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;f'” these elements have one electron in their valence shell and have similar properties.

From the electronic configuration of these elements, we find that all elements having same num®
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.7;_ Example

AMPLE 1. To find out clements which resemble H-atom (At. No. 1).
SOLUTION' The clements with At. No. 3, 11, 19, 37, 87 resemble hydrogen atom. These atomic
< are obtained as follows : i -

No. of ‘H' + 2 (Magic number) = 1 + 2 =3, Lithium (Li)

) Al _
(')) /:“ No. of Li + 8 (Magic number) = 3 + 8 = 11, Sodium (Na).
((”) Ai No. of Na + 8 (Magic number) = 11 + 8 = 19, Potassium (K).
i . vk

) At. No. of K + 18 (Magic number) = 19 + 18 = 37, Rubimdium (Rb).
(:.‘) At. No. of Rb + 18 (Magic number) = 37 + 18 = 55, Cesium (Cs).
f\*i) At. No. of Cs + 32 (Magic number) = 55 + 32 = 87, Francium (Fr).

MODERN IUPAC PERIODIC TABLE-LONG OR EXTENDED FORM
OF THE PERIODIC TABLE (BOHR’'S TABLE)

This table is based on the modern periodic law which was discovered by Moseley (1-91:"3). .
According to this law: ‘The physical and chemical pro'perties‘ of elements are the pefrlodzc ﬁmcr.zorf of
their atomic number, i.e-, when elerpents are arranged in the increasing order of their atomic number, similar
clements are repeated after regular interval. . :
The table 2.1 is an improved form of Mendeleeff’s periodic table. This table has the following features.
Table 2.1 Long form of Periodic Table

Groups —» 1 Atomic number

Period 1 H 18
0

J IA 1.008]  Atomic mass

2
13 14 15 16 17 | He

WA IVA VA VIA VIA 4003

5 6 7 8 9 10
B C N o F | Ne
10.81{12.01[14.01{16.00{19.00|20.18

13114 |15 | 16 | 17 | 18
3 4 5 6 7 8 9 10 11 12 Al Si P S ct | Ar

ns Ive VB VIB VIIB viiB IB 1B |26.98|28.09[30.97[32.06/35.45[39.95

21 22| 23| 24| 25| 26|27 | 28 |1 29 | 30|31 | 32|33 | 34| 3| 36
Sc | Ti \ Cr|Mn| Fe |Co| Ni |Cu|Zn | Ga |Ge | As | Sc | Br | Kr
44.96147.90]50.94]52.00(54.94|55.85]|58.93]58.71|63.54{65.3969.72{72.59|74.92| 78.9679.91/83.80

39 |40 ]| 41| 42 | 43 | 44 | 45| 46 | 47 | 48| 49 | 50 | 51 | 52 | 53 | 54
Y |2Zr |Nb| Mo | Tc | Ru |Rh | Pd | Ag| Cd|] In | Sn | Sh | Te 1 Xe
88.91/91.22/92.91[95.94{ (99) [101.1]102.9{106.4]107.91112.4]114.8118.7|121.8{127.6|126.9|131.3|

57 |72 | 73| 74| 75|76 |77 | 78| 79| 80| 81| 8| 83| 84| 85 | 86
La | Hf | Ta| W (Re |Os | Ir | Pt | Au| Hg| TI | Pb| Bi | Po| At | Rn
.31138.9|178.5/181.0]183.9{186.2]|190.2|192.2|195.1]197.0{200.6{204.4{207.2209.0 (210)|(210) | (222)

89 1104 | 105 106 | 107 | 108 | 109 [*110| 111 ]| 112 113 ] 114] 115] 116|117 | 118
Ac | Rf |[Db | Sg [ Bh [Hs | Mt | Ds | Rg|{ Cn | Nh| FI | Mc| Lv | Ts | Og
(237)|(261)|(262)|263.18| 262.12| 265 | 266 | 270 | 272 | 277 286 |289.19/288.19| 293 | 294 | 294

58 | 59 | 60 | 61 62 | 63 | 64 | 65 | 66 |67 | 68 | 69 | 70 | 71

e | Pr I Nd [Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm [ ¥b | Lu

40.11140.9] 144.2| (147) |150.4 [ 152.0| 157.3| 158.9] 162.5 | 164.9| 167.3| 168.9] 173.0] 175.0

?g 31 %2 93 | 04 [ 95196 [ 97 [98 | 99 | 100 | 1of 102 103

2 Np | Pu |Am [Cm | Bk | cr | Es | Fm | M o r

The name of o1 232.0 | (231)|238.0{(237) | (242) | (243) | (247) | (247) | (249) | (254) | (253) | (256) | (253)| (257)
ele

. “ements from i i herfordium
106), dubniy atomic number 104 to 118 have b ——n below in IUPAC system. Ruthe

Ronter:, UM (,..Db ; : ve been accepted as given belo . '
3 Nigenium 1052b), seaborgium (10659), bohrium (107Bh), hassium (;ogHs), meitnerium (109Mt), Darmstadtium (110D8)

ennesci~. 11189) and Copernics e, . . i orium (y16LV)
SN, (117Ts), Ogane‘i?g?:ciﬂ gg)Cn), Nihonium (ysgNh), Flerovium (;s4Fl)» Moscovium (1isMe), Livermorium (11e

-



MODERN COLLEGE CHEMISTR
1. All elements have been arranged in the increasing order of their atomic numbers.
hence, have beg,, oy

C

2 Elements with similar electronic configurations have similar properties and
&

together at one place.
3. Elements with different configurations have different properties and hence have been pj
i

different places in the periodic table.

This periodic table consists of :

(i) Seven horizontal rows called periods or rows.
(if) Eighteen vertical columns called groups or families.

(iii) Four blocks.

PERIODS
The horizontal rows from left to right in the periodic table are called periods. There are seven periogs 2

all. The number of elements in each period correspond to the number of electrons in different major energy leyel,
2m of multi electron atoms, i.e., aufbau principle. Eyg

These energy levels can be known from energy level diagr
period starts with a new principal quantum number, 1, L.e., filling of new main energy level.

First, second and third periods are called short periods. These contain 2, 8 and 8 elements respectively,
Fourth, fifth sixth and seventh periods contain 18, 18, 32 and 32 elements respectively. These are calleg
Seventh period is now complete and contains 32 elements. Out of these 32 elements, twg

4 elements belong to f-block and 10 elemenss

to s-block, 6 elements belong to p-block, 1
). These 32 elements belong to seventh period with atomic number

/| long periods.
elements belong
belong to d-block (fourth transition series
S 89 (actinium) to 118 (Oganesson).
e First period contains only two elements. This period correspo
?/ capacity is only of two electrons. Hence, only two different elements in which one and two e
present in first energy level are possible. H (1s1), He (15%).

Jements. It corresponds to the second main energy level (252 %)

Second period contains eight e
whose capacity is of eight electrons and hence, eight elements occur in this period.

nds to first main energy level whose
lectrons are

Third period contains eight elements. It corresponds to third main energy level (352 3pb 3d0). Itis
clear from energy level diagram for multi-electron atoms (Chapter, 1) that 3d-orbitals are higher in energy
_orbital. Hence this period involves ¢

than 4s orbital. Consequently, 3d-orbitals are filled after filling 4s
filling of only 3s and 3p orbitals. Therefore, it contains eight elements and not eighteen elements.

Fourth period contains eighteen elements. This period corresponds to fourth main energy level It
starts with the element which receives electron in 4s-orbital. After filling 4s orbital, the filling of 3d and the? |
level is in between the 4s and 4p sub-levels. As 45, 3d and
od. The 4d

4p takes place. It is so because energy of 3d sub-
4p can have 2, 10 and 6 electrons respectively, therefore 18 elements are present in this peri )
are filled up?" |

P
4f sub levels are higher in energy than 5s (see multi-electron energy level diagram) and hence
the next periods.
Fifth period also contains 18 elements, (37Rb to s4Xe) like the fourth period. r
Sixth period contains 32 elements, (ssCs to gsRn) due to the filling of 6s, 4f, 54 and 6p orbitals T |
first three elements resemble the corresponding three elements of the 5th period. The next 14 eleme™ |
kr}own as lanthanides are very much similar in their properties and these have been placed at oné place o % }
with lanthanum. The next 15 elements (7,Hf to ggRn) are arranged in the same way as the last 15 element™ |
ot

the fifth period.
Seventh period contains 32 elements, (87-118). These elements are radioactive. Upto 92 ,
e eleﬂleﬂ[S ,E ;;
b

;ler.nents are naturally oc.curring and the remaining elements are artificially prepared. Hence, th
aving atomic number higher than 92 are known as synthetic elements.




PERIODICITY OF ELEMENTS
| ron filling of orbitals and the number of ¢lements in a period is summarised

The relationship between clect

b 2'Z'T::nble 2.2 Number of elements In each perlod and electron filling of orbitals.
bitals being No. of electrons No. of
perlod |Starting ':L',':f'p o e arelIthalr needed to fill the  |elements in
(,'-,l:,?:ber progressive filling orbitals the period
e 1 1512 2 , 2
First 5 2412 21,1—() 8 (i.e., 2 + 6) 3
Second 3 3512 3p!-0 8 (ie., 2 + 6) 8
T 4 451-2 341710 4p!-0 18 (i.e., 2+ 10 + 6) 18
F.ounh 5 5sl-2 44110 5[)1"(’ 18 (i.e., 2 + 10 + 6) 18
F.‘ﬂh 6 6512 4f1-14 54110 6p1-0 | 32 (i.c, 2+ 14 + 10 + 6) 32
gmh th ) 7512 5114 641-10 7p1-6 | 32 (ie, 2 + 14 + 10 + 6) 32
even : - L.
st after lanthanum (s;La) and another 14 elements just after actinium (ggAc).

here are 14 elements | T ) ;
mese]:re placed in two separate rows, at the bottom of the periodic table, to avoid the undue expansion of

the periodic table. The elements in the first row are called lanthanides and those in the second row are called
acml:;des These are also called inner transition elements because the last electron in them enters into the shell

which is inner to the penultimate™ shell (ante-penultimate shell).
Similarly, keeping energy level diagram in view, we can explain the capacities of 5th, 6th and seventh

periods. This explanation also justifies the magic numbers.
There is a regular change in properties of the elements in a period as we move from left to right. The
trend in the properties of elements can be explained on the basis of effective nuclear charge and screening

constant.
EFFECTIVE NUCLEAR CHARGE AND SHIELDING EFFECT

A number of physical and chemical properties of elements show periodicity based upon the electronic
configuration of elements. In considering the variation in periodic properties, it is important to find the
controlling power of the nucleus of the atom on its electrons. We have to consider the manner in which
electrons are affected by the nuclear charge in a poly-electronic atom. How the nuclear charge (Z) differs
from effective nuclear charge (Z*) can be explained by the following discussion.

