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PERIODIC PROPERTIES

SUMMARY OF PERIODICITY -

Along a Period (—) : S
Along a Group ( }) L . ,
Max. Z — i : — ' >
l Constan;t] Z* (effective due to screening)
Max. 5 o _ '
il (atomic’ jonic .1'a'dius) i . -Cation smaller than atom, anion Jarger than atom
Ll B . 77 Fe, Co, Nihdve same size, also Zr, Hf
v (IP) . o o T ‘Be>B,'I.\I'> 0, inertgasméx,ll<_12<'.13 ....................
| (Blectronegativity) ____ Inertgaszero s
(Electi'on-afﬁnity) . Inert gas zero, Cl>F,S>0,P>N
(Hydraftion and Hydration Energy) __
(Size of Hydrated ion) (for cations)
(Polarising Power of cation) ~ Na* <Mg? <AP*
(Polarising Power of anion) ~ N*>o0¥>pF-
N (Acidic nature of oxides) R
Z
A . . g
9 (Basic nature of oxides)
, o
(Reactivity)
(Reducing Nature)
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CHEM ACADEMY ER m 2 . Periodic Properties |
Single Bond Covalent Radlus, SBCR (bond length) B

(2)
(b)

(1)

@

For homodiatomic molecules dA_A>= rA,+1'A-' or2r, so, 1,= 5

For heterodiatomic molecules in which electronegativity remains approximately same.

d, ,=r,+tr, _
For heteronuclear dlatomlc molecule, A—B where difference between the electronegativity values

of atom A and atom B is relatively larger
d, ,=r,+1,-0.09 Ax(r=A)

A-B : »
This formula was given by Stevenson & Schomaker. Electronegativity values are given in Pauling

units and radius in picometers. -

Ay =X, — X, where X, and X are electronegat1v1ty values of high electronegatwe element A and
less electronegatwe element B.

Later on modified and more accurate formula was proposed by Porterﬁeld as given below;

d,_ =1, +r,—7.0(Ay)

A-B

Pauling’s Scale (1932): , :
The E.N. difference between two atoms is determined by the expression, ;

X, = EN'ofA

Bond energies of A- A, B - B; A-B molecules.

X, = EN. of B. E

Scale of measurement

Mulliken Scale (1934) According to this scale, EN. of an atom is the average sum of I E. and EA.
of an atom.

EN = IP+EA.
In Pauling Scale
IP+EA ‘ ;
EN.= BT (IfLP., E.A. are taken in eV)
_LP+EA.

: 1
77628 (LP, E.A. =Kcal mol™)

Allred-Rochow’s Electronegativity (x,.): Allred and Rochow deﬁned electronegativity as the
force exerted by the nucleus of an atom on 1ts valence electrons : :

: !
Lo = 0_~°£9_rzze_ffm + 0,744

where Z___ s the effective nuclear charge and r the covalent radius in A.
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ﬂ CHEMACADEMY S ] ) 3 "l N Penodlc Properties
. Accordmg to-the Allred Rochow deﬁmtlon elements with hlgh electronegatwlty are those with
high eﬂ‘ectwe nuclear charge and the small covalent radius. Such elements lie close to fluorine.

Partial Iomc Character in Covalent bonds

Partial ionic characters are generated in covalent compounds by the difference of electronegativities.
Hanney and Smith calculated percentage of ionic character from the difference of electronegativity.

e : Percentage of ionic character = 1;6__(X W X +3.5(X W X
o = 16‘A +3.5A?

. —(O 16A +0.0354%) x 100

| X, is electronegativity of element A (Higher)

hrw
. X, 18 electronegatmty of element B (Lower)
| A=X,-X,
!
d EA.
as the
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CHEMACADEMY . [i « || | Periodic Properties

Electronic Configuration
1.

10.

11.

12.

'EXERCISE - 1
. Single-Correct Type

Choose the s-block element from thé_ following:

(a) 1s?, 252, 2p6, 382, 3p6, 3d5, 48! (b) 1s?, 252, 2p®, 3s2, 3p®, 3d10, 4s!

(c) 1s%, 2s%, 2pS, 3s2, 3p®, 4s! ; (d)all of the above

Pick out the isoelectronic species frorh the following:

I. *CH, II. H,0* : IIL. NH, IV. CH;
(a)Tand T - "(b) Il and IV (c)land III (1L, Il and IV

Ifthere were 10 periods in the periodic table then how many elements would this period can maximum
comprise of. '

(2) 50 (b) 72 (c)32 (d) 98

If each orbital can hold a maximum of three electrons, the number of elements in 9™ period of
periodic table (long form) are L

(a) 48 G162 ()50 , 75

Which of the following element has highest metallic character . -

© R 106V D e 5

@ S 13eV | R |

The electronic configuration of an element is 1s? 2s2 2p6 3s2 3p*. The a_tomié number and the group
number of the element ‘X’ which is just below the above element in the periodic table are respectively.

(a)24 & 6 ()24 & 15 (c)34 & 16 (d)34 &8

Which of the following is the period number of the element whose atomic number is 98

(a) 4 (b) 7 (5 d)6

Which of the following have same number of électrons in its outermost shell and penultuname shell
@AB* (b) Ca2* () F- (d) N3~

According to 1UPAC system of naming elements, the symbol of element of atomic number Z = 109 is
(2) unp (b)uns (c) uno (d) une

The screening effect of d electron . | S

(a) less than p-electrons )] equal to p-electrons

(c) much more than p electrons (d) equal to f

Correct order of size of ions is - S

() B <F <Cr<Br <[ () F<Cr<Br<H<I (

() F<H <CI<Br<I () F <CL<Br<I"<H-

Among alkali metals, the strongest r_edu_ci_ng_a_gént i aqueous solution is

(a) Li ®Na (@K (d) Cs

North Delhi: 72, Mall Road, GT.B.'Na'gér, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in




drm

oc of

gr ip
tively:

109

19.

20.

21

22.

23.

24,

Wthh of the followmg sets of quantum number is correct for an electron in 4f-orbital

(a)n= 4,‘1*3,_m 4,s=12 (b)n 4,]=4, m=-4,s=-1/2
(n=4,1=3,m=1,s=1/2 O (dn=3,1=2,m=-2,5=1/2

In multi-electron atom, which of the'followin'g orbitals described by the three quantum numbers
will have the same energy in the absence of “magnetic and electromc field

- Periodic Properties

(1)n—ll—0m 0 - (i)n=2,1=0,m=0

(i) n=2,/=2,m=0 ._ ;"- (ivyn=3,/=2,m=1
V)n=3,1=2,m=0 | | -

(@iandii (byiiandiii  © (c)iiland tv (d) iv and v
How many electlons are present in all subshel S (fuﬂy filled) withn +1=5

(a) 16 ) (U () 18 (d) 32

The maximum value of / for an electron in fourth energy level is

(a)3 (b) 5 (0)4 _ (d)2

An element, M has an atomic mass 19. and atomic number 9, its stable ion is represented by
(a) Mt (b) MZ*" ;’ _ (c) I\ (d) M*-
The electromc configuration of four elements are |

(D) [Kr S (V) [Ar]3d%s?

(iv) IV shows smgle ox1dat10n state |
Which statement is true (T) or false (F).

(2) FTEF (b) FTFT (c) FFTF (d) FFFF

Which of the following represent most electiropoéitive element o

(a) [He]2s' (b) [Xelés' +  (c)[He]2s (d) [Xe]6s?

Identify the group number of element having electronic configuration 1s?2s?22p®3s?3p°3d*4s?
@8 ®7 (©) 17 @5

An element X ‘whose fourth shell contain two P electron. What is group of element

(a) 14 (b) 4 (c) 10 (d)7

Which of following belong to Alkali metal series .

(a) 3s% 3p° (b) 3d10 452 (c) 352 3p° 4s! (d) 152 2%

S . 1 - .
If an electron-has spin quantum number of +5 and magnetic quantum number of -1 it cannot be

present in _

(a) f-orbital _ (b) d-orbital [(c) p-orbital (d) s-orbital

When the quantum number n,/,m,s are represented by 3,3,2,+1/2, the symbolism for the electron is
(a) 3s o (b) 3d

(c) 3f : (d) impossible set of quantum number
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CHEMACADEMY = = “| ﬁ__ 6 . Periodic Properties Eh
. 25, Which one of the following sets ofquantumnumbers (nlms)lepwsents an impossible arrangement? 3’

(a) 3,2,-2,+1/2 (b) 4,0,0,+1/2 (c)3,2,-3,+1/2 (d)5,3,0,-1/2

26.  What 1s a possible set of quantum numbers for the unpaired electmn n the orbital box diagram ng
below ? a3

[A1] mhﬂmmmj
' 1 4s 4p 3" 9

(a)n=1,£~1,m€——1,m5—+1/2 }_ (b)p=4,£’=l,mﬁ—l,ms"=+l/2 ¢,‘5'/
(©n=4,/=2,m,=-2,m =+1/2 (d)a=4,0=0,m,=0,m =+1/2

27. Total number of possible shells in uranium atom (atomic no. z = 92)

(@7 (b1 o (c) 6 (d) None of these

28.  Choose the incorrect statement.

(a) Be and Al are not in same group. (b) All the transition metal correspond to d-block. an

(c) Be and Al are having lot of similarities in their properties.
(d) The atomic radius gradually decreases from Sc to Zn.

