MODULE 2

What is the SI System of Units?
is based on the metric system, based on the decimal system in which a single basic unit is chosen for each fundamental unit of measure. Kg for mass, meter for length, the multiples/divisions are expressed using prefixes. It is easy to move from unit to unit by converting the unit of measure by just moving the decimal place.

What is the Law of Conservation of Mass?
A law which states that "mass is neither created nor destroyed in chemical reactions". This essentially means that the same number of atoms of each type occurring on the reactant side must also appear on the product side.

What is an integer?
A whole number (i.e., a number that contains no decimal or fractions).

What is uncertainty?
A characteristic of every measurement, indicating the error in a reported value. This is generally specified using significant figures.

What are significant figures?
A method for reporting the results of a measurement that includes all known or certain digits and a final digit that is considered uncertain.

What are SI units?
The International System of units that is based on the metric system and uses SI derived units for length, mass, time, etc. and prefixes to indicate magnitude (i.e., powers of 10).

What is Density?
The physical property of a substance that corresponds to the ratio of its mass to volume. This property does not depend on the amount of substance.


What is Dimensional analysis?
A method for solving numerical problems that uses 'conversion factors' to cancel out unwanted units and results in an answer with the desired units (i.e., dimensions).

What are the 5 steps of the scientific method?
Step 1: Performing Experiments
Step 2: Making Observations
Step 3: Proposing a Hypothesis (based upon observations made)
Step 4: Confirming the Hypothesis (by repeated experimentation)
Step 5: Proposing a Scientific Law

Expand on Step 1;
An experiment is a set of steps (procedures) that are performed under controlled conditions to propose or test a hypothesis.

Expand on Step 2:
Observations which can be classified as Qualitative (observation does not use numbers) or quantitative (observation is a measurement. It has two components: A measured quantity (numerical value) with an appropriate unit.

Expand on Step 3:
A hypothesis is a tentative explanation to account for the observations of an experiment. A hypothesis is valid provided that one's assumptions to explain the observations of an experiment can be tested.

Expand on Step 4:
The validity of the hypothesis needs to be confirmed via repeated and controlled experiments.

In order to accept a hypothesis, there must be no inconsistencies between the hyp. and the experimental observations.

In the event of any inconsistencies, steps 1 through 4 must be repeated.

Expand on Step 5:
By repeatedly performing experiments and modifying the hypothesis account for the observations from these experiments, one is able to propose a scientific law.

What is scientific notation?
A convenient way of expressing very large or very small numbers at the same time provides a method of increasing efficiency in scientific calculations. It is a mathematical expression in which a number is expressed as N x 10^n where N contains only one nonzero digit to the left of the decimal and n as an integer.

Example, express 2566 in scientific notation.
256.6 x 10
25.66 x 10^2
2.566 x 10^3***

Express the number 0.0076 in Scientific Notation
0.076 x 10^-1
0.76 x 10^-2
7.6 x 10^-3***

What are the rules for determining significant figures?
1. All nonzero digits are significant figures
2. Counting begins from the left with the first nonzero number
3. Zeros between nonzero digits are counted as significant figures
4. Terminal zeros (zeroes to the right of a number) These values are always significant if the value contains a decimal point.

What are the rules for Significant figures in chemical calculations?
1. In addition and subtraction of measured quantities, the final answer contains the same number of decimal places as are in the measurement with least number of decimal places (lease precise measurement).

2. In multiplication and division of measured quantities, the final answer contains the same number of significant figures as are in the measurement with the least number of significant figures.

3. In the final answer of a calculation involving exact numbers, unit conversion factors and constants, the number of significant figures is dictated by the measured quantity involved.

Exact numbers, unit conversion factors and constants have no effect on the number of significant figures.

What are the rules for rounding off chemical calculations?
1. For multi-step calculations, all numbers are carried to the final result, which is then rounded off to give the correct number of significant figures.

2. If the digit being rounded off is >5, you round the digit up by one.

3. If the digit being rounded off is <5, the preceding digit remains the same.

4. If the digit being rounded off is equal to 5, the preceding digit is rounded up if it is odd and remains the same if it is even.