Screening or Shielding constant . The energy of an electron in an atom is given by the relation.

B 272 metz? Z°

n=—-——aa o —

- n?h? " n?
ere n = Principal quantum number, and

Z = Actual nuclear charge (= Atomic number)

Thus, the ener 1 : .
- gy of the outermost electron will increase rapidly with increase in principal quantum

IfEy i
H IS the energy of the hydrogen atom (13.6 eV.), the ionisation energy of other elements will be:

EH =4E,; = = . g
©TTH=136 X4=544¢V,E, =244 ¢V, [ for ;He (1s2), Z=2, n=1 and -ZT = 22— =4]
9 5 :
Bi=-g, .
4 H =305 eV, Eobs =54¢eV [3L1 = 152 251, Z=3,n= 2]

" Penulim
ate i
Shellis that shell which Ts befors he ouiammas: shell

B
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in, &7 Pf” = 544 eV, o = 7.32 e¥

tait R - 2 sy £ 5 .‘:":'U EJOE:;:« >

firom the calculation sLis found that the v alue of %ﬁaﬁ = s han the ot

charge, For epample, the chasge on the nucleus 2, 3 a : respectively) 265 reduny,
(45, 1,50 and 1.7 respectively on the outer electrons.

Iy lithium (2. 3); majosity of

outer 2s clectrons. The net effect of the 15 :
its such that the effecve

islessthanthe a

he electron density of 15 electron pair will be berween e nucly;
2 electrons (in betwee onclens and 2s electrons) is 10 redun. N
~ L&.

muclezr charge 2"

-

) becomes equal 103 -2 i¢
Le., o

"

e 2round he “mam,
i

Jear charge b (wo uni hz g
’l;fl"("’h :;fd('?; P;f{uhn{)ility distribution curve 2150 shows that Zf om"_:zi has i il d e “mczine
15 electron” Thus, an electron in 2s ofbitzl peneiEs i 15 orbizzl The enerey & 25 elecron will be df‘emﬁs}
¥ (cffective nuclear charge) yhich is somewial less then the mckes chape. 2
g =], - 0 where d is the screening of shielding consiznt
the nuclens and valegy

Thus,
wine effect of reduct
cleetrons 18 called screenin

penetration of orbitals
Definiton. The extent 10 which an orbital of @ shell interacts ¥

is called penetration of orbitals. For example :
B lessmanmazondorbiiaL Sothe £ _osbital is filled first than 3d Iix

(/) The encrgy of 4s-orbital 1
called as the penetration of the 3d-orbital by the 4s-orbital. |
and zre somewhzt less shielded by inner-shell electrons thanp. |

s-orhitals (I = 0) arc more penetrating

d and f-orbitals (/= 1, 2 and 3 respectively). It is because of the presence of comparatively more pumbral |
maximum near the nucleus. g-orbitals, thus shield the nucleus somewhat betier than other orbitals. Th
decreasing order of shiclding of different orbitals is s>p>d >f. If we Dow compare the radial distnbuno
curves of 3s, 3p and 3d-orbitals (see chapter, 1), we find that the probable radius of these orbitals decres

in the order 3s > 3p > 3d. Thus 3d-orbitals should screen the nuclens more effectively than 3p and 3~ Bu

it is not so. It is becausc
“’] ’ - - -
The presence of one node and an intranodal maximum in 3p orbital and the presence of

and two intranodal maximum in
3d-orbital having no node and intranodal maximum.”
:

Hence the energies of these orbitals are 3d > 3p > 3s.

Calculation of shielding constant (o) — Slater’s rules. Slater i irical ol
‘ ) ' has given empirical
for the calculation of ‘o’ which are based on the average behaviour of egiﬂecuo;sng:e zis'o(l:re;u;‘1;11e"ﬂ"mi

the rules are :
(i) Write the clectronic configuration of the element and group the electrons in the order :

i (F]th (25, 2p), (35, 3p), (3d), (4s, 4p), (4d), (4f). (55, 5p). (5d. 5f). (6s. 6p) etc
Clectrons present in a group ‘which i > ). (0s, . i
g screening constant, g are on the right 1o the (ns, np) group™ do not contribute o O¥
& (iif) All of the other electrons in th
- ! - ¢ (ns, np) group (i. e oqouP
o, e l,‘ 0] > " p l-e.., One eled]'o gﬂ\..:
:v;(l’ t:o.n Y ',h,dd the valence electron to an extent of 0.35 each. F y ]mesl . the numbe{;; the
s ¢ a contribution of 0.30 from other single electron i (Or an electron in Is-orbital
v (vl L m -
(:)) o tl:((: cllcctron.u ’m the (n - 1)th shell shield the valence elecm-‘:rbxtal). _
iy fc Lct’mn,s in the (n - 2)th or lower shell shield the vale e eatrh. oot
s for calculating ‘0’ when electron being shielded i nce electron to an extent of 1.0
(@) Rules (i), (ii) and (iif) are same but rules (iv) and (v) b‘; in nd or of group are :
ome :

jon of force of attraction by the shell between
g or shielding effect.”

ith the lower Guarngm number orbazh

o poas

N
~ 710
.I'{’.a B

Js-orbital cause them to be affected more by the nucleus as comx

4



: EGE CHEM
_ MODERN COLL ISTRy ¢

ii) o for 1s! (one electron less than group electrons €.

e Z*=Z—0=30—0-30=29'70 ]
iv o e felt by 6s electron in tantalum atom (g

EXAMPLE 4. Find the effective nuclear charge I¢ y . [Kr]?6 4d10 4f14 552 5p6 544 ¢ " k)

SOLUTION. (i) The electron configuration of Ta-atom 1S [] g r] g s

(if) The grouped electron configuration is [Kr]*® @) @™ s, f/’)' (l;) N § b.

The shielding constant (o) felt by 6s electron = 0.35 (one electron less than the number of electr, .

4 " : \ .0 (number of electrons w;j VI
n = 6) + 0.85 (number of electrons in “n — 17 shell i.e., Sth shell) + 1.0 ( i ith p <,
035 X 0+085 x 12+ 1.0 X 60 =702,

7t = Z-0g=73-702=2.8

EM\I
2 _1=1)of 3Zn atom =1 x 0.30 < ;
.30

.. Effective nuclear charge,

- Effective nuclear chare,

4
Applications of effective nuclear charge (Slater’s rules) |
Effective nuclear charge is helpful to solve many chemical problems as described belgy,
1. Explains why a cation is smaller in size than that of its parent atom. Let us compare the gj,, .

Be>* with Be-atom.

(i) Various groups in sBe-atom = (15)* (25)°

. Screening constant. ¢ = (Number of electrons in 2s groups — 1) X 0.35 + (number of electrop
¥ X 035 +2 X 0.85=0.35 + 1.70 = 2.05

inner group) X 0.85 =1
y Z*=Z-0=4-205=1.95.

(if) Various groups in :BeZ* = (1s)?
.. Screening constant, ¢ = (Number of electrons in 1s group — 1) X 0.30=1 X 0.30 = 0.30
3 A Z*=7Z-0=4-0.30=3.70.
g The effective nuclear charge of Be* (= 3.70) is greater than effective nuclear, charge of Be-aton |
" (= 1.95). So, the size of Be2* is smaller than that of Be-atom.
2. Explains why an anion is larger in size than that of its parent atom. Let us compare the size of |
F- ion with that of F-atom. |
(i) Various groups in gF-atom = (1s)? (25 2p)7
oy Screening constant, ¢ = (Number of electrons in (2s,2p) group — 1) X 0.35 + (number of electrons |
1n inner group) X 0.85=6 X 0.35+2 x 0.85=2.10 + 1.70 = 3.80.
Z*=7-0=9-3.80=5.20
(i) Various groups in gF- ion = (1s)? (25 2p)S.
.. Screening constant, ¢ = i 0 |
e O:g8 cat xLO(,;35 f;“f;bg; §f= e;ZtSrO:sl .1;102: ipl group) X 0.35 + (number of electrons in |
Z*(F)=Z-0=9-4.15=485
The effective nuclear ch . = i . -
(4.85). So, the size of F-atom izsirsg:m(l)lfef tlz::l(r)lmth(al (ff.zlg'lisor%.r o P Rl e, chargeol &
3. Explains why ns (say 4s) orbital is filled first than (n - 1) d [say, 3d] orbital. Let us consider th

electron configuration of potassium atom, oK. | i '
: » 19K. It can be assigned an i onic
configurations. g Y one of the following two electr

(@) Various groups in 19K of electron configuration, (i) are (15)* (25, 2p)8 (35, 3p)8 (4s)!

[ Scree:;ingI effect, a] HP. [ N“f“b?r of electron . nu_mbe‘r of electrons number of electrons
on 4s electron in 4s group-1 in 3s, 3p group + [in (25, 2p) and group

X 085 (1s) group X 10




I PERIODICITY OF ELEMENTS
E. '
; 110‘7 =(0 X035+ (@8 X085+ (10 X 1.0)= 0468 4 [0 = 16.8 m
&l 3)‘ .. Effective nuclear charge, Z* = 19 ~ 16.8 = 2.2
(b) Various groups in ;oK of clectron conliguration, (if) are (15)? (2, 2p)% (3s, 3)® (3!
e Screening effect, 0 . [ Number of clectron in” .. [ Number of electro s in the
;Fonsi [ on 3d clectron 3d group (~1) x 0.35 | * left of 34 shcl; 2«? ll',]()[hc]
) =0 X 035+ 18 x | = I8

20 of

Sip

el

.. Effective nuclear charge, Z* = 19 - |8 =.l. The effective nuclgnr charge of 14K for electron
configuration () is greater (= 2.2) than that of 19K for clectron configuration, (if) (= 1). So 4s electron s
strongly held by K-nucleus than 3d clectron, Hence 4s orbital is filled first than 3d.

