Modern Periodic Table, Group trends

and periodic properties
Class: B.S Il SS

Periodic table of the elements

[[] Alkali metals [] Halogens
g group [[] Alkaline-earth metals [_| Noble gases
EJ_ 1" [[] Transition metals [] Rare-earth elements (21, 39, 57-71) 18
| and lanthanoid elements (57—71 only) 2
1 [] other metals
H | 2 o 13 14 15 16 17 | He
s A [[] other nonmetals [] Actinoid elements = = = = = e
2| Li | Be B|C|[N|O|F|Ne
11 12 13 14 15 16 17 18
3 Na | Mg | 3 4 5 6 7 8 9 10 11 12 | Al |Si|P|S|ClI|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 Kk Ca|Sc | Ti Vv Cr ([Mn | Fe |[Co| Ni |[Cu|Zn | Ga | Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
° Rb | Sr | Y | Zr [Nb |Mo| Tc |Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te | Xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6 Cs|(Ba|La | Hf [Ta| W | Re | Os | Ir Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn
87 88 89 104 |105 |106 (107 |108 |109 |110 |111 112 |(113 |114 |115 |116 |117 |118
i Fr |Ra|Ac | Rf [Db | Sg | Bh |Hs | Mt |Ds |Rg | Cn [Nh | FIl [Mc | Lv | Ts | Og
. . 58 59 60 61 62 63 64 65 66 67 68 69 70 71
lanthanoid sertes 6 | ‘~o | pr | Nd |Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er [Tm | Yb | Lu
L . 20 o1 92 93 94 95 96 97 98 99 100 |101 |102 |103
actinoid series 7| yh | pa | U | Np | Pu |Am |Cm | Bk | cf | Es |Fm |Md | No | Lr

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). © Encyclopaedia Britannica, Inc.
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Periodic Table

‘ h__?'vem_ielYeef’s PenodmLaw and Mendeleef’s Periodic 'I‘ablé'_

~ Atteinpts were made to classify the elements in a nurnber of ways. Most
wteworthy of these is that made by Russian chemzat ’\’Iendeleef (men-de-h-lay-

-
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5 e o

_mpertres:-of the elements (i.e., szmzlar elements) are repeated aﬁ‘er deﬁnu‘e
lar 1ntervals or penods : - e

odic Thble aﬂ:er l'us name. E L}
In this table the elements are arranged in groups {(or caZumns) and penods
mws")- '_}"'-‘:.“. i Sl e i P : RO

B fects of Mendeleef’s Periodic Table ¢
'zMendeleef' s penochc table suffers from the following defects
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Posn:mn. of hydrugen Hyd:ogen resembles both the alkall me;tals aml the
' pomtmn in the periodic table is, therefore, anomalous., .

P

fﬁ_lanthamdes and actlmdes. A group, of 15 elementay At
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perties. Thus elements of Mgher atomgsy
ight at four places as shown "
9, at. wt. = 39.0) - -~ S
= 58.6) ;:_- .

them in a position justified by their pro
weights precede those of lower atomic We
(a) Ar (Z = 18, at. wt. = 40) precedes K ..(Z =1
®) Co (Z = 27, at: ‘wt. = 59.9) precedes Ni (Z = 28, at. wt.
(¢) Te (Z = 52, at. wt. = 127.6) precedes [ (Z = 53, at. wt. = 126.9) . _
(d) Th (Z = 90, at. wt. = 232.12) precedes Pa (Z = 91, at. wt. = 231)
5. Position of isotopes. If the elements are arranged in the order of their
increasing atomic weights, it is not possible to accommuodate large number of #
isotopes in the periodic table.
6. Group does not represent valency. Excepting osmium, elements placed in
group eight do not show a valency of 8. Also the elements lying in the middle- of ¥
long periods show two or more valencies e.g. Cr, Mn etc. e

