CHAPTER 2 – ATOMS, MOLECULES, and IONS

2.1 The Early History of Chemistry

According to ancient Greek philosophy, matter was composed of four fundamental “elements”: fire, earth, water, and air. 

There were two school of thought regarding matter: one considered matter to be a continuous entity with no finite end or unit; the other considered matter to be composed of finite, indivisible units called atomos. Plato (427-347 BC) and Aristotle (384-322 BC) were among the major proponents of the first idea of matter, while Democritus and Leucippus (460-370 BC) group believed in the atomos concept. The second group believed that matter is composed of simple basic units called atoms and that the macroscopic properties of matter could be explained by the properties of “atoms” it is made of.  However, the atom concept never prevailed until the early 19th century, although a few well-known scientists, such as Galileo Galilei (1564 - 1642), Francis Bacon (1561 - 1626), Robert Boyle (1627 - 1691), and Sir Isaac Newton (1642 - 1727), occasionally used this concept to explain certain natural phenomena. None of them actually provided any detail, quantitative explanation of the physical or chemical evidence to support the “atomic theory”.

Around the middle of 17th century, a number of European scientists began to take interest in quantitative experiments. Among them was Robert Boyle, whose quantitative experiments led to the Boyle’s law for ideal gas. Boyle also introduced the concept of elements that is different from the one proposed by the Greek. He defined that a substance may be classified as element if it cannot be broken down or chemically changed into a simpler form.  

Between the 17th and 18th Century, a number of European chemists were also intensely involved in studies to explain the combustion process. A German chemist named Georg Stahl (1660 – 1734) proposed that matter contains a substance called “phlogiston”, which is set free when the material is burned. He also explained that a substance that was burned in a closed container eventually stopped burning because the air in the container became saturated with phlogiston. It was also suggested that oxygen gas, first discovered by Joseph Priestley (1733 – 1804), was able to support vigorous combustion because of its low phlogiston content.

2.2   Fundamental Chemical Laws

About the same period, Antoine Lavoisier (1743 – 1794) and other 18th Century French scientists performed a series of quantitative experiments on chemical reactions and showed that mass was conserved (neither created nor destroyed) during reactions. These observations were summarized into the law of conservation of mass. Lavoisier also explained that combustion is a chemical process that involves a reaction with oxygen gas and thus disprove the phlogiston theory. In another set of experiments, he also demonstrated that oxygen is needed to support life. 

In 1799, another French chemist, Joseph Louis Proust (1754 – 1826), presented experimental evidence, which indicated that chemical compounds are composed of elements in exactly the same proportions by mass, regardless of the origin and sample size. He decomposed many samples of copper carbonate and found that it was always composed of 51.4% Cu, 9.7% C, and 38.9% O, by mass. Similar results were also obtained with other compounds. Proust’s work led to the law of definite proportions.
2.3 Dalton’s Atomic Theory

John Dalton (1766 – 1844), an English schoolteacher, analyzed the findings made by Lavoisier and Proust, as well as by other scientists before him and used the discoveries to revive the concept of atoms as the fundamental unit of matter. In 1808 he published A New System of Chemical Philosophy, in which he presented his Atomic Theory, as follows:

1. All elements are made up of atoms.

2. All atoms of the same element are identical, while atoms of different elements are different in some fundamental ways.

3. Compounds are formed when atoms of different elements combine in simple ratios; a given compound always has the same relative numbers and types of the atoms.

4. Chemical reactions involve the re-organization of atoms, but the identity and characteristics of each atom are not altered. Chemical reactions do not create or destroy atoms.

Dalton used his theory to explain the law of the conservation of mass and the Law of constant composition as follows: 

· Since atoms are not altered, created or destroyed during chemical reactions, their total number (and mass) should remain the same before and after the reaction.

· If atoms combine in a simple ratio to form a compound and a given compound always contains the same type and number of atoms, then the mass composition of that compound will always be the same regardless how it is prepared. 