4. While forming cations of transition clements, why 4s clectrons are lost prior to 3d electrons,
Let us consider the electron configuration of ysMn

152 252 2p0 352 3p0 35 452
The electron configuration of ;sMn*2 is :
@) 152 252 2p° 352 3pS 347 (i) 152 252 2p0 352 3p6 33 452
(9) Various groups in Mn®* for electron configuration, (i) are : (15)2 (2s, 2p)® (3s, 3p)® (3d)°

.. Screening effect, o on 3d electron = (number of electrons in 3d group — 1) X 0.35 + (number of
electrons to the left of 3d subshell X 1.0)

=4XxX035+18X1=14+18=194
.. Effective nuclear charge, Z* =25 - 194 = 5.6
(if) Various groups in Mn?* for electron configuration, (i) are : (1s)2 (2s, 2p)3 (3s, 3p)8 (3d)3 (45)2
-~ Screening effect, o on 4s electron = (number of electrons in 4s group — 1) X 0.35 + (number of
electrons in n — 11 group) X 0.85 + (number of electrons in (n —2), (n - 3) etc. groups) X 1.0
=1X035+11 Xx085+10 X 1.0=0.35+9.35+ 10 = 19.70
.. Effective nuclear charge, Z* = 25 - 19.70 = 5.3
The effective nuclear charge on Mn?* for electron configuration (i) (= 5.6) is greater than that on

Mn”* for electron configuration (if), (= 5.3). Thus the electron configuration (i) is more stable than electron
configuration, (if). Hence 4s electrons are lost prior to 3d electrons.

5. It explains successive ionisation energies of elements. It explains why third ionisation energy is
greater than second jonisation energy which in turn is greater than first jonisation energy. Let us compare

the second ionisation energy of Al (g), with first ionisation energy of Al (g) with the help of their effective
nuclear charge,

13A1 (152 252 2p0 352 3[)1)+IE1 —> Al (152 2p? 2p0 3s2)
(1) Various groups in Al (8) = (15)? (23, 2p)® (35, 3p)3

5 Scre'ening constant, o on 3s or 3p electron = (number of electrons in nth shell -1)X0.35 + (number
eicctrons in (n-1) shell) X 0,85+(number of electrons in (n - 2) shell) x 1.0

‘ =2XO.35+8X0.85+2X1=O.70+6.80+2=9.50
*+ Effective puclear charge Z* = 13- 9.5 = 3.5

(&) Varioyg groups in Al* (g) = (15)2 (2s, 2p)8 (3, 3p)?

ectm‘,',.ss-creenmg constant, o on 3s or 3p electron = (Number of electrons in nth shell-1)X0.35 +(number of
1 n=1) shell) x 0.85 + (number of clectrons in (1 - 2) shell) x 1.0

. Effors: =1><O.35+8><O.85+2><1=0.35+6.80+2=9.15
- Effectiye nuclear charge, Z* = 13 - 9. 15 = 3.85

.
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E :

) is greater than the effective nucleg,

The effective nuclear char® o ARE ,l;; ;w pucleus 10 Al* (g) than that Of Al(g). Henarge O
h n other words. second lonisiition encehi 1

. P ofy i€
Al(g) (= 3.5) henee valence electron 13 ?mm~ i
lectron from Al*L) ergy 3

energy is needed to remove ane R

ercater than first jonisanon CneTEy- i i< ereater {han second ionisation energy y
i S o ke chown that third fomsai YISE ] |
Stmilardy, it can be shown that tht Do el o2 and p block decrease along 4y

onic size of € . Deﬁ%

6. It explains why atomic and dl 3
13 » of second penod. )
i and Be of s¢ pe By (l‘.)l

Consider elements L e
el el cin <Li (15 2s')are . [y X 0355

(1) Varous groups 1 , oo /26 ) : o

25 electron = (number of € e]ec%z

Screening constant. o o1
Z¢=3-170= 1.30

-1 shelh) X 085 = 0 X035+

n (n
. Effective nuclear charge. ;
2 2 2 (25)-
1) Varous S 1 . (152 25°) are (Is) (=
(%) Various groups 1 +Be (13 i i -
Screening constant. ¢ on 2s electron = (number of electrons I :s 1) X 0.35 + (number of i
E 1 x 0 2 x085=035+ 1.70 = 2.05.

in (1= 1) shel) X 085 =1 X 035+
Effective nuclear charge = 4

Since the effective nuclear charge in Be-atom (=

of Ba-atom is smaller than that of Li-atom. Similarly. it can be exp

along a period.
| 7. It also justifies the auf-bau principle according to which the electrons are filled in vgy,
| orbitals in the order of their increasing energies.

_205= 195
1.95) is greater than that in Li atom (= 1.30), b ..
e 5

lained that ionic size of elements de;..,
&_Q.i

Limitations of Slater rules

Various limitations of Slater rules are :

1. It is less reliable for atoms of heavier elements.

2. These rules state that all. the electrons present in s. p. d and j~subshells of (71 — 1) shell shield &
outer n-§he11 electrons with equal contribution Ze. 1. It does not appear to be true because electox
present in s, p, d and f-subshells have different energies and donot shield the nucleus to s

4

extent.
3. Radial distributi : .

p-orbitals. s: Us;r;ecl:;;\oesém orbitals show that s-orbitals penetrate more to-wards nucleus t=
: g ¢ fect of s-orbitals should be more than p-orbital but according to Sl

rules, s and p orbitals of the same shell are grouped together

CHARACTERISTICS OF PERIODS

(1) Electronic confi i
guration. The -
from left to right in ¢ atomic number of th )
a e ele ! ,-
period. Thus, each element attains g new el::;-‘tlts Increase by one unit as one M0
tronic configuration. (Table 2.3

Element =~ T , Table 2.3
El = 1 [l
ectronic ) —~

152 24! TP :
configuration -» S 2 | 1% 242 1312332,,1 T E O | F Ne
Loriod 2 S 15222 12002 | 1202 |19
Principal quantum , 2 2 "f; = 2p3 2p & 2p5 2p6
No. (n) of outer shell 2 2 ; 2 > 24 )

s : 2 2 | 2




PER

respect 10 hydrogen.

(b) The valency of a

foDICITY OF ELEME

(i7) Valency- (@) The valenc

NTS

y of an clement increases from 1 10 4

n clement increases from | (o 7 with respect [«

and then decreases L0 Z€ro with

y oxygen, €.g., in the third period

(Table 243 i Table 2.4.
[/_Et—/ Na Mg Al Si P S Cl /?)r
Bl — 4 375 [ 1
(36 A l 2 3 : pe
Yoeesd L NaH | MgH, |  AlHy SiH, | PH; | HyS H7CI 6
«drides = 5 6
H)lencv “’_r.l‘ ‘O‘ l 2 3 "4 i ) Cl ()
Ve Nvw,O | MgO | ALOs | Si0; | P05 | 805 SOl
o arof Stronely | Basic | Amphoteric | Feebly Acidic | More Most —
Bd;::\lzi(;lf o Basikcy s acidic acidic | acidic —
a period from left to right in the periodic table. As we move from

i erties along
jii) Trend in prop _ : i
( atomic number, i.e., nuclear charge goes on increasing”. The electrons

1o right in the periodic table : “the . :
Lejadde:i in the same shell. The added electrons do not screen the nucleus appreciably. The attraction of the

nucleus for the outermost electron goes on increasing. The effective nuclear charge becomes greater than

ccreening effect. As a result :
(a) atomic radius, ionic radius, atomic volume, i.e., atomic size, metallic character and hence basic
nature of their oxides and electropositive character goes on decreasing.

(b) lonization potential, electron affinity, electro-negativity, non-metallic character and hence acidic

nature of their oxides goes on increasing.
(iv) Diagonal relationship. Elements present in 2nd and 3rd periods show diagonal relationship with

each other, i.e., these resemble each other, e.g., Li, Be, B resemble Mg, Al, Si respectively.
2nd period elements :  Li Be B C
3rd period elements :  Na Mg\‘ Al\ Si
Reason. (a) On moving along a period :
(i) The size as well as electropositive character of elements decrease.
(i) The polarizing power of the ions increases.
(b) On moving down the group :
(i) The size as well as electropositive character of elements increase.
(i) The polarizing power of ions decreases.
(¢) On moving along the diagonal, the decrease and increase of size, electropositive character and

polarizing power partly cancel each other. Thus, there is a good similarity i i :
; : ’ imilarity
Opposite elements, g lﬁ the properties of the diagonally

For trends in periodic properties of periods 2, 3 and 4 elements see section, 2.24.

GROUPS*
ertical columns in the periodic table starting from top to bottom are called groups or families.

All the : e )
elements in a group have similar electronic configuration and hence similar properties. These

show a S e e :
regular variation in physical properties.

N

Inthe ng

are calledw1lU2P %Czygtem, group A, lA, 1IIB, IVB, VB, VIB, VIIB, VIIl, VI, VI, 1B, 1B, l1A, IVA, VA, VIA, VIIA and zero
1©9,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 and 18 groups respectively.




i IA) (i)
i lal: ( ¥ n
D inert or rre

are cighteen groups in the long

[VB. VB. VIB. VIIB. VIIL Vil VIIL l'B. |

: Similar electronic configurarion. o
kcmm' * cou jon. €8 Alkali metals (group 14 . l '
c ey 1520 Na (at. No. 1) = 152 22 2p0 3s! and so-on.
1 ; Na (at. No.