29.  Choose the s-block element from the following: . s
(a) 1%, 2%, 2p%, 3s%, 3p®, 3, 4s! - (b) 152, 252, 2pS, 3s2, 3pf, 3d1° 4s! @@‘
(c) 1s?, 2¢%, 2p5, 3s%, 3p0, 45! ~ (d) all of the above
Atomic Size - 42.
30. Arrang followm _lsoelectrom: ecies 1 decreasmg order-of , _
02~ N3‘ Ne,F- Mg2+ Ngt SRR SR 4
(2) N> > 0> F-> Ne > Na* > Mg+ (b)) N*>0% > F > Na" > Mgt > Ne
(c) Ne > N?~> 0% > F~ > Na* > Mg?* () N*>->0*>F > Mg2+ > Na*> Ne 44
31.  The size of the following species increases in the order: :
(a) Mg <Na*<F (b)F-<Na'< Mg2+ (o) Mg <F-<Na* (d) Na*:< F-<Mg* 4>,
32.  Highest size will be of . |
, (a) Br- I - (I @r
33.  Element Hg has two oxidation states Hg™! & Hg*z. the right order of radii of these ions. 46
()Hg''>Hg?  (b) Hg?>Hg" (Hg'=Hg?  (d) Hg?2Hg"
34, , The correct order of increasing atomic size of element N,F, Si & P. 4,
@jﬂl (@ N<F<Si<P (b)F>N<P<Si {c)F<N<P<Si (d)F<N<Si<P
@35. The correct order of atomic or ionic size _ |
() N<Li<B (b)Cl<Mg<Ca . (c)Ca*?<S2<C[” (d)Na*<Mg2<(Cl
36.  Theions O, F, Na*, Mg?" and AP" are isoelectronic. Thelr ionic radii show 4y
(a) a significance decrease from 0% to AP* _
(b) an increase from O to F~ and then decrease from Na to A13+’
(c) a decrease from O* to F- and then i mcrease from _Na to AP* } 4n

(d) a significant increase from 0% to AP* {

|

-
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pMics P CHEMACADEMY ||/
ge_.ient? 37.  The ions which are arranged n mcreasmg orde1 of increpsitg radil

¢ () K, Ca®, Se?*  (b) Be**, Mg*,Na" (c) O™, F, N3‘ (d) §*, 0%, As*
dia gram @92 If the fonic radii of K* and F are about 1 34 A each, the expected value of atomic radii of K and F
should be

§ (a)1.34 and 1.34 A (b) 2.31' and-0.64 A (c)0.64and2.31A (d)231and 1.34 A
392\ Metallic radius and covalent radius of K and Na are given below

N © Metallic Radii () ~~ Covalent Radii (P,,)
K x oy
Na p S g

X is greater than - ol
(a)y ®p . (979 (d)all
40.  In crystal of which of the following ionic compound, would you expect the maximum distance
bebween centre of cation and anion. o |
‘\f (a). CsF MCst (c) LI - (d) LiF
Lonls atlon@}%&g)ﬂ/g} ' P
@ ¢/9Fe correct order of second 1on1sat10n potent1a1 of C,N, Oand F is:
(@dC>N>0>F (b)O>N>F>C (C)O>F>N>C ()F>0>N>C
Decreasing, 10nlzat10n potent1a1 f. Ca &Bai s L
‘ ) (©K>Ba>Ca  (dK>Ca>Ba

block.

(a) Ba>K>Ca
43.  The ionization energy w111 Pe maximum fpr the process.
(a) Ba - Ba* ‘(b)Be—>Be*  (c)Cs>Cs* (O Li—>Lit

44, Alkaline earth metals always form dipositive ions due to
(a) IE,-1E, > 11 eV (b)IE,-IE, =17 eV (¢)IE,-IE, <1l eV (d) None of these
45, Amongst the following, the incorrect order is |
(a)IE, (A)<IE,Mg) © (b) IE, (Na) <IE,(Mg)
(c) IE, (Mg)’? IE, (Na) | (d) IE, (Mg) > IE, (A))
46.  The correct order of decreasing first ionization energy is
(8C>B>Be>Li (b)C>Be>B>Li (¢)B>C>Be>Li (d)Be>Li>B>C
47. Which of the following configuration i is expected to have maximum difference in second and third
10nization : energles g

(a) (19)? (25 (2p)* (b) (18)* (25)* (2p)° (3s)* (3p)’

() (122512 20)5 35)? () (197 (29 2p))

48.  The screening effect of inner electrons causes

(2) decrease in ionization energy - (b) Increase in ionization energy
(c) No effect on ionization energy (d) Increase in attraction of nucleus to electron
49.  ThelE, of an element M(g) is 6000 kJ mol™! and ratio of IE, and IE; 1s 3 : 2. If AH for conversion,
M(g) — M**(g) is 10,000 kJ mol™. Find its IE,
(a) 2400 kI mol™ () 1600 kI mol'! () fl0,000 kJ mol'  (d) 4000 kJ mol!
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CHEMACADEMY = -~ |||

Which of the followmg configuration is assomated with biggest jump between second and third [E. ~ 65.

59.

60.

61.

63.

64.

(a) 1s?2s22p? (b) 1s22522p83s!

- (c) 1522s22p63s

“l e T Pi‘iodic Properties

(d) 1s22sz2p

The ionization of hydrogen atom Would-give rise to

(a) Hydride jon (b) Hydronium ion  (c) Proton (d) Hydroxyl ion 66.
For any given element, the second iorzlization. potential will be the first ionization potential

(a) less than (b) Higher than ) f(c) Same (d) depends on element 67.
Value of IE, of Be, B and C are i1'_1 order - '

(a) Be>B>C ())B>C>Be ©  (¢)C>Be>B (d)Be>C>B , 68.
M(g) —» M*(g) +e AH=100eV

M(g) - MZ*(g) + 2¢ AH =300:eV

Incorrect statement among the followingi
(a) IE; of M(g) is 100 eV

(b) IE, of M*(g) 15 200 eV

(¢) IE, of M(g) is 200 eV (d) IE, of M(g) is 300 eV

Which conﬁglifation repfésent the atom having highest second ionization energy?

(a) 1s%2s%2p* (b) 15?25%2p®3s! (c) 1s22s22p® (d) 1522822p63s2

In which of the following electronic configuration ionisation energy will be ;maximum n

71.
72.
| 0 7® 73
Of the followmg elements wh1ch possess the hlghest electron aﬁ"m1ty’7 N 2l -
(a) As (b O (©)S (d) Se (
Electron affinities of O,E,S and Cl are in the order. | o K@‘f
() O<S<CI<F () O0<S<F<Cl (c)S<O<CI<F (d)S<O<F<C(l
Highest electron affinity is shown by .
@) F LT T  (©Lit (dM .
Correct order of electron aﬁ'mmes is -~ o . O%{)\Wj)
(2) C1>Na > Si> Ar (b) CI> Si>Na > Ar '-,OV\U/» o MW 76
(c) Si>Cl>Ar>Na (d) Ar > Si > Cl > Na y/ '
A™B- is formed when .
(2) (IE), + (EA), < (IE), + (EA) (b) (1B),, + (EA), < (B), + (GA), "
(¢) (), + (EA), < (IE), + (EA), (&) IB)y + (BA), < ([E), + (EA), |
E.N. of element (a) is E, and IP is E,. Hence EA will be
E -E, E +E, 78.
(8)-E, (b) 2E, - E, © =5 (@
Tonization energy of element X(g) is I and electron affinity of X*(g) is E, then
(a)I=E (b)I=-E (d)I=-ER2

(©)I=BE2
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CHEMACADEMY | 9 M-~ - Periodic Properties
65.  Which of the followmg 1 least stable _
(a) L1 ‘ (b) Be™ ()0 (dyCr
Electronegativity
66.  The outermost electronic configuration of most electronegatlve element is:
(a)ns’np (b) ns? np* ~ " (c) ns? np’ (d) ns? np®

67.  In the following which configuration of element has maximum electronegativity.
(a) 152, 257 2p3 (b) 182, 252 2pS(c) 1s%, 257 2p*(d) 1s?, 257 2p°, 352 3p®

68.  On the Pauling’s ¢lectronegativity scale, which element is next to F .

@cl - (0 (¢)Br - (d) Ne
69.  The increasing order of acidic nature of Li)0, BeO, B,0,
(a) Li,0 > BeO < B,0, (b) Li,0 <BeO < B,0,
}@§\ (¢) Li,0 <BeO > B,0, (d) Li,0 > BeO > B,O,
Bond distance C-F in (CF ) & Si-F in (SiF,) are respective 1. 33A & 1.54 A C-Sibond is 1.87 A.

Calculation the covalent radius of F atom 1gn0r1ng the electronegativity differences.

(2) 0.64 A (b)ﬁ:iijﬂz\ (©05A N ()154

71, Which of the followmg element 1s havmg hlghest electronegat1v1ty
s2pl NeT 3823pL .7 (c) [Hel 2322p (d) Ne] 332 3p>

Calculate the bond length of C-X bond-if C — C bond length is 1. 54 A and X—X bond length is 1.2
A and electronegatmtles of C and X are 2.0-and 3.0 respectively.

) @)274A (b) 1.37 A (c)146A (d)1.28 A
\(74\ Covalent radius of oxygen i8 O 74 A and its electrone ativity is 3.5. What is effective nuclear charge
g
experxenced by oxygen

I iv/(a)F>C1>Br>I ' (b) Sl>A1>Mg>Na(c)C1>S>P>Sl (d)None‘bfthése

(@) 5.20 (b) 4.20 (© 0’.;655 (d)3.8
75.  Which of the following oxide is most basic -

(8)Na,0- GBMgO 7 ()AL, (d) CuO
76.  Correct order of acidic character are . N \

(2) HF > HCl>HBr > HI . - . (b)HF>H,0>NH,

(¢) H,PO, > H,S0, >HC1O " (d)H,PO,>H,PO,>H,PO,

717. Gwen ox1des CO BeO, Na20 N,O, (21207 frame code using P, N, B, A where
P M N =neutral oxide B = Basic oxide A = Acidic oxide
) NPBAA (b) NNABA :©  (c) NPAAB (d) NABBA
78.  Bond distance (C-H) in CH, is x and that of (Si-H) in SiH, is y. C—Sl bond is Z A. Calculate
covalentFadii of H atom ignoring the electronegat1v1ty d1fference

@ x+§+z ) x+;—z. _ (CS X - y— (d)m
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CHEMACADEMY 10 .7 Periodic Properties |

Which of the followmg 1s incorrect ;

(a) An elernent which has high electronegativity always has high electron gain enthalpy

(b) Electron gain enthalpy is the property of an 1solated atom

(c) Electronegativity s the property of-bonded atoms. -

(d) Both electronegativity and electron gam enthalpy are usually directly related to nuclear charge.
Which of the following species of Mn has lowest electronegat1v1ty‘7

(a) Mn(1I) - (b)Mn(IV) - (c) Mn(Vl) (! )Mn(VII)

EXERCISE - II.
Multiple Correct Type
Which of the following is correct order of EA . B
(a)N<C<O<F (b)F>Cl>Br>I (e) Cl>F>Br>1 () C<KN<OK<F |
Select the con ect statement(s). ' o |
(a) The value of electron gain enthalpy of an element can'be -ve or +ve.
(b) In the periodic table, metallic character of the elements increases down the group and decreases
across the period _
(c) The CI. & N are isoelectronic spec1es ut ﬁrst one is not smaller in size than the second

(d) Iomzat1on enthalpy of an atom is equal frespondmg cation

Whlch of the following statements is/are mcorrect

(a) Boron is diagonally related to magnesmm

(b) Bi** fon has smaller radius compared to B13+ : .

