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In this chapter you will find out: 

 History outlook

 Structure of periodic table

 Classification of elements

 Reading the table
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The periodic table of elements 

The periodic table of elements arranges all of the known chemical elements in an informative 

array.  

 

History outlook - classification of the elements 
 

In 1864, J.A.R. Newlands proposed classifying the elements in the order of increasing atomic 

weights, the elements being assigned ordinal numbers from unity upward and divided into seven 

groups having propertiesclosely related to the first seven of the elements then known: hydrogen, 

lithium, beryllium, boron, carbon,nitrogen, and oxygen.  

This relationship was termed the law of octaves, by analogy with the seven intervals of the 

musical scale. 

 

Then in 1869, as a result of an extensive correlation of the properties and the atomic weights of 

the elements, with special attention to valency,  the number of single bonds the element can 

form, Mendeleyev proposed the periodic law, by which “the elements arranged according to 

the magnitude of atomic weights show a periodic change of properties.”  

Dmitri Mendeleev, a Russian chemist and inventor, is considered the "father" of the periodic 

table. In the 1860s, Mendeleev was a popular lecturer at a university in St. Petersburg, Russia. 

Since there were no modern organic chemistry textbooks in Russian at that time, Mendeleev 

decided to write one, and simultaneously tackle the problem of the disordered elements.  
 

h 

https://kamenovo.cz/index.php/2018/04/23/puvodni-tabulka-prvku-mendelejeva-s-etherem-orgonem/ 

 

Putting the elements in any kind of order would prove quite difficult. At this time, less than half 

of the elements were known, and some of these had been given wrong data. It was like working 

on a really difficult jigsaw puzzle with only half of the pieces and with some of the pieces 

misshapen. 

 

https://www.youtube.com/watch?v=d-A8aHxjRvg 

https://www.youtube.com/watch?v=d-A8aHxjRvg
https://www.youtube.com/watch?v=4OpBylwH9DU&t=228s


 

 

 

 

 

Mendeleev ultimately wrote the definitive chemistry textbook of his time, titled "Principles of 

Chemistry" (two volumes, 1868–1870). As he was working on it, he came upon a significant 

discovery that would contribute greatly to the development of the current periodic table. After 

writing the properties of the elements on cards, he began ordering them by increasing atomic 

weight. when he noticed certain types of elements regularly appearing. After intensely working 

on this "puzzle" for three days, Mendeleev said that he had a dream in which all of the elements 

fell into place as required. When he woke up, he immediately wrote them down on a piece of 

paper — only in one place did a correction seem necessary, he later said. 

Mendeleev arranged the elements according to both atomic weight and valence. Not only did 

he leave space for elements not yet discovered, but he predicted the properties of five of these 

elements and their compounds. In 1869, he presented the findings to the Russian Chemical 

Society. His new periodic system was published in the German chemistry periodical Zeitschrift 

fϋr Chemie (Journal of Chemistry). 

Lothar Meyer had independently reached a similar conclusion,published after the appearance 

of Mendeleyev’s paper. 

To remember – periodic law 

 the law that the properties of the elements are periodic functions of their atomic 

numbers. 

 Also called Mendeleev's law. (originally) the statement that the chemical and physical 

properties of the elements recur periodically when the elements are arranged in the order 

of their atomic weights 

 

Periodic table  - structure 

Elements are arranged from left to right and top to bottom in order of increasing atomic number. 

Order generally coincides with increasing atomic mass. 

 

That the exact atomic weight of an element is of small significance for its position in the 

periodic system is shown by the existence of isotopes of every element—atoms with the same 

atomic number but different atomic weights. The chemical properties of the isotopes of an 

element are essentially the same, and all theisotopes of an element occupy the same place in the 

periodic system in spite of their differences in atomicweight. 

 
 

The periodic table of the elements contains all of the chemical elements that have been 

discovered or made; they are arranged, in the order of their atomic numbers, in seven horizontal 

periods, with the lanthanoids (lanthanum, 57, to lutetium, 71) and the actinoids (actinium, 89, 

to lawrencium, 103) indicated separately below.  

The periods are of varying lengths.  

First there is the hydrogen period, consisting of the two elementshydrogen, 1, and helium, 2.  

Then there are two periods of eight elements each: the first short period, fromlithium, 3, to 

neon, 10; and the second short period, from sodium, 11, to argon, 18.  



 

 

There follow two periodsof 18 elements each: the first long period, from potassium 19, to 

krypton, 36; and the second long period,from rubidium, 37, to xenon, 54.  