Rl 22y
B :\ :d:: :h:: :\:\x clectron in their outermost s-orbit
?‘& ﬁ.:»x u:,;;{\\ All the clements belonging “.) ! pn'rlic
e e foroun 1A) have one electron i their outert
(@) Al mets (ST lectrons in their outermost shell and have valey,, .
same group have similar electronic configyr,,

Chalcogens (\./’l/\)..(iv) Halogen, (V]
i) Coinage metals (IB) (viD) Pnictogens (v A), A”W
rodic table. These are numbered ag | ATy
VIA, VIIA, and zero. g
longing 1o a particular £roup hay, S
il;ﬂ

¢ families ar¢ : Is (1A), (iif)

Alkaline carth metd
gases (zero) (1
, form of the pe
1B, A, IVA, VA,

All the clements he

Aerogens. noble gases,

al.
ular group have same valency, ¢,y

nost shell and have valency = |

(B Alksline carth metals (group [IA) have WO €
L4 g 1 :
J properties. Vanous clements of the

(5 Simailar Chemicy e
and hence their chemical propertics are quire similar.

Trend in properties down the group in the periodic table. As we move down the group in the perie
e the atomic pumber. i.e., nuclear charge goes on increasing. The clectrons get ad_dcd in the new shel,
st someen the muckens and the screening effect by the new shells goes on increasing. The attraction
& mucdess for the outermost electrons goes on decreasing. The screening effect becomes greater th
eSecsve mociesr charpe. As aresult
5 Asomic radizs. iomic radius, atomic volume, i.e. atomic size, metallic character and hence basz
| namor of their oxides and electropositive character goes on increasing.
) Jomization potential, electron affinity, electronegativity and non-metallic character goes o
decrecsrp.
Advantage of classification of elements or merits of long form of periodic table
- The clements are classified to have a better control on their studies with small effort. FollowinZ %
mzjor afvantzges of the long form of periodic table :
(1 B s hased the i ich i
7 5. mc « e '
izioa ﬁponm i numbctr which is a more fundamental property of the elements. Henc:
= T-f: - pmbo{ of placing the isotopes of an element separately.
‘) 10 poston of elements in the periodi i : i
AT i ' peniodic table is governed by their electronic configuration.
) e dvision of elements into s, p, d and f-blocks h log*
cxpianation e
(#v It is smple and easy 1o reproduce
(¥) The position of ot
g ;f; - some clcrfxenls which are misf
-m*g ! awrrm number. For example, argon (
e ¥3.1) because argon has atomie number |
(vi) The lanthanoids and actinoids, whic
a the bottom of the periodic 1able.
(vii) The propenties of new
s of new y :
operti ew elements can be predicte

as made the study more simple and has

[ o1 o 5/ . .- AC
nl ton the basis of atomic mass is now justified " w

{ Al N

8‘ --Omlc mass = 39.9) preceeds potassium (atomi€ o
and potassium has 19.

hhave properties diffe aratc!

rent from other groups are placed sep

d ever L
en before their actual discoveries.

Defects of long form of the periodic table

Although long form of JTI )
following defects: g of the periodic table gives the be

(i) Position of hydrogen. It does
- it docs not resemble fully wi cali '
them. It also resembles halogens as wel] as carbf)x:v"h Esall metais PUtthas been pleces ﬂlo“gw]

Sarre 4 [#
Larrangemen of clements, yet it suffers from .

BT



VP_ERIODICITY OF ELEMENTS >

(if) Group VIII consists of three columng instead of one
ition of lanthanides and actinidec io .. i _
(iif) Position and actinides jg MO proper in the periodic table.

(iv) A‘l:‘;‘)r‘]i\mg to electronic configuration, heljup, (15%) should be placed in s-block whereas it is placed in
p-o OCK.

(v) The designation of sub-groups as A and B hag g

s, P, d AND f-BLOCK ELEMENTS

Types of elements on the I,
orbitals).

On the basis of the electronjc configuration of the atoms, the elements have been divided into three
types and four blocks (s, p, d and ),

(7) Representative or s and P-block elements,

(i7) Transition or d-block elements. (iii) Inner transition or f-block elements.

@) Represenfatlve elemenw. It includes elements which, have their outermost shells incomplete. The
electron configuration of the incomplete shejjg is either nsl or2 o 52 nplto6,

The ns2 np® configuration is assigned "GRSUr T2

OL no significance,

asis of their electronic configuration (arrangement of electrons in

GROUP 13-18 N

to group zero and consists of noble gases, | H—— g, —
& , REPRESENTATIVE
Except noble gas elements, the group number 3 ELEMENTS
is the number of electrons in the outermost | |
. = GROUP 3-12
shell. . TRANSITION ELEMENTS
From chemical viewpoint, v :
representative elements have been subdivided ol
| d-BLOCK

as follows fig. 2.1. @

(7]

L s-Block elements. Those elements
(except He) in which last electron enters into
the s-subshell of the outermost main energy
level, are called s-block elements e. g

11Na = 152 252 256 351 T
This block is situated on the left hand . PBIOCK

side of the periodic table. It contains
I3 elements in two groups (1 and 2). Their | Fig. 2.1. Division of periodic table into four blocks.

general configuration is 751 (group 1 or IA) —
and ns2 (group 2 or ITA), where n stands for the outermost shell. These are all active metals (except H) and

show a fixed electropositive valency. Group 1 and group 2 elements are respectively called alkali metals and
alkaline earth metals,
Important characterisitcs of s-block elements. With the exception of hydrogen, the s-block
elements have the following characterisitcs : '
(i) They are soft metals having low melting and boiling points.

(i) They have Jow ionisation enthalpies (energies). e '
(it) They are highly reactive and readily form univalent or bivalent positive ions by losing the valence

electrons. |
(iv) The metals and their salts impart characteristic colours to the flame. For example, sodium salts
Impart a golden yellow colour to the flame. Exceptions include Be and Mg metals.

INNER TRANSITION ELEMENTS
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ductors of heat and Clcc'ricily,

l

| on
are good €

it B i »:mrathd by ma

(vi) Cations of g-block clc@

ahaence of gnpaired clectrons |

¢ yents GU

»od reducing 8ECO _

E;rﬁmmg agents than elements of

stroager \
s arrong hascs.
(vitiy Thes tydroasdes 87t mlmf um) and of group 2 (2
s }L‘" e ~

s § st clement } :
(1) Las ; These clements (except He) in which I

11, p-block W&csd are called p.hlock clements, €.8-+

the conersmosd €88 TR T 152 257 20 357 B , |
N | (mingh! hand side of the periodic table. It contains 31 elements in si.x B
Thes biack 1 ;,::’:xz:m mj oo is ns2 npl=6 where n stands for the outermost shell. Their (- ]
13.15 Thes peacral ClecrosK x:m!lgm, :"m n's O rbitals are fully filled. The differentiating electron enter, 1'

ion [()ﬂn, lh(‘\c

(0t gnets) and colourless due
jc (no  the

or solut
nls arc Jiamagne!

jonisation energics. Group I (IA) eleme,, i
L ':

ir Jow
¢ 1o ther 3 (IA).

{yify Act &% group
ydium) are radioactive,

ast clectron enters into the p-supje, ., ’

£ ol dony with (n - Ijed

er np orhaal : - fi .
Exceptions. If we follow the definition of representative elements strictly, we find many exception,
For cxanmic
: d'0, nsl- 2,

+i Copper #nd zinc familics have ouler shell configurations as (n— 1)

Yot Y = [s:Xe] 414 652 and (i) Nobelium, jpoNo = [s¢Rn] 514 7s2.

(g

,7 These should be induded in the representative elements. However :
-  Cu gnf 7 fammilaes resemble transition elements more than representative elements. Hence these

#r danfied & transition elements.
() Yb and No resemble lzmhzmds and acﬁni.des respectively more than representative elements.
Hence these zre dassified as inner transition elements. Cu and Zn families are, thus, the
; bridging ehements between transition and representative elements. |
it indudes dements of :

7 ;}j f:‘- 7IA. VIIA (F = 152 252 2p%) and zero group or group 18
chudes tnghly electy a5y ot .
o ,.’;,lc;ju :f:gfnéclcmms (halogens, chalcogens, viz, O, S, Se etc.), inert element
(1) Yachnde dem u:} ";)' e i ¢ic.) and metalloids (As St; Bi ,etc )
y SO T 2.3 PO cx'a Py Y . > ) ) o)
ot @ gases (Fy, Cly, ete.), liquids (Br, etc.) and solids (AL, Sn, etc)

Important
characteristics of p-block elements

11y The : j
J . arﬂ}g:}ly/::&; besh metals and non-metals But the
* Rl S5, % a7 e Z '
ik BT 28 we moyve from lefi 1 right

45 They have quite high ;
°Y Tave QUIE Bigh Somisat;
M alpi
st v M enthalpies (¢
;l.ll) Generdly, pidock elernents
v} In & period, there | ;
(v) pbleck t:lur.gr:;’t _ Facaiion fjony reducing o ox
Wi @ generally bag conductors of
e He 1adli decreqase CIOns 4 period o
V’l 24t ’ . 4 . “x an
o ) Heavier elernen, C2hibit varigp ] ;
Villy Last elements i Satsoigy
“EEDLS 10 group 16 g
: ) (chalcopens
: "’;‘-’SWM and 17 ¢ halogeng
nt of ¢ 8) are Polonium (p_) and astatine (W

) is alsg radioactjye
: £

A

e is a repul: .=
a regular gradation from metallic to new

nergies) ¢
E168) and the values tend 1o jnerease as we MO

torm :
mostly covalen compounds

Idising Properties.
Land e

lectrici
I ll Y : alc).
Increase dow Y (except those which are metd®)

ivactive, Last ¢]



y OF ELEMENTS

o iod are calle ical elements.
pgnloolc ts. Elements of the third period nu;\c.all(\./(/l\lypltl;;\clu\r;[c&s
TlemCIES: = v .
pypleal Bl A A TIA
(I;':\l»‘uv numbet @ (3 ad ds (':’) (g)
Si P S
piod clements Nn Mp Al

Thind pe

e s " shell has only s and p-orbitals. It
| elements (1 = 2) have only two shells and sccond shell has only 4
A . Y L\ A W
aeond pe noa c
The seet

« other hand, elements of third period (1 oy 3) have vacant d-orbitals andl lh(cl:.cf:;ectr-onz
whitals. On e “.. sbility. Thus Li which is the first member of group IA (or 1) differs 1n .
Jements MY gn‘nll“l‘ j:'“mvmiyi‘rs of the family. On the other hand, sodium very muct.l rf:sembles
{ propertics Ilkl.“l‘i“n:l-gls. Thus properties of all the elements present in each group are similar to the
and u\ho\l \1; elements of that group. | '
e !.\1’“"\ Dingonal relationship). Elements of second period are known as bridge elements.
g T\i(n properties, with the clements of third period diagonally placed.