(c) last number of the seventh perlod of perlodxc tab le Wlll have atomic number of 124 if
discovered. =~

(d) ALO, is an amphoteric oxide.: _

Which of the following are correct . :

(a) IE,(Mg) <IE, (Na) ‘ . (b) EA (N) <EA (P)

(c) Atomic size Mg*? > Atomic size (Li%) (d) IP of Na < Mg < Al -

If Hund’s rule is not followed and energy of orbitals is governed by "n" only and not (n+1) rule then
(a) K would have been d-block element & paramagnetlc '

(b) Cu would have been s-block element, { (c) Cr would have been d1amagnet1c

(d) Fe™3 ion would have 5 unpaired electrons. : S P
In halogen, which of the following properties increase from iodine to fluroine -

(2) lonisation energy (b) E ectronegatiVity (c) Bond length (d) Electron affinity

Which of the followmg pair have nearly the same atomic radii '

@AlandGa  (b)Feand NI y (0 ZrandHf  (d)Pt&Pd

In which of the following sets tif elements 1%t element is more metallic then second.

(a) Ba, Ca (b) Sb Sn ’ : (c) Ge S (dma F

(.S f"e/ W}\S} hl IIL j“;l (\

>y
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CHEMACADEMY ; o it e
9. Amongst the followmg statements, Wthh is / are: correct‘7
(a) Electronegtamty of sulphur is greater than that of oxygen.
(b Electron affinity of oxygen is smaller than that of su phur.\_
(c) Electron gain enthalpy of fluorine is most negative

C_Haf.gé' (d) Eleetron'.gain enthalpy of chlorine is most negative
: 10.  The ionic compound A* B~ is formed when the -
(a) electron gain enthalpy of Bishigh ~ (b) ionization energy of A is low
(c) lattice energy of AB is high (d) lattice energy of AB is low
11, Which of the following is/are correct?
(a) For A(g) + e' —— A (g) AH may be negative
(b) For A (g) + e”— A% (g) AH may be negative
N (c)ForA(g) + e — A% (g) AH must be positive
F (d) For A% (g) + ¢ —— A™ (g) AH must be negatlve
o : 12. Select the correct order (s). S
lecreases (a) IE, of F>IE, of Cl ) EfA of 0>EAof S

’ (c) Tonic radius of CI > Ionic radius of K* (d) None of these
OIf , 13 The correct statement is .
on (a) The second 1omzat1on energy of Se 1s gleater than that of second ionization energy of As

(b) The first 1onlzat10n energy of C2+ ion, is greater than that of first ionization energy of N** io
(c) The thlrd 10n12at10n energy: of Fi is greater than that- of third ionization energyof O
, (d) Halcﬁgens have hlghest IEin respectlve périod.
1\4{/ Which of the followmg represent correct order : 0
(a) Be?* <Mg?* < Ca?* <Ra?* : Ionic radii (b) SiO, <A120 <80, <P,0, : Acidic
(c) AlH, <GaH, < InH, <TIHj; : Basic character .
(d) None of these :
15.  Higher value of ionization energies of 5d transmon elements are consistent with the
i (a) Relatively smaller screening effect '_ ~(b) Relatively smaller size of their atoms
rule then (c) Relatively smaller effective nuclear ehalge
2 (d) All above |
16.  Which of following is incorrect : e o _
f-.'/ (@) IE, (Mg) > IE, (A) o (B)IE(Mg)> IE,(AD
) (c) Order of [E, : Cu<Zn<Ga o (d)Order of IE, : Zn>Cu>Ga
17. WhICh of the followmo statement is incorrect-
(‘(a) Energy is released when electron is added to an isolated gaseous atom
(b) The ox1des and hydroxides of alkali metals a1e strong base
(c) Vander Waal’s radius of chlorine is less than that of covalent radius
(d) The reactivity of non-metallic elements in periodic table increases from top to bottom.

|
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18.  Consider the following reactions
(1) O(g) +e"—> O(g) AH, ' _ (ii).F(g) +e > F(g) AH,
(iii) Cl(g) + € — CI(g) AH, (iv) O(g) + ¢ — O*(g) AH, | g
Then according to given information, the correct statement is/are - ’
{
(2) AH, is more negative than AH, and AH, (b) AH, is less negative than AH :
(c) AH,, AH,, AH, are negative Whereas AH 1s positive 10,
(d) AH1 and AH3 are negative whereas AH, and AH, are positive |
19.  Consider order O~ <F~ < Na* <Mg?*
Then correct statement is/are . _
(a) Increasing order of Zeff (b) Increasing order of size
(c) Increasing order of [E (d) Increasing order of EA IT-JAl
20.  The value of four quantum number (n, /, m, s) for. any electron of element X are 4, 3, -2, —1/2, then L. ‘
correct statement regarding element X is ' (
(a) Element X may belong to lanthanide series (
(b) It may belong to actinide series 2. ‘
(c) It may belong.2nd transition series (d) It may belong 3rd transition series (
21. Which of the followmg ionisation energy 0rde1 is/are correct. 3. ]
(a) Be* > B2+ b CH>BH (c) N4+ < oS+ le.}(d);_F,?f“‘_? c.f3+ | )
M SubJectlve and:: ] merlcal AnswerType ’ (
b If internuclear distance between Cl atoms in CI2 is 10: A & between H atoms in H, 1sl2 A, then (
calculate internuclear distance between H & Cl (Electlonegat_mty of H=21&C(Cl= 3 0). 4.
2. The Pt-Cl distance has been found to be 2._32,A in several crystalline compounds. If this value (
applies to both of the compounds shown'in figure. What is Cl - Cl distance in (a) and (b) 3. ’
/ ) - ‘(
NH, 0 @Q )
C Cl . (
(a) (b) | (
NH, | - - Net & (
3. Calculate E.N. of chlorine atom on Pauling scale if I E. of Cl‘ is 4eV & of E.A. of Ci" is + 13. 0 eV [
' 4, Calculate the electronegativity of fluorine from the followmg data : ‘ (
E,_ = 104.2 kcal mol™! _ EF_F =36.2 lgcal mol™! 8. !
By_p=134.6kealmo’  ~  Xy=21 "+ | | (
) 5. How many chlorine atoms will be ionised Cl——.CI* + ¢ by the energy releaSe_d.from the process ; 9. !
<Z Cl+ e —> CI for 6.02 x 10?3 atoms. (I P. for Cl-= 1250 kJ mol™! and E.A. = 350 kJ mole™!) (
6. Calculate E.N. of flourine if (rg),, o0 = 0-72 A. ' ' |
7. Calculate the screening constant of Ca . (at0m10 number 20)
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- Periodic Properties

8. The maxunum number of electron that can have pr1nc1pal quantum number n =3 and spin quantum

number, M = —5 is

9. What is maximum number of electrons.that may be present in all atomic orbital with principal
quantum number 3 and azumuthal quantum number 2

10.  Ifanelectron has 3 spin values (*5 : O’+Ej then what will be maximum number of elements in 6th

period? -
- EXERCISE -1V
. Previous Year Questions
IIT-JAM Previous Year | o |
1. Among the following, the isoelectronic pair is: - "
(a) NO and CO o (b_)"_-Oz" (superoxide anion) and NO~
(c)NO* and CO o= (d) O, (superoxide anion) and NO*
2. Among lithium, nitrogen, carbon and oxygen which, element has the highest first ionization potential?
(a) ithum ) (b) nitrogen . (c) carbon (d) oxygen

3. Identlfy the correct optlon k

(d) the oxxde of the element becomes more basm

4, The decreasing order of the first ionization energy of the following elements is
(a)He>H>Be>B (b)Be>B>H>He (c)H>He>Be>B (d)B>Be>He>H

(

5. The degrée of Rydration is expected to be maximum for

+ (a) Mg? (b) Na*  (©)Ba? (d) K-
The decreasing order of the first ionization energy of the following elements 1s
(2) Xe > Be > As > Al "o " (b) Xe>As>Al> Be
(c)Xe>As>Be>Al (d) Xe >Be > Al> As

Net & Gate Prev10us year Questions
7. The size of the d orbitals in Si, P, S and CI follows the order
(a)CI>S>P>Si (b)CI>P>S>Si (c)P>S>Si>Cl (d)Si>P>S>Cl
8. The electrOnegativity:‘diﬁ“erences is the highest forthe pair R
@ LiCl K F (c)Na, Cl (d) L, F
9. The co_rrec’ti-m‘der of decreasing electronegativity of the following atoms is
(a) As>Al>Ca>S . (b)S>As>Al>Ca (c)Al>Ca>S>As (d)S>Ca>As>Al
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CHEMACADEM (NI Periodic Properties NN oy
10. The correct order of the size of S, §%, S2+ and S** s spec1es is. 7
(2) S > S%">§% > S (b) S¥* >S4 > s> 8 "
| (c) &> § > 82> g (d) S>> 8> 2+ | 2
11. The series with correct order of decreasing ionic size i o
(2) K*> Ca* > §% > CI | (b)) S¥>CF>K > Ca?t . |
(c) K* > CI > Ca?* > §* ©(d) Cr>K* > $ > Ca?* o
IIT-JEE Previous Year Questions o S ' : o .
Single Choice o S - N
12, The correct order of second ionization potehtial of carbon, nitrogen, oxygen and fluorine is '_
(@C>N>0>F (1B O>N>F>C.  (c)O>F>N>C (dF>0>N>C o X
13.  The element with the highest first iorrization potential is _ J
(2) boron (b) carbon . - {(c) nitrogen (d) oxygen 27,
- 14, The hydration energy of Mg?* is larger than that of |
(a) ABY ®Na* (B (Mg e
15.  The first 1onization potential in electron:volts of nitrogen and oxygen atoms are respectively given 9e
by a _ ‘
(2) 14.6,13.6 (b) 13.6, 14.6 ':-_ (0)136 13.6 (d)l46 14.6
16.  Atomic radii of fluorine and neon in Angstrom units are respectrvely given by .
(2) 0.72, 1.60 (b) 1.60,1.60 . - (c) O 72 0. 72 (d) None of these
“§7. The eleetronegatrvrty of the followrng elements mcr eases in the order : 5
() C,N, S, P™ - (b N, Si, C; P (c)SrPCN (d)PSrNC
18.  The first ionization potential of Na, Mg, Al and Siare in the order
(a) Na<Mg>Al<Si (b) Na>Mg > Al>Si
(@) Na<Mg<Al>Si (d) Na> Mg > Al <Si
19.  Which one of the following is the smallest in size?
(a) N*- (b) 0% , () F~ () Na*
20.  Amongst the following elements (whose electronic conﬁguratrons are given below) the one having -
the highest ionization energy is
(a) [Ne] 3s% 3p! (b) [Ne] 3s?3p®> (c) [Ne] 3s% 3p? (d) [Ar] 3d1f’. 4s? 4p3
21, The statement that is not correct for the periodic classification of elements, is -

22.