The first very long period of 32 elements, from cesium, 55, to radon, 86, iscondensed into 18 

columns by the omission of the lanthanoids (which are indicated separately below), permitting 

the remaining 18 elements, which are closely similar in their properties to corresponding 

elementsof the first and second long periods, to be placed directly below these elements.  

The second very long period,from francium, 87, to oganesson, 118, is likewise condensed into 

18 columns by the omission of theactinoids 

 
The period number of an element signifies the highest energy level an electron in that element 

occupies (in the unexcited state), according to the Los Alamos National Laboratory.  

The number of electrons in a period increases as one moves down the periodic table; therefore, 

as the energy level of the atom increases, the number of energy sub-levels per energy level 

increases. 

 

Elements that occupy the same column on the periodic table (called a "group") have identical 

valance electron configurations and consequently behave in a similar fashion chemically. For 

instance, all the group 18 elements are inert gases.  

 

 

 

Classification of elements into groups 
 

The six noble gases—helium, neon, argon, krypton, xenon, and radon—occur at the ends of the 

six completed periods and constitute the Group 18 (0) group of the periodic system. It is 

customary to refer to horizontal series of elements in the table as periods and vertical series as 

groups.  

 

The seven elements lithium to fluorineand the seven corresponding elements sodium to chlorine 

are placed in the seven groups, 1 (Ia), 2 (IIa), 13(IIIa), 14 (IVa), 15 (Va), 16 (VIa), and 17 

(VIIa), respectively.  

The 17 elements of the fourth period, frompotassium, 19, to bromine, 35, are distinct in their 

properties and are considered to constitute Groups 1–17(Ia–VIIa) of the periodic system. 

 

The first group, the alkali metals, thereby includes, in addition to lithium and sodium, the metals 

from potassium down the table to francium but not the much less similar metals of Group 11 

(Ib; copper, etc.). Also the second group, the alkaline-earth metals, is considered to include 

beryllium, magnesium, calcium, strontium, barium, and radium but not the elements of Group 

12 (IIb). The boron group includes those elements in Group 13 (IIIa). The other four groups are 

as follows: the carbon group, 14 (IVa), consists ofcarbon, silicon, germanium, tin, lead, and 

flerovium; the nitrogen group, 15 (Va), includes nitrogen,phosphorus, arsenic, antimony, 

bismuth, and moscovium; the oxygen group, 16 (VIa), includes oxygen, sulfur, selenium, 

tellurium, polonium, and livermorium; and the halogen group, 17 (VIIa), includes 

fluorine,chlorine, bromine, iodine, astatine, and tennessine. 

 

Although hydrogen is included in Group 1 (Ia), it is not closely similar to either the alkali metals 

or thehalogens in its chemical properties. It is, however, assigned the oxidation number +1 in 

compounds such ashydrogen fluoride, HF, and −1 in compounds such as lithium hydride, LiH; 

and it may hence be considered asbeing similar to a Group 1 (Ia) element and to a Group 17 

(VIIa) element, respectively, in compounds of thesetwo types, taking the place first of Li and 

http://periodic.lanl.gov/index.shtml


 

 

then of F in lithium fluoride, LiF. Hydrogen is, in fact, the most individualistic of the elements: 

no other element resembles it in the way that sodium resembles lithium,chlorine resembles 

fluorine, and neon resembles helium. It is a unique element, the only element that 

cannotconveniently be considered a member of a group. 

 

A number of the elements of each long period are called the transition metals. These are usually 

taken to bescandium, 21, to zinc, 30 (the iron-group transition metals); yttrium, 39, to cadmium, 

48 (the palladium-grouptransition metals); and hafnium, 72, to mercury, 80 (the platinum-group 

transition metals). By this definition,the transition metals include Groups 3 to 12 (IIIb to VIIIb, 

and Ib and IIb). 

 

Reading the table 

The periodic table contains an enormous amount of important information:   

Atomic number:  

The number of protons in an atom is referred to as the atomic number of that element. The 

number of protons defines what element it is and also determines the chemical behavior of the 

element. For example, carbon atoms have six protons, hydrogen atoms have one, and oxygen 

atoms have eight. 

 

Atomic symbol:  

The atomic symbol (or element symbol) is an abbreviation chosen to represent an element ("C" 

for carbon, "H" for hydrogen and "O" for oxygen, etc.). These symbols are used internationally 

and are sometimes unexpected. For example, the symbol for tungsten is "W" because another 

name for that element is wolfram. Also, the atomic symbol for gold if "Au" because the word 

for gold in Latin is aurum.  