Dalton also proposed a chemical principle that became known as the law of multiple proportions, which states that if two elements combine to form more than one type of compounds, there will be a simple whole number ratio between the masses of one of the elements that combine with a fixed mass of the second element. 

For example, carbon and oxygen form two different compounds, in which the ratio of the masses of oxygen that combine with a fixed mass of carbon in the two compounds is 2:1, as shown by the following data:

——————————————————————————————————————


Mass of Carbon
Mass of Oxygen 
Ratio of oxygen mass
—————————————————————————————————————
Compound-I
1 gram
1.33 grams


1
Compound-II
1 gram
2.66 grams 


2
—————————————————————————————————————
Based on the mass ratio, Dalton proposed the formula CO for compound-I and CO2 for compound-II. 

Dalton also proposed: 

· chemical symbols for elements that have been discovered up to his time,

· simple formulas for various compounds he had analyzed, and 

· the relative atomic masses of elements based on their mass ratios in compounds they formed. 

However, many of the relative atomic masses Dalton suggested were later found to be incorrect because the calculations were based on incorrect formulas. For example, Dalton observed that the mass ratio of hydrogen to oxygen in water was about 1 to 8. By assuming that the formula of water to be HO and a relative atomic mass for hydrogen to be 1, he concluded that the relative atomic mass for oxygen would be about 8. 

The correct formula for water and relative atomic mass of oxygen were corrected through the work of Gay-Lussac (1778 – 1850). Working on chemical reactions in gaseous state, Gay-Lussac was able to derive the correct formulas of some compounds based on the ratios of the combining volumes under identical conditions. For example, he found that, under constant temperature and pressure: 

· 2 volumes of hydrogen gas reacted with 1 volume of oxygen gas to produce 2 volumes of water vapor;

· 1 volume of hydrogen gas reacted with 1 volume of chlorine gas to produce 2 volumes of hydrogen chloride gas.

Based on these observations, Avogadro (1776 – 1856) proposed that, under the same temperature and pressure, equal volumes of gases contain the same number of molecules. Then Gay-Lussac’s results could be interpreted as follows:

· 2 hydrogen molecules + 1 oxygen molecule ( 2 water molecules;

· 1 hydrogen molecule + 1 chlorine molecule (  2 hydrogen chloride molecules

These equations suggest that gases such as hydrogen, oxygen, and chlorine contain diatomic molecules: H2, O2, and Cl2, respectively. Based on this idea, the correct formula of H2O for water was determined, and using this formula, the relative atomic mass for oxygen was then re-calculated to be about 16. 
Exercise-1:  

1.
When 0.100 g magnesium is completely reacted with oxygen, 0.166 g magnesium oxide is formed. What mass of magnesium and oxygen must react to produce exactly 2.00 g magnesium oxide?

2.
An element E reacts with oxygen gas to form three different oxides, in which the following masses of oxygen were found to combine with a fixed amount of element E:


——————————————————————


Mass of oxygen combining



with 5.00 g of element E

——————————————————————

Compound 1
 0.421 g


Compound 2
 0.632 g


Compound 3
 1.684 g


——————————————————————

(a) Show how this data illustrate the law of multiple proportions for element E.

(b) Deduce a simple formula for each oxide. 

(c) If the atomic mass of oxygen is 16.0, deduce the atomic mass for E.

4.
Suppose the following data were collected from experiments involving reactions of gases A, B, and C:


1) 6 volumes of gas A + 1 volume of gas B ( 4 volumes of product;


2) 1 volume of gas B + 4 volumes of gas C ( 4 volumes of product;


3) 3 volume of gas A + 2 volumes of gas C ( 6 volumes of product;


Derive the formulas for elements A, B and C and their respective products, and write balanced equations for these reactions. 

