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N
Notes PERIODIC TABLEAND
ATOMIC PROPERTIES

W e have seen different heaps of onions & potatoes at vegetable shop. Imagine, they are
lying mixed and you want to buy 1 kg of onion. What will happen?You will havetowait for
long to sort that and then weigh them. When you possess avariety of material substances,
you have to keep them classified for an easy access and quick use. You cannot afford to
mix clotheswith eatabl es, cosmetics or books. Classification assuresyou that your eatbles
areinthekitchen, books on the study table or rack and your cosmetics are onthe dressing
table. Shopkeepers, business houses, storekeepers, administrators, managers, information
technol ogy experts and scientists etc. have to keep their materials duly classified.

Chemists faced asimilar problem when they were to handle alarge number of elements.
The study of their physical and chemical properties and keeping a systematic record of
them had been agreat chdlengeto chemigts. Classification of dementsfindly could bepossible
due to pioneering work of afew chemists. In the present lesson we shall discuss the need,
genesisof classification and periodictrendsin physical and chemical propertiesof e ements.

2), Objectives

After reading thislesson, you will beableto:

e recongisethe need for classification of elements;
e recal theearlier attempts on classification of elements;
e definemodern periodiclaw;

e name the elements with atomic number greater than 100 according to IUPAC
nomenclature;

e Co-relate the sequence of arrangements of elementsin the periodic table with
the el ectronic configuration of the elements;

e recal thedesignations of the groups (1-18) in the periodic table;

e |ocatetheclassifiction of elementsinto s-, p-, d- and f- blocks of the periodic table
and
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e explainthebasisof periodic variations of

(@) atomicsize (b)ionicsize
(c) ionizationenthdpy (d) electron gain enthal py within agroup or aperiod.

4.1 Early Attempts

Attempts were made to classify elements ever since the discovery of metals or may be
even earlier. JW. Dobereiner in 1817 discovered that when closely related elements are
grouped in a set of three, the atomic weight of the middle element was amost the
arithmetical mean of the other two elementsin that group e.g.,

Element Lithium Sodium Potassium
Atomic weight 6.94 22.99 39.10
mean atomicweight ~ ------ 2302 -

He called such agroup of three elementsatriad. He could group only afew elements due
to lack of knowledge of correct atomic weights of the elements at that time.

In1863, J.A.R. Newlands, developed asystem of classification of elementsand entitled it
as Law of Octaves. He arranged the elements is such a way that every eighth element
had similar properties, like the notes of music. Thelaw could not apply to alarge number
of known elements. However, the law indicated very clearly the recurrence of similar
properties among the arranged elements. Thus the periodicity was visualised for thefirst
time in ameaningful way.

Periodicity: Re-occurrence of properties after regular intervals.

More significant results were obtained when Lother Meyer’s work reflecting the periodicity
was found to be based on physical properties of the elements. He clearly showed that
certain propertics showed a periodic trend.

4.2 Mendeleev’s Periodic Table

In 1869, Mendel eav, a Russian Chemist made a thorough study of the relation between
the atomic weights of the elements and their physical and chemical properties. He then
constructed atable in which elements were arranged in order of their increasing atomic
weights. It was also found that every eighth elements had properties similar to that of
the first element. Thus, there was a periodic occurrence of elements with similer
properties.

One of the most striking applications of Mendeleev’s classification of elementswas that
in his periodic table (Table 4.1) he left gaps for elements which were yet to be
discovered. He also predicted the properties of these elements. However, Mendeleev’s
periodic table did not provide any place for isotopes and noble gases which were
discovered later on.
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Table 4.1 Mendeleev’s Table of 1871