What is SI?
Also known as Systeme international d'unites the system (based upon the metric system) uses SI base units. Some SI based and SI derived units include length, volume, mass, density, temperature and time.
What is the SI unit for length?
the meter (m).

What is the SI unit for volume?
The cubic meter (m^3).

However the most common unit for volume is the liter (L) and milliliter(mL).

Convert 1L to the cubic meter and 1 mL to the cubic meter.
1L = 10^-3 cubic meters.
1mL = 10^-6 cubic meters.

What is the SI unit for mass?
It is the kilogram (kg).

What is the SI unit for density?
The SI unit for density is the kilogram per cubic meter. (kg/m^3).

How is density represented in chemistry?
Generally in chemistry, density is expressed in the units of g/mL or g/L. Density is a physical property of a substance.

Density = mass/volume

Larger or smaller units than the base unit can be obtained by combining the base unit with one of the prefixes.

What are some examples of combining the base unit with a prefix?
base unit second + prefix nano: nanosecond: ns=10^-9s

base unit meter + prefix micro: micrometer: um = 10^-6m

base unit Liter with prefix milli: millileter: mL = 10^3L

What are the steps to solving numerical problems?
Step 1: Write the equations relating the units. 

Example 1, to convert a mass from grams to milligrams, the equation must show the relationship between one gram and the number of milligrams in one gram. 1.0g = 10^3mg

Example 2, convert a volume from liters to microliters. 1.0L=10^6 uL

Step 2: State the relationship as a fraction (called conversion factor).

Step 3: Multiply the measured quantity by the conversion factor that cancels unwanted units and gives the final answer in the required unit.

What is matter? How is it classified?
Anything that possesses mass, occupies space, and is perceivable by our senses. It is generally classified in terms of a physical state (solid, liquid, gas) and a chemical composition (element, compound or mixture).

What is a mixture?
A non-pure substance made of two or more elements or compounds that can be separated by physical, as opposed to chemical, procedures. For example, a mixture of sodium chloride salt (an ionic compound) and water (a covalent compound) can be separated by removing the water through evaporation, leaving behind solid sodium chloride.

What is an Element? How are they classified?
A substance composed of only one type of atom. Elements typically classified as being metal, nonmetal or semi-metal (metalloid).

What is a compound?
A chemical compound is a pure chemical substance consisting of two or more different chemical elements that can be separated into simpler substances by chemical reactions.

What is an atom?
The smallest unit of any element. It is composed of a positively charged nucleus, containing protons and neutrons, surrounded by a cloud of negatively charged electrons. The number of protons and electrons are identical, resulting in an overall neutral charge.

What is an electron?
A negatively charged sub-atomic particle (i.e., a particle that is smaller than an atom) that is found outside of the nucleus. The sharing or exchange of electrons between two different atom types is responsible for the formation of compounds.

What is a proton?
A positively charged sub-atomic particle (i.e., a particle that is smaller than an atom) found in the 

What is a neutron?
An uncharged sub-atomic particle (i.e., a particle that is smaller than an atom) found in the nucleus of an atom.

What is a nucleus?
It is the center of an atom where the protons and neutrons are located and which the electron(s) surround.

What is an atomic number?
A number that is unique to each type of atom and indicates the number of protons in the nucleus of each individual atom. Each element has a different atomic number.


What is a mass number?
Equal to the sum of the number of protons and neutrons in the nucleus of an atom. To calculate the number of neutrons, subtract the atomic number from the mass number.

What is a molecule?
A combination of atoms in a definite proportion. An example is a molecule of water: H2O, hydrogen:oxygen = 2:1

What is an Ion?
An atom or molecule that has gained or lost electrons and is thus charged. Can be either a cation or an anion.

What is a cation?
An atom or molecule that has lost one or more electrons and thus possesses a positive charge. Such species are generated by the removal of electrons and are typically metals.

What is an anion?
An atom or molecule that has gained one or more electrons and thus possesses a negative charge. Such species are generated by the capture of electrons and are typically non-metals.
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What are Alkali metals?
Any element belonging to Group IA (located in the left-most column) of the periodic table, with the exception of hydrogen. These Group IA metals all form monovalent cations (i.e., a singly charged cation).