__________________________________________________________________________

2.4  The Structure of Atoms

The Discovery of Electron and The Composition and Structure of Atoms


The discovery of electrons in the late 1890’s was achieved by J.J. Thomson (1856 – 1940) who worked on a series of experiments involving electrical discharges in cathode-ray tubes (CRT). Thomson found that when a very high voltage was applied between two electrodes across an evacuated CRT, a beam of “radiation” originating from the cathode were produced. Thus, the beam is known as “the cathode-ray”. Among the observed characteristics of the cathode ray were:

· it was deflected by electric field as well as by magnetic field; 

· the deflection suggested that the beam was composed of negatively charged particles;

· Cathode-ray caused a pinwheel placed in its path to turn and a metal hit by the ray to become hot, which suggests that the ray is composed of particles with mass;

· Thomson calculated the charge-to-mass ratio (e/m) for this particle to be -1.76 x 108 C/g and this value was independent of the materials used as cathodes or anodes. 

J.J. Thomson proposed that cathode-ray particle, later called electrons by Stoney, were present in all atoms and each electron carries a unit negative charge. 

Thomson also proposed the "plum-pudding" model for atom, which suggests that:  

· atoms as composed of diffused, positively charged mass (like cotton balls); 

· electrons were loosely embedded on the surface of this spherical mass, and 

· the number of electrons in an atom is equal to the units of positive charge in the atom. 

Robert Millikan (1868-1953) conducted the "oil-drops" experiments, which enabled him to calculate the charge of an electron to be -1.602 x 10-19 Coulomb.  Using this value and the e/m ratio of -1.758 x 108 C/g calculated by Thomson, the mass of an electron is estimated to be 9.105 x 10-28 g (9.109 x 10-31 kg)

Rutherford’s Nuclear Model of The Atom 

The Alpha Particles Scattering Experiments 


Between 1909 and 1911, Rutherford, Geiger, and Marsden conducted a series of experiments called the “alpha particles scattering experiments” to test the “plum-pudding” model. They expected that, if the "plum-pudding" model were correct, all of the alpha particles produced by a radioactive source would pass through the foil with no deflection. However, they discovered that:

· while the majority of the alpha particles went through the foil with no deflection, some were deflected to varying degrees, and some of them even bounced back.

Based on these observations, Rutherford proposed the following nuclear model:

· atom has a nucleus, a very tiny region at the center of the atom where most of the atomic mass is concentrated; 

· the nucleus contains all the positive charge of the atom; 

· most of the atom outside the nucleus is “empty space”;

· all atoms of the same element have the same nuclear charge, but atoms of different elements have different nuclear charges;

· In a neutral atom, the total negative charge of the electrons is equal to the nuclear charge of that atom.

Protons and Neutrons

· In 1919, Rutherford and co-workers published their finding about the existence of protons, the nuclear particle that carries the positive charge of the atom; 

· The positive charge on a proton is of the same magnitude as that of the negative charge on an electron. But, proton is about 1840 times heavier than electron;

· In neutral atoms, the number of protons and electrons are equal;

· The total mass of protons was found to account for about one-half the total mass of the atom; the rest of the atomic mass is due to neutrons, neutral particles that are also found in the nucleus. The existence of neutron (proposed by Rutherford) was demonstrated by James Chadwick in 1932.

· A neutron is only slightly heavier than proton. 

· The atomic nucleus is only a very tiny entity of the atom, but it accounts for almost the entire atomic mass. The rest of the atom is an “empty space”. The nucleus is composed of protons and neutrons, while electrons occupy the “empty space” surrounding it.

2.5  The Atomic Composition – A Modern View

An atom contains three fundamental particles: protons, neutrons, and electrons.  Protons and neutrons are in the nucleus, whereas electrons occur somewhere in the large empty space surrounding the nucleus. A proton carries a unit positive charge and an electron carries a unit negative charge, while the neutron is neutral. A neutral atom contains equal number of electrons and protons, while the number of neutrons in atoms may or may not be equal to that of protons. The following table summarizes the physical characteristics of proton, neutron, and electron.

