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Periodic Law, in chemistry and physics, the principle that chemical elements, when arranged in order 

of increasing atomic number, exhibit a periodic recurrence of properties; similar properties recur 

from one end of the array to the other. The atomic number is the number of protons in the nucleus of 

an atom, which is equal to the (positive) charge of the nucleus when expressed in units of the 

electron's charge. The periodic law correlates very closely with the electronic structures of atoms. 

The law is demonstrated most clearly through a tabular arrangement that groups elements with 

similar properties together in an array. This arrangement is known as the periodic table. The periodic 

law has enabled chemists and physicists to explain and predict properties of many elements and has 

led to important advances in atomic theory.  

The original statement of the periodic law, expressed in terms of atomic weights, was made in 1869 

by the Russian chemist Dmitri Mendeleyev. The use of atomic numbers began in 1911, when the 

Dutch physicist Antonius van den Broek proposed that the atomic number might be identified with 

the position number of the element in the periodic table. Except for a few discrepancies, increasing 

atomic numbers generally correlate with increasing atomic weights. In 1913 the British physicist 

Henry Moseley measured the wavelengths of certain X rays emitted by elements. His measurements 

showed that these wavelengths were related to the atomic numbers of the elements. These numbers 

were identical to the positional numbers of the elements in the table. (See Element—History; 

Mendeleyev, Dmitri Ivanovich; Moseley, Henry Gwyn-Jeffreys; Atomic Weight.)  

The Periodic Table  

A modern version of the periodic table is given below. This scheme is based in part on the table 

proposed by the Swiss chemist Alfred Werner in 1905. It classifies all 118 known elements and 

consists of a rectangular arrangement of seven horizontal rows (or "periods") and 18 vertical columns 

that comprise 16 groups. In general, elements in the same group have similar physical and chemical 

properties.  
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Periodic Table of the Elements 

 

The atomic number of an element is given above its symbol. The atomic weight of an element, on the 

basis of the carbon-12 isotope being assigned the value of 12 exactly, is placed below the symbol; it 

represents the weighted average of all known isotopes of the elements. Values in parentheses are 

mass numbers of the most stable isotopes of radioactive elements. Each vertical column is a group of 

elements, and each horizontal row is a period. 

 

Periods  

The periods are of varying lengths. Each of the first three periods is divided into two parts, one at 

either end of the table over the elements in the longer periods that they most resemble. The first 

(hydrogen) period consists of only two elements, hydrogen (symbol H, atomic number 1) and helium 

(He, 2). Periods 2 and 3, the lithium and sodium periods, respectively, consist of 8 elements each: 

lithium (Li, 3) to neon (Ne, 10), and sodium (Na, 11) to argon (Ar, 18). The next two periods, 4 and 

5—the potassium and rubidium periods, respectively—have 18 elements each: potassium (K, 19) to 

krypton (Kr, 36), and rubidium (Rb, 37) to xenon (Xe, 54).  

The sixth (cesium) period consists of 32 elements: cesium (Cs, 55) to radon (Rn, 86). It is condensed 

into 18 columns, however, by the omission of the 14 rare-earth elements that form the lanthanide 

series, so called because they follow lanthanum (La, 57). This series is indicated separately below the 



periodic table. Such an arrangement permits the remaining 18 elements to be placed directly below 

the corresponding elements of the previous period that they most resemble in their properties. 

Actually, lanthanum's position in the table represents all the elements of the lanthanide series because 

all 15 elements have nearly identical properties. (See Lanthanide Series; Rare Earth.)  

The seventh (francium) period can contain 32 elements, from francium (Fr, 87) to element 118; 

however, only 29 have been discovered or synthesized thus far. This period is condensed into six 

columns by removing the 14 members of the actinide series of elements, so named because they 

follow and resemble actinium (Ac, 89). Like the lanthanide series, they are listed below the main 

table. (See Actinide Series.)  

