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ATOMS & MOLECULES

INTRODUCTION

The study of the environment and ecology requires knowledge of atoms, molecules, elements, and compounds. For
example, the earth's rocks are made of minerals. Minerals are made of elements. Elements are made of
molecules, and molecules are made of atoms.

Elements are composed of extremely small particles called atoms. An atom is the smallest part of an element that
retains all the characteristics of the element. Atoms are composed of protons, neutrons and electrons. These
subatomic particles lack the distinct characteristics of elements. Electrons are negatively charged, protons are
positively charged and neutrons are electrically neutral. Neutrons and protons are found within the nucleus of an
atom. Electrons orbit the nucleus at distinct distances called orbitals. Each of the orbitals can contain a set number
of electrons. For instance, the first orbit from the nucleus has 2 electrons, the second has 8, the third has 8, the
fourth has 16 and the fifth has 32, and so on. Each shell may not be full, depending on the number of electrons in
that element, and the inner shells fill before the outer shells fill. The orbitals are within a plane confined to about 20
degrees of each other.

Most substance found on the Earth usually consists of more than one atom. When two or more atoms form a
chemical bond, they create a molecule. A molecule can consist of two or more atoms of the same element (02) or
of atoms of two or more different elements (H20). When two or more different elements combine, they form what is
called a compound. A molecule is the smallest distinct part of an element or compound. Some compounds include
water and salt. In order to become a compound, the two atoms involved must somehow combine electrons. Atoms
having 1-7 electrons in its valence shell, outer shell, electrons tend to be more reactive than those having 8
electrons in their valence shells. The reason for this is that eight is a stable number of electrons, also termed the
octet rule.

If an atom loses an electron from its valence shell, it becomes an ion. If the ion is positively charged, we call it a
cation. If the ion is a negatively charged one, we call it an anion. Elements in Groups |, II, Ill usually lose electrons
and acquire a positive charge. Thos elements in Groups VI and VIl tend to gain electrons and acquire a negative
charge.

The tendency of an atom to attract electrons is called electronegativity. If the electronegativity difference in an atom
is 1.67 or below, the atoms usually create a covalent bound (share electrons). If the electronegativity is above 1.67,
the bond created is usually an ionic bond (lose or gain electrons).

Do not attempt to memorize the entire periodic table, our use of it will be confined to an understanding of its
organization and information and application.
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Part A: Review of Atomic & Molecular Structure

1. Visit the following website: http://periodic.lanl.gov/, or see attached periodic table.

2. Refer to the periodic table of elements and determine the number of protons, neutrons and electrons that
compose the atoms, ions and molecules listed in the table in question #1 on the Data, Observations, and
Analysis page. Complete the table by filling in missing information.

3. Carbon will form up to 4 covalent bonds by sharing electrons, nitrogen up to 3, oxygen up to 2, and
hydrogen only 1. Using the materials provided at the main lab station, create 3-D ball and stick models for
EACH of the compounds listed. As you work sketch the arrangement of the atoms in question #2 on the
Data, Observations, and Analysis page. (HINT: The information in the first sentence of this step will help

you

determine which ball represents which atom.)

NOTE: Observe the following rules/steps as you create your models.

= First, bond the carbon atoms together in either a ring or chain.

= Next, add the nitrogen if any is called for.

= Then, add the oxygen if any.

= Finally count the number of e- in the compound still available for bonding and if this
matches the prescribed number of hydrogens, YES, you're set!

= [f there are too FEW hydrogens, find two adjacent open bonds on other elements
and create a double bond to decrease the number of available bonds for
hydrogens.

= |fthere are STILL too few hydrogens remaining, consider creating an alternate
backbone structure (ring or chain).

Part B: Chemical Testing & Reactions

Acids, Bases, pH

1.
2.

3.

6.

7.

8.
Chemic

1.

2.