(2) The properties of elements are the periodic functions of their atomic numbers’
_//—A

A ————

(b) Non-metallic elements are lesser in number than metallic elements

m
(c) The ﬁrst 10nrz&tron cnergies of e ements along a period do not vary in a 1egula1 manner with
increase. in atomic number.

(d) For transition elements _t_lg ¢subshells are fill ith-electrons monOtonically with increase in
atomic number. =~
Which has most stable +2 oxidation state?

(2) Sn CLomPh - o (OFe (@) Ag
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23.  Which of the following has the maximum gnumber of unpaired electrons?
(a) Mg?* (b) T NONA (d) Fe?*

24, The incorrect statement among the following is
(a) The first jonization potential of Al is less than the first ionization potential of Mg
(b) The second ionization potential of Mg is greater than the second ionization potential of Na
(c) The first ionization potential of Na is less than the first ionization potential of Mg
(d) The third ‘ionizatiqn potential of Mg is greatéf than third ionization potential of Na
25.  The correct order of radi is |

@N<Be<B (b)F<O*<N>* (¢)Na<Li<K (d) Fe3* < Fe?* < Fef*
~tero b 260 The set ‘rep_fr.esenting the correct order of first ionization potential is | _
L @K>Na>Li  (b)Be>Mg>Ca (c)B>C>N (d) Ge>Si>C
27, Identify the least stable ion amongst the following

() Li* (b) Be” - (c)B” (d)C
One or more than (mfe correct option ' '

ygwen 28.  Sodium sulphate is soluble in water whereas bariug’sulphate is sparingly soluble because

(a) the hydraticf)n energy of sodium sulphate is more than its lattice energy

e lﬁﬁﬁ}mg

mel'.--With '

crense in
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ANSWER KEY -

EXERCISE - I ‘
l.c 2.d 3.b 4.d . 5b 6.c 7.b
8.b 9.d 10. a I.b 122 - 13 14.d
15.0 16.2 17.¢ 184 19b - 20.b 2. :
2.¢ 23.d 24.d 25.¢  26b - 2T.a 28.d §
29.¢ 30. 2 31.a e . 33.a 3. ¢ 35.b §
36. 2 37.b 38.b 39.d 40b dle  4b |
43.b 44.c 45. ¢ 46.b°°  4Tc 484 > 49.b !
50. ¢ 5l.c 52.b $3.d. s4d 55b 56. ¢ L
57.¢ 58. ¢ 59. b 60.c.  6Lb 622 63b |
64. 2 65.b 66. ¢ 67.4 68D 69. b - 70.c . RU
7l.c 72.d 73.d 74b 0 752 o 76.b 77.a _—
78.b 79.a 80. a !
| EXER(ISEZII _ -
l.ac 2.a,b,d 3.a,c - 4.ab 5. a,bd - 6.ab T.be,d ¢
8. a,c,d -9.b,d - 10.a,b,c. . 11 acd 12 2,e : oo 1dac '
15.ab fhébc**v‘17cd el 19hac 21.be §
1.5919 A )
3.3.03 i
5. 1.686 x 102 atoms
7.17.15 8.
9.10 10.48
EXERCISE - IV i
l.c 2.b 3.c . 4.2 5.a 6. ¢ 7.d
8.b 9b 10.¢c 1L b 12.¢ 13.¢c - 14.b
15.2 16.a 17.c - 182 19.d 206 21.d
22.b 23.d 24.b 25:b 126.b 27.b 28. 3, :
29.d : @
|
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CHEMICAL BONDING

RULES FOR LEWIS STRUCTURE DRAWING

@

(2)
3)

)

Calculate n, ": no. of valence shell electrons of all atoms + no. of negative charge (if any)
—no. of positive charge (if any)
Calculate n, = (no. of H-atom x 2) + (no. of atoms other than H-atoms x 8)

Calculate n3 n2 n, = no. of shared electrons;

1e. number of bonds—' ..()
Calculate n;;— nlg— ny = no‘ 'of unshared electrons |
Le. no.f.of-lone:paus;:;?ﬁ LR s i AP ..(b)

Using the inl”ormations (a) & (b) the stru'cture is to be assigned as follows :

(i) Find out the central atom first (i.e. either least m number or more electro positive)

(ii) Allocate the surrounding atoms around the centl_‘al atom with the help of bonds available in (a).
(iii)To fulfill the octet of each atom, utilise the lone pairs‘available in (b).

(iv)Finally calculate the formal charge for each atom and assign the atoms according to the formula
given

F C. (on an atom) Valence shell electron of that atom no. of bonds associated with it
‘ —no. of unshared electrons on it.

Important pomts in résonance

(i) The canonical forms should have the same number of unpaired electrons.

(i1) Inthe case of charge separatlon ifthe adjacent atoms bear the same charge then the electrostatic
repulsion will destabilise the structure.

(ii) Placement of oppos1te charge on the adJacent atoms stab1hses the system through an electrostatic
mtelactlon

(iv) The canonical forms in which the negatlve charge resides on the electronegatlve atoms contribute
more.
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FORMAL CHARGE

The formal charge is the charge which an atom would have if electron pairs were shared equally;

Lewis structures with low formal charges typically have the lowest energy.

Formal charge of an atom is the difference between the number of valence electrons in an isolated

atom (i.e. free atom) and the number of electrons aésigne‘d to that atom in a Lewis structute.

Formal Total number IER
Totalnumber{ | Total number
charge on 1~ | of valence ..
] = —~— of shared - |- of unshared

atom in electronsonfree | 2| .

_ electrons - valenceelectrons
Lewisstructure | | atoms - S

Qr =Dy __z—nbp —Iy,

Example:
1

qF(Scezit;e) =6~—O—§-x12:0

1

)=6-4~=x4=0

dr (Sier niinial

B SN

Calculation of Hybridisation:

Stericno. =1/2 [V+ M=+ Q]

V = volume shell electron of central atom

M = No. of monovalent atoms (H, X)

Q = Charge on species (+ for anionic species; — for cationic species)

Table: Typés of Hybridisation

S.N. | Hybridisation | s-character | p-character : d-character | Shape

2 sp 50% P, along the axis 50% - Linear
3 sp2 33.33% | Along the axis B, P, or - Trigonal
Py : 66.67% Planar

4 sp> "25% | PPy, P 75% . Tetrahedral
5 sp'd 3333% | Pry166.67%, B, :50% d, 50% - Trigonal

: ’ - bipyramidal

6 spd’ 16.67% | Py, By, P, 50% dx2-y2 & Octahedral

d,:33.33%
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Orbital analysis of hybrldlsatlon |

-1 - %P character

cosf = n where, 0 = bond angle; i= m

knowing the value of i, we can determine hybridisation which is equal to sp

. S _P-l
¢os =
S-1 P
Table: Idealised orlentatlon of the electron pairs leadmg to the minimum repulsion around the central
: _ dtom,
Nd.ofc-bonding _ Geometrical position |. Bondangle Shape Examples
pairs (considering no | of thec-bonding .|~ XAX
non-bonding pair) | pairs . f . . _
(i) 2 Linear (sp); 1 180° —e— | NO,", N0, CO,, Cdly,
' | A= _ » | HeClo, Ag(CN)2, etc.
@ 3 Trigonal planar (sp”); | 120° BX;(X =F, C, B, R),
/ S - - |o=ccL, $0,,NO;,
CO,*, CH;" etc.
(ii1)
“iv) s Trlgonalblpyramld To0(x Ax.) || 1. |XeOsEs BCI, SoC,
) ' (sp3d) s & VFs, etc
; TR | 120°(x Ax,) ’
— 2 '
6 |Octhedron (5pd)  |90° "1~ | SeF, TeF, SFg, PX,
s | P | SiBE 3P XeOG
\l/ : | 6 » D250, 6
etc. :
/ l \ _
(vi)y 7 . Pe113tagona1 b1pyram1d QO(XaXAXeq) %, N IF}, ReF;, etc.
(.4 7 (x,ix,)
\|/‘
/| N,
Capped octahedron
| Capped trigonal prism
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CHEMACADEMY gl - Chemical Bonding
Table: Shape of some molecules having stereochemically active lone pairs according to VSEPR theory
Number of Geometry for the Types of . Configuration Examples
Ip+bp distribution of electron pairs shape
electron pair domains | E
3 Triangular (sp?) 2bp+11p V shaped SnCl,, PbCly, SO,
: GeFy, NO,~
4 Tetrahedral (sp°) 3bp+1lp Trigonal pyramidal | NHs, N_R;, H;0%, PX,,
' XeOs, NF;, X053 (X =
] ¢, Br, 1), SO,%, CHy”
II//// ‘
2bp+21p V -shaped - | H,0, F,0, CL,0, SCl,,
' 1 X0y X=Cl,Br, I
a 55D
Ibp+3Ip = |Linear HX, OX (X =Cl, Br,I)
5 i ‘Di

gonal bipyramidal -

1 CIF3, BrFs, XeFy,
: XC OF2 v

2bp+3lp | Linear XeF,, ICly, 1y
| og
6 Octahedral (sp°d”) Sbpt1lp Square_pyrainidal BrFs, IFs, TeFs,
Ny, i .. XCOF4, XeF5+
4bp+2lp 1 Sq_uare_.planar ICl,~, BrF4, XeF, l
7 Pentagonal bipyramid [6bp+1/p - | Distorted XeFg, XeOFs~
sp’d) - | octahedraon
' S5bp+2ip: Pentagonal planar XeFs”