Groups  

The groups in the periodic table have "A" and "B" designations. The elements in the A groups, which 

appear in two parts—two at the beginning and six at the end of the table—are known as the main 

group elements. Those in the B groups, which are in between the two A group divisions, are called 

transition elements.  

Not all periods have elements in all the groups. The first period has its two elements, hydrogen and 

helium, at opposite ends of the periodic table, in groups IA and VIIIA, respectively. Periods 2 and 3 

have their elements in the eight A groups, IA through VIIIA. Periods 4, 5, and 6 have elements in all 

16 groups, which include both A and B types. Group VIIIB actually incorporates three table 

columns—the iron (Fe, 26), cobalt (Co, 27), and nickel (Ni, 28) triads—because all nine elements in 

this group have many physical and chemical properties in common.  

Elements in the same group are called congeners. Some groups have distinctive names. The elements 

of group IA, except hydrogen, are called alkali metals. The name derives from the Arabic word al-

qili, meaning "plant ash." The ashes of plants contain large amounts of sodium and potassium 

carbonate. Those of group IIA are referred to as alkaline earth metals. The oxides of these metals 

yield an alkaline, or basic, solution when dissolved in water. Group IB elements (copper, silver, and 

gold) are called coinage metals because of their use in coins. Group VIA elements, such as oxygen, 

are called chalcogens, from the Greek words for ash formers. The term halogens, from the Greek for 

salt formers, refers to the Group VIIA elements. The last group, VIIIA, are referred to as noble gases. 

This name replaced the earlier term, inert gases, after krypton (Kr, 36), xenon (Xe, 54), and radon 

(Rn, 86) were shown to react with fluorine (F, 9) to some extent and thus are not inert. (See Alkali 

Metals; Alkaline Earth Metals; Halogen; Inert Gas; Transition Elements.)  

Metals, Nonmetals, and Metalloids  

Most elements can be classified, not always rigidly, into three basic categories: metals, nonmetals, 

and metalloids (semiconductors). The electrical properties of an element are particularly crucial to 

this classification scheme. Metals are good conductors of electricity, and their conductivities decrease 
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as the temperature is increased. Any element that does not conduct electricity is a nonmetal. 

Metalloids, or semiconductors, are poor conductors of electricity, but their conductivities increase as 

the temperature is increased. They are very important for high-technology industries.  

Each of these three categories occupies a specific area of the periodic table. The metals, which 

comprise the majority of the known elements, are found to the left of the zigzag line. The metalloids 

occupy a somewhat diagonal band along the zigzag line that appears on the right of the periodic 

table. These elements include boron (B, 5), silicon (Si, 14), germanium (Ge, 32), arsenic (As, 33), 

and tellurium (Te, 52). The nonmetals generally appear toward the top right of the table and to the 

right of the metalloids. Hydrogen, which does not appear in the table with all the other nonmetals, is 

also classified as a nonmetal. Metallic properties generally increase toward the bottom left of the 

periodic table, and nonmetallic properties increase toward the upper right portion. (See also Metal; 

Metalloid; Semiconductor.)  

Physical States  

At room temperature the elements are either solids, gases, or liquids. All metals but one are solids at 

room temperature. Only mercury (Hg, 80) is a liquid. However, the melting points of the heavy group 

IA metals, cesium (Cs, 55) and francium (Fr, 87), are not much higher than room temperature.  

Most nonmetals are either gases or solids at ordinary temperatures. Bromine (Br, 35) is the only 

nonmetal that is a liquid at room temperature. It has an intense red-brown color and is stable in the 

form of Br2 molecules. The gaseous nonmetals include all the group VIIIA elements—the noble 

gases—and hydrogen (H, 1), nitrogen (N, 7), oxygen (O, 8), fluorine (F, 9), and chlorine (Cl, 17). 

The latter set of elements are stable as diatomic molecules. The remaining nonmetals are solids. 