W resemble. . N O F
The) 2“‘0“(' ‘“\ri()d Ll\ Be ~a B ~a C ~a p ~a S ~Na a
Third period e Mgy 1AL 8L

<11 has similarities with Na as well as Mg and it acts as a bridge bet'ween tw? groups.
gt .k‘ clements or Transition elements. It includes elements which have incompletely filled
.lll- ~d-bh~)'c fwnd or combined state. The electron configuration of the incomplete shells is (n — 1)
"’I“mm‘ls mothLlI E1.) d' © 10 52 with a few irregularities. There are four transition series corres_ponding to
;‘(;il;nlxl Iu’p (SI 3d. 4d. 5d and 6d orbitals. This block is situated in-between s and p-blocks. It includes 40

oJements in four transition series. These series are :

(a) First transition series. It includes 10 elements with atomic number 21 (scandium) to 30 (zinc).
" The last electron enters in 3d-orbital.

(b) Second transition series. It includes elements with atomic numbers 39 (yttrium) to 43 (cadmium).
The last electron enters in 4d orbital.

(c) Third transition series. It includes elements with atomic number 57 (Lanthanum) 72, (Hafnium)
to 80 (Mercury). The last electron enters in 5Sd-orbital.

(d) Fourth transition series. It is now a complete transition series. It includes elements with atomic
number 89 (actinium, Ac), 104 (rutherfordium, Rf), 105 (dubnium, Db), 106 (seaborgium. Sg). 107

(bohrium, Bh), 108 (hassium, Hs), 109 (meitnerium, Mt) 110 (dermstadtium, Ds), 111 rontgenium,
Rg) and 112 Copernicium (;1,Cn).

It includes the elements of 1IIB (3) to VIIB (7), VIII (8, 9, 10), IB (11) and I1IB (12) groups.

Group VIII consists of three vertical columns containing twelve elements in all.

If we follow the definition of transition elements strictly, we find some exceptions. For example.

(i) Lutecium, 7;Lu = [Xe]* 44 54! 652 and (ii) Lawrencium, jo3Lr = [ggRn] 5f1¢ 64! 7s2.

These should be included in the transition elements. However, their properties justify their inclusion in the
transition elements. These elements are the bridging elements between transition and inner transition elements.
These are called transition elements because their properties are intermediate between those of s

;!)ﬂd p block elements. These are called d-block elements because their penultimate shell of electrons is
“Ing expanded from 8 to 18 by the addition of d-electrons.

:;‘IETHOD TO KNOW THE NUMBER OF PERIOD, GROUP AND
BLOCK TO WHICH AN ELEMENT BELONGS

Various steps to know the

pas no -t
in these ©
pumber ©
lw;\ssium .
pties of
Bridge Kleme
in cert

prope

nner

¢ _ period, group and block of an element are given below :
(.’. ) Wn.te the electronic configuration of the element.
i) Write the groups in the following order with the sub-shell in which the valence electrons of the

€lement concerned is filled. Do not change the configuration by considering that half-filled or fully-

filled orbitals are most stable.

..



i i ic number 24 is :
'3 SOLUTION. (i) The electronic configuration of element with atomi
o

? belongs to d-block of the periodic table with group number VIB or 6 (i.e., 2 e~s of 4s + 4e~s of 34 = 6)

l

MODERN COLLEGE CHEMISTRY SEMy |

- IB (d), VIIL (d%), 47
IB (d4), VI ( ) ?

I &), VB (), V 6) and 152 of p, .. » ,

IA (s1), TIA (s?) except He, LB (d ),\;X?pg) i, \ (o, VIIA (%), Zero group (7 el |
IB (&), IIB (d'°), WA (p"), IVA (%), ’ |
e o of valence electrons (ns) r
For s-block elements, group number is equal to thesmiier

or s-block '

Jectrons (ns and np)

r of valence €

: elements, group number is equal to 10+ nul;n bf)f electrons in (n — 1) d and ns sypg,
For p-b]ocl}i elem ntg' ;mup number is equal to the nulm lerst “loctron of the element is filleq
For d-block elements, g hell in which the la : ) :

¢ is that sub-shell in grazass e electronic confiplire. |
g lbl . lu';hcst value of shell which is present 1n th guratjg,
: iod is the hi

(iv) Number of the pen

of element concerned.

i
i
ells. E

————,
Example

*\‘
o

..4 iS pl’esen(.

" 2 table).

1s? 252 2p5 352 3pS 3d* 452 (uns . 3 :
(i) In the configuration, the last electron of the element is filled in d-subshell as 3d*. Thus this elemen
u S 14

(i#7) The highest shell present in the electron configuration of this element is 4s. Thus the period
number is 4.

ATOMIC AND IONIC PROPERTIES
Atomic and ionic radii

Except noble gas atoms, all atoms or ions are almost unstable, Also, it is im
oranion. S

possible to isolate an atom
0, atomic and ionic radii of an element cannot be determined. So, in order to measure the atomic
and ionic radii of the atom of an element, we measure the
molecules. We, the

ir internuclear distances in crystals and in gaseous
n derive the radii from thege distances in one Way or the other. Their exact calculations
are, however, affected by many factors given below :

state of h

(i) C-atom in CH, is sp3 hybridj

ybridisation algg affects the radi
sed (s-

—
—_

and hag atomic radius, 60 pm.

o an atom, smaller vyil] be the atomic
order, bond type, Crystal structure and oxidation
f an atom d




P

: MENTS
Pfﬂxoma o with increase in nuclear charge, the force of altraction between the nucleys and
charge. §
ucleal

woes. Henee, the electron cloud moves closer 1o the nucleus and alomic size decreases
X .“\.n-!;\ AN . } . ey . / S¢S,
~oon cloud bits, With increase in number of orbits, the distance between the nucleus
i 1l b
of or

;p(, " N t . { T . . i v
"L Ny e SI7C INCICANES. Similarly, with decrease in number of orbits, the
v ~ ﬂl : " 4 . '
aox. Honee Greater the bond onder between similar atoms, smalfer will be th
yder, LI
pond ¢

werlapping of p-orbitals brings the combining atoms
¢ A

and last orbjy
atomic size dccrcascs.
¢ bond length (=2 %

v together, For exampl b
e LN . ) ) ’ pic, bond
ey radius) ‘\}:1 opm) > C=C1(= 134 pm) > C = C (= 154 pm)
gl C LU tegree of 1onie, covalent or metallic character,
Ul d ape i ¢ et ‘

3 RN; lar StAICIUE. 7. Oxidation states of the bonded neighbours,

‘\‘1 N *
& AoltY

nd“dc ‘h:“ “"i) .‘i”“’[(~ t_\‘,’(.‘ ()j\ (I’(”"i(‘ ]‘(I(Ii”S l‘." ('U’"’)I(.‘Il [y .Y(l’l.‘:/ﬂ(."(l'y,'
we O : !

‘,f«.,-‘ N k‘nd5 (‘t md“.
)‘9&"\' d'lﬁii\ i

3od radii. Such radit are of two types: (i) Atomic radijus
o Jmic radii are further subdivided into
il *

" Hence we discuss
S,
(if) Tonic radius (crystals)
The & w 1
Covalent as in covalent molecules and in the non-metals and
) Cavale . X ‘
- Metallic as in the metals, intermetallic compounds or in alloys.

;;wme:imcs. the covalent mdii.are further identified as tgtrahedral or octahedral radii. So, there is 2

g z; gisinguish single bond radii from double bond and triple bond radii. In case when multiple bonding

,T: dauble. = or triple. =) is present, the shape of the atom does not remain spherical but gets somewhat

:m—:; Sa. in such cases, measurement of internuclear distances is done which, in fact, is generally done

;‘m&::z}ac which donot have a regular polyhedron geometry e.g., square planar, trigonal bipyramidal. For
¢ purpose, we consider two additional radii related to atomic or covalent radii. These are :

/) Brage-Slater atomic radii and

(if) Orbital radii (identified by the radial distribution functions of the outermost orbitals).
The above discussed radii can be summarised as follows:

Bonded radii

lonic radii (crystals) Atomic radii

! !

Metallic radii Bragg-slater Covalent radii

(as in metals, inter-metallic atomic radii (as in covalent molecules
compounds, alloys etc.) or in non-metals)

1 ldentified as

! E !

q Orbital radii Tetrahedral radii Octahedral radii
incoyi} Non-honded y adil. van der Waal’s radii are considered as nop-bonded 'rad.ii. Sush ‘radii for 'Lhe atoms
et compounds aye essentially identical with the univalent or bivalent anionic radii for these atoms.
ectaxls are given below - )
. Oz}nl der‘.foal raqius. (@) For covalent molecules. It is dc.fincd as “Hﬂ"‘-()f the fillﬁj“;f;:i;:??m,e
: wo snlmllar adjacent atoms belonging to two neighbouring molecules in tht? soli adiacent non-
Onded)afor Inert gases, |t is defined as *Half of the distance between the nuclei of two adj

: - ts exist as
oms a i : e Aol ed that inert gas elemen
mOnoatOmic_ Lthe time of their closest approach’. It may be noted th g

Sl




van der Waal radius is lxu:gm: thfuf "31
covalent radins, A covalent n@ms |§llm‘ 1;‘\:‘;
by the overlapping of atomic orbitals :\I ‘m:‘:mm
stoms. The overlapped region becomes \\‘31‘ el
1o both the atoms. This common ‘n‘;\“n‘:di"\‘.‘
responsible for shortening the cm;:\kln“ l‘im ‘\
On the other hand, the van der Waal 1 \‘\ »
only calculated for nnn~bnmlm! nmm\lw”
between adjacent atoms bolm\gm{: !0 "
nei&hbourix{g molecules., lp such \ ‘u‘u;\l;wc
0\‘€rl3pping of atomic orbitals l:\k\ct‘l‘ " i“.
Covalent radii of a fow clements are IV e
Table 2.5, The atomic radii dccmns;: :llong: .‘
period. However, at the end of cach period, the 1.1‘
is increase in atomic radii for noble gases. Tt 18