Group | Il 11 \Y \Y Vi VI VI
Oxide R0 RO RO, RO, R,O, RO, RO, RO,
Hydride RH RH, RH, RH, RH, RH, RH
Periods A B A B A B A B A B A B A B Transition
J series
1 H
1,008
2 Li Be B C N (6] F
6.939 9.012 10.81 12.011 14.007 15.999 18.998
3 Na Mg Al g P S a
22.99 24.31 29.98 28.09 30.974 32.06 35.453
4 Firss K Ca S Ti \Y Cr Mn Fe Co Ni
series: 39.102 40.08 44,96 47.90 50.94 50.20 54.94 55.85 58.93 58.71
Second Cu Zn Ga Ge As S Br
series: 63.54 65.37 69.72 72.59 74.92 78.96  79.909
5 First Rb S Y Zr Nb Mo Tc Ru Rh Pd
series: 85.47 87.62 88.91 91.22 92.91 95.94 99 101.07 102.91 106.4
Second Ag Cd In S S] Te |
series: 107.87 11240 11482 11869 121.75 127.60 126.90
6 First Cs Ba La Hf Ta w Os Ir Pt
series: 132.90 137.34 13891 17849 18095 183.85 190.2 192.2 195.09
Second Au Hg TI Pb Bi
series: 196.97 20059 204.37 207.19 208.98

Theextent of knowledge regarding the chemical properties of the elementsand hisinsight
into the system of periodicty possessed by the elements under certain arrangement have
no parallel inthehistory of chemistry. Thiswork laid strong foundation of the fundamental
principlesof the periodic law. One of hismost important conclusionswasthat the el ements
if arranged according to their atomic weights, exhibit an evident systematic reoccurence
of properties (periodicity of properties) and even the properties of some elements were
listed much before their discovery. Mendeleev’s periodic Table (Table 4.1) was quite
useful till the discovery of atomic number there existed certain inherent defects which
opposed the system.

4.3 Modern Approach

Atomic number was discovered in 1913 by a team lead by Mosely. The periodic table
based on atomic number is termed as Modern Periodic Table. Moseley arranged all the
elementsaccording to increasing atomic number and showed that the properties of e ements
are periodic function of their atomic numbers.

Modern periodic law: The properties of the elements are periodic function of their
atomic numbers.

4.4 Long Form of Periodic Table

The arrangement of elementsin the long form of periodic table is a perfect matching of
electronic configuration of the elements on one hand and physical and chemical properties
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of the elements on the other. Someimportant considerations of the modern atomic structure
applied to the classification of elements are discussed below:

(i)

(if)

An atom loses electrons from or gains electrons in the outermost shell of an atom
during achemical reaction.

The sharing of an electron or electrons by an atom with other atom or atoms is
largely through the outer most shell. Thusthe electrons in the outermost shell of an
atom largely determine the chemical properties of the elements.

We may therefore conclude that the elements possessing identical outer electronic
comfiguration should possess similar physical and chemical propertiesand thereforethey
should be placed together for an easy and systematic study.

K egping in mind the reasoning given above, when all the known elementsare arranged in
atable according to their increasing atomic number, the properties of the elements show
periodicity (reappear at definiteintervals). The periodicity isshownin Tablein4.2.

4.5 Sructural Features of the Long Form of Periodic Table

()

(i)

(i)

(iv)

v)

In this table there are 18 vertical columns called GROUPS. They are numbered
from 1to 18. Every group has a unigque configuration.

There are seven horizontal rows. Theserowsare called PERIODS. Thusthe periodic
table has seven periods, numbered from 1to 7.

Thereareatotal of 114 elementsknownto ustill today. Of all the known elements 90
are naturally occurring and others are made through nuclear transformations or are
synthesised artificially. Either way they are M anmade Elements, but you will find
theterm specifically applied to transuranic elements (elementslisted after uranium)
only.

First period consistsof only two elements (very short period). Second and third periods
consists of only eight elements each (short periods). Fourth and fifth periods consist
of 18 elements each (long periods). Sixth period consists of 32 e ements (long period).
Seventh period isyet incomplete and more and more elements arelikely to be added
as the scientific research advances.

There are a'so nick hames given to the groups or a cluster of groups on the basis of
the similarity of their properties, as given below:

Group 1 elements except hydrogen, are called Alkali Metals

Group 2 elements are called Alkaline Earth Metals.