 

Atomic weight:  

The standard atomic weight of an element is the average mass of the element in atomic mass 

units (amu). Individual atoms always have an integer number of atomic mass units; however, 

the atomic mass on the periodic table is stated as a decimal number because it is an average of 

the various isotopes of an element. The average number of neutrons for an element can be found 

by subtracting the number of protons (atomic number) from the atomic mass. 

 

Atomic weight for elements 93-118:  

For naturally occurring elements, the atomic weight is calculated from averaging the weights 

of the natural abundances of the isotopes of that element. However, for lab-created trans-

uranium elements — elements with atomic numbers higher than 92 — there is no "natural" 

abundance. The convention is to list the atomic weight of the longest-lived isotope in the 

periodic table. These atomic weights should be considered provisional since a new isotope with 

a longer half-life could be produced in the future. 

 

Within this category are the superheavy elements, or those with atomic numbers above 104. 

The larger the atom's nucleus — which increases with the number of protons inside — the more 

unstable that element is, generally. As such, these outsized elements are fleeting, lasting mere 

milliseconds before decaying into lighter elements, according to the International Union of Pure 

and Applied Chemistry (IUPAC). For instance, superheavy elements 113, 115, 117 and 118 

were verified by the IUPAC in December 2015, completing the seventh row, or period, on the 

https://www.livescience.com/38997-facts-about-tungsten.html
https://www.livescience.com/53252-new-elements-periodic-table.html
https://www.livescience.com/53252-new-elements-periodic-table.html


 

 

table. Several different labs produced the superheavy elements. The atomic numbers, temporary 

names and official names are: 

 113: ununtrium (Uut), nihonium (Nh) 

 115: ununpentium (Uup), moscovium (Mc) 

 117: ununseptium (Uus), tennessine (Ts) 

 118: ununoctium (Uuo), oganesson (Og) 

 
 

 

 

 

Interactive  periodic table https://www.chemickeprvky.cz/ 

 

 

 

 
 

https://www.livescience.com/41416-facts-about-ununtrium.html
https://www.livescience.com/41424-facts-about-ununpentium.html
https://www.livescience.com/41459-facts-about-ununseptium.html
https://www.livescience.com/41460-facts-about-ununoctium.html
https://www.chemickeprvky.cz/
https://www.youtube.com/watch?v=4OpBylwH9DU&t=228s


 

 

 
 



 

 

 

 
A depiction of the energy-level filling order of the Aufbau principle, known variously as the 

Madelung, Janet or Klechkovski rule. It should be noted that this is not necessarily the ordening 

of the energy levels of a given atom or ion. 
 

Further reading: 
 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Periodic_table#/media/File:Klechkovski_rule.svg 

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable/educational-

resources-for-ages-18-22.html 

https://www.lenntech.com/periodic/periodic-chart.htm 

 

 

 

 

 

 

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable/educational-resources-for-ages-18-22.html
https://www.acs.org/content/acs/en/education/whatischemistry/periodictable/educational-resources-for-ages-18-22.html
https://www.lenntech.com/periodic/periodic-chart.htm
https://www.youtube.com/watch?v=4OpBylwH9DU&t=228s


Isotopes 

The symbol for a specific isotope of any element is written by placing the mass number as a 

superscript to the left of the element symbol. The atomic number is sometimes written as a 

subscript preceding the symbol, but since this number defines the element’s identity, as does its 

symbol, it is often omitted. For example, magnesium exists as a mixture of three isotopes, each 

with an atomic number of 12 and with mass numbers of 24, 25, and 26, respectively. These 

isotopes can be identified as 24Mg, 25Mg, and 26Mg. These isotope symbols are read as 

“element, mass number” and can be symbolized consistent with this reading. For instance, 

24Mg is read as “magnesium 24,” and can be written as “magnesium-24” or “Mg-24.” 25Mg 

is read as “magnesium 25,” and can be written as “magnesium-25” or “Mg-25.” All magnesium 

atoms have 12 protons in their nucleus. They differ only 

because a 24Mg atom has 12 neutrons in its nucleus, a 25Mg atom has 13 neutrons, and a 26Mg 

has 14 neutrons. 

Mass number  4, charge 2+, atomic number 2       He2+
2
4

Mass number  24, charge 2+, atomic number 12  Mg2+
12
24

Atomic Mass 

Because each proton and each neutron contribute approximately one amu to the mass of an 

atom, and each electron contributes far less, the atomic mass of a single atom is approximately 

equal to its mass number (a whole number). 

However, the average masses of atoms of most elements are not whole numbers because most 

elements exist naturally as mixtures of two or more isotopes. 