\/M'osley's Modern Periodic Law

Mosley showed in 1911 that, since the physical and chemical properties of an
element gl_eﬁél;d on the number of electrons and their arrang rent
orbitals of the ato e classification of the elements should be based on the
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orbitals. This idea led Mosley to predict that most of the defects Of Mendeleef’s
periadic tg_il_:le disappear, if the basis of classification of elements is changed to _
atomicnumber in place of atomic weight. Accordingly, Mosley put forward Modern E |
Periodic Law which states as follows : -aew L o
The properties of elements are a periodic function of their atomic numbers, :
i.e. if the elements are arranged in the increasing order of their atomic rm'ifnéew‘, |
the properties of the elements (i.e. similar elements) are repeated after c o
regular intervals or periods. Sl -
~ With the replacement of atomic weight by atomic number as the
classification of elements, many of the irregularities in the Mende
e a ‘:l--.""_l' Sy -m'l L




‘aries from 0 (for La) to 14 (for Lu). With this general arrangement of electrons,
il of them possess the same valency and similar chemical grogerties. This justifies
‘heir grouping at the same place. i

4. Position of isotopes. Since isotopes of the same element possess the same
stomic number, all of them should occupy one and the same place in the periodic
:able.

4 5. Justification for dissimilar elements heh-rg placed together. The length
5 the periods is determined by arrangement of electrons in different orbits. The
«nd of every period results from the completion of the last orbit (last number is
alwavs an inert gas). Different periods carry 2, 8, 18 and 32 elements.

When 18 elements are to be distributed among 8 groups; groups 1—7 get two
slements each while group 0 gets only one. The three elements which cannot be
arranged elsewhere are placed in a special group VIIL This lack of space is
=nough Jjustification for group VIII.

Out of the two elements which every long period adds to a group, one resembles
-he typical element, the other does not. This gives rise to the formation of sub-
groups. This explains why dissimilar elements have been grouped together.

Extended or Long Form of Periodic Table : Modern Periodic Table

, In order to remove the defects of Mendeleef’s periodic table, a number of tables
. have been suggested from time to time by various workers for classifying the
" clements in the increasing order of their atomic numbers. Out of the various
" .ables the Extended Long Form of Periodic Tuble is the most simple and is widely

This table is shown on the next page and is also called Bohr’s Periodic Table,
<ince it is based on Bohr’s scheme of the classification of the elements into four
types depending on the number of incomplete shells of electrons in the atom.
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This table was proposed by Rang (1893) and then modified by Werner (1905) and
2xtended by Bury (1921).

__ [he vertical columns shown in the periodic table are called groups or fhmili;_es
- or simply columns. - 4 ;
4 {a) There are nine groups in all including VIIT group consisting
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id) Elements of group zero have all their shells completely filled. These

slements are called noble gases. These are placed at the extreme right of the

zable. S )
(¢) Two groups « ine i

CelZ = 58) to Lu (Z = T1)

g—; and Th (Z = 90) to Lw (Z = 103}] have their :
" These are called lanthanides and actinides respectively and have been placed at
% the bottom of the table. '

v Periods e

:' The horizontal rows shown in the periodic table are called periods or simply
i, rows. There are seven periods in the table.

& (@) Ist period consists of 2 elements which are H (Z = 1) and He (Z = 2).
? (b) 2nd and 3rd periods have 8 elements each.

? i 2nd period — Li (Z = 3) to Ne ( Z = 10)

f_- 3rd period — Na {Z = 11) to Ar (Z = 18)

f». Both these periods are called short periods. The elements of 2nd and 3rd

- short perieds were called typical elements by Mendeleef as these elements were
- considered to be the true representatives of their. respective groups. But, now
%,?': since it has been found that the elements of 2nd period resemble more with the
| elements diagonally related to them than with the elements of their own groups,
E the elements of 2nd period are not considered as true representatives of their
_ respective groups. Now a days the elements of only 3rd period namely Na, Mg,
" AL Si, P. S, Cl are called typical elements. These elements have the following
characteristies :