Group 3to 12 elements are called Transition M etals.

Group 16 elements are called Chalcogens

Group 17 elements are called Halogens

Group 18 elements are called Noble Gases.

Apart from what has been said above elements with atomic numbers 58 to 71 are called
Lanthanoids— or Inner Transition elements (First series). Elements from atomic numbers
90 to 103 are called actinoids — Inner Transition elements (Second series). All elements
except transition and inner transition elements are also collectively called Main Group
Elements.

Chemical Bonding
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4.6 Position of Metals, Non-Metals and Metalloids Chemical Bonding

In order to locate the position of metals, non-metal s and metalloids in the periodic table, 4
you may draw adiagonal linejoining the element boron (At. no. 5) with that of tellurium
(At. no. 52) and passing through silicon and arsenic. Now we arein aposition to makethe /

following observations.

(i) The elements above the diagonal line and to the far right are non-metals (except
seleniumwhich showsdlightly metallic character also). The non-metallic characteris
more marked the farther an element is from the diagonal line and up.

Notes

(i) Theelementsbelow the diagonal line and to the left are metals. (Hydrogenisanon-
metal and is an exception)The metallic character is more marked the farther an
element isfromthe diagonal lineand down. All lanthanoids and actinoids are metals.

(iii) Theelementsalong thediagond lineare metalloids and possessthe characteristics of
metalsaswell asof non-metals. In addition germanium, antimony and selenium also
show the characteristics of metalloids.

Intext Questions. 4.1

1. Classify theeementsof group 14, 15 and 16 into metals, non-metals and metall oids.
2. Comparethemetallic character of aluminium and potassium.
3. Namethe group number for the following type of clements

(i) Alkaline earth metals

(i) Alkai metals

(iti) Transition metals

(iv) Halogens

(v) Noble gases.

4. Name five man made el ements.

4.7 Catagorisation of Elements into ‘s’, ‘p’, ‘d’, and ‘f” Blocks

Grouping of eementsin the periodic table can be donein another way also, whichismore
related to their electronic configuration. Under this categorisation, the location of the
differentiating electr on (thelast electron) ismost important. If, for example, the electron
has gone to ‘s-subshell’, the elements will fall in ‘s-block’ and if the last electron goes to
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‘p-subshell’, then the element will belong to p-block. Similarly if the defferentiating electron
enters the “d-subshell’, of an atom, then the elements comprising all such atoms will

belong to d-block.

Block
d-Block p-stoc

S-Block

f-Block

Fig. 4.1 : Blockwise categorization of elements.

There are minor exceptionsin Mn and Zn configurations. You will study more about the
reasons for such exceptionsin Lesson 23.

Thegrouping of elements explained above can berelated to thetype of elementsdiscussed
earlier:

(i) sblock elements: All alkali metalsand, alkaline earth metals.
(i) p-block elements: All elements of group no. 13 to group no. 18.

(iii) d-block elements: All elementsfrom group no. 3 to group no. 12 except Lanthanoids
and Actinoides.

(iv) f-block elements: Lanthanoids (at no 58 to 71) and Actinoids (at. no. 90 to 103)
ThisisshowninFig. 4.1.
Nomendlature of Elements with Atomic Numbers greater than 100

The naming of the new elementswas earlier |eft entirely to its discoverer. The suggested
names were then later ratified by IUPAC. But due to certain disputes that arose over the
original discoverer of some of the elements of atomic numbers greater than 104, the
IUPAC in 1994 appointed a Commission on Nomencl ature of Inorganic Chemisty (CNIC).
After consultation with the Commission and the chemistsaround theworld, the [JUPACin
1997 recommeded a nomenclature to be followed for naming the new elements with
atomic numbers greater than 103 until their names are fully recognised.

e The names are derived directly from the atomic number of the element using the
following numerical roots for 0 and numbers 1-9.