Review the information on acids, bases and pH scale.
Using the pH probe, dip it into unknown A at the main lab bench. Record your pH in the table under
question #3 on the Data, Observations, and Analysis page.
Place a 1-2 mL of the solution in a clean test tube and add a few drops of bromthymol blue. Record the
color of the solution in the table under question #3 on the Data, Observations, and Analysis page.
Pour the solution into the sink, rinse the test tube in the tub of soapy water and swipe once or twice with
the scrub brush, rinse it with tap water and place it back upside down in the stand.
Place a 1-2 mL of the solution in a clean test tube and add a few drops of phenolphtalein. Record the
color of the solution in the table under question #3 on the Data, Observations, and Analysis page.
Pour the solution into the sink, rinse the test tube in the tub of soapy water and swipe once or twice with
the scrub brush, rinse it with tap water and place it back upside down in the stand.
Repeat steps 3 - 6 for the additional unknowns.
Answer questions #4-6 on the Data, Observations, and Analysis page.
al Reactions
Use droppers and test tubes to mix 1-2 mL of each of the following chemicals as prescribed by the
chemical equations and complete the chemical equations with the appropriate products under question
#7 on the Data, Observations, and Analysis page.

a. sodium chloride + silver nitrate

b. hydrochloric acid + sodium bicarbonate
Answer question #8-9 on the Data, Observations, and Analysis page.
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Acids, Bases and pH Scale
Acids

BACKGROUND INFORMATION

= jonic compounds ( a compound with a positive or negative charge) that break apart in water to form a hydrogen ion (H*).

= their strength is based on the concentration of H* ions in the solution.
= the more H* the stronger the acid
= Example: HCI (Hydrochloric acid) in water

Characteristics of Acids:
= taste sour
= react strongly with metals (Zn + HCI)
= strong acids are dangerous and can burn your skin

Examples of Acids:
= vinegar
= citrus fruits

= stomach acid (HCI)

Ny
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= jonic compounds that break apart to form a negatively charged hydroxide ion (OH-) in water
= their strength of a base is determined by the concentration of Hydroxide ions (OH)

= the greater the concentration of OH- ions the stronger the base
Example: NaOH (Sodium Hydroxide-a strong base) in water
= solutions containing bases are often called alkaline

Characteristics of Bases:

= taste bitter

= feel slippery

= strong bases are very dangerous and can burn your skin
Examples of Bases:

= lye (Sodium or Potassium Hydroxide)

=  Ammonia

Neutralization Reactions

~

il o SV
N *
Na+

O o

= when acids and bases are added to each other they react to neutralize each other if an equal number of hydrogen and

hydroxide ions are present
= when this reaction occurs -salt and water are formed.

HCI + NaOH -# NaCl + H,0
(Acid) (Base)-—(Salt) (Water)

pH Scale and Indicators

= strength of an acid or base in a solution is measured on a scale called a pH scale.

pH scale is a measure of the hydrogen ion concentration
spans from 0 to 14

the middle point (pH 7) being neutral (neither acidic or basic)
any pH number greater than 7 is considered a base

any pH number less than 7 is considered an acid

0 is the strongest acid

14 is the strongest base

Indicators

* ]
" 1 :] — Battery Acid
increasing m
Acidity 2 ﬁl — Lemen Juice
3 — Vinegar
4 L.
5 ecccccasaaasesee)
6 I I — "Nommal" Precipitation
I , — Atk
Neutral 7 m
8 == -
9 { ~ Baking Soda, SeaWater
10 Dwm
1 i — itk of Magnesia
increasing 12 il
Alkalinity 13 = (58
e (]

= aspecial type of compound that changes color as the pH of a solution changes, thus telling us the pH of the solution.
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ATOMS & MOLECULES
A Review of Chemical Concepts

Data, Observations, & Analysis

1. Complete the following table:

Element Electrons | Neutrons | Protons

Sodium

Sodium Ion

Chlorine

Chloride Ion

Sodium Chloride

Calcium

Calcium Ion

Oxygen Atom

Oxide Ion

Calcium Oxide

2. Simple molecules
a. methane CHs b. ammonia NH3

c. aldehyde CH20 d. water H,0
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Unknowns

pH paper

bromthymol blue

phenolphthalein

. What color does bromthymol blue turn for acids? for neutrals?

. What color does phenolphthalein turn for acids? for neutrals?

. What is the advantage of using a pH paper instead of bromthymol blue or phenolphthalein?
. Chemical Reactions:

a. NaCl + Ag(NO») >

b. HCl  + NaHCO3 >
. What evidence do you have that the reactions in #7 took place?

. What are some differences between ionic and covalent bonds?




