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l|Periodicity

PERIODICTYI IN ATOMIC PROPERTIES

Moseley Experiment

::1‘;;:::“;111:}‘3‘ tll:h{‘h. wl.u‘n the anticathode |?; tl(llllll:ll{lt'_il with high ll"Hl"T'}',‘s" clectrons,
s ates X - ray. It is observed that the frequency of the X-ray (line spectrumy) 1s
independent of the energy of the incident electron beam but is a characteristic
property of the anticathode used,

;-'«ﬁw: Thg square roots of the o ¥*Where, a = is proportionality
-t\?uen‘c;es (v) of the X-ray is directly \l Vv = aZ | constant and Z = atomic
propartional with atomic number 2. " number. :

When Z was replaced by the atomic weight, no such relationship was obtained.

Importance:
i) Correction of ':(From this experiment it was concluded that the atomic number
Mendeleev's (Z] 1s the inherent property of the elements which control the
periodic table: physical and chemical properties of the elements. Thus all

Soal—

physical and chemical properties of the elements are the function
Qf atomic number

ii) Discovery of {Tl'_l_q atomic number can be easily calculated from the

new element: experimentally determined X-ray frequencies. ILit is found new
then a new element is discovered. In this way, technetium (Z =
43), promethium (Z = 61), rhenium (Z =,75) have been discovered
and identified.

iii) Identification The members of the lanthanide series are chemically so similar

of lanthanides: that they cannot be easily differentiated as different element. In
this case, this experiment is helpful to identify and determine
their atomic number.

Classification of elements on the basis of electron (¢)
configurations of valence shell of atoms.

' On the basis of valence shell e“configuration the elements are classified as follows —
: RS 4 6 | 7 |81 9110f{11112113114)a51161 17118
i He
Ne
Ar
Kr
‘Xe
Rn

||| |-
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igis 7 7 [ Etements with completely filled ‘s’ and ‘p’ sﬁb-shells (except He),
7i) Inert Gns having valence shell e- configuration as ns?p® (He, 1s2), are called
Element: ;. gas element.) -

g _ - They have completely filled octets and are very reluctant towards
| ~ chemical reaction, hence termed ‘inert’. Their valence shell
_. is taken to be zero (0) and they are placed in the ‘0™-group

[group-18 in modern P.T.]
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VilPeriodiclty
# According to this delimton, members of Cu (group 1B/ group-11), having
complete d-sub-shell (3d' 4sl), should not be ind luded in this class But it 18
also included as transition element (T.E.) due to following reason-—
e Its different properties are resembles with other T
s The most stable oxidation state of Cu is +2 which has incomplete d =

subshell

&

finition, members of Zn-family (group 1B/ group-12),
y-shell, should not be included in this class. But it 18
) due to following reason-

» [ According to this de
having complete d-sul
also included as transition element (T.E.

& Its different properties are resembles with other T.E.

& To complete the sequence of the periodic table (P.T.).
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iv) Inner ‘ Elements with incomplete (n - 2)f sub-shell, having general e-
configuration of valence shell as (n - 2)fT T (n — 1)d* 'ns’ are called
Transition jpner transition elements.

Element: - They have incomplete inner d sub-shell; hence show same

: - characteristics of T.E. But the e- entire into (n-2) f sub-shell, thus
termed inner transition element. Two sub-series corresponding to
4f(following La) called Lanthanides & 5f (following Ac) called
Actinides. Eleniciis beyond U(92) are called trans urahic / man-
made / syntheﬁ'c elements. The chemical properties of the elements
in a particular series are in a very similar. These elements find no

place in the P.T. and are placed in two separate series below the P.T.)

EERE

-

] &
1.119

83

L Yils s
Md | No | Lr

-y

A,
h\\gﬁl
% -

i

e
- (
.

-

Scanned by Scanezy




- ®

T rerrodicat s

'-) ‘s'-Block Elements: I lcinents in which the differentiating e- occupies the's