The Mass  and Charge of the Proton, Neutron, and Electron

—————————————————————————————————



Mass




Charge____________

  

Atomic(u)
  SI(kg)

Atomic
 
SI(C)

———————————————————————————————————
Proton

1.007276
1.673 x 10-27
 
+1

+1.602 x 10-19
Neutron
1.008665
1.675 x 10-27
 
  0
 
  0

Electron
0.000549
9.109 x 10-31
 
 -1

 -1.602 x 10-19
———————————————————————————————————

Isotopes

· The mass of an atom is mainly derived from the masses protons and neutrons.  

· The relative atomic masses were determined experimentally using mass spectrometer, the first one was invented by J.J. Thomson that he used to determine mass-to-charge ratios of positive ions formed in the CRT experiments.
· Using the mass spectrophotometer, J.J. Thomson discovered that some elements contain atoms of different atomic masses.

· Atoms of the same element that have different masses are called isotopes 

· Isotopes are atoms with the same number of protons but different number of neutrons; all atoms of the same elements contain the same number of protons.

· Isotopes are represented by the symbol: 
[image: image1.wmf]A
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X, where X is the symbol of the element, A is the mass number, and Z the atomic number.  

· The atomic number (Z) represents the identity of the element and it indicates the number of protons in the nucleus. 

· The mass number (A) gives the identity of the isotope and it indicates the sum of the number of protons and neutrons in the atom as well as the approximate relative mass of the atom.
Exercise-2:  

1.
Write the chemical symbols for each species containing the followings:


(a) 6 protons, 7 neutrons and 6 electrons    =


(b) 29 protons, 34 neutrons and 27 electrons =


(c) 16 protons, 16 neutrons and 18 electrons =


(d) 18 protons, 20 neutrons and 18 electrons =

2.
Silicon has three isotopes, which contain 14, 15, and 16 neutrons, respectively.  Write a complete symbol for each isotope.

__________________________________________________________________________

The Relative Atomic Masses of Atoms 

The atomic mass unit (u) is normally used when referring to the mass of an atom, isotope or a molecule, and is defined as exactly 1/12 the mass of a carbon-12 atom.  

(1 u = 1.6605 x 10-24 g = 1.6605 x 10-27 kg)

Relative masses of atoms are determined using mass spectrometers, an instrument that can separate positive ions with different mass-to-charge ratios. This instrument is calibrated so that it gives a mass of exactly 12.0000 u for carbon-12 isotope.  The mass of an atom may be calculated by multiplying the mass ratio of that atom to 12C with 12.0000 u.  For example, a mass spectrometer gives the mass ratio 16O/12C = 1.3329, which yields a relative mass of 15.9949 u for 16O atom.

Since most elements contain two or more naturally occurring isotopes, their atomic masses are the weighted average of the masses of their isotopes:

 Atomic 
     (Fractional            (Mass of 
        (Fractional            (Mass of 

 mass of an    =   abundance of    x   Isotope-1)    +     abundance of   x     Isotope-2) 

  element 
       Isotope-1)  
         


Isotope-2)    

Exercise-3:

1.  
Using mass spectrometer, the mass ratio of 58Ni-to-12C is 4.8279. what is the relative atomic mass of nickel-58? 

2.
Bromine has two naturally occurring isotopes, one with a mass 78.918336 u and percent abundance of 50.69%.  The other isotope is 80.916289 u and has percent abundance of 49.31%.  Calculate the average atomic mass of bromine.

3.
Chlorine has two naturally occurring isotopes, one with a mass of 34.96885 u and the other a mass of 36.96590 u.  If the average atomic mass of chlorine is 35.453 u, what is the natural abundance of each isotope?

__________________________________________________________________________

2.6  Molecules and Ions

Two or more atoms can be bound together chemically to form molecules. Molecules composed of identical atoms, such as H2, N2, O2, O3, F2, Cl2, Br2, I2, P4, and S8, are elements. While molecules composed of non-identical atoms, such as H2O, CO2, CH4, NH3, N2O and C12H22O11, are compounds and they are referred to as molecular compounds.