0=nil 3=tri 6 = hex 9=enn
1=un 4 = quad 7 = sept
2=Dhi 5 = pent 8 = oct
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e Therootsare put together in the order of the digitswhich make up the atomic number
and ‘ium’ is added at the end.

e Names, thusderives, and the [UPAC approved names of some elementswith atomic
numbers greater than 103 arelisted in Table 4.3.

Table4.3: Nomenclatureof elementswith atomic number sgreater than 103

Atomic Name Symbol IUPAC approved IUPAC
number name symbol
104 Unnilquadium unq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnillium Uun - -
m Unununnium Uuu - -
12 Ununbium Uub - -
13 Ununtrium Uul - -
114 Ununguadium Uuq - -
115 Ununpentium Uup - -

4.8 Periodicity in Atomic Properties

The term periodicity is used to indicate that some characteristic properties occur in the
periodictableafter definiteintervals, however with avarying magnitude. Thus after starting
from a certain point on the periodic table, we are almost certain that the movement in a
particular direction will show steady increase or decrease of asaid property.

4.9 Atomic Size

In homonuclear diatomic molecules the distance from the centre of one nuclus to the
centre of another nucleus gives the bond length and half of this bond length is atomic
radius. (Fig 4.2). Thefirst member of each period isthelargest in size. Thus we can say
that the group 1 atom arethelargest in their respective horizontal rows. Similarly, atoms of
group 2 elements are large but are definitely smaller than the corresponding atoms of
group 1. Thisisdueto the reason that the extra charge on the nucleus draws the electrons
inward resulting in smaller size for the atoms under reference. Thistrend of decreasein
size of atoms, continues from left to right. An example is shown in Fig. 4.3. However
there may be some exceptions and there will be other reasons to explain them.
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1
Fig 4.2 : Atomicradius= EdA7A= r

Li Be B C N OF

Fig: 4.3: Fromleft to right, size of atoms decrease in the perodic table

In going down the group of elements (in any particular column) the atomic sizeincreases
a each step.

Thisincrease may be explained in terms of a new electron shell being added, when we
pass from one element to another in a group.

4.10 lonic Size

Anionisformed when an atom undergoes aloss or gain of electrons.
M@ —— M*(g)+e (cation formation)

M(g)+e ——> M- (g (anionformation)

A cationisformed when an atom losesthe most loosely bound electron from its outermost
shell. The atom acquires a positive charge and becomes an ion (a cation). A cation is
smaller than its atom. On the removal of an electron, the positive charge of the nucleus
actson lesser number of electronsthan inthe neutral atom and thusgreater pull isexerted
by the nucleus, resulting in asmaller size of the cation.

An anion is bigger than its atom because on receipt of an electron in the outermaost orbit
the number of negative charges increase and it outweighs the positive charges, Thus the
hold of the nucleus on the shells decrease resulting in anincreasein the size of the anion.

A cation is always smaller than its atom and an anion is always bigger than its
atom e.g. Na* is smaller than Na, CI- is bigger than Cl.

e Inthemain groups, theionic radii increase on descending the group. e.g., Li*=0.76
A, Na =1.02A, K*=1.38A, etc. It isdueto the addition of extrashell at each step.

e Thereisadecreaseintheionic radii of the positiveions on moving fromleft to right
acrose aperiod in the periodic table. e.g., Nat = 1.02 A, Mgz = 0.72 A, AI** = 0.535
A, etc. It isdueto the increase in the number of charges on the nucleus and also due
to theincreasein the charge on theion.

e Theionicradii of the negativeions, also decrease on moving fromeft to right across
aperiod. eg., 0> = 140 A, F = 1.33 A, etc. Thisis partly due to increase in the
number of charges on the nucleus and al so due to the decreasing change on theion.
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)
ke. Intext Question 4.2

1.  Writethe namesof the el ementswith atomic numbers 105, 109, 112, 115 according to
[UPAC nomenclature.

2. Arrangethefollowinginthe order of increasing size
Na', Al**, O*, F

3. How does the size of atoms vary from left to right in a period and on descending a
group inthe periodic table?

4.11 lonization Enthalpy

lonization Enthal py isthe energy required to remove the most loosely bound el ectron from
an isolated atom in the gaseous state for one mole of an element. It is expressed in
kJmol™ (kilojules per mole).