_ N"hl
YR NS B B -

nADIUE OF IODINE

VANDER gy,
(133 pm)

RADIUG Of (0
|

iy

COVALENT
I

216pm

430pm

INTERNUCLEAR
DISTANCE IN IODINE

[
I
:l
I

Fig. 2.2. van der Waal’s radius of iodine,

because in case of noble gases, the atomice radii
a -~

~n dor Waal radi. :
P ) Table 2.5 Covalent and van der Waal’s radius in A
g Element Covalent radius van der Waals radius
P ; 0.72 1.35
' Chlonne 0.99 1.80
Bromine 1.44 1.95
Iodine 1.33 2.15

>

We know that most of the metals donot form ¢
compounds are, however, exceptions. Radius of a
metallic phases where -

3 METALLIC RADII (or Covalent Radii of Metallic Atoms)

ovalent compounds. Metallic hydrides and organometallic
metal atom can be calculated from the atomic volume of

Atomic volume of metalljc e Atomic mass of metal atom

Densi

radii. For example :

_ Merallic radiys of Na and K =
radius. The reason

is that there is po 4o
ICLu; e
however, oy fctual ovey

erlapping of atomic orbitals in coyyle
verlapping shortens the inter nuclegy
Metallic radiyg of Na
Covalent radiys of Na

-—

—
—

=1.86 A and 2,34 A re

ty of metal atom

nuclear distance between two adjacent atoms I"

measured by X-ray diffractio®
% metal. This close packing of atoms
clements and hepce different metallic
Spective]

lapping of kil Wedusyisil

atom: ) arger than covale"’r
alomic orbitalg iy metallic bond. There 5

1.5¢4 4

—



of ELEME™
pERIODIC IUS
1 OMI.C ¥ qpthiCal in shape. Its size 1S gcncrally measured in terms of its radius.
oS m,-umcd o ined a5 (he distance from the centre of the nucleus upto which its
Andt L dius is dehn®el It is measured in Angstrom units or picometer (1A = 100 pm).

.

» ‘ S N I
aptom n is c.\'lcndul.
. urc c,\ucl atoml

¢ radius

cle
e ~asur fi e fod, o i
(;:ﬂ-“ ties 1© g cable. Tt cannot be isolated to getits radius.
i unste » . . ) . - och
L iion of the outermost clectron is uncertain. (Heisenberg's uncertainty principle).
act post o o | .
(@ The exact | Jonsity qround an atom 15 affected by the presence of neighbouring atoms. Thus,
sleC \1 D b . ) ) ' : :
(i) T Ll.am ‘mnnl be determined. However, atoms pack up at certain definite distances in solids.
q atomic R qmate Sizce ¢ atom.
ot ;W :n dea about the appl‘O,\lm.llL size of th |
his £V Atomic radii arc measured by electron diffraction method in angstrom units (1 A =
“cag;rcmcnl. AlC 0
< . ) or picOTl\ClCl' units (1 A=10 Pm)
= cmit . .
B + radii. (1) Covalent radius.

ke ot singlt’-bo"d"d radius of an atom i homonuclear molecules such as H-H, F-F etc. The

ﬂ;:‘;ncle bond radius for homonuclear molecules is equal to one half the distance between the nuclei
,“x:_,uﬂea; distance OF bond length) of two like atoms.
athematically covalent single bond radius for homonuclear molecules

_ Distance between the nuclei of two like atoms forming a single covalent bond
- 2

The condition for such a calculation is that the bond under consideration is covalent and has no
gprecizble multiple bond (e.8-, double, = or triple, =) character. Following examples are given for clamty.

(7) Calculation of single covalent radius of carbon. Bond length of C-C single bond in diamond and
argzmic compounds containing C — C single bond = 1.54 A £ 0.01 A

1.54 A

- Covalent radius of carbon, C = =0.77 A.

3 !i) Bond length (or internuclear distance) AB in a H, molecule
e 23) COVALENT

—74pm /RAD&US:S‘;::"
——2—=37pm =037 A.

(iii . .

éﬂ) Calculation of single covalent radius of silicon, Si
‘ond length of Si-Si simple bond = 2.34 A

- Covalent radius of silicon, Si = 2.34 A/2=1.17 A.

L Coy ;
alent s :
I 1 single-bonded radius of an atom i
m in heteronuclear

Molecules sych ag
. as ’. i
2 ; Si ~ C (CHs);, H - F etc. The covalent single bond

. (say) i
the difference peg ay) in heteronuclear molecules (say AB) is equal to

wee :
One of the e cen their bond length (A — B) and covalent radius of
e radf)ndcd atom B (say). Mathematically :
. L leng:;‘S ?f :ne single bonded atom, A in A — B molecule L 74 pm —>]
of A — B si :
"d bondeq atom, B j B single — single bond — Covalent radius of INTERNUCLEAR
Ollowin »£1n A~ B molecule DISTANCE
& example is given for clarity. Fig: 2:3-




e — — —
| _______/___________—-:‘:—": Exa-mple —— :‘%:\
le covalent radius of silicon, Si in Si — C(CH3)s C"mp()um

radius of carbon, C=0.77 A My

LE 6. Calculate the sing ' s
Aand C-C single covalent

EXAMP
Jlent bond length =194/

C - Si single covi
SOLUTION. Single cov

Si = Bond length of Si-C single
relation (1). Wh
jonic character)
alent radius.

[ silicon,

alent radius 0 p
gle bonded C-atom =194 A-0.77 A = | ”

bond - Covalent rac
en two single bonded atoms differ much in their clcctmncuv,
licity in bond, the bond length Cann(n 1:
y:

and have multip
[t is because the additivity becomes @ pOOrer approximy, ¢
01

Jius of sin

Limitation of above
these have increasingly

(i.e.,
ed by simply adding their cov

calculat
in direct proportion 1o

(a) electronegativity difference be

of bond. In order (0 calcul

(b) multiplicity
nature. Schomaker and Stevensen have g

not universal.

A — B bond length In A=Co
bonded atom. B in A = 0.09 (xa —xB)-
where x5 and xp are the electronegativities 0
> x5. When covalent radii are taken in picome

A — B bond length in pm = Covalent radius of single bon
honded atom. B in pm — 9 (x5 — X)-

The term radius has no physical s
becomes distorted.

¢., increasing ionic character of bong)
. , a
dius of single bonded atoms of g, .
5 i Ove
n which is only empirica] p,

(ween the bonded atoms (i.
ate the covalent ra
ven the following relatio

A in A + Covalent radius of single
A2

f atoms A and B respectively on Pauling scale. Also, value of ,

ter (pm), the relation (2) will become :
ded atom, A in pm + Covalent radius of singl:

valent radius of single bonded atom,

ignificance for multibonded atoms because their spherical shap

#

Example

EXAMPLE 7. Calculate :
SOLUTION. Since th the C-F bond length if covalent radius of C = 0.77 A, F=072A: xc=2.5, xg=40
o gt ol k;ave e values of electronegativities of C and F differ much - e 2 2
il to use Schomaker and Stevensen relation : HendspinaveFpInacsS
- Fbond length in A = . ) '
Covalent radius of C in A + Covalent radius of F in A — 0.09 ( )
— V. Xg—XC

=0.77 A
A+072A-009(40-25=149A-0.1354 =136 A

1. In case of a
non-metal, the coy ;
alent radius generally coincides with its atomic radius but ¢
radius

covalent radius fo

s for a metal atom is u
- are of S usuz :
examples are given for clarity, ally shorter than its atomic (metallic) radius. Followis?

K
Covalent radius Cr B
o [:l ;m :;dlus (A) 2025 145 1938 In Pd La
¢ radius ; i
radius (A) 23] e e 1.50 1.28 1.69
: 1.62 1.38
- 1.88

2. Atomic radii should be used wher
! e

covalent bond,

3. T
;omc radii should be used e
rom the electropositive atom e we

N2 (lLe., N = N) and 02 (o nd ra
respectively. So, the mdiu-” :

; ’ $ obtained f
and double bonded radii rCSPCCtiSZIdyirmn

» 0= 0) cont

e ‘.)Jss'umc that the oute

p ‘f'cul In the valence she
dii of N, and
amn multiple bongd
the bond lengths

lrl electron is completely rem

; of the electronegative atom.

: '; l,)on(! lengths. It is because b0

lof I:J 'tl‘lple bond and double bO”
2 and O, will be triple bonde

oved
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are to take the help of compounds sugh
drazine) for nitrogen which contain

PERIODICITY OF ELEMENTS

So, in order to get O — O and N - N single bond lengths, we
isH-0-0- H (hydrogen peroxide) folr oxygen and HyN — NH; (hy
. ole bonds O — O and N — N respectively. G | “
slnclc;,;(;thod to calculate multiple bond lengths. In order to get a double bond length, C = O.] 1d dm(l‘ll)lll:
ponded radius C = C of carbon (= 0.667 A) is obtained from cthene (HZC' = CH,) and (lOl‘lch hzz; ¢ r':'(.;ii (_)“'
(0 = 0) of oxygen (= 1.21 A2 = 0.605 A) is obtained from O,. Combining the double ' gn-_ o b;nd &
<arbon and oxygen gives the expected bond length (0.667 A + 0.605 A = 1.272 A)foraC = as
c;nnpnrcd with the observed bond length of 1.22 A in CO-. | |

Similarly, in order to calculate the triple bond length of C = N, the triple bonded (C = S) rudlius.oi'
C (= 60 pm) is obtained from C = C bond length in ethyne (HC = CH) while triple bonded (N = N) r.ld",l;
JEN (= 55 pm) is obtained from N = N bond length in N; (i.c., N = N). Combining the two triple bonded
Cdii of C and N, we get C = N bond length equal to 60 pm + 55 pm = 115 pm. It is quite close to the € =
N bond length in CH3 - C=N.

In case of multiple bonded (double, triple bonds) atoms, the corresponding radii are called multiple
bond radii.