The other type of inorganic compounds made up of positive and negative ions, and they are called ionic compounds (or salts). Positive and negative ions are referred to as cations and anions, respectively. Ions are formed when atoms lose or gain electrons during chemical reactions. When metals react with nonmetals, the metal atoms lose electrons to form cations, while the nonmetal atoms gain electrons to form anions. Strong electrostatic attractions between oppositely charged particles (cations and anions) produce ionic compounds.

The formation of ionic compounds – example:


When sodium reacts with chlorine, each sodium atom transfers an electron to the chlorine atom. The sodium atom becomes a cation (Na+) and the chlorine atom becomes anion (Cl-). The two ions attract each other to form sodium chloride (NaCl). 



2 Na            (  2 Na+ + 2 e-;



   Cl2 + 2 e-  (  2 Cl- ;


——————————————————


       2 Na(s) + Cl2(g) (  2 NaCl(s)

——————————————————

Ionic compounds like sodium chloride do not contain molecule because individual NaCl units do not exist – whether in solid, liquid, or gaseous state. NaCl merely represents a formula unit, which indicates the ionic ratio of 1:1. 

2.7  An Introduction to The Periodic Table

The periodic table is the most useful tools in chemistry.  It contains information ranging from the classification of elements, their physical and chemical properties, and the types of compounds they form.

Important Features of the Periodic Table

· Elements are organized in the periodic table in such a way that those with similar physical and chemical properties are placed in the same vertical columns called groups or families.  

· Elements in groups numbered 1A(1), 2A(2), 3A(13), 4A(14), 5A(15), 6A(16), 7A(17), and 8A(18), are called the main group elements.  Elements in the B sub-groups (groups 3 – 12 in the ACS system) are classified as the transition metals.  

· Along the horizontal rows, the periods, elements are arranged left-to-right) in increasing atomic numbers.

· The periodic table can be divided into several regions according to their properties.  Most of the elements are classified as metals, located to the left and bottom of the “step”.  

· Elements located to the right and top of the “step” are nonmetals, while eight elements (B, Si, Ge, As, Sb, Te, Po, and At) found along the steps are called metalloids or semimetals.  

· Elements gradually become less and less metallic as one moves from left to right across each period.

Properties of metals:

· they are invariably solids (except for mercury, which is liquid);

· they are good conductors of heat and electricity;

· they are malleable (can be turned into sheets);

· they are ductile (can be drawn into wires);

· they are shiny or lustrous;

· metals react with nonmetals to form ionic compounds - the metals become cations;

· metals do not react with each other to form compounds.

Properties of nonmetals:

· most of them are gases, one is a liquid (bromine), and a few are solid;

· they are generally poor conductors (graphite, an allotrope of carbon, is an exception)

· solid nonmetals are brittle and are generally opaque;

· in chemical reactions with metals, nonmetals gain electrons and form anions;

· Nonmetals react with each other or with metalloids to form molecular compounds,

Metalloids are solids with high melting points. They are physically like metals, but are chemically more like nonmetals.  They are semi-conductors and form the basis for the electronic revolution of the past decades.

Historical Development of the Periodic Table - Periodic Law


In 1869, Dmitri Mendeleev (1834 - 1907) from Russia and Lothar Meyer from Germany independently reported the periodic properties of elements and proposed a classification that led to the periodic table.  They noted that when elements were arranged in order of increasing atomic mass, certain sets of properties appeared to recur periodically.  For example, Meyer noted that the atomic size of elements vary in periodic manner.  Other properties such as density and melting point were also found to exhibit similar periodicity. 