St The ¢
“1b-shell of the valence shell (ns), are called s-bloc k elements. The elements have a"! |]1'L”.
e valence shell e- configuration has nsl-2 and these are plac ed in group IA(1) UsIing -
d 1 \!,Tl‘ilm the P.T ”I -
: : . p—— ml
S"i“"z_314;5_61713!9310511§12 13114 {15 16117 118 | v rhe
| | H o | | il | J s i c'Tan
2 | Li | Bell ' ; b
i3 | &=
—— dlu-_._ 4 4 & 4 . - 1' i
2 - N D : CEE L
"54..5"*..8_2. e o B B R RN R N O I R | | The in1
7oy | | | o b . s G (N ORI I 1 | screen
1) ‘p’-Block Element: Element in which the differentiating e~ occupies into and ou
e valence shell ‘p'sub-shell (np), are called p-block elements. These element have outer ¢
heir valence shell e- configuration asnp'~® and are placed in groups I1lA = VIIA(13 - total n
7} and 0Y18) in the P.T. l"chCl
The s and p-block elements constitute the R-clement and inert gas element. inner 1
1112134 /5s|/e|7[8[9Jw0]11]12 138 148 150 1511 8| called
é_' - . r The a1
2 , - reach
1 % { nucle
R EE
6 B
7 _ , | !
ii) ‘d’-Block ent: Elements in which the ns sub-shell remain filled while o
De ciffcrentiating e- occupies the inner ‘d’sub-shell i.c. ; e -
n-1)d sub-shell are called d-block element. These elements have their valence shell a
e~ configuration as ) ' b. E
[ (n=1)s%p® 1-10p51-2)
They are placed in groups [IIB-VIIB(3-7), WII]B-IO],_I_BE_I} and 1IB(12) of the P.T. c.E
Thcs;a{t the uénsition elements. 5
I# & = 3 40 1 1 129 14, 18
1 ; T % 2 B Iﬁ“&s . d. 2
4 3
41 e, !
--T.n—
i f.F
> A
B
7

w) ‘F-Block Element:'Elements in which the differentiating e~ occupies the
still inner ‘f’sub-shell i.e.[n-2)f, while the (n = 1)d sub-shell remaing incomplete or

‘acant and ns complete, are called {-block element. They have valence shell e-
. i - “

- @fa-u(,, _;Jdll-l.ml
y %mm the P.T. these are inner-

transition
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.: Naming of Super Heavy Elements

a) The digits expressing the atomic number of an element are serially represented by
using the following numeri al roots
0 1 2 9 A o
nil T S - W B B quad | pent | hex | sept

b) The successive roots arc put together and n:

(5] 7 H 9
oct cnn

YL

ume is ended by ‘fum’.

c) To avoid repetition of some letters, the following procedure is adopted -
bi + ifum = bium tri + lum = triumenn + nil = ennil

Slater’s rules for screeniné' effect_ A8

The amount of nuclear charge reduced
by the inner e cores is called
screening or shielding constant(S).
Slafer proposed a set of rules to

LALLM

The inner e~ cores in an atom act as a
screen or shield between the nucleus
and outer electron, as a result the
outer e~ experience only a part of the

W

shielding contribution).

P®- “Total nuclear charge. This effect of calculate ENC [Z* or Z,ss], where—
’ ?‘e_ducing the nuclear charge by the > e = N !
#©___ inner e- cores towards the outer e”is | S i S
ﬂ_ called screening or shielding effcct./)
T T V%= ENC.

ﬁ The amount of nuclear charge Z = actual nuclear charge.
F reaching the outer e”is called effective S = shielding constant (sum of the

3

n_gclcar charge (ENC).

RULES

" P

a. The e- of the atoms are divided into groups like—
(1s), (2s 2p). (3s 3p). (3d), (4s 4p), (4d), (4f). (55 5P), (5d) vee cun s wes o0 ERC,

b. Electrons in groups on the right of the one under consideration: Zero,

c. Each other e”in the same group for (ns np) shield:

[Except for 1s, 0.30 eachl.
d. All e”in the (n — 1) shell shield: m

e. All e"in the < (n— 1) shell shield:

f. For nd / nf e rules a,b & ¢ remain same, but rules d & e become:

() ea

All e~ lying to the left of the nd/nf group shield: 1. O

Quick view:

BTN * v

n = no.of e~ in that group. o

1 ol
i
; =
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aib-s PROBLEMS: We can th
heir Caiculgte shielding or screen constant and the ENC of the following e- = revolves i
ond 11 I The first valence e- in Ca (2=20), as the nu
‘ — 11) The first valence e- in Mn (2=25), move at &
B ili) A 3d e- in Mn, Acc
| i1 i¥) A 45 e- in Zn (Z=30), rest mass
2 11 v) ENC_ at the periphery of Br Atom (Z=35).
3 A [Ans: i) 17.15, 2.85; ii) 21.4, 3.6; iii) 19.4, 5.6; iv) 25.65, 4.35 v) 27.75, 7.25]
4 :
5——-_-—; Ans: i) The e« configuration of Ca (20) is - (15)%(252p)®(3s3p)°(4s)? Hence, tl
P Electrons in the groups to the nght contribute =0.00 Bohr's th
ﬁ_l . | other electron in the (353p) group contribute 1%0.35 =0.35
7 R § electrons in the (n = 1) group contribute 8x0.85 =6.80
i‘i 4 10 electrons in the < (n = 2) group contribute 10x1.00 = 10.00 So, we €
e w .
heir ENC(Z2*)=Z-5=20- =285 effect is
ey ENC(2')=Z-5=20-17.15 LT
Tt Alternative Path: contrac
| Electronic configuration: Ca(20): (15)(2s2p)®(353p)®(45)? j & f-orb
1 Shell <(n-1) (n-1) (n) >n_| Total(5) §This is;
5 | _Contnbute | (10x1.00=10.00) | +(8x0.85 = 6.80) | +(1x0.35=035) | +0.00 | = 17.15 |} contrac
i "\ENC (Z*)=Z - § =20 - 1715 = 2.85
E: & Accord
6 _ii) Electronic configuration: Mn(25): (15)%(252p)®(353p)®(3d)5(45)? : e-of ar
] Shell <(n-1) (n—1) (n) >n_| Total(S) R distan:
23y (Contribute | (10x1.00=1000) | +(13x085=1105) | +(1x035=035) | +000 | =214 1
ii) But it
he ¢ C.ENC(Z°)=Z—§=25-244=36 the int
n-1) : - atomic
e ; “The m
iii) Electronic configuration: Mn(25): (15)%(252p)®(3s3p)® (3d)5(4s)? :
rhey [ Shell < (nd) (nd) >n__ | Total (S) b e
T ! Contribute (18 x 1.00 = 18.00) +(4x 035 =14) +0.00 =194 |1 :
B CENC(Z*)=Z-§=25-194 =56 —
| 2:_.
3 | iv) Blectronic configuration: Zn(30): (15)*(252p)® (3s3p)° (3d)°(4s)? .
4 Shell <(m-1) | - (-1 (n) >n | Toul(s) I§ Thes
| [ Contnibute | (10x1.00=10.00) | +(18x085=153) | +(1x0.35=035) | +0.00 | = 2565 Wl coval

CUENC(Z)=Z-5=30-2565=435

) (as4p)’
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TiPeviodicity

Relativistic Effect

e can think of the electron as a particle that is accelerated when the electron is
revolves in higher quantum shell. The radial velocity approaches the speed of light
as the nuclear charge approaches Z = 137.036. For Hg (Z = 80), the 1s electrons
move at 80/ 137 = 0.58 times of the speed of light.

According to Einstein’s theory of relativity, the mass ‘m’ of a particle over its

rest mass, m0, when its velocity, u, approaches the speed of light, ¢
m
me e——— e = 1.2m,
I 2
u
1=y
Hence, the mass of 1s electron is about 1.2 times of its rest mass. But according to

Bohr's theory radius of a orbit is inversely proportional to the mass of the electron.
nlhl

ne imimzel

g‘ So, we expect the radius of the 1s orbital to be about 20% less than

the expected orbital size. This is relativistic contraction. This
effect is present to a lesser extent among p - orbitals and nearly
absent among d- and {- orbitals. The s- and p- orbitals are so
contracted that they can effectively shield d- & f- orbitals. Thus, d-
& f- orbitals experience lesser nuclear charge and expansion occurs.
o  5) | This is relativistic expansion. Thus for heavier congeners relative
TP.5 | contraction of s- & p- and relative expansion of d- & f- orbital occur.

Atomic Radiu?

e — e —
V According to particle mechanics, the distance between the nucleus and the outermost
fnt e- of an atom is termed atomic radius. While According to wave mechanics, it is the

‘m  distance between the nucleus and the maximum e- density of the outermost e- cloud.

q-p besgBaiisns sum

But it is not possible to isolate an atom and measure distance. We can determine
the inter-nuclear distance when an atom in contact with other atoms and individual
| atomic radii can be calculated their form. Various types of atomic radii are defined.

| The most important of which is the covalent radii.

M

T

Covalent  Half of the distance between the nuclei of two like atom forming a
Radii: covalent bond in a diatomic molecule is called the covalent radius

.

&

dei-crin Cl; = 199 pm
5 1o = Y% x 199 = 99.5pm

e wﬁn.mﬁmmﬁ.mnmnmmjoﬁcdbynaiﬁﬁe
) | ctrg, negativity (EN) values differ little.