Ao
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Summary of Electromc Conﬁguratlons of Molecular Orbltals of 1st and 2nd row diatomic Molecules

Molecule E.C.: Unpairede” | Bond order
H} | e ol 1| os
H, | ,  ols? L B 0 B
H; o | 6152&*15‘1- E o 1 0.5
Hep _ _ 01820*151- o o . ! 0.5
He, - _ Gls 25%15% ‘ ) 0 0
Hodv | _ols 0*13628""; }. s 05
Lij | o o ols>o*1s%5 25! o I
U, | ke | o | 1
Li; o KKczszc*‘zsl~ B | es
Be,  KKos'o*as? 0 0
B, KK02820*2S n2pyn2p, ' 2 1
G KK02326*2S 712py7'c2pZ 0 2
Ny KKGZS 0*25 n2pyn2 Gsz o - 0 3

N} 1
N; 5 1
0“2L - - o _K LL 6 pxn2py02p2n* 2py.. ; | - 1 ‘ |
| Q2 KK, LL cszanynsz *2py *2pZ_ 2 2
0; . KK, LL cr2px11:2py112pz1r*2py1'c"‘2pZ b 1.5
- . ' 2 N2 N2 2' 2 ' |
03 | . KK,LL c2pxﬂ:2pyn2pz *2pymr2p; 0 10
» B _ KX, LL c>'2p,{11:2p},ft2p2 *2py *ZpZ | 0 1
Ne, o KK,LL 0'2p.x7r2pyrc2pzn*2py *210Z *2pX 0 0

i
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* Chemical Bonding

Table. Molecular Orbital Summary of.Secohd Row Diatomic Molecules.

BZ CZ N2 OZ FZ
* ’ *
1 O2p _ - T O2p _—" I
‘ A S S B 4
T2p _ Tp T TR
o — | = e
m e |
G5 % $ % G2s l% _'  i
o A | | | F |
Magnetism Paramagnetic Diémagnetic Diamagnetic Paramagnetié Diamagnetic
Bond order 1 2 3 2 1
Observed bound C
dissociation 290 620 942 495 154
energy (kJ/mol) )
Obseved bond 159 131 110 121 143
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CHEMACADEMY  |[ISEEESEI  Chemical Bonding

EXERCISE |
(Smgle .Corre_c'_t Type)

Hybridization

1.

10.

A sigma bond may be formed by the overlap of 2. afomlc orbitals of atoms 4 and B. If the bond is
fornled along the x-axis, which of the following ovellaps is acceptable ?

(a)si)l'bital of 4 and p, orbital of B | ‘_'(b_) p, orbitalof 4 and p, orbital of B
(c) p, otbital of A and p_ orbital of B - - (d) p, orbital of 4 and s orbital of B

Which of the following statements is/are_true‘?

(a) Cevalent bends are directi&nal . ~ (b) Tenic bends are directienal

(¢) A polar bond is formed between two afo_ms which have the same electronegativity value.

(d) The presence of polar bonds in a polyatomic molecule suggests that it has zero dipole moment
Which of the following species are hypervalent? |

1. Clo,, 2. BF, - 3.50,7, 4. COZx

(@1,2,3 01,3 (c)3,4 (d1,2

The types of bond present m N,O, are

(a) only covalent (b) only fomic; (c) ionic: and covalent (d) covalent & coordmate
Which of the followmg molecules does not have coordmate bonds?

(2) CH, —NC ®mco (c) o, (@ co¥
The strength of bonds by §=S,p=p,§s—p overhp is in the order in Wthh shell
(@) s=s<s=p<p-p (b) s-s<p-p<s-p

(c) s=p<s~ s<p P (d)'p—p<s'—s<s—p

Which of the following has a geometry different from the other three species?
(a) By ; (b) sOF - (c) XeF, (d) PH}
Nurnber and type of bonds between two carbon atoms in CaC, are:

(a) one sigma (&) and one pi (7) bond (b) one ¢ and two 7 bonds

(c) ote & and one and a half & bond (d) one o bond

If ¢—¢ bond in -C,H, undergoes heterolytic fission, the hybridisation of two resulting carbon
atoms is/are '

(a) sp? both (b) sp* both © gt (@) spsp?
In the context of carbon, which of the folloWing is ajfranged n the correct order of electronegativity:

(@) sp>sp” >sp° " (b) sp’>spP>sp. (€ sptesp>sp’ (d) sp® >sp>sp”
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11.  Carbon atoms in C,(CN), are : _
(a) sp-hybridized (b) sp?-hybridized |
. t
(c) sp- and sp* hybridized (d) Sp, Sp and sp3 hybridized
12. There is change in the type of hybrldlsatlon when -
(a) NH, combines with H* () A.ZH3 combmes with A~
(c) NH, forms NH; (d) SiF, forms Si(OH),
13. The bond angle in PH, is : _
(a) Much lesser than NH, : '(b) Equ;ﬂ to that in NH,
(c) Much greater than in NH, (d) Sligiltly more than m NH,
14.  Which one of the following compounds has bond arigle as nearly 90° ?
(a) NH, ' (b) H,S ) H, O ~ (d)CH,
15. The compound which contains ionic as well as covalent bonds is
(a) C,H,CL, (b) CH,! ' (d)H,0,
16. Sliowing ithe: S
ons occupies
(b) Between NH . and PH3, PH isabet
sp’ orbital and is more d1rect10na1 _ :
(c) Between NH, and PH,, NH, isa better electron donor because the lone palr of electrons occupies
sp’ orbital and is more d1rect10na1
(d) Between NH, and PH,, PH, isa better electron donor because the lone palr of electrons occupies
spherical ‘s orb1ta1 and is less d1rect10na1
17.  In which of the following C-H bond has the highest ‘s’ character ?
(a) acetylene (b) ethylene ~ (c) methane (d) CH radical
18.  The correct order of d,_,, in the following option is
(&) CHF,=CH,F;=CHF = (b) CHF,>CH,F,>CH,F
(c) CH,F,>CH,F>CHF, ~  (d) CH,F>CH,F,>CHF,
19, The strongest P—( bond is found in the molecule. 3
(a) K,PO (b) CLPO (c) Br,PO (d) (CH,),PO
VSEPR/NBEPR :
20.  CO, has the same geometry as : | , -
(I) HgCl, (I) No, - (II) SnCl, (IV) C,H,

(a) T and I (b)Tand IV (c)IandIV (d)ITandIV
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" 21, Which of the following pairs is isostructural?
I :
__lg (a) SF, and SiF4 (b) SF;and SiF7” (€) SiFy” and SeFy”  (d) XeO; and TeFy
v 22.  The correct ordérvof increasing x — 0~ x bond angle is (X =H, For Cl) :
o (2) H,0> CLO > F,0 | (b) CL,0>H,0>F,0
(c) F,0>CLO>H,0 (d) F,0> H,0> ClL,O

. 23. g -p-H bondanglein BH, is:

i (a) 180° S (b) 1200 (©109° (d) 90°
24.  The correct order of the bond angles is E S g
1 (a) NH, > H,0 > PH, > H,8 © (b)NH,>PH,>HO>HS
* () NH, > H,8 > PH, > H,0 (& PH,>H,S>NH,>HO
; 25 Which of the following species has hnear shape?
ES ()0, () No; (©) SO (d) NO;
’ ' 26.  Themolecular shapes of SF,, CF, and XeF,are
‘f | (a) different witf'hv_r"l, 0 and 2 lone pairs on central atom
I (b) diﬁergnﬁ;wifﬁ.o; 1,2 lone pairs. on central atom.: - -
b g (c) samewft
o (d) same with’ s
{ 27.  The shape of [B; 7 i jonis _ ;
f (a) Regular tetrahedron o .. - (b) Square planar
(c) Trlgonal pyramidal ' o (d) See-saw OR irregular tetrahedron
[ 28.  Specify the co-ordination geometry around and hybrldlzatlon of N and B atoms in 1 : 1 complex
of BF, and NH,. .
:;_-. (a) N : tetrahedral, sp*; B : tetrahedral, sp (b) N pyramidal, sp*; B : pyramidal, sp®
(c) N : pyramidal, sp* ; B : planar, sp* } (d) N : pyramidal, sp® ; B : tetrahedral, sp®
,, _; 29. Theshape of O,F, is similar to that of | ’
@ CF ) H0, OHF (@ GH,
30.  Arrange the following in order of decreasmg N= 0 bond length : NO;, NO;, NO;
() NO; > NOF >NO; (b) NO; > NO; > NOZ
" (c) NO; > NO; > NO; (@) NOy > NO; > NO!

31, Identify isostructural pairs from NFy(I), NO,(II) , BE,(IT) , H,O*(IV), HN, (V)

@I&IL &IV  GI&V,I&I  (©I&IV,I&I ()I&IV,II&V
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32. Match list I with list I and select the correct answer

List I (species) Llsjc [T (O-N-0O angle)
A, NO,’ 11800
B. NO, 2. 134
C.  NOy 3 1200
D. NO; 4. 15°
| 5. 109°
A B C D A B C D
@ 5 4 3 2. ,(b)' 502 4 \
© 1 2 4 3 @ 1 4 3 2 |

33, Among the following species identify the ispstrucfurz{l pairs.
NF,, NOY, BF,; H,0*, N,H

(a) [NF,, NO, ] and [BF,, H,0"] . (b) [NF,; N,H] and [NO,", BF,]
(c) [NF,, H,0*] and [NO,, BE,] L) [NE,, H,0"] and [N,H, BF;]
34.  Which of the following molecule has a planar geometry 7 :
@Ni(CO),  (B)SF, () CoCLE (d) XeF,

35. cC mpounds that are

(a) hnear XeF and pyrarmdal XeO » : eO;- o
(c) bent XeF and planar XeO, . (d), lmear XeF2 and: tetrahedral XeO
36.  The cotfect order of hybrldlzatlon of the central atom- in the following pemes R
NH,, XeO, FZ,SeF4,NO i '
(a) sp’,sp’,sp’d, sp _ () sp ,sp3dqsp3d,sp
(c) sp’,sp’d?,sp°d, sp* @ sp’,sp’d,sp’d’,sp
37.  Which of the following pairs of species have identiéal shapes? :
(a) NO; and NO; ~ (b) PClyand BrFy () XeF, and ICI;  (d) TeCl,and XeO,

38, The structure of O, and N; are
(a) Both linear | ",_-' (b) Linear and bent respecti_xk_ély.
(c) Both bent o ~ (d) Bent and linear respectively.
d-Orbital Participation I :
39.  The shapes of /F, and IF, are respect;i'vely
(2) square pyramidal and pentagonal blpyramldal
(b) octahedral and pyramidal

(c) trigonal bipyramidal and square ani;iprismatic
(d) distorted square planar-and d_istorted_ octahedral
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40.