Modern Periodic Table 


The Mendeleev’s periodic table consisted of eight columns or groups and twelve rows called periods. Elements were arranged along each horizontal period in increasing atomic masses. Whenever similarities in chemical and physical properties were noted, these elements were placed in the same groups, with the heavier elements placed below the lighter ones. Since many elements had not been discovered during Mendeleev time, Mendeleev’s table contained blank spaces, which he purposely left to accommodate new elements that were yet to be discovered. 

The modern periodic table was derived from the Mendeleev's periodic table.  After the discovery of protons and the atomic number, elements were arranged according to increasing atomic numbers, instead of atomic masses.  Elements with similar physical and chemical properties are placed in the same groups (vertical columns) in the Modern Periodic Table. The modern periodic table contains less number of periods, but certain periods are longer and contain more elements than others:  

· First period contains only two elements, H and He.  

· The 2nd and 3rd periods each contains 8 elements: Li through Ne; and Na through Ar, respectively.

· The 4th and 5th periods each contains 18 elements: K through Kr; and Rb through Xe, respectively.

· The 6th period contains 32 elements: Cs through Rn, but 14 of them, called the lanthanide series: Ce through Lu, are placed at the bottom of the main table body.  

· The 7th period is incomplete, but 14 elements of the actinide series: Th through Lr, are also placed at the bottom of the main table body, below the lanthanide series.

In the American system, the groups are numbered 1A through VIIIA, and 1B through VIIIB. Elements in the A-subgroup are referred to as the main group or representative elements and those in the B-subgroup are called the transition elements. In the IUPAC system, the groups are numbered 1 through 18. Certain groups are given special names – Group IA(1) the alkali metals, Group IIA(2) the alkaline Earth’s metals, Group VIIA(17) the halogens, and Group VIIIA(18) the noble gases.

The Chemistry of Periodic Table

· The alkali metals (Group 1A) are the most reactive metals.  They react with chlorine to form chlorides with formula MCl.  They also react with water violently to produce hydrogen gas and hydroxides with formula MOH:

2 Li(s)  +  Cl2(g)  (  2 LiCl(s)


2 Na(s) + 2 H2O(l) (  2 NaOH(aq) + H2(g)
· Group 2A also contains reactive metals (the alkaline Earth metals) that react with oxygen gas to form oxides with the general formula MO and with chlorine to form chlorides with the formula MCl2:



2 Mg(s) + O2(g)  (  2 MgO(s)


Mg(s)  +  Cl2(g)  (  MgCl2(s)
· Group IIIA(13) contains boron (a metalloid), Al, Ga, In, and Tl, which are metals.

· In Group IVA(14) carbon is a nonmetal, which occurs in three allotropic forms, namely, diamond, graphite and the “buckyball”.  Silicon and germanium are metalloids, while tin and lead are heavy metals.  

· Group VA(15) is composed of N, P, As, Sb, and Bi. Nitrogen (the most abundant element in the earth atmosphere) and phosphorus are nonmetals; arsenic and antimony are metalloids; bismuth is a heavy metal. 

· In Group VIA(16), oxygen is the most reactive. It reacts readily with metals as well as nonmetals. Oxygen, sulfur, and selenium are nonmetals, tellurium is a metalloid, and polonium is a radioactive metal.

· The halogens (Group VIIA or 17) are the most reactive of the nonmetals.  Fluorine and chlorine react with all metals to form ionic halides. They also react readily with other nonmetals and semimetals to form molecular compounds. Fluorine and chlorine are gases composed of F2 and Cl2 molecules, respectively, bromine is a liquid containing Br2 molecules, and iodine is a solid containing I2 molecules.

· The noble gases are made up of unreactive elements (He, Ne, Ar, Kr, Xe, and Rn); they occur as free elements containing single atoms.  

For main group metals, their reactivity increases as we go down the groups. Whereas, the reactivity of non-metal elements decreases as we go down each group.  

2.8   Naming Simple Compounds

Simple compounds are divided into ionic and molecular or covalent compounds. 