L T —————SST

Mreriogienty Jiacent qulq
5 fce .
) ‘s’ Van der Half the distance betiween two non bonded '”m”fq ﬂfj"l'm‘?‘f;;; type of | Radij
: \ Waal's Radii: """’f"‘“l’_"ﬁ s called non-bonded or van der Waal's radii. :
iy s~ Tadius is applied to nonmetallic elements.
axy ;tl Features:
e - [
¥ < W . L t Il'l
Et‘h . “1} Gt‘ncrul!}‘ Covalent radius is smaller than van der Waal’s radius bCCﬂr:.scr’
7 - ol I:urmm"m of chemical bond, the atoms have to come close to each ‘?t hé Cnn
i | () Values of radii are obtained from X-ray studies of various elements in t
2] solid state,
3 # Exﬂlrf'\plm Let us consider two Cl, molecules. When the molecules come in The cat
< foree 1 0y will stick together by a weak attractive force, called van der Waal's Ratle s
5 orce. This type of force arises Wwithout bond formation. ot
5 drawn |
J : -Th
- us ci
]l) cation ¢
l::i = - ! __ . increas
- 199 pm ' 360 e i, +A cat
? 1 m 199pm -
1 X &X' are two Q) atoms in Cly mol P P - a) A cal
S » 2 CC'LJ]{_‘.'_ &, - H 4 ] |
4 mlecule. Y &Y' are two Cl atoms in'another Clz H
2__ ‘V X ‘ Teov = Y2 X 199 = 99.5 pm, :
3 an der Waal's radius of Cl-atom = "”I(dx‘_\"} = Y2 % 360 = 180 pm. b) Whe
4 Solid Ar consists A t o
= sts Ar atom i ’ :
S Ar=1%x380a 190 Pﬂ? bzt&ijjs::“anic of 380 pm. Hence van der Waal's radius of aAn a;
8 ) such atom link to highly EN atoms, their van der a)Ona

Waal’s radius may decrease. Contractions of e- cloud of the less EN atom by the

7 more EN atom occur, E.g. ’ ! : : . expans
33 of solid Xe is g g- van der Waal’s radius of Xe In XeF4 is 170 pm, while that e
In this case no bond is f ; b) Whe
rl_;_u; . 7@ 18 lormed, hence much less attractive force and longer radii. _ "’gL tting
Bragp-Slater’s 7€ univalent cations of highly electropositive (like alkali ' | —
g Radii: a;'e !sma!!erzl_:y 85 pm while, the univalent anions of high;ﬂ g - Met
electronegative atoms (like halogens) are lg o
~ 5 - corresponding atomic radii. il ver by 85 pmthanithe . . Several
cnce sum of the ionic radii of such ions in an jon; i '
i of their atomic radii. ie, BT o - ST ot b :I';ﬂl-::ﬂ
2 B o = e Tyt +1y-=rM+rx FhaL ! well as
- radii are called Bragg-Slater radii and often in close agre i ' i
% experimental values. ./ oAk A fStone
S Metallic  In metal crystal the metal atoms are closely packed.. The —
€ Radii: number of intermediate neighbors of an atom in a metal crysta]
7 " . iscalled its co-ordination number (CN). One-hal iater 5
’ : If of the distance
i between the atoms of a metal in the metallic close packeg crystal
1 lattice in which the metal exhibits a CN of 12 is called metallic
: or crystal radii. : oy
; |
' covalent radii, but, Jegg
: e- are localized betwee nu;: i '
~and shorter distance. But, in meta) cpyst
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9 Periodicity
The distance between the nucleus and the point of which the outermost €

o Radii: density is maximum, 1s called the ionie radius.,
i y ~ X-ray diffraction patterns from ionic cry stals provide knowledge about

3 lTonie

1l '-' spacing of ions in crystal. But there is no way to divide this distance into
cationic and anionic radij, Several indirect methods have been proposed

Pm to determine the radn of 1ons.

/Comparison between Atomic & lonic Radii
XII

M—-ne” —— M™ X +ne

‘he cation has same number of proton but less number of e- than the parent atom
while anion has larger number of e~. Hence ENC of cation is greater while that of
anion is lesser than the parent atom. Consequently, the outermost e~ cloud is
drawn closer in a cation. While away in an anion i.e. ]

ryn+ < Py Fyn- > Ty
Thus cations are smaller while anions are larger than the parent atom. The radius of
cation decreases with increase of its charge while the radius of anion increases with

increase of its charge.
/A cation is smaller than the parent atom due to following factors:
a) A cation is formed by the loss of one or more e”. In this process outer shell may

disappear completely.
Eg. Na——Na'+1e”

(2,8,1) (2,8)
b) When cation is formed, ENC increases than the parent atom and therefore e- 1s

attracted more towards the nucleus. Consequently, cations become smaller.

An anion is bigger than the parent atom due to following factor:
a) On addition of extra e-, repulsion between electrons increases. As a result

. expansion of e- cloud occurs.