What are alkaline earth metals?
Any element belonging to Group IIA of the periodic table. All of the Group IIA metals form divalent cations (i.e., cations with a charge of +2).

What are Halogens?
Any element belonging to Group VIIA of the periodic table. Halogens are non-metals.

What are noble gases?
Any element belonging to Group VIIIA of the periodic table. Noble gases are also referred to as a rare or inert gases.

Who was Dmitri Ivanovich Mendeleev?
(27 January 1834 - 20 January 1907) He was a Russian chemist and inventor. He formulated the Periodic Law, created his own version of the periodic table of elements, and used it to correct the properties of some already discovered elements and also to predict the properties of eight elements yet to be discovered.

What year did Dmitri Ivanovich propose the periodic table?
1865

How is the periodic table organized?
The Periodic Table consists of vertical columns called groups (or families) and horizontal rows called periods.


How are the groups organized?
The groups are designated with the
numbers 1 (I) to 8 (VIII) and a letter A or B. 

The elements in the groups with the letter A designation are referred to as the main-group elements and those with the letter B designation as the transition elements.

Elements in the same group (or family) have similar chemical properties.

Traditional group names or families are:
-Alkali metals (Group 1A)
-Alkaline earth metals (Group 2A)
-Halogens (Group 7A)
-Noble (rare, inert) gases (Group 8A)

How are the periods organized?
The periods (horizontal rows) are designated with numbers 1 to 7. Contrary to groups, elements in a
period have different chemical properties.

How are the physical states of elements organized?
Physical states of elements include:
-Solid
-Liquid
-Gas
In general, the metals are solids (at 25
oC) with the exception of mercury (Hg)
which is a liquid (at 25oC).

Metals lose electron(s) to form cations
and the nonmetals gain electron(s) to
form anions.

How is the classification of metals/nonmetals done?
The elements are classified as:
-Metal
-Nonmetal
-Metalloid (semi-metal)

What are the essential elements?
The elements H, Na, Mg, K, Ca, C, N,
O, P, S, Cl are the most abundant in
living systems and are essential for
life.
--
The elements Li, V, Cr, Mo, Fe, Co,
Mn, Ni, Cu, Zn, Cd, B, Si, Sn, Pb, As,
Se, F, I are found in trace amounts in
the living systems.

Where do you get element information?
For more information mouse over the
symbol on any of the periodic table
elements to view the following data:
-Element symbol
-Element name (included sometimes)
-Atomic number [which is equal
to the number of protons]
-Atomic weight [which is the mass in grams of 1 mole (6.022 × 10^23) of atoms]

What is important to know about neutral atoms?
The number of protons is equal to the number of electrons.

What is an ionic compound?
A compound consisting of a cation and an anion (generally a metal and a non-metal) where the bond is formed through the electrostatic interaction between the cation and the anion.

What is a polyatomic ion?
An ion (i.e., a species possessing a net overall charge) that is composed of two or more atoms that are held together through a covalent bond.




What is an acid?
A chemical substance that produces protons (H+ ions) when dissolved in water. The pH of the resulting solution is less than 7.

What is a base?
A substance that produces hydroxide ions (OH¯) when dissolved in water. The pH of the resulting solution is greater than 7.

What is a Mole?
A convenient unit of measure, used by chemists, indicating the number of items of a particular substance present. It is defined as the number of carbon atoms in 12 g (1 mole) of pure 12C and corresponds to 6.022x1023 (Avogadro's number) atoms.

What is the atomic mass?
The weighted average mass of the naturally occurring isotopes. 
The atomic mass is the mass of an atomic particle, sub-atomic particle, or molecule. The protons and neutrons account for almost all of the mass of an atom.

How are chemical compounds classified?
Either as Organic or inorganic.

What is an organic compound?
Compounds that contain at least one carbon atom.

What is an inorganic compound?
Compounds that contain atoms other than carbon. Exceptions are inorganic compounds such as carbon monoxide (CO), carbon dioxide (CO2), etc.