M(g) + IE > M*(Q) + &

Aswe movefromleft to right in the periodic table, thereisanearly regular increasein the
magnitude of theionization enthal py of elements.

Similarly, on moving down a group the magnitude of the ionization enthalpy indicates a
regular decline. The ionization enthalpy of the first member of any group is the highest
within that group and theionization enthal py of the last member in the same group, isthe
least. Thisisshown an table 4.4.

Table4.4: First ionization enthalpiesof theelements(in kJ mol?)

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 H He
1311 2372
2 Li Be B C N O F Ne
520 899 801 1086 1403 1410 1681 2081
3 Na Mg Al Si P S (I Ar
496 737 577 786 1012 999 1255 1521
4 K Ca Se Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

419 590 631 656 650 652 717 762 758 736 745 906 579 760 947 941 1142 1351
5 Rb S Y Zr Nb Mo Te Ru Rn Pd Ag Cd In Sn Sb Te | Xe

403 549 616 674 664 685 703 711 720 804 731 876 558 708 834 869 1191 1170
6 Cs Ba La H Ta W Re Os Ti Pt Au Hg TI Pb Bi Po At Rn

376 503 541 760 760 770 759 840 900 870 889 1007 589 1007 589 715 703 813

7 Fr  Ra Ac
912 1037

MODULE - 2
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Notes
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The variation in the magnitude of ionization enthalpy of elementsin the periodic tableis
mainly dependent on the following factors:

(@)
(b)
(c)
(d)

The size of the atom

The magnitude of the nuclear charge on the atom,
The extent of screening

Thetypeof orbital involved (s, p, d, or f).

In small atoms, the el ectrons aretightly held whereasin large atoms the el ectron are
less strongly held. Thus, the ionization enthal py decreases as the size of the atom
increases.

When an electron is removed from an atom, the effective nuclear charge, i.e., the
ratio of the number of charges on the nucleus to the number of electrons, increases.
As a result the remaining electrons come closer to the nucleus and are held more
tightly. Theremoval of a second electron, therefore, requires more energy. e.g., Mg*
is smaller than the Mg atom The remaining electronsin Mg* are more tightly held.
The second ionisation enthal py is, therefore, more than thefirst ionisation enthal py.

Sincetheorbitals (s, p, d and f) have different shapes, theionization enthal py depends
onthetypeof e ectronsremoved. e.g. anelectronin an sorbital ismoretighly held as
compared to an electron in a p orbital. It is because an s electron is nearer to the
nucleus as compared to ap electron. Similarily ap-electronis moretightly held than
ad-electron, and ad-electronismoretightly held than af-electron. If al other factors
are equal, the ionization enthalpies areintheorder s>p>d> f.

Thesefactorstaken together contribute largely to decide the extent of theforce of attraction
between the nucleus and the electrons around it. The resultant of these factors thus
determine the magnitude of ionization enthal py of any element. You can seethevariation
inthe magnitude of theionization enthal py of e ementswith atomic number intheFig. 4.4.

He
1500

Ne
20004

1500

1000

lonization energy (kJ mol?)

04

10 30 30 40 30 0 70
Atomic number

Fig 4.4 : Variation of ioniztion enthal py of elements.
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Itisclear from Fig. 4.4 that

(i) themetalsof group 1 (Li, Na, K, Rb, etc.) have the lowest ionization enthalpiesin
their respective periods.

(i) thenoblegases(He, Ne, Ar, Kr, Xeand Rn) have the highest ionization enthal piesin
their respective periods. It is because the energy required to remove an electron
fromastablefully filled shell isvery large.