(i) They show their group characteristics as valency, cheimical behaviour ete.
(ii) They form a connecting link between the first member of their respective
- groups and with the elements of B sub-groups. Hence these elements serve as
_ a bridge between the two sub-groups. However, they show very little resemblance
" with elements of B sub-groups. For example Na and Cl which are the typical
elements of I and VII groups respectively, resemble more closely with the elements
of their own sub-groups and show a very little resemblance with the elements of
N (ﬂ*ﬁﬁdm e 18 elements hile 624 periad has 39




o rended and shee:
Thus we see that in this table the long periods have klgep exlti % e

periods have been broken so as to wﬁ_&tﬁi}ﬁﬁ@bﬂﬁzﬂm
long periods at their proper places between groups 11 A and LI A.

“ General Characteristics of Groups ]
1. Number of valency electrons. On moving down a given group the number
of valency electrons does not change, i.e. remains ‘the same.
2. Valency. The valencies of all the elements of the "Mﬁp—w
The valency of an element with respect to oxygen is equal to its group number.
3. Properties of elements. All the elements of a given group possess very
similar physical and chemical properties. There is a regular gradation in their
properties when we move from top to bottom in a group. For example :

(@) The alkali metals (group TA) resemble each other and their base-forming
tendency increases from Li to Cs.

Ii « Na<K<Rb <(Cs

5. M;:etallic character. The metallic character of the elements uncreases in
mouving from top to bnf{.aw_m This is particularly ap : .

' : : parent 1n

VA, VA and VIA, which begin with non-metals (namely C, N and O I'ESPECE:Z‘II;’S. 3

and end with metals (namely Pb, Bi and Po respectively). For example, in P <

VA, N and P are non-nietals, As and Sb are metalloids and Bi is a typical met.a?

Thus the metallic character of these elements increas z s
: 5 es from N to Bi as s} :
T : 1 as shﬂwn_.

1
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Elements of group VA - N,P, As, Sb, Bi
i Non-metals Metalloids Metal N
Metallic character :  —Metallic character increasing—s

E -:lf.ul;. 1 ﬁf a ETEdu&l inere ase of the m 111 acter
i el T R RS etallic character of
 top to bottom that the oxides of the elements become more e
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General Characteristics of Periods %

K 2,8 8 4

Rb 2,8, 1 881 5
; Cs 298 1818871 6
} Fr 2,8, 18, 32, 18, 8, 1 7
|

1. Number of valency electrons. Number of valency electrons increases
'Mhﬂﬂﬁ_ﬂ proceed from left to right in a period.
2. Valengy. The valency of the elements with respect to (w.r.t.) hvdrogen in

cach short period increases from 1 to 4 and then falls to one while the same with
_respect to oxygen increases from 1 to 7 as shown below for the elements of 2nd

‘and 3rd period :
Elements of 2nd period : Li Be B [ N 0 F

Hydrides of the elements : LiH BeH, BH, CH, NH, H,0 HF
Valency of the elements

w.rit hydrogen . ! J “ ¥ . g .

W Elements of 3rd period ':" Na Mg Al Si P '8 Ci

[' Oxides of the elements : Na,0 MgO AlO, Si0, P;0; 8S0O,; Cl0,
?

Valency of the elements } .
p., w.r.t. oxygen '
f

3. Size of atoms. Size of atoms decreases from left to right in a period. Thus
i k.ah metals have the largest size “while the halogens have the s e.
. 4. Properties of elements. The properties of the elements of a%
-differ considerably but the elements in the two adj :
" similarity between them. For example, when we consider the elements of 2and
- and 3rd periods, we find that Na resembles Li, Mg resembles Be, Al resembles B,
' Si resembles C, P resembles N, S resembles O, Cl resemhlaa F and Ar
;esembles Ne.
Rlas’ Metalliccharacten.Onmn ing from left tuizghtma
acte £ orexamplem&'d
| whi]nSJ,PSa:ﬂdﬂlmnan«

I 2 3 4 2 6 7