Naming Binary Ionic Compounds (Type I)

These are ionic compounds composed of simple ions in which the cations have single charges. In the formula, cation is written before the anion, and in naming the cations are always named first, using the names of the elements. For examples: 

Na+ - sodium;

Mg2+ - magnesium;

Al3+ - aluminum, etc.

The names of the anions are derived by taking the first syllable of the elements’ names and replace the ending with –ide. For examples:

    
F- - fluoride;

Cl- - chloride;

O2- - oxide, etc.

Examples:
NaCl – sodium chloride;



MgF2 – magnesium fluoride;



Al2O3 – aluminum oxide, etc

Binary Ionic Compounds (Type II)


If the same metal forms more than one type of cations (with different charges), a Roman numeral is added (in parenthesis) after the metals’ names; the Roman numeral implies the charge of the cation. For examples:


Fe2+ - iron(II) ion;

Fe3+ - iron(III) ion;


Cu2+ - copper(II) ion;
Cu+ - copper(I) ion;

Compounds:
FeCl2 – iron(II) chloride;
F2O3 – iron(III) oxide;

 

Cu2S – copper(I) sulfide;
CuO – copper(II) oxide



PbCl2 – lead(II) chloride;
PbO2 – lead(IV) oxide

In the old system of naming these types of ionic compounds, the Latin names of metals are used and the name of the cations ends with either –ous (for the lower charge) or –ic (for the higher charge). The following are symbols and names of some type-II cations:

Ions
New System 

Old System 


Cr2+
Chromium(II) 
Chromous


Cr3+
Chromium(III)
Chromic


Mn2+
Manganese(II)
Manganous


Mn4+
Manganese(IV)
Manganic


Fe2+
Iron(II)

Ferrous


Fe3+
Iron(III)

Ferric


Co2+
Cobalt(II)

Cobaltous


Co3+
Cobalt(III)

Cobaltic


Cu+
Copper(I)

Cuprous


Cu2+
Copper(II)

Cupric


Sn2+
Tin(II)


Stannous


Sn4+
Tin(IV)


Stannic


Pb2+
Lead(II)

Plumbous


Pb4+
Lead(IV)

Plumbic


—————————————————————

Examples of type-II ionic compounds using new and old system of naming:


Formula
Old System

New (IUPAC) System

Cu2O

Cuprous oxide

Copper(I) oxide


CuCl2

Cupric chloride
Copper(II) chloride


FeS

Ferrous sulfide
Iron(II) sulfide


Fe2O3

Ferric oxide

Iron(III) oxide


PbI2

Plumbous iodide
Lead(II) iodide


PbO2

Plumbic oxide

Lead(IV) oxide


————————————————————————

Ionic Compounds with Polyatomic Ions

Polyatomic ions are groups of atoms that are covalently bonded together and carry net positive or negative charges.  Each polyatomic ion has a specific formula, charge, and name. They must be learned and memorized. The following are some common polyatomic ions.

Formula
Name __________


Formula
Name __________

CO32-

carbonate



OH-

hydroxide


HCO3-

hydrogen carbonate 


ClO-

hypochlorite

  (bicarbonate)


ClO2-

chlorite


NO3-

nitrate




ClO3-

chlorate


NO2-

nitrite




ClO4-

perchlorate


SO42-

sulfate




CrO42-

chromate


SO32-

sulfite




C2H3O2-
acetate


PO43-

phosphate



NH4+

ammonium ion


HPO42-

hydrogen phosphate





________________________________________________________________________

The following are examples of type-I compounds containing polyatomic ions:

Formula
Name of Compound______


NaHCO3
sodium hydrogen carbonate


CaCO3

Calcium carbonate


KNO3

Potassium nitrate


BaSO4

Barium sulfate


(NH4)3PO4
ammonium phosphate


—————————————————

The following are examples of type-II compounds containing polyatomic ions:


Formula
New System


Old System_______

FeCO3

Iron(II) carbonate

Ferrous carbonate


Fe2(SO4)3 
Iron(III) sulfate

Ferric sulfate


Cu(NO3)2
Copper(II) nitrate 

Cupric nitrate


PbCrO4

Lead(II) chromate

Plumbous chromate


Sn(C2H3O2)4
Tin(IV) acetate

Stannic acetate


———————————————————————————
Naming Molecular (Type-III) Inorganic Compounds 

The formula of molecular compounds are written with the less electronegative elements first followed by the second element. The element that is written first in the formula is also named first, using the name of the element (treating it like a cation).  The second element is named as if it were an anion - the last syllable changed to -ide.

Prefixes such as mono-, di-, tri-, tetra-, penta-, hexa-, etc.. are used to indicate the number of each type of atoms in the formula.  (Prefix mono- is not used for the first element.)

Examples:
N2O
dinitrogen monoxide


BF3
boron trifluoride



NO
nitrogen monoxide


CCl4
carbon tetrachloride



NO2
nitrogen monoxide


PCl5
phosphorus pentachloride



N2O3
dinitrogen trioxide


SF6
sulfur hexafluoride



N2O4
dinitrogen tetroxide


P4O10
tetraphosphorus decoxide



N2O5
dinitrogen pentoxide






—————————————————————————————————

(Note that, if the last letter of the prefix is a or o, it is dropped when combined with oxide.  For example, N2O5 is called dinitrogen pentoxide, NOT dinitrogen pentaoxide.)

Naming Acids


Acids are molecular compounds that ionize to produce hydronium ions (H3O+) ions when dissolved in water. There are two types of acids – one type does not contain oxygen and the other contain one or more oxygen atom in the formula. The name of acids without oxygen starts with hydro- followed by the first syllable of the anion’s name, and ends with –ic. 

The following are this type of acids:


Formula
Name of Acids______
Formula
Name of Acids_____


  HF

Hydrofluoric acid

  H2S

Hydrosulfuric acid


  HCl

Hydrochloric acid

  HCN

Hydrocyanic acid


  HBr

Hydrobromic acid




  HI

Hydroiodic acid


————————————————————————————————

The other type of acids contain polyatomic anions; their names are derived from the names of the polyatomic ions. If the name of polyatomic ion ends with –ate, this ending is replaced with –ic in the acid. If the name of polyatomic ion ends with –ite, it is replaced with –ous in the acids. The following are some example of this type of acids:

  Polyatomic Ion
Name of Ion


Acid Formula

Name of Acid

NO3-

nitrate

   

HNO3


Nitric acid


NO2-

nitrite

   

HNO2


Nitrous acid


SO42-

sulfate

   

H2SO4


Sulfuric acid


SO32-

sulfite

   

H2SO3


Sulfurous acid


PO43-

phosphate


H3PO4


Phosphoric acid


C2H3O2-

acetate


HC2H3O2

Acetic acid


ClO-

hypochlorite
   

HClO


Hypochlorous acid


ClO2-

chlorite


HClO2


Chlorous acid


ClO3-

chlorate


HClO3


Chloric acid


ClO4-

perchlorate


HClO4


Perchloric acid


IO4-

periodate


HIO4


Periodic acid

———————————————————————————————————

Exercise-4:

1.
Name the following compounds:


(a) KH2PO4
(b) Na2Cr2O7  


(c) NaC2H3O2
(d) NH4NO3

(e) KMnO4
(f) Al2(SO4)3

(g) CoS
(h) CuCl2 


(i) Co2S3
(j) SiF4 

2.
Write the correct formula of the following compounds:


(a) Aluminum nitrate:
(b) Barium chromate:


(c) Silver nitrate:
(d) Phosphoric acid:


(e) Sulfur hexafluoride:
(f) Lead(II) acetate:


(g) Tin(IV) chloride:
(h) Phosphorus pentachloride:


(i) perchloric acid:
(j) Ammonium sulfide:

_____________________________________________________________________________
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