(i) Thevalues of ionization energies do not increase smoothly. e.g. the first ionization
enthalpy of B (boron) islower than that of Be (beryllium); theionization enthal py of
Al (@uminium) islower than that of Mg (magnesium); the first ionization enthal py
of O(oxygen) islower than that of N (nitrogen). It can be explained as follows.

e  Thefirstionization enthal piesof Beand Mg are higher than those of their preceding
elements because the elecrons are removed from the fully filled s-orbitals.

® The first ionization enthalpy of N is higher than that of O because from N, the
electronisto beremoved from ahalf-filled p-orbitals

lonization enthalpy is the energy required to remove the most loosely bound
electron form an atom (in the gaseous state) for one mole of an element. It is
an absol ute val ue and can be determined experimentally.

4.12 Electron Gain Enthalpy

Every atom, in general, has a tendency to gain or loose electrons in order to acquire a
noble gas configuration. Theatom which havefive, six or seven electronsintheir outermost
shell show tendency to accept electrons and attain the nearest noble gas configuration.
Halogens, for example, have seven electronsin their outermost orbit. Thus they show a
tendency to accept one more el ectron and attain the nearest noble gas configuration. The
energy change (AE) for this processis called electron gain enthalpy of that atom.

Electron gain enthalpy isthe energy released or adsorbed for one mole of neutral
atoms in a gaseous state when electron is accepted by each atom.

Xgt € > X0
where X represents an atom.
Cl (g) + & —— CI-(g): AE =-349 kJ mol*

The negative value shows rel ease of energy and hence tendency to greater stabilisation.
Theelectron gain enthal py becomes morein negativefromleft to right inaperiod. Thisis
becauseit is easier to add an electron to a smaller atom since the added electron would
be closer to the positively charged nucleus. Hal ogens release maximum energy when
they accept an electron. On the other hand, metals do not accept electrons and show a
high positive valuefor AE. Thus el ectron gain enthal py can be positive or negative.

Electron gain enthal pies becomes | essin negative as we go down the group showing that
the electropositive character of the atomsincreases. Thisis because the size of the atom
increases down the group and the electron added goes to the higher shells. Electron
affinity valuesfor some elements are shown in table 4.5, along with their position in the
periodictable. The el ectron gain enthal py of chlorineismorein negative val ue as compared
tothat of fluroine. Thisisdueto the small size of the F atom. Asthe el ectron approaches
the small F atom, it expriences arepulsion from other electrons.
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Table4.5: Electeron gain enthalpy in kJ mol?

Group
Period 1 2 13 14 15 16 17 18
1 H He
-73 +08
2 Li Be B C N (0] F Ne
-596  (0) -267 -154 -7 111 328 +116
3 Na a Ar
53 -349 +96
4 K Br Kr
-48 -325  +96
5 Rb I Xe
-47 -295 +77
6 Rn
+68

4.13 Electronegativity

Itisanindicator of the extent of attraction by which electrons of the bond pair are attracted
by an atom linked by thisbond. Thevalue of electronegativity isassigned arbitrarily to one
atom such as hydrogen. Then the value of electronegativity is assigned to all other
atoms with respect to hydrogen. One such scaleisthe Pauling Scale of electronegativity
(Table 4.6).

Electronegativity is defined as a measure of the ability of an atom to attract the
electron pair in a covalent bond to itself.

In @ homonuclear diatomic molecule such as hydrogen (H,) or fluorine (F,), the electron
pair of the covalent bond in each molecule experiences equal attraction by each atom.
Thus none of thetwo atomsis ableto shift the bond pair of electronstoitself. However in
a heteronuclear diatomic molecule, the bond pair electrons get shifted towards the atom
which ismore el ectronegative than the other. For example, in HF or HCI the bond pair of
electrons are not shared equally but the more electronegative atom F or Cl is able to shift
thebond pair towardsitself, resulting in the pol arization of the molecule.