The mass of an element shown in a periodic table or listed in a table of atomic masses is a 

weighted, average mass of all the isotopes present in a naturally occurring sample of that 

element. This is equal to the sum of each individual isotope’s mass multiplied by its fractional 

abundance. 

average mass =Σi (fractional abundance × isotopic mass)i 

For example, the element boron is composed of two isotopes: About 19.9% of all boron atoms 

are 10B with a mass of 10.0129 amu, and the remaining 80.1% are 11B with a mass of 11.0093 

amu. The average atomic mass for boron is calculated to be: 

boron average mass = (0.199 × 10.0129 amu) + (0.801 × 11.0093 amu) = 1.99 amu + 8.82 

amu 

= 10.81 amu 

It is important to understand that no single boron atom weighs exactly 10.8 amu; 10.8 amu is 

the average mass of all boron atoms, and individual boron atoms weigh either approximately 

10 amu or 11 amu. 



 

 

Calculation of Average Atomic Mass 

 

A meteorite found in central Indiana contains traces of the noble gas neon picked up from the 

solar wind during the meteorite’s trip through the solar system. Analysis of a sample of the gas 

showed that it consisted of 91.84% 20Ne (mass 19.9924 amu), 0.47% 21Ne (mass 20.9940 

amu), and 7.69% 22Ne (mass 21.9914 amu). What is the average mass of the neon in the solar 

wind? 

 

Solution 

average mass = (0.9184 × 19.9924 amu) + (0.0047 × 20.9940 amu) + (0.0769 × 21.9914 amu) 

= (18.36 + 0.099 + 1.69) amu = 20.15 amu 

The average mass of a neon atom in the solar wind is 20.15 amu. (The average mass of a 

terrestrial neon atom is 20.1796 amu. This result demonstrates that we may find slight 

differences in the natural abundance of isotopes, depending on their origin.) 

 

 

 

 

 

 

 

 

Task 

 

A sample of magnesium is found to contain 78.70% of 24Mg atoms (mass 23.98 amu), 10.13% 

of 25Mg atoms (mass 24.99 amu), and 11.17% of 26Mg atoms (mass 25.98 amu). Calculate the 

average mass of a Mg atom. (24.31 amu) 
 

 

 
 

 

 

 

 

 

https://phet.colorado.edu/en/simulation/build-a-molecule 

 

https://phet.colorado.edu/en/simulation/build-an-atom 

 

build-an-atom-html-guide.pdf 

 

https://phet.colorado.edu/en/simulation/isotopes-and-atomic-mass 

 

isotopes-and-atomic-mass-html-guide_en.pdf 

 
 

 

 

 

 

 

https://phet.colorado.edu/en/simulation/build-a-molecule
https://phet.colorado.edu/en/simulation/build-an-atom
file:///C:/Users/holubr/Dropbox/Bridge2Teach/results/5.Science_bridging_course_IO2/Periodic%20table/build-an-atom-html-guide.pdf
file:///C:/Users/holubr/Dropbox/Bridge2Teach/results/5.Science_bridging_course_IO2/Periodic%20table/isotopes-and-atomic-mass-html-guide_en.pdf
https://www.youtube.com/watch?v=4OpBylwH9DU&t=228s


Calculation of Percent Abundance 

Naturally occurring chlorine consists of 35Cl (mass 34.96885 amu) and 37Cl (mass 36.96590 

amu), with an average mass of 35.453 amu. What is the percent composition of Cl in terms of 

these two isotopes? 

Solution 

The average mass of chlorine is the fraction that is 35Cl times the mass of 35Cl plus the fraction 

that is 37Cl times the mass of 37Cl. 

average mass = (fraction of 35 Cl × mass of 35 Cl) + (fraction of 37 Cl × mass of 37 Cl) 

If we let x represent the fraction that is 35Cl, then the fraction that is 37Cl is represented by 

1.00 − x. 

(The fraction that is 35Cl + the fraction that is 37Cl must add up to 1, so the fraction of 37Cl 

must equal 1.00 − the fraction of 35Cl.) Substituting this into the average mass equation, we 

have: 

35.453 amu = (x × 34.96885 amu) + [(1.00 − x) × 36.96590 amu] 

35.453 = 34.96885x + 36.96590 − 36.96590x 

1.99705x = 1.513 

x = 1.513/1.99705 = 0.7576 

So solving yields: x = 0.7576, which means that 1.00 − 0.7576 = 0.2424. Therefore, chlorine 

consists of 75.76% 35Cl and 24.24% 37Cl. 
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