. b) When anion is formed, ENC decreases than the parent atom and therefore e- cloud
? getting away from the nucleus. Consequently, anions become bigger.

Fi i Methods of Experimental Determination of lonic Radii:

1

Several methods are employed to determine the ionic radii. Here only three are given:

Lande’s Method:

In ionic crystals containing very large anions and small cations (Lil), cation-anion as
well as, anion-anion contact occurs. While crystal containing somewhat larger
cations (KI), only cation-anion contact is possible.

~
%

Z
z
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F =

g ; mireriodiecity _ : larger
) ‘s 1andci1920) started with the crystal Lil in which the size ©f anion is much Jarg

aib-  vompared to that of tiny filt.D“'lI'l-l' Thus - nap
heir BC? = AB? + AC
wad But, oup i

t* : AB = AC = 2(r -+r-}-3du'+t' - :

! Theinter-ionic distance in an jonic c:}'{atl;l Cal!l be determining ‘”‘F""""“‘m““:’Ir e :
I | dy.y- is determined. Hence AB and AC have consequently BC. I
21 i T But BC=an- 4 t
3| 5 -'-N‘:I‘_ = WBC and ry- is obtained. L onratelt l :
‘ ¥ e L ow, ru'b -{(d * _)—(rl-)l ﬂ_nd rul- ill 50 O L » E ]
s | In K*I” crystals the anions are not in Eontact but cation-anion contact occurs, The !
51 radius of I determined previously in Li*1™ crystal. This value can be used and |
71 sultracted from experimentally determined dg-,,- distance and ry» is obtained. |
B % - % r“l- = [(dui,’,l'-) e (I'r-)] - d I
1) By continuing this process, ionic radii for the other ions have been determined. |
he i
e Brng's Method:

71 Brag n 1927 assumed thatin silicates cations are smaller & anions are larger & the "i =

. large sized anions touch with one another. Thus, half of the internuclear distance of

. ' the adjacent oxide ions (077) is the radius of 02~. Thus 'period

—_— 1

.l._ Togr- = fkﬂo-ﬂl = %x 270 pm = 135 pm
g_ By using this value, Bragg & West computed the ionic radii for more than 80 ions.
s+ Pauling’s Method: -
k2 This method is based on the following three assumptions:- ]

[ a) This method is applicable to ionic crystal containing only iso-electronic ions.
7 \ E.g Na*F K*Cl",Rb*Br~,Cs*I” etc. .

= 7 b) In an ionic crystal, closest contact between cation and anion is occurs i.e. .

& « al o R
8 dyrg- = Ty + To- ¥
.- ; [Where'd’ &’ terms are distance & radii respectively.] |
s 5 ¢) lonic radii are inversely pr;purtinnal to their rmpeim ENC. i.e. S i {

Ig- & i { .
8

|

dy-- - can be determine experimentally and the ENC that is 7 v el

Scanned by Scanezy



11 ].'l"linﬂiq,'il\

Periodic Variation:
In ar ﬂ.}'. For the R-eler

- te th
mcnt AL ' with increase in the

L
group atomic number due 1o addition of new quantum shell

and decreased E]
This increase is m: Ximum betwee n lhr Iu.n iu hh e mhr
between the two Reavier members

MOMIC KNZe INCreases

r's and minimun

b). For the T-elements, such increase is much les
elements. Between 3d & 4d series,
shielding d e

8 compared to the R
18 e- are added of which 10 are poor
Hence, the effect of addition of a new quantum shell is not

80 effect and the uiun increases down the group at much lower rate thar
the R-elements.

€). Between the 4d & 5d elements, 32 e- are added of which 10 are poorly
shielding d e- and 14 are extremely poorly shielding f e-. As a result, the
size of the atom lying below a group becomes almost same

~8 st same. Thus the pair of
clements

{Zr & HI), (Nb & Ta) and (Mo & W) has almost identical radii value

peri e- are placed in the same shell in which mutual shielding is small than
steady increase in ENC.

In ap @ The atomic radii decreases steadily from left to right in a period as the

b). Small variation in the decreasing radii of the T.E. are due to the e-

occupying the (n-1) d sub-shell in which mutual shielding is small

¢). Addition of e- in the (n-2) sub-shell for the inner-T.E. can not neutralize
F the increased nuclear charge due to poor shielding power of f e-. As a
" result, a regular decrease in the atomic radii from Ce(58) to Lu(71) is

observed. This decrease in atomic radii, called the lanthanide contraction.
This effect is so much that, on addition of new quantum shell for the post-
lanthanide elements is almost completely neutralized and radii of the pair

of elements in the same group viz. (Zr & Hf); (Nb & Ta); (Mo & W) are
almost same.
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