A large difference between electronegativities of the two atoms indicates highly ionic
character of the bond between them. For example Cs*F~. On the other hand,
zero difference in the electronegativities between the two atoms indicates that the
percentage ionic character is zero. Therefore the molecule is purly covalent e.g. H,, Cl,,
N, etc.
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Table4.6: Electronegativitiesof elementson Pauling scale. Chemical Bonding

Li Be B C N o F

10 15 20 25 30 35 40
Na Mg Al S P S a 4

09 12 15 18 21 25 30

K Ca Se Ge As S Br
08 10 13 17 18 21 25
Cs Ba
0.7 09

The most electronegative elements have been placed on the farthest right hand upper
corner (noble gases are not included). The value of electronegativity decreases aswe go
downinany group andincreasesfrom left to right in the period. Thusfluorineisthe most
electronegative and caesiumistheleast €l ectronegative element. (\We have not considered

Francium being radioactive).
P"e‘! .
& Intext Questions 4.3

1. What isthe correlation between atomic size and ionization enthal py.

2. Which species, in each pair isexpected to have higher ionization enthal py.

@) ,Li, ,Na (i) N, P

(i) *Ca, *Mg (iv) LAl S
(v) Cl, Ar (vi) Arand K
(vii) LAl C

3. Account for thefact that thereisadecreasein first ionization enthalpy from Beto B
and Mg toAl.

7
{'{ﬁéﬂ' What You Have L ear nt

e Theclassification of elements makes their study systematic.

e Thearrangement of elementsin the long form of the periodic table depends on their
electornic configuration.
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The properties of the elements are the periodic function of their atomic number.
e All theknown elements are arranged in 18 groupsin the long form of periodic table
e Thereare seven horizontal rows (periods) in the long from of the periodic table.

e Elements of groups 1 and 2 are known as alkali metals and alkaline earth metals
respectively.

e Elements of groups 17 and 18 are known as hal ogens and nobl e gases respectively.

e s p,dandf arethefour blocksin the periodic table classified on the basis of their
outer most electronsresidingin s, p, d or f sub-shell.

e Theelementscan beclassified into meta's, non-metal s and metall oids on the basi s of
their propertiesand their positioninthe periodic table.

e The atomic size, ionic size, ionization enthalpy, electron gain enthalpy and
electronegativity show regular trends along agroup and a period.

.‘a Terminal Exercise

1. Definemodern periodic law.

2. Refer the periodic table given in Table 4.2 and answer the following questions.
@) The elements placed in group number 18 are called ...............

(i)  Alkali and alkaline earth metals are collectively called ........................ block
metals.

(i)  The general configuration for halogens is ..........cccccevveeneenee.

(iv)  Nameap-block element which is a gas other than a noble gas or a hologen.
(v)  Name the groups that comprise the ‘s’ block of elements.

(vi)  Element number 118 hashot yet been established, towhich block, will it belong?

(vit)  How many elements should bethereintotal if all the 7s, 7p, 6d and 5f, blocks
areto befull?

3. Describe the variation of Electron Affinity and lonization Enthalpy in the periodic
table.

4. Definethefollowing:
(a) Electrongainenthalpy (b) |oni zation enthal py
(c) lonicradius (d) El ectronegativity.
5.  What iselectronegativity? How isit related to the type of bond formed?

6. Why istheelectron gain enthalpy of Cl morein negative value ascompared to that of
F?
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N : Chemical Bonding
&3 Ansewersto Intext Questions

4.1
1 Metals Non metals Metalloids
Sn, Pb C S, Ge
Sb, Bi N, P As
Te, Po O,S Se
2. Potassium ismore metallic than aluminum.
3. H2 (i1 (iii)3-12 (iv)17 (v)18
4. Np, Lw, No, Rf, Hs.
4.2

1 (1) Unnilpentium,
(i) unnilennium,
(ii1) Ununbium,
(iv) Ununpentium

2. AP, Na', F~, O

3. The atomic size decreases from left to right across a period and increases on
moving down the group.

4.3
lonization enthal py decreases with increase in atomic size and vice-versa.