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

51.

MOT
52.

Which of the foﬂowmg has not octahedral geometry _

(2) SbCl; (b) SnCI> O XeF, (d) 105

The structure of XeF, 1s: |

(a) pentagonal bipyramidal (b) octahedral (c) capped octahedral ~ (d) square pyramidal

In which of the following molecule are all the bonds not equal?
(a) NF, (b) CIF, . (c)BF, (d) AIF,

In ICI? , the shape is square planar. The-number '.of bond pair-lone pair repulsion at 90° are:

(a) 6 (b) 8 (c) 12' ' - (d)4
The cationic part of solid CLO; is havmg the " shape.
(a) 11‘near (b) angular "_. - .(c) Tetrahedron (d) undefined

In case of PF,, the ground state trrgonal brpyramrdal (TBP) structure converts nto transition state
and back to a new TBP structure: The hybrrdrsatron of central atom phosphorus in the transition
state 1s. :

(2) sp’d, O Pday (@) (@) P’
Which of thefollowing: statement is correct regardmg BrF and BrCli? | o
(2) Both have ‘equal; ang ) £F =~ Br—F=/Cl-Br—Cl

(¢c) LF—Br= F>ZC1 Br Cl B (d) Bothare isostructural

Accordmg to VSEPR th601y, the geometry (Wrth one palr) around the central iodine in L and I
10ns respectrvely are

(a) tetrahedral and tetrahedral (b) trigonal bipyramidal and trigonal bipyramidal
(c) tetrahedral and trigonal bipyramidal (d) tetrahedral and octahedral
Which of the following sets of orbitals has/have same geometry?

(a) sz,pzdzz;_' (b) sp*,d’s (c) Both (d) None of these
F-As-F bond angle in AsF,Cl, can be

(a) 90° & 180° only -(b) 120° only (c)90° & 120° only  (d) 90° only
Which of th_e: ?following shape can not be obtained from sp’d” hybridisation.

(;1) Square plahar - (h) Square pyramidal (c) Tetrahedral (d) Octahedral
Which of the. fojllowing set of species have planar structures

(a) I;,CH,,CIO;, SiFF (b) It,ICI;,TeCl,, CCI,

(c) SC,,N,0;,SF,, XeOF, | (d) H,0, XeF,,BrF;, BF,

Which of the following is diamagnetic —
@o; MO, ©o; ) 0,

~ North Delhi: 72, Mall Road; GT.B. Nagar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.ind



CHEMACADEMY . _|f o ... Chemical Bonding

53.  The bond energy order of He and HeHJr 1S
(2) He," > HeH" (b) HeH"=He,"  (c) HeH">He,* (d) Can't be predicted
54, Inthe cyanide ion the negative charge is on o
(a) C ()N (c)Both Cand N (d) Resonate between C and N
55. Mg,C, reacts with water forming propyne, C34:‘ has:
(a) two sigma and two pi bonds (155) three sigma and one pi bonds
(c) two sigma and one pi bonds - (d) two sigma and three pi bonds
56.  During the formation of a molecular orbital from atomic orbitals, probability of electron density is:
(a) minimum in the nodal plane | (b) maximum in the nodal plane
(c) zero in the nodal plane ' (d) zero on the surface of the lobe
57.  Pick out the incorrect statement? |
(a) N, has greater dissociation energy than N,* -
(b) O, has lower dissociation energy than 0,"
(¢) Bond length in N, is less than N‘ , S 5
(d) Bond length in NO™ is less than in NO. f.' S {
58. A snnphﬁed apphcatron of MO theory to the hypothetlcal molecule OF would grve 1ts bond order
as: il : S s S ;
(a)2 S (b)lS | | (d)05
59.  Inthe forrnatlon of N* from _N th ction’is femoved from SR
@ocobil  ()moial (¢).o" orbital  (d) x orbital
60.  Which of the following is true? | |
(a) Bond order « m oc bond energy (b) Bond order cc bond length oc “bond eneray
(c) Bond order bond length bon d energy (d? Bond order o bond length oc brond energy:
Structures '
61.  Which of the following oxyacid of sulphur does not contam S-S bonds ‘7
(a) H,S,0, (b) H,8,0, o (C) _HZSZO4 (d) H, S O,
62.  Which has higher bond energy : ‘ , o
(@) F, ®c, @1
63.  Most ionic compounds does not havé__‘: ’

(a) high melting points and low bbih'ng pointé
(b) high melting points and nondirectionél bonds .
(c) high solubilities in polar solvents and low solubilities in nonpolar solvents

(d) three-dimensional network structures, and are good conductors of electricity in the molten state
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64.  Write the maximum number of atoms havmg same hybrrdrsatron n 2 5 d1 N chloridothioimino-3,
4-diazonothiophene as shown below

N ':: - N
N //,,

()4 ®s - (©6 @8
65.  Borax is actually made of two tetrahedra and two triangular units joined together and should be
written as: Na [B,0,(OH),]-8H,0
Consider the following statements about borax:
a. Each boron atom has four B-O bonds |
b. Each boron atom has three B-O bonds
¢. Two boron atoms have four B-O bonds while other two have three B-O bonds
d. Each boron atom has one ~OH groups
Select correct statement(s) '
(a)a,b \ (b)b c

T (C)Cd o (Dac
66. Hybrrdrzatron L S

@w v
67.  The number ,ef_o-bond and n-bond in HCP are respectively
(@)2and2 - - (b) 1 and 3 (c)2and 1 (d) None

68.  The hybridisatidn of C-atoms in tetracyanomethane is
@) sp,sp® (b) sp*,sp (c) sp*,sp” (d) sp’,sp*
Hydrogen Bonding / Weak Forces
69.  The hydration ogf_ ionic compounds involves : ,
(a) Evolution of heat (b) Weakening of attractive forces
(¢) Dissociation into ions (d) All of these
70.  Which of the following, when dissolved in water forms a solution, which shows Non-conductivity?
(a) Green Vitriol (b) Indian salt Petre  (c) Alcoho o (d) Potash alum

71.  Ethanolhas a higher boiling point than dimethyl ether though they have the same molecular weight.
This is due to : :

(a) resonance (b) cd_ordinate bonding
(¢) hydrogen bonding - (d) fonic bonding
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72.  Arrange the foﬂowmg in order of decreasing boiling point :
() n-Butane (II) n-Butanol (IIT) n-Butyl chloride (IV) Isobutane
@mw>m>ius1 O ws>ns>m>1 ©Is>u>u>w @ u>us>1>mw

73.  Which of the following compounds would have significant intermolecular hydrogen bonding ?
HF,CH,0H NO4,CH :
(a) HF, N,0, (b) HF, CH4,CH OH (¢) HF,CH,OH : (d) CH,0H,CH,

74.  Which of the following molecules are expected to exhibit mtennelecular' H-bonding
1. Acetic acid II. o-nitrophenol . III. m-nitrophenol ~ IV. o-boric acid
() LIL I () LIL IV ) LILIV (HILULIV

75. . Intramolecular hydrogen bonding is found in : | _
(a) Salicylaldehyde  (b) Water i(c) Acetaldehyde (d) Phenol

76.  The volatility of HF is low because of : 'E ’
(a) its low polarizability |
(b) the weak dispersion interaction between the molecules
(c) its small molecular mass _(d) its strong hydrogen bonding

77.  Which one of the followmg does not have mtermolecular H bondmg7
@HO0 - (b) o- _nitro phenol (c) HF (d) CH COOH

78.  Which of the followmg exhlblt/s H- bondmg‘7 " : S
(2) CH,  (B)HSe (c)NH | "”(d)HS

79.  Two ice cubes are pressed over each other and unlte to fonn one cube. Which forqe 1s responsible
for holding them together :
(2) van der Waal’s forces S _(b) Covalent attraction
(c) Hydrogen bond formation - o (d) Dipole-dipole attraction

Dipole Moment Lo

80.  Ifamolecule MX, has zero dipole moment, the sigma bonding orbitals used by M (atm. no. <21)
are : 1 o | |
(a) pure p (b)sphybrid”  (c) sp? hybrid (d) sp* hybrid -

81.  Among the following compounds, the one that 1s polar and has the central atom with sz hybridisation is. |
(2) H,CO, (b) SiF, i(?c) BF, (d) HCIO,

82.  Which of the set of i isomers of CH Cl2 is havmg equal dipole moment with C.H,Cl and C.H,

respectively .
(a) ortho and meta B (+)| nl_eta and para
(c) ortho and para : SR (d) para and ortho
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Wthh has maximum dlpole moment'7

Cl
(d) @ .
Cl
Which of the following has been arranged in order of decreasing dipole moment ?
(a) CH,Cl>CH,F > CH,Br > CH,I ~ (b) CH,F >CH,Cl > CH,Br > CH,]
(c) CH,Cl > CH,Br > CH,I > CH,F  (d) CH,F > CH,Cl > CH, I > CH, Br

The experimental value of the dipole moment of HCI is 1.03 D. The length of the H ~C! bond is
1.2754 . The percentage of ionic character in HCI is :

@43 )21 ()17 ()7

Fajan’s Rule

86.

87.

Amongst LiCl, RbCI, BeCl, and MgCl, , the compounds with the greatest and the least ionic character,

respectlvely are :

(a) LiCl andinCl (b) RbCI and BeCl, (C) RbCI and MgCl (d) MgCl, and BeCl,

() Naand (@ MeandF
Multiple Answer Type

Which have ﬁ@étional bond order?

@07 MO, () NO @H,’

Which (have) zero value of dipole moment? '

(a) XeF, (b) CHCI, (c) co @ cl

Which of the' following have planar structure‘?

@[ (b) H,0 (0 PCg (d) XeF,

Which of the following have dipole moment ?- -

(a) nitrobenzene (b) p-chloronitrobenzene

(c) m-dichlorobenzene (d) o-dichlorobenzene

Resonance occurs due to the | _

(a) delocahzatlon of a lone pair of electrons (b) delocahzatlon of sigma electrons
(c) delocalization of pi electrons (d) migration of protons

Which of the following have unpaired electron(s) ‘-Z

(@05 @@‘;  ©no (@) #3
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10.

