from 0-4).

PRACTICE: When two atoms share a pair of electrons, the bonding is referred to as:
a) Ionic.

b) Covalent.

c) Unstable.

d) Hydrogen.

e) Polar.

Nonpolar Covalent Bonds
1) Nonpolar Covalent Bond: ____________ sharing of electrons between atoms (due to similar electronegativities).
EXAMPLE: Nonpolar Covalent Bonds.
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CONCEPT: COVALENT BONDS
PRACTICE: What makes a covalent bond nonpolar?
a) The bonded atoms share electrons unequally.
b) The bonded atoms share electrons equally.
c) The bonded atoms have equal electronegativities.
d) The bonded atoms have unequal electronegativities.
e) a and d only.
f) b and c only.

Polar Covalent Bonds
2) Polar Covalent Bond: ___________________ sharing of electrons between atoms (due to different electronegativities).
□ Unequal distribution of electrons between atoms leads to ________________ (δ) charges.

PRACTICE: If a covalent bond is polar:
a) Electrons are not shared by atoms.
b) Protons are shared by atoms.
c) The bond is not important to living cells.
d) One of the atoms has a partial negative charge.
e) The bond is not a strong bond.
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CONCEPT: COVALENT BONDS
PRACTICE: Bonds between two atoms that are equally or similarly electronegative are ________.
a) Polar covalent bonds.
b) Nonpolar covalent bonds.
c) Intermolecular bonds.
d) None of the above.

PRACTICE: The hydrogens and oxygen of a water molecule are held together by ______ bonds.
a) Electron.
b) Hydrogen.
c) Covalent.
d) Osmotic.
e) Non-covalent.
f) None of the above.
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CONCEPT: NONCOVALENT BONDS
●_______-covalent Bonds: interactions between 2 atoms resulting from full or partial ______________.
□ Unlike covalent bonds, there is _______ sharing of electrons in noncovalent bonds.
□ Several types of noncovalent bonds are commonly found in biology:

PRACTICE (Q-B): Water molecules are polar with ends that exhibit partial positive and negative charges. Such opposite
charges make water molecules attract each other through bonds called:
Ionic bonds.

b) Covalent bonds.

c)

Hydrogen bonds. d) Unstable bonds.

e) Radioactive bonds.

PRACTICE: Which of the following are considered to be very weak non-covalent chemical bonds?
a) Polar covalent bonds.
b) Ionic bonds.
c) Non-polar covalent bonds.
d) Van der Waals bonds.
e) Hydrogen bonds.
f) Electrostatic bonds.
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CONCEPT: IONIC BONDING
Ions: Anions vs. Cations
●___________: atoms or molecules with a net electrical ____________.
□ Have either a negative or positive charge due to the gain or loss of ___________________.
□ _______________: ____egatively (–) charged ions resulting from a __________ of an electron.
□ _______________: positively (____) charged ions resulting from the __________ of an electron.
EXAMPLE: Anions vs. Cations.

PRACTICE: When atoms gain or lose electrons, they become negatively or positively charged. They are known as:
a) Molecules.

b) Isotopes.

c) Ions.

d) Radioactive.

e) Unstable atoms.

PRACTICE: Which of the following statements is true of ALL atoms that are anions?
a) The atom has more electrons than protons.
b) The atom has more protons than electrons.
c) The atom has fewer protons than a neutral atom of the same element.
d) The atom has more neutrons than protons.
PRACTICE: If oxygen has 9 electrons it will be a ______________________:
a) Negatively charged cation.
b) Negatively charged anion.
c) Positively charged cation.
d) Positively charged anion.
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CONCEPT: IONIC BONDING
Ionic Bonds
●____________ Bonds: electrical attractions between oppositely charged ions (cations & anions).
□ Transfer of _________________ can fill the valence shells of BOTH atoms & create charges.
EXAMPLE: Formation of Ionic Bond in Sodium Chloride (NaCl).

PRACTICE: An ionic bond is a bond in which:
a) Atoms share electrons.

b) Atoms share a proton.

c) Atoms of opposite charges attract each other.

PRACTICE: Cations and anions would be most frequently associated with which of the following:
a) Polar covalent bonds.

b) Van der waals forces.

d) Nonpolar covalent bonds.

e) More than one of the above is correct

c) Ionic bonds.

PRACTICE: When are atoms most stable?
a) When they have the fewest possible valence electrons.
b) When they have the maximum number of unpaired electrons.
c) When the valence shell is completely full of electrons.
d) None of the above.
PRACTICE: Which of the following neutral atoms would be most likely to lose an electron and become a cation of +1?
a) A.
b) B.
c) C.
d) D.
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CONCEPT: HYDROGEN BONDING
●Hydrogen bond (H-bond): interaction between a highly electronegative atom (F, O or N) and a ________________ atom.
□ Individually, H-bonds are weak, but collectively, they can be quite _______________.
□ Important in several areas of biology, including the properties of __________ & the structure of macromolecules.

PRACTICE: What property of the bond between a Hydrogen (H) atom and an Oxygen (O) atom in a molecule of water
makes it a polar bond?
a) O and H are equally electronegative.
b) O is more electronegative than H.
c) H is more electronegative than O.
d) Water molecules form ionic bonds with one another.
e) Hydrogen bonds form between H and O.

PRACTICE: Which of the following images below is the most likely way that two water molecules would interact?
a) A
b) B
c) C
d) D
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