Iodine (I, 53) is a violet to black solid composed of I2 molecules. The other solid halogen, astatine 

(At, 85), also exists in the diatomic form. Sulfur (S, 16), a yellow solid, is most stable in the form of 

S8 molecules. Phosphorus (P, 15) is most stable as a white solid composed of P4 molecules. (See 

Solid-State Physics; Liquid; Gas.) 

Naturally Occurring and Synthetic Elements  

Of the 115 known elements, 90 are found in appreciable quantities in nature. Between hydrogen (H, 

1) and uranium (U, 92), only technetium (Tc, 43) and promethium (Pm, 61) are prepared artificially. 

All transuranium elements—those following uranium in the periodic table—are synthetic.  

Elements are produced artificially in a variety of nuclear transmutation reactions by neutrons or 

charged particles, including heavy ions. The following are the quantities of transuranium elements 

that have been produced: plutonium (Pu, 94), in tons; neptunium (Np, 93), americium (Am, 95), and 

curium (Cm, 96), in kilograms; berkelium (Bk, 97), in 100 milligrams; californium (Cf, 98), in 

grams; and einsteinium (Es, 99), in milligrams. The remaining elements are produced in even smaller 

quantities.  
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The names of the transactinide elements—those that follow the actinide series— whether discovered 

or as yet undiscovered, are assigned systematic temporary names. The International Union of Pure 

and Applied Chemistry (IUPAC), an international body of chemists, established this policy in 1979 

as a result of the dispute between Russian and American scientists regarding priority of discovery of 

elements 104 and 105 and the consequent right to name them. The temporary names were based on 

the Latin words for the atomic numbers. Thus element 104 was named unnilquadium, composed of 

un (1), nil (0), and quad (4). One advantage of this system is that names can be assigned to any 

element even before they have been discovered. The temporary names are kept until the IUPAC 

votes on and confirms permanent names for new elements. (See also Transuranium Elements.)  

Electronic Structure: Basis of the Periodic Law  

The electronic structure of the atom and the atomic number of the element ultimately determine the 

corresponding position of each element in the periodic table. Details of the electronic structure of the 

atom are explained by quantum mechanics, which was developed primarily by the German physicists 

Werner Heisenberg and Erwin Schrödinger. (See Quantum Theory —Modern Theory; Heisenberg, 

Werner Karl; Schrödinger, Erwin.)  

Shells, Subshells, and Orbitals  

The work of Schrödinger resulted in a model of the atom whereby the electrons follow certain 

complex paths, called orbitals, about the center of the atom, the nucleus. The constantly moving 

electrons are said to be located in so-called subshells that lie within certain shells in the atom. The 

closer the electron is to the positive nucleus, the lower is its energy and the greater is its stability. The 

first shell is the one closest to the nucleus, the second is next closest, and so on.  

Shells and subshells often are given letter designations. The first shell is referred to as the K shell, the 

second the L shell, the third M, the fourth N, the fifth O, the sixth P, the seventh Q, and so on. 

Subshells are given the following letters: s, p, d, f, g, h, i, … . The number of subshells in a given 

shell depends on the particular shell. The first shell has only one subshell: the 1s subshell. The second 

shell contains two subshells: the 2s and 2p subshells. The third shell has three subshells: 3s, 3p, and 

3d. The fourth shell has four subshells: 4s, 4p, 4d, and 4f; and so on. The number of orbitals that can 

reside in a particular subshell varies. Any s subshell has 1 orbital; a p, 3 orbitals; a d, 5; an f, 7; a g, 9; 

an h, 11; and so on. Each orbital can contain no more than two electrons. (See also Element—

Electron Configuration; Orbital, Atomic.)  

The "Aufbau" Principle—"Building Up" the Atom  

In a neutral atom, one without an overall charge, the number of (negative) electrons is equal to the 

atomic number. From left to right in the periodic table, the atomic number and the number of 

electrons increase. The electrons enter the most stable subshell available to them.  
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The first atom, hydrogen, has only one electron, and it enters the 1s subshell. Helium has two 

electrons, and both of them can be accommodated in the 1s subshell of the atom. Lithium, with three 

electrons, however, has two electrons occupying the 1s subshell and one electron in the 2s subshell. 