2. (i) Li (i) N (iii) ,Mg

(iv) S (V) AT (Vi) LAr  (vii) C

3. The electronic configureation of Beis 1s* 28 whereas that of B is 15> 28* 2pt. In
case of Be, the electronisto be removed from completely filled sorbital whereas
in case of B it is to be removed from a singly occupied p orbital. Fully-filled
orbitals are more stable. Hence, ionization enthalpy decreases from Be to B.
Similarily it decreasesfrom MgtoAl.

4, The noble gases have fully filled shells and are stable. Hence, they have the
highest ionization enthal piesin their respective periods.

5. Fluorine.
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INSTRUCTIONS

e Answer al the questions on aseparate sheet of paper.
e Givethefollowinginformation onyour answer sheet:

Name

Enrolment Number
Subject

Assgnment Number
Address

e Get your assignment checked by the subject teacher at your study centre so that you get positive
feedback about your performance.

1. (d
(b)
©
(d
©
(")
©
(h)
0]
0)

2. 3

Do not send your assignment toNIOS

Writedown symbolsfor prefixesmicro and mega.

Writetheempirical formulaof CH,and C H,,.

State Charles’ law and give mathematical expression for it.

Express4.6 x 1012 mintermsof pico metre.

What isthe Sl unit for measuring el ectric potential .

Atomic massof C-12is12. What isthe mass of one C-12 atom?

Writedown the names of four quantum numbers.

State Heisenberg’s uncertainty principle.

How many moles of oxygen atomsare present in2 molesof CuSO,.5H,0?
Defineorbitd. (1x10=10)
Cal culate the mass of onemolecule of bezoic acid, C.H.COOH (Atomic masses, C=12,

H=10=16)

(b)
©
(d)
(€
(®

Writetheempirical formulagof thefollowingCH,, N,O,, CH,,O,, NH..

What areanoderays? Givetheir two important properties.

Givenvauesof n, | and mquantum numbersof an electron whichispresentin 3p, orbital.
Writed ectronic configuration of chromium (atomic number = 24)

Which of thefollowing orbitalsisnot possible 3p, 4s, 2d, 5.



(9 Writetwo differencesbetween atomandion.
(h) What aredectromagnetic radiations.

() A solutionof ferric sulphate containing 0.280 g of ferricionsistreated with an excessof a
solution of Ba(OH),. Cal culatetheweight of the precipitate formed if they react as

Fe, (SO,), + 3Ba(OH), (ag) — 2Fe (OH), (s) + 3BaSO, (s)
(Atomic Massses. Fe=56,Ba=137,0=16,H=1,S=32)

() Cdculateand comparetheenergiesof two radiationshaving wavelengths ., = 4000A and
A, = 8000A. (2 x 10 = 20)

(& UsingdeBroglieexpresson, cdculatethemomentum of amoving particlewhosewave

length (&) is200 pm. (pm = picometers)
(b) Determinethe molecular formulaof acompound which contains2.19% H; 12.8% C and

85.1% Br. 1g of the compound in gaseous state occupies 119 mL volumeat STP. (Atomic

masses: C=12,H =1, Br=80)
(c) Cdculatethewavelength and frequency of the spectral linein Lyman seriesof hydrogen

spectrawhich has minimum frequency.
(d) 1.84gof amixtureof CaCO, and MgCO, are heated strongly to decompose (asgiven

bel ow) till no further loss of weight occurs.
CaCO, — Ca0 + CQO,,
and MgCO, — MgO + CQO,,
Theresidueweighs0.96 g. Find the percentage composition of mixture (Atomic masses:

Mg=24,Ca=40,C=12, O =16) (3x4=12)
(@ Whatistheuncertainty intheveocity of amoving cricket ball having mass 150gif itsuncertainty
inpositionis1A.

(b) A naturaly occuring mineral wasfound to contain 42% MgCO, and 55% CaCO, and the rest
wasin purity. What volume of CO, measured at 15°C and 745 mm Hg pressurewill beevolved
by heating 10g of the mineral with hydrochloric acidif thereation occursasfollows:

MCQ, + 2HClI - MCl, + CO,+H,0
whereM =Mgor Ca (4%x2=28)