11.

12.

13.

14.

15.

What is the state of hybr1d1sat1on of Xe in cationic part of sohd XeF
@)sp’d - (b) sp’d? "; (c)sp’d (d) sp’
According to MOT (Molecular Orbital Theory), the molecular orbitals are formed by mixing of

atomic orbitals through LCAO (linear combination of atomic orbitals). The correct statement(s)
about molecular orbitals is/are

Statement (a) :bonding molecular orbitals are formed by addition of Wave -functions of atomic
orbitals of same phase

Statement (b) : anti-bonding molecular orbitals are formed by subtx'aclion of wave-functions of
atomic orbitals of same phase :

Statement (c) : non-bonding molecular orbitals do not take pal“c n bond formatlon because they
belong to inner shells

Statement (d) : anti-bonding molecular orbitals provide stab1hty to molecules while bondmg
molecular orbitals make the molecules unstable.

(a) Statement a, d (b) Statement a, b, ¢ (c) Statement a, b, d (d) Statement a, b

No x - x bond exists in which of the following compounds having general form of X,H,?

(@) B,H, (b) C,H, o ALH,  (d) SiH,
Which of the followmo spec1es 1 (are) 1sostructural with- XeF St

@i - O ©BE (d) X0,
Whlch one of the followmg compounds has bond angle as’ nearly 90°7 .. n
(a) NH;. (b)HS __,_:c)HO,,, o (d) SF
The lmear strnoture 1s assumed by : |

() Sncl, ®) nco- (@) cs, (& NO;

Which of the following statements is/are correct ? o
(a) NHJ shows sp? — hybridisation whereas NH; shoWs sp® — hybridisation
(b) Al(OR), has a regular tetrahedral geometry " ‘

(¢) sp* - hybridized orbitals have equals and p-c haracter

(d) Usually hybridized orbitals form o - bonds . i o l

Choose the correct option for the followmg mo lecule in view of chemical bonding
/C C -C= C\

(a) non-planar (b) u=0 (c) A& B bo_th (dp=0

Shape of NH, is very similar to :

(a) Se0?” (b) cH; . (_c‘l BH, (d) cH;
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16.

17.

18.

19.

20.

21.

22.

23.

Polarization may be called the drstortron of the shape of an anion by an ad)acently placed cation.
Which of the following statements 1s/are 1ncorrect

(a) Minimum polarization is brought about by a cation of low radius
(b) A large cation is likely to bring about a large degree of polarization
(¢) Maximum polarization is brought about by a cation of high charge

(d) A small anion is likely to undergo a large degree of polarlzatron

Pick out among the followmg species 1soelectron1c with CO,
@ Ny - (b) (cNoy (c) (vewy* (d) NO;

Which is correct statement?
As the s-character of a hybrid orbital decreases

(I) The bond angle decreases (IT) The bond strength mcreases
(1IT) The bond length Increases | (IV) Size of orbital increases
(a) (I), (I1T) and g(IV) (h) (II), (I11) and (IV)

(c) (I) and (II) - | - (d) All are correct

Which of the following conditions apply to resonating structures ?
(a) The contrrbut' :

(b) The contnbut__ :
far apart -

tructures should have nearly similar energres

fctures should be represented such that hke charges resrde ohatoms that are

(c) The more electroposrtrve element should preferably have positive charge ‘and the more
electronegative element have negative charge

(d) The contributing structures must have the same"number of unpaired electrons

A m-bond may between two p, orbitals contammg one unpaired electron each when they approach
each other approprlately along : '

(a) x - axis (b) y - axis (c)z-axis (d) any direction

During the complete combustion of methane CH , what change in hybridisation does the carbon
atom undergo? - :

@@)spitosp  (b)sp’tosp (¢ sp2 to sp (d) sp? to sp?
The octet rule is not obeyed in :
(a) CO, (b) BCI, - (e) PCI; - (d) SiF,

A, B, C are three substances. 4 doés not conduct electricity in the soild, molten state and aqueous
solution. B conducts electricity both in the fiised and aqueous states, while C conducts electricity
only in the aquieous state. In solid state neither B nor C conducts electricity. Which of the following
statements is/are true regarding 4, B and C 7

(a) 4 has polar covalent linkage (b) A has nonpolar covalent [inkage

(c) B is ionic In nature - (d) Cation formed by C is highy polarizing
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24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

Three centre — two electron bonds exist.ii1 :
(2) B,H, (b) Alz(CH )6 (c) BeHy(s) (d) BeCly(s)

Which of the following have a three dnnent1onal network structure ?

(a) Sio, (b) (BN), } (c) P,(white) (d) ccl,
To which of the following species octet rule iS‘ilOt applicable :

(a) BrF, by SF, - ©IF () co
Which of the following do not exists ?

(a) SH, - - (by HFO, (c) Fel, () Hao,

Which of the following species contain coordinate bond :

(a) AlCl, (b) CO (c) [Fe(CN)s)* d N;

Which of the following factors are responsible for origination of van def Waals forces ?
(a) Instantaneous dipole-induced dipole interaction ‘

(b) Dipole-induced dipole interaction and 1on-induced dipole mteract1on

(c) Dipole-dipole interaction and ion- induced dipole interaction

(d) Small size of molecule

(b) Branchmgllowem the boﬂmg pv i ‘ 1 Jf{d’eerease in van der
Waals forces of attraction = - S S ‘
(c) In graphlte van der Waals fo1ces act between the calbon 1ayers A
(d) In diamond, van der Waals forces act between the carbon layers

Which of the following species have a bond order of 3 ?

(a) co (b cv- © no* o5
Among the following, the species with one ufilpaired electron are :
(a) 0 LN (© 0 @ ,

Which of the following pairs have identical values of bond order ?

(a) N; and 0; - (b) F, and Ne, (c) og‘.ar_ld_ B, (d) C, and N,

Which of the following is correct ? o

(a) During N, formation, one electron is refno?ed -from.the bonding molecular orbitals
(b) During 07 foﬂnatioh, one electron is 'remevedj ffe1r_1 the antibonding molecular §brbitals
(c) During O; formation, one electron is added-:"'to ’tv‘he' bonding molecular orbitals

(d) During ¢y~ formation, one ele_etfon_ s added to the bonding molecular orbitals
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EXERCISE I

vSubjective and Numerical Answer Type
Write the number of £ FIF angles which are less than 90° in IF;.
The number:of corner or O-atom shared per tetrahedron in 2D-silicate is

The total nﬁmbbr of bonding and antibonding electrons in O, are "o, and ".....oooornns
respectively. (If the answer is 14 and 7, then represent as 0147 ]

Find the number of plane of symmetry in CCl, molecule.
Find the maximum number of identical angle in CH,F, molecule.
The ratio of lone pairs in XeF, molecule and the lone pairs on its central atom is ........

Count the total number of X~O bonds are having equal length in HSO,~ and S,0.* respectively. (If
the answer is 5 and 3 then represent as 53)

Ratio of sp? and sp? hybridized atoms in the anionic part of Borax 1s

(if ans is 12 : 4 then represent as 124) '_ ' '

The number of molecules having planar structure. :

(i) BFCIBr - (if) F,B-C=C-BF, (i) (SIH 1);N (with restpect to N)  (iv) H,N-NH,
It has been observed that % ‘s’ char acter in Sb-H bond in SbH; is 0.5%. Predict the % ‘s’ character

EXERCISE IV

Previous Year Ques__tlons

Among the following, the linear molecule s :

(@ Co, (b) NO, (c) SO (d) ClO,
Which one of the following molecules is planar ?
(a)NF, - (b) NCl, . (9 PH, (d) BF,

Among the tollowmg species 1dent1fy the: 1sost1uctural pairs.
NF,, NO , BF,, HO*NH o
(a) [NF,, NO 7] and [BF ,H,07 .. (b)[NF,, N,H] and [NO,~, BF,]
(c) [NF,, HéO*] and [NO,~, BF, ] () [NF,, H3O+] and [N,H, BF,]
In compounds of type ECL,, where E = B; P, As or Bi, the angle Cl—E—Cl
() B>P=As>Bi (b)B>P>As>B‘i (c)B<P=As=Bi (d)B<P<As<Bi
The. hybrldlsatlon of atomic orbitals of mtro gen in NO2 ,NO,” and NH," are :
(a) Sp, sp? and sp respectively ' (b) Sp, sp* and sp? respectlvely
(c) sp?, sp and sp? respectively (d) sp?, sp® and sp respectively
Which of the following are isoelectronic and 1sostructural ?
NO,~, C0O,*, Cl0,, SO, :
() NO,, co32— (b) so3, No; L (©Clo5,Cox  (d)CO%,0
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Which of the followmg contains maximuin number of‘lone pairs on the central atom ?

(2) CIO,~ (b) XeF, - - (c) S_F PR @@L

The species having pyramidal shape is : - S :

(a) SO, (b) BrF, o (©sior (d) OSF,

The shape of BrF; is : :

(a) Trigonal pyramidal - (b) Trigonal planar

(c) Trigonal bipyramidal (d) T-shaped

Which one of the following statements is correct for Xe O,F,?

(a) It has a square planar structure (b) It has a trigonal bipyramid based structure
(c) It is isostructural with XeF, L (d) It has a tetrahedral structure

Which of the following species has twc} non bond_éd electron pairs on the central atom ?
(a) TeCl, (b) CIF, .:: (c) ICL,~ (d) PCL,

The structures of O, and N, are : _

(a) linear and bent, respectively (b) both linear

(c) both bent ' ' : (d) bent and linear, respectively

The xenon compounds that are isotructural with IBr,” and BrO3 respectlvely are :
(a) linear XeF‘;k (b)-bert:XeF: -ahd by RPN

and pyrarmdal XeO‘

The bond'-angfe of CIZO 1s

(a) smaller than that of E,0 - S (b)greaterthanthatofHZO
(¢) smaller than that of H, O (d) same as that of F,0

[X606]4' is octahedral whereas XeF, is a distorted one, because : -
(a) fluorine is more electronegative than oxygen

(b) Xe has a lone-pair in XeF )

(c) XeFy is neutral whereas [XeO4]* is anionic

(d) Xe-F bond has more ionic character

The minimum number of electrons needed to form a chemical bond between two atoms is :

(a) 1 (b)2 (¢)3 ' (d)4

In which of the following C—H bond has the highest ‘s’ character ?