Multiple bond lengths are shorter than single bond lengths. In the formation of multiple bonds,
the p-orbitals of the combining atoms come close for overlapping. As a result, multiple bond lengths (double,
triple) become shorter than single bond lengths. The bond length order is :

Triple bond < double bond < single bond.

The multiple bond, changes the type of hybridization and affects the bond lengths. For example, C — H
bond length in HC = CH (C is sp hybridised) is 106.5 pm, in H,C = CH, (C is sp> hybridised) is 107.1 pm
and in CH, (C is sp? hybridised) is 109.6 pm.

IONIC RADIUS

lonic radius is the distance from the nucleus of

that ion upto which it has its influence in an ionic R%%EJI(S)SF"\ ~ ¥~ _“RADIUS OF
bond. It is measured in angstrom units (1 A = 10-3 (Na”) N “181pm| ANION
cm). e.g. in Na* Cl-, the sizes of Na* and Cl~ ions are pm (e
95 pm and 181 pm respectively as shown in the fig. 2.4. BTN

The internuclear distance between cation and /\/\
anion present in an ionic crystal can be determined by k

X-ray crystallography. But the radius of cation (portion \_/ K/ -

of the internuclear distance contributed by the cation)
and radius of anion (portion of the internuclear distance

] i ) : 276 pm
contributed by the anion) cannot be determined directly “INTERNUCLEAR |
because the electrons are transparent to X-rays. So, DISTANCE

in order 10 understand the concept of ionic radius (or
1o calculate the radijus of cation and anion), following
assumptions will be meaningful.
(i) Existence of ions in solid compounds.
2 (ll) Correct division (apportion) of the internuclear distance between cation and anion.
(iif) Additivity (or constancy) of the ionic radii.
Let us describe these one by one.

Fig. 2.4. Illustration of ionic radius.

durip (’t)hEXlStence of ions in solid compounds. The indirect evidence for the existence of ions is available
! & the electrolysis of their molten salts as well as their aqueous solutions. But the direct evidence of their




1)
3
i

presence €ON

\es only from (l
tals (thoug

e elec

hin less pumber) st
sive us both

tron density (ED)
udied

maps for jonic ¢rys

These maps |

MODERN COLLEWE “wrrmisa gy SEM I

v o ervctallography. ‘
by X-ray crystallograpi lensily

and the clectron charge ¢
ywanding the nucleus.

G ar dn.
Cucly an ED is shown for NaCl in fig. 2.5. I |
figure represents constant electron density
' wron A=Y, The cirele nearest
Uor electron A7), The e

Jectrons A-3 and that

the intermuclear density
(ED) in the region surt

-
.

sach

line in the
{in clectron nm

the Na-nucleus represent 70 ¢
o 20 clectrons A~
o the Clanucleus represents 170 clectron:

nCATe ‘ e
It is clear from the higure that the charge density
extends continuously from one atom to the other but

A=Y (or 200 clectron

drops off to aboul 0.2 clectron
wew-1) at the outer edges. It is even lower in the
gnmarked internuclear regions.

If we select an arbitrary point of low ED and
integrate the ED inward from this point, we find
- 1005 clectrons around the Na-nucleus and
~ 1770 clectrons around the Cl-nucleus. It is thus
the direct solid state evidence of electron transfer
to produce Na*® (10 electrons) and CIl-
i‘.ib.:icv;irons). The unaccounted = 0.25 electrons (10 + 18 — 10.05 — 17.70 = 0.25) must be prese
:{ l;:ci ’m:cmg;car sPace whi?h was not included in the somewhat arbitrary integration Theprr,:f.: :
J minimum ED may be considered to define a boundry between two spherical ‘i:ons (x\;a+ andC:

that contain most (but not all) i
T S of the charge. Usin -«
radii™ have been obtained (table 2.6). g g above concept, following “electron density map

WA
& =

|
|
|
l

Fig. 2.5. The electron charge density (gp,
map of part of cubic face of NaCl. The ED')
electrons A-3 is constant along each ofu.:
contour lines and increase towards the i
nuclei of the ion (Na*, CI-) i

‘i

Salt Table 2.6.
of cation | Radius of anj -
(pm) (p‘:n )ar:uon Radius Salt of cation | Radius of anion Radius |
LiF 92 = (pm) (om) :
Na(] MgO |
i : 11125; o4 NiO lg(f‘ i
| CaF, i 170 CuCl |
i ’I'hc Ll) . 1 10 CuB 110
DD ma : 0

_ p radii fall betwee :
o i ween the metallic (or covalent) radii byt ]
¢ ut closer to

A’O’Ilmcﬂus Ato Table 2.7
! - mic .
(pm) (pnr!?dlus Covalent [ Ep T
| radiy :
8 rachUS)(H) '?g:::gnt ggerence betwee!;
o map radius an
.
K ol oy apparent jonic radius
Na 196 | )
Li 186 5 145 Wt (R=n)
1
[S6e e Cur 52 134 19l28 o ;;’. —_—
BT
L Rt~
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ELEMENTS

ation is formed by the removal of one or morc electrons from the neutral
¢ b

op1cITY OF
1. Size of Cation. AcC
us atom oL AR g

gilsc(’
Cation Electron

Neutral atom

f cation is smaller than that of its corresponding neutral atom ?
of ¢ 8 !

Why siz¢

L d ()Wing reasons :
s duc 10 r()” ' ’ | ‘
n 2 N bcf Of CICC[I()HS in a cation arc I'SS “ld’ n [h'dl 1m n(,'lllf"[l atom. IhC magnit l r ]
(}) umt re Ic

harge is however, the same. Thus, the nucleus attracts Jesser number of electrons with greater
c a i I 1 - .
force. As 2 result, the size of cation decreases.
ain cations, the number of orbits are less than that of neutral atom. However, the magnitude

ii) Incert : . ' 2
G Jcar charge is samce in both cases. Thus, the nucleus attracts lesser number of orbits more

of nuc

strongly.
a result, the size of cation decreases, e.g.

yNa (152, 252, 2p0, 3s'; Na* (152, 252, 2p%)
| IR L —d
K L M K L

atom, the nucleus attracts three orbits, Le., K, L and M. In Na*. ions, the nucleus attracts two
The nuclear attraction is, thus, more in Na*-ion than Na-atom. Hence, Na*-ion is

atom. Following Table 2.8 makes it clear.

As

In-Na-
orbits, L€ K and L.
smaller in size than Na-

Table 2.8.
[ Nuclear - No.of Force of attraction Size
charge - orbits of nucleus fore" s
Na-atom 11 11 3; Less (1.54 A)
(X, L, M) Large
Na*-ion 11 10 2 More (0.95 A)
(K, L) ; Small

2. Size of anion. An anion is formed by the gain of one or more electrons by a neutral gaseous atom, e.g.
A(g) +e (9)—A (g)
Neutral atom Anion
Why size of an anion is larger than that of its corresponding neutral atom ? It is due to the
following reason:
o T!ie number of electrons is an anion is more than that in a neutral atom. But the magnitude of nuclear
e gc' is same. Thus, the nucleus attracts more number of electrons with less force. As a result, the size of
On increases, e.g., Size of CI- ion is more than that of Cl-atom.
Ci(g) +e (g)—> Cl (g)
. ' Neutral atom Anion
ollowing table 2.9 makes it clear.

Table 2.9.
Number Force of attraction ~ Size
C1~ato’nv1"” of electrons of nucleusfore s e
Chion 17 17 more less
T 17 18 less more
e ————ATTT
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or anions which carry same number of oy -
Clr,

qych cations
’ 2 ucie ;
e*. Greater the nuclear charge of 5

« T ' ¢
3, Size ol‘lso-clcclronic jons. 7 th]sLe él[q'CClivc s e e o
SO e depends upon Jectrons. As a 1€sd t, the size of jop 4. @
The size of such 1008 dey on the & - e of clectrons. "
lh: « will be the force of attraction for same nuim ' e d:crt;r\
s 1 2 . Nat, Mg%* A3, are iso-electron
Example. N*- 07 [, Na*, Mg ,
fains (he relative size of ions.
The Table 2.10 explains the re
The Table 2.10. =
= P 2+
N 02 F Na Mg &
lons - {
Nuclear charge = 7 8 9 11 12 3
uclear charge
e 10 10 10 10 10 .
No. of ¢ = ‘ . . »
\ i ini > easing —~> Max:
Force of attraction Minimum goes on 1ncr g e
of nucleus for s
Size Largest goes on decreasing ~> Small?g
1.71A e
n seven protons attracting ten electroz

attract ten electrons more strongly tha

In O~2 ion, eight protons
-3, Similarly, we can prove the following decreasiz;

in N-3 ion. Thus, size of O ion is smaller than that of N

order of size of ions.
N* > 02 > F- > Nat > Mgt > A3

For the same reason, it can be explained that the size of :
() Li* > Be*2 > B3 and (ii) P33 > S~2 > CI- ions

EXPERIMENTAL METHODS TO DETERMINE IONIC RADII

Following methods are used to determine ionic radii.

1; Lande’s method. Lande (1920) assumed that : o Cation K
o i e, 1o o ol oot il 0 s ot T
anions (fig, 2.6). while the cation does not touch the oy

In such cases : ; ; 19 S

S Liaﬁl?:nz:f;;l;?; = (Internuclear distance between two anions)/2

Ez;d;us of I-= .[Inlernuclear distance (I - 1))/2 = 426/2 = 213 Anion. |
s 311 i(:] C(ff; 01{ )1o[nh|§ z;{iiiliohaving large sized cation (e.g. Klir)nand 1 [ bt
other (fig. 2.7). ’ uches the anions but anions donot touch zzgg G

Fig. %:?;/

.ln such cases : Internucle
of anion.