How are inorganic compounds classified? (for the purpose of nomenclature)
• containing a metal and a nonmetal (ionic compounds) 
• containing two nonmetals (covalent compounds)

Name some (6) facts about ionic compounds;
>Ionic compounds are composed of ions. 
>They are formed by the electrostatic attraction between a positive ion (cation from the metal) and a negative ion (anion from the nonmetal). 
>Electrons are transferred from the atoms of one element to the atoms of another element. 
>In general, metals lose electrons and nonmetals gain electrons. 
>Ionic compounds are charge neutral (zero net charge). 
>Charges on ions involved in an ionic compound must be known in order to name the compound formed between them or to derive the formula for the compound.

What are the rules for naming and deriving formulas of ionic compounds?
#1 - For metals of Groups 1A, 2A and 3A of the Periodic Table, the charge on the formed monatomic cation is equal to the group number.

The cation has the same name as that of the metal and is always named first. (Lithium, Magnesium Aluminum).

#2 - For nonmetals of Groups 5A, 6A and 7A of the Periodic Table, the charge on the formed monatomic anion is equal to the group number minus 8. 

The anion is comprised of the root of the nonmetal name and ends with the suffix-ide. (Nitride, Oxide, Fluoride).

#3 - Many metals (particularly transition metals) form more than one cation, thus forming more than one ionic compound with a particular anion. To indicate which ionic compound is formed, the charge on the metal ion is specified by using Roman numerals within parentheses following the name of the metal ion.

#4 - Ions that consist of two or more atoms bonded covalently possessing a net positive or negative charge are referred to as polyatomic ions.

Ammonium ion (NH4+) is an example of a polyatomic cation.

Carbonate ion (CO3^2-) is an example of a polyatomic anion.

For more than one polyatomic ion, the ion is written in parentheses with a subscript indicating how many there are of the same polyatomic ion.

#5 - The name, formula and the charge for a number of commonly encountered polyatomic (ions with two or more atoms joined together) anions can be derived from common acids (H+ donors) and bases (producing OH-). When an acid dissociates (breaks up) it produces H+ ions and a counter ion of equal but opposite charge.

What are covalent compounds?
The sharing of electrons between nonmetals forms covalent compounds.

What are the rules for naming covalent compounds?
Rules for Naming Covalent Compounds
• Rule #1: Name the first element in the formula first. 
• Rule #2: Name the second element as an anion. 
• Rule #3: Use prefixes to indicate the numbers of atoms of each element. 
• Rule #4: Do not use the prefix mono- for the first element.

What are some elements still known as their old names?
Some compounds are still known by their old names (and not by using the system of nomenclature): 
• Water (H2O) [not dihydrogen monoxide] 
• Ammonia (NH3) [not nitrogen trihydride] 
• Hydrogen sulfide (H2S) [not dihydrogen monosulfide] 
• Hydrogen peroxide (H2O2) [not dihydrogen dioxide] 
• Methane (CH4) [not carbon tetrahydride] 
• Ozone (O3) [not trioxygen]

What are the prefixes for naming compounds?
Prefix Number Indicated 
Mono- 1
Di- 2
Tri- 3
Tetra- 4
Penta- 5
Hexa- 6

What do balanced chemical equations do?
Chemical reactions are expressed as an equation using chemical formulas.

Balanced chemical equations do the following:
1) Identify the reactants and products.
2) Show the relative amount of the reactants/products.
3) Indicate the physical state of the reactants and products.
4) The balanced equation complies with the Law of Conservation of Mass and Matter.

When you write chemical equations, what are some rules to consider?
i) Fractional coefficients are avoided
ii) Smallest whole-number coefficients are written (numbers written in front of each formula)

Why is a mole relevant for balancing chemical equations?
Remember a mole can be considered a "packaging unit" for atoms, molecules, ions, etc.

How do you calculate the molecular mass?
It is the sum of atomic masses. So if we had Calcium Nitrate [Ca(NO3)2] it would be:
Ca: 1 x 40.08 g/mol
N: 2 x 14.01 g/mol
O: 6 x 16.00 g/mol 
Which totals 164.10 g/mol

What is the major difference between covalent bonds and ionic bonds?
Covalent compounds SHARE electrons and ionic bonds transfer electrons so there is one positive ion and one negative ion.
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