(a) acetylene (b) ethylene (c) methane (d) CH radical
Which one of the following is an electron—detjicient molecule according to the octet rule ?
(a) CH, (b) H;N — BH, :(Ec) AlH, (d) GeH,

The number P = O bonds present in the tetrabasic acid H,P,0,is:

(a) three ) (b)two (c) one ' (d) none

The shape of CH;™ ion is : _ -

(a) trigohal planar (D) tetrahedral (c) trigonal pyramidal (d) linear
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ANSWER KEY
EXERCISE I

1.d 2.a 3.b 4.d 5.d 6.a 7.¢
8.b 9.¢c 10. a Il.c . 12.b 13.a 14.b
15. ¢ 16. ¢ 17.a 18.d 19.a 20. ¢ 21.b
22.b 23.¢ 24.a 25.d 26.a. . 27.d 28.a
29.b 30. b 31.¢ 32.¢c S 33.¢ 34.d 35.2
36. b 37.¢ 38.d 39.2 40, ¢ 41.¢c 42.b
43. b 44. b 45.b 46: d L 47.¢c 48.¢ 49. 2
50. ¢ 51.d 52.d 53.¢ 54,2 55. 56. ¢
57.c 58.b - 59.a 60. a 6l.a 62.b 63.a
64. ¢ 65.c 66. a 67. 2 68.b 69. d 70.c
71 ¢ 72.d 73. ¢ 74. ¢ 75.2 76.d 77.b
78. ¢ 79.¢ 80. ¢ 81. a 82.b 83.2 84.a
85. ¢ 86.b 87.b | |
labed ac o Gac
15, 2,b 16.abd ~ 17.abec 182 19.abcd 20.bc
22.b,¢ 23.bed  24.abc . 25.ab 26.abc  27.abc
29.a,b,c 30..a,b,c 31.a,bc 32.abc - 33.ac 34.a,b,d

| EXERCISE III
1.8 2.3 30105 4.0006 5.0004 6.3 7.36
8.0112 - 9.3 10.985 - 11.4 |

| EXERCISE IV
l.a 2.d 3c  4b 5b 6.a 7.d
8.d 9.d 10. b C1Lb 12.d 13.a 14.b
15.b 16.2 7.2 18c 19.b 20. ¢
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s-BLock

Main Group elements (s) Block

1. Electronic Configuration _
Elements  At. No. - Electronic Conﬁguration o Configuration of
: ' , the valenc shell
Li 3 2,1 1s?, Zs 2s!
Na 2,81 R 152 252 2p6 3s e . : . 3s!

Rb 37 ; 2, 8; ',18,.{8,‘15':'».' e 167,242 2p 3¢ { R 5s!
Cs 55 2,8,18,18,8,1 152, 2522p6 3sz3p63d1° 4sz4p64d10 5s25p6 6s 6s!
Fr 87 - 2,8,18,32,18,8,1 1s% 2522p6 3523p%3d'", 4524p844104£14, 5s25p65d1° 6526p6 7s! 7s!

(a) Metallic Lustre: The silvery Iustre of alkali metals is due to the presence of highly mobile
electrons of the metallic lattice:™ |

(b) Softness: There being only a single electron per atom, the metallic bonding is not so strong. As
a result of this, these metals are soft in nature. However, the sofiness increases with increase of
atomic number because there is continuous decrease of metallic bond strength onaccount of increase
in atomic size.

x Bigger is the size of metal kernel weaker is the metallic bonding.
2, Atomic and ionic radii
Li . Na K Rb Gs
Atradii(A) 123 157 203 216 235
Atomic volume also increases as the atomic number increases
3. Density '

All are light metals. The densities of metals Li, Na & K are lesser than water Density gradually
increases in moving down from Li to Cs. Potassium is however, hghter than sodium.

Sequence of densities: L1 <K < Na <Rb <Cs

The reason for the low values is that these metals have high atomic volumes. The abnormal value of
potassium is due to unusual increase in atomi¢ size, i.e., atomic volume.
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- used in photoelectric cells whlch are sensmve to blue light.

Structures of the metals, hardness and cohesive'_energy :

At normal temperatures all the Group 1 metals ad_bpt a body-centred cubic-type of lattice with a
coordination number of 8. However, at very low temperatures lithium forms a hexagonal close-
packed structure with a coordination number of 12'

The cohesive energy is the force holdmg the atoms or ions together in the solid.

The atoms become larger on descending the group from lithium to caesium, so the bonds are weaker,

the cohesive energy decreases and the softness of the metals Increases.

The crystal sturcutures of Li,0, Na,0, K, O and Rb,O are anitfluorite structures, Cs,O has
an anti CdCl, layer structure.

Melting and bmlmg points

The coheswe energy decreases down the: group, and the melting points decrease
correspondingly.

* The energy. bmdmg the atoms in the crystal lattlces of these metals is relatively low on account ofa

single electron in the valency shell. Consequently, the metals have low metling and boiling points.
These decrease in moving down from Lito Cs as the metallic bond strength decreases or cohesive
force decreases )

Tonisation energies and electropoSitive character

Due to their large size, ‘the. outermost electron s far from the nucleus and can‘easily be removed.
Their 10nlsat10n;energ1’es or: 1omsat10n poten’aa s;are felatwely low. Thus; the mitals have a great
tendency to lose the ns! électron to change into M* ions. These metals are hlghly electropos1t1ve in
nature. As the ionisation potential decreases from Li to Cs, the electropositive character increases,
ie. metallic character increases. The reactivity ofithese metals increases from Li to Cs.

Li Na K Rb Cs

Tonisation Potential(ey) 54 51 43 42 39

B s Decreases
“Electropositive or metallic nature : _ > Increases
Reactivity i s Increases

The ns! electron is so loosely held that even the low energy photons (light) can eject this
elegtron from the metal surface. This property is termed as photoelectric effect. K and Cs are

Oxidation States

The alkali metals can lose their ns! electron quite easily to form unlvalent positive ion, M™, The ion
has a stable configuration of an inert gas -

These metals are univalent in nature and show electrovalency, i.e. form electrovalent compounds.

Since the electron configuration of M* ions are similar to those of inert gases, these ions have
no unpaired electrons and consequently are colourless and diamagnetic in nature.

Hydration of Ions, hydrated radii and hydratlon 1 energy
The salts of alkali metals are joric and soluble in water. The solubility is due to the test that cations

/_,k‘“—_.—"—___—_
get hydrated by water molecules M* +aq —> [M(aq)] Hydrated Cation
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The smaller the cation, the greater is the degree of its hydratlon of MJr ions & decrease from
Li* to Cs™.

Conseqqently the radii of the hydrated ion dee1 eases ﬁom L1 to Cs™.
The ionic conductance of these hydrated ions: mcreases from [Li(ag)]" to [Cs(aq)]".
Hydration of ions is an exothermic process.

The energy released when one gram mole of an ion is dissolved in water to get it hydrated is called
hydration energy. Since the degree of hydratlon decreases from Li* to Cs™, the hydratlon energy of
alkali metal ion also decreases from Li’ to Cs*.

Seme water molecules touch the metal ion and bond to it, forming a complex. These water
molecules consititute the primary shell of Watel Thus Li* is tetrahedrally surrounded by four
water molecules (sp® hybridisation).

With the heavier ions, particularly Rb* and Cs*, the number of water molecules increases to
six. VSEPR theory predicts an octahedral structure (dsp® hybridisation).

A secondary layer of water molecules further hydrates the ions, though these are only held by
weak ion-dipole attractive forces. - ' '

Solubility

All the simple salts dissolve in water, producmg ions, and eonsequently the solutlons conduct elec-
tricity.-Since Li* ions are small, it rmght be expected that solution; 'um smﬁﬁ conduct
electricity better than: solutlons‘ o"' he sa 1 ; um ssiurm; rubidium or cae-
sium salts. The small ions should mlgrate ‘more easﬂy towards the cathode and thus conduct more
than the larger ions. However, fonic moblhty or conduct1v1ty measurements in aqueous solution
give results in the opposite order Cs* > Rb*> K*> Na*> Li*, The reason for this apparent anomaly
is that the ions are hydrated in'solution. Since Li* is very small, it is heavily hydrated. This makes
the radius of the hydrated ion large, and hence it moves only slowly. In contrast, Cs* is the least
hydrated, and the radius of the hydrated Cs* ion is smaller than the radius of hydrated Li*, and hence
hydrated Cs* moves faster, and conducts electricity more readily.

Some water molecules touch the metal ion and bond to it, forming a complex. These water mol-
ecules constitute the primary shell of water. Thus Li* tetrahedrally surrounded by four water mol-
eculesmmatems of the four water molecules using a lone pair to
form a coordinate bond.to the metal ion. With four electron pairs in the valence shell the VSEPR
theory predicts a tetrahedral structure.- Alternatively, using valence bond theory, the 2s orbital and
the three 2p orbitals form four sp* hybrid orbitals which are filled by the- lone pairs from the oxygen
atoms.

A secondary layer of waer molecules further hydrates the ions, though thejse are only held by weak
ion-dipole attractive forces. The strength of such forces is _'_myersely_p_rggo_rtional_to the distance,
that is to Wondary hydration decreases from lithium to caesium,
and accounts for Li* being the most heavily hydrated. o

Electronegativity

The tendency to attract electrons is low as the alkali metals are electroposmve The electronegativity,
thus decreases from Li to Cs as the eleetropos1t1ve character increases.
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Conductivity

The alkali metals are good conductors of heat and electricity. This is due to the presence of loosely
held valency electrons which are free to move throughout the metal structure.

Heat of atomisation
Heat of atomisation decreases from Li to Cs.
This is due-to the decrease in the metallic bond strength from Li to Cs.

Flame colours & spectra ,
The alkah metals and their salts rmpart a characterlstrc colour to flame.

momentarﬂy n the flame.

Li 7 Na K Rb Cs

Crimson red Golden yellow  Pale violet Violet - Violet

The reason for flame colouration is that the energy ¢ of the flame causes an excitation of tf the outermost
electrons whicki on reﬁrﬁ@mal posmon give out the energy so 30 absorbed in the visible
region. The energy released is minimum:in the case of Li* and increases from Li* to Cs*. Thus the
frequency of the light emitted increases in accordance with the formula E = hv. The frequency of
light in