For example, the inter-nuclear di
. » i a L
radius of I ion is 213 pm, the ionicrr(allldsil:nce' bCthWCCH it
“Itis better to use effective nuclear charag 7+ i
.(see table below) because the addaed el%(::tz |
is steady decrease in the radii from left 1o ;I.g::

ar distance .
between the cation and anion = radius of cation + radiv®

, ions in K* I- joni . m I
I ionic crystal is 353 P
will be equal to 140 pm (j.e. 353 _ 21%, = 140 pm)-

Element Li Be =
Z 3 c _
o L ; 4 5 = ), 0 F
. .95 7 -
2.60 3.25 o 8 9
- 4.55 5.20
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05 pm) between Mg2* ang B -
ot radius of Mg** (r, = 814 in "

distance @
intc:rnllClear
ue of Prn,‘\;

o ale
imental val 4 pm) of um¥
e cx[[l)]‘;fn algai rotal (= 2574 P s - 2574 pm.

al and theoretical values of internucley, "

For example, th

univalent radi

CONCEPT OF CRYST

: rimen
crepancy in the eXPer’

In order L0 screp z’j gl pauling.
concept of cryst

alency, U 1s T€
The magnitude of r,

remove the di [
al radius (r;) Was intro

oy Jated to uni-valent radius (r,) as follow
for an ion having

ds upon the electronic configuration of t, ioQ.F'

depen
nt whose value ] , Slon g,
Xpone argon, krypton and xenon, the value of i Sy

ore 1t is the Born ¢ : _
ki figuration of helium, neon,

ions having the clectron con
10 and 12 respectively. )
sing above relation (
Iljor rsigz* ion, r, =819 x (2y%0-) =62 pm
For O% ion, r, = 175.5 % (2)27-) = 140 pm
Sum total of r, of Mg2* and 0% = 62 + 140 = 202 pm . | |
Experimental value of internuclear distance between Mg?* and 0% is 205 pm. This value is Very 1y

10 202 (theoretical value).

2
Jet us calculate the radius (r) for Mg2* and O~

Example

“
e e =

EXAMPLE 8. Find the ionic radius of CI- ion in KCI if internuclear distance in KCl is 3.14 A. Tx
effective nuclear charges of K* and CI- ions are 7.40 and 5.40 respectively.

SOLUTION. Let ionic radius of Cl- = r~

Effective nuclear charge of K* (a) = 7.40

Effective nuclear charge of CI- (b) = 5.40

Inter nuclear distance (d) in KCl = 3.14 A

< lonic radius of CI- -ion (r)= Xd= 40

a
a+b 740x 540 < >14 =181 A,

» €ach atom i surr

. If the at
number of valence electrons (ie.,4 eg 0611(1:s a;(}:{o)fz %igup 14 (ie.,
-2 =(He Y

bond bet ach - - v, ; ot
e each alom and its fouy neighbours (fig 22 g )2t(;(l)))e fmit the formation of tetrahedral ©©**

The diamond drrangement is shown by C, Si

are shown by many €ompounds. A comparisop ;Ge 4 Sn. The sphajer; - oot

slructure (cubic)] ang X4 ter. 7 o

3 t e : 3 ;lk

In the following table 2.11 (hexagop al)? (\)Nniut; distances ip X; crystals [sph “. o
’ . et



ement of t

tal. Each carbon atomehas
jch are arrang

o tetrahedron.

he carbon atoms

anta Fig. 2.10. The arrang
o?%;arzt;gl‘i S(i(':‘)‘p;teo:s? :ﬁsgiamtt:?\:. 'g fg:ﬁ gt’::oaggchrggurs,
about it at the corners of a regular
Teble 2.12. Comparison of observed interatomic distances in X3
and X crystals with sums of tetrahedral radii.
r";‘é'\-’— " 19pm AIP 236 pm AlAs 244 pm AlSb262 pm
X 190pm X;236pm X3244 pm X3264 pm
700 | 197pm ZnS235pm | CdS252pm HgS 252 pm
L%, 197pm X3.X3235pm | X3,X4253pm | X3252pm
CuF 199pm BeO 172pm SiC 194 pm,
X 185pm X4 165 pm X3, X4 189 pm

/
N

/7 N/
\
B‘/\
/7 \
7 N

S S
/' \ 7/

Fig. 2.11. Simple represen-
tation of sphalerite, the
cubic form of zinc sulphide.

covalent having some ionic character. For example,
on sulphur. Probably the crystal has
In case of ZnS, it would need

It is probable that the bonds in these crystals are
in Z=:S. the structure (fig. 2.11) has formal charge ‘~2’ on Zn and ‘+2’
enouch jonic character so that the actual charges of the atoms are nearly zero.

50% ionic character.
Tetrzhedral covalent radii of some elements are given in the following table 2.13.

Table 2.13. Tetrahedral covalent radii of some elements.

Element with Be B C N O F
tetraheral (106) (88) (77 (70) (66) 64
Covalent radii Mg Al Si P S Gl
(in pm) (140) (126) (117) (110) (104) 99)
Cu Ag Zn Cd Hg
L (135) (152) (131) (148) (148)

| wlra?; il])lle includes elemc_nls which form four _covz'llcnl l‘mnds with neighbouring atoms which surround
% Suﬂoundedyi For example, in pyrite FeS, (a derivative of hydrogen disulphide, H,S,) each sulphur atom
Pm) in th etrahed.rauy by one S-atom and three Fe-atoms through covalent bonds. The S-S distance

: s crystal is very close (o the value 208 pm. (104 pm + 104 pm = 208 pm) given in the above table.

0 E:Peepments revc?al that the sum lf)lz}l of the tetrahedral radii agree with the values found
oblze?vmgqta]ly with an.average deviation Qf 0.01 A, e.g., in case of AIP (sphalerite cubic), the

it | ;d internuclear dlstance (= 236 pm) is the same as that found by adding their tetrahedral

, 126 pm + P, 110 pm = 236 pm)]. In case of HgTe, the observed internuclear distance
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. g, 148 pm + Te. 132 pm <
m iffer from the sum of their tetrahedral radii (Hg 0 Py |
(=219, pe) 4 ignificantly less t
by 1 pm. ' : <erved bond lengths are signi ) hap the S |

’ ¢ BeO, AIN, SiC and CuF, the ob: |

g ase 0 s FLELY g b e ,
e Cl of their tetrahedral radii (table 2.14)
o second row, the t

(iii) Incase of elements of ﬁr'sl :1|ndh"0wm‘g i
4i1 as shown 1n the I
covalent radir as sho

ctrahedral radii are the same as their Single

=
i

Table 2.14. : >
le C N » p >
mmmmi‘:nm) ) (70) (66) (117) 1100 | gy |
s L = 66 117 110 104

i) In case of heavier elements, a small difference between te%rahedral radii and obsen'efi radi p,,
been {:;\)c:;; For example. in case of Se and Te, this difference is 3 pm and 5 pm respective]y, Thi
dx"{::r;nr is du‘e 1o the difference in the nature of bond orbitals in normal and tetrahedral covalent COMpoyp:.

.....

Octahedral covalent radii
This type of covalent radius is present in crystals with the pyrite (FeS,) structure or a closely relas:

: strocture of arsenopymite (or marcasite) type.

Some interatomic distances in pyrite-type crystals are given in the following table 2.15.
Table 2.15. Interatomic distances in pyrite type crystals.

Elbslmce FeS; | CoAsS | PtP, | PiAs, PtSb, CoS; | Nis, |
gz@ M-X (pm) 227 | 240,226 | 238 249 267 237 | 20|
of M (pm) 123 | 124,124 | 128 131 131 133 3% |

In such arrangements, each atom s surrounded by six other atoms (same or different) octahedrallv

For example : In pyrite (FeS,), each Fe-atom is surrounded by

SiX sulphur atoms. whijc ar e
comers of a nearly regular octahedron corres X ity

(fig. 2.12). ponding to the formation of 342 45 4p3 hybrid bonds by in2
3d 4s 4
e & p
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PERIODICITY OF ELEMENTS

. Octahedral radius of Fe(II) = 227 _

104
= 123 pm which is same as shown ip {

able 2.16.
Similarly, octahedral radij of clements of

@® Iron
QO Sulphur atom

other transition series can be calculated,

Octahedral radii of isoclectronie spe
Elements, having different oxidation states but
isoelectronic (same number of electrons) and differ (,5
by one unit atomic number, have almost same value
of octahedral radii. The decrease in octahedral
radius by increase in one unit atomic number is
nearly 1 pm.

cies.

(@1

Fig. 2.13. Cubic crystal of pyrite, FeS,. Here,
each iron, Fe-atom is surrounded octahedrally by
six S-atoms and each S-atom is surrounded
tetrahedrally by one S-atom and three Fe-atoms.

Table 2.16.

For example, consider the following
isoelectronic elements having different ox

idation
states (Table 2.16). '

Isoelectronic species with at. Octahedral

no. and oxidation\s‘ta,te , radius (pm)
2¢Fe (I) No. of 123
27Co (III) es in 122
2Ni (IV) each = 24 121
27Co (IT) T no. of 132
2gNi (IIT) | exisi=25 130
4Ru (IT) _ no. of 133
4s5Rh (I1I) e sin 132
a46Pd (V) each = 42 131
260s (ID) :1 e~ sin 133
71 (III) each = 74 132
7Pt (IV) | 2l

Octahedral radii of Ni (I), Fe (III) and Au (IV) are 139 pm, 120 pm and 140 pm respectively.

Effect of extra electrons present in (n — 1) d subshell (if d*> sp? hybridisation is considered) on thi
value of octahedrql radius. The effect of one extra electron present in the (n — 1) d subshell when d° sp°
hybridisation is used, is to produce an increase of 9 or 10 pm in the octahedral covalent radius for each of the

central atom. e.g., in CoS,, CoSe,, NiAsS, AuSb, etc. In case of Ni(Il), where two extra electrons are
Present, total increase in octahedral radius is twice to 9 pm i.e.,itis2 X 9 = 18 pm.

Effect of deficient electrons present in (n — 1) d subshell (after d*> sp3 hybridisation) on the value of
OClahedral radiys. As expected, there is little effect on the octahedral radius.

For example (i) Octahedral radius of Fe (IV), (Ar)!8 344 (= 120 pm) is slig.htl){ lf.?SS than thz;tn ((j)z
Fe(), (Ar)'8 346 (= 123 pm). (i) Octahedral radius of Os(IV) is same (= 137 pm) in similar compo
*Ueh as K,05Clg (Os — C1 = 236 pm) and K,Os Brg (Os — Br = 251 pm).

|