The reason for the latter electronic distribution was previously indicated: An s subshell can have at 

most two electrons. In this manner, all the atoms can be "built up."  

In general, the order of the filling of the subshells has been determined to be the following somewhat 

irregular pattern, which is also shown in the accompanying diagram (the superscript numbers indicate 

the maximum number of electrons in each subshell): 1s
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, and so forth. For example, the 78 electrons in the element 

platinum will be distributed in 1s
2
 through 5d

8
, leaving the 5d subshell partially incomplete.  

Order of the Filling of the Subshells 

 

Periods  

Each new period in the table corresponds to a new shell being entered. Hence, hydrogen, the first 

element in the first period, has its electron in the first shell (an s subshell). Lithium (Li, 3), the first 

element in period 2, has one more electron than helium (He, 2), which is the last element in the first 

period. This electron enters the second shell and its 2s subshell. Similarly, sodium (Na, 11), the first 

element of period 3, has one more electron than neon (Ne, 10), which is the last element of period 2. 

This electron enters the third shell and its 3s subshell.  

For example, for rubidium (Rb, 37) and strontium (Sr, 38) in period 5, the 5s subshell is occupied by 

one and two electrons, respectively. For the ten elements from yttrium (Y, 39) through cadmium (Cd, 

48), the 4d subshell is progressively filled with one to ten electrons. Similarly, for the six elements 

from indium (In, 49) to xenon (Xe, 54), the 5p subshell is progressively filled with one to six 

electrons.  



Subshell Blocks in the Periodic Table  

The periodic table can be partitioned into various blocks. These blocks represent the subshells that 

are being filled at the appropriate positions, as is illustrated below.  

Subshell Diagram 

  

 

The last electrons that belong to the elements in the first two groups, IA and IIA, enter s subshells. 

The outermost electrons of the elements (except for helium) of the other main groups, IIIA through 

VIIIA, fill p subshells. The last electrons of the transition elements, which lie between the two main 

group sections, fill d subshells. The elements that compose the lanthanide and actinide series have 

their outermost electrons occupying f subshells.  

Periodicity of the Elements  

The elements fall together in groups with similar physical-chemical properties. This is due to the 

electron populations of their atoms showing similar characteristics.  

The oxidation state (or valence) of an element that is combined with other elements correlates with 

the group number of that element. In general, the maximum positive oxidation state of an element is 

equal to the group number; some exceptions, however, do exist. In most cases, the maximum 

negative oxidation number is equal to the group number minus 8.  

The group number of an element represents the number of valence, or bonding, electrons in the atom. 

These electrons usually lie in the outermost shell of the atom. Elements of groups IA and IB have a 

single electron in the outermost level of each atom. Thus these elements are univalent in many 

chemical combinations. Similarly, the atoms of groups IIA and IIB have two outermost electrons, and 

the elements are bivalent. The atoms of group VIIIA, the noble gases, have eight outer electrons 

(helium has two), and this "octet" is very stable.  

The groups have "A" and "B" designations in order to denote some differences between elements 

having the same numeral but different letter designations. Therefore, even though the valences of 



groups IA and IB are generally the same, their reactivities are radically different.  

Periodic variations of many properties have been studied. One such property is the ionization energy 

(or potential), which is the energy required to remove the outermost electron from an atom. The 

accompanying figure depicts the ionization energy of the elements and shows the periodicity of the 

property as a function of the atomic number. Thus, going from left to right across any period, the 

ionization energy generally increases and reaches a maximum for the noble gas. Similarly, going 

down a group, the ionization energy generally decreases. This latter trend can clearly be seen by 

considering the alkali metals or the noble gases. (See also Oxidation State; Valence; Element—

Reactivity of Elements; Metal—Nature of Metals.)  

Periodic Relationship Between the First Ionization Energies and the Atomic Numbers of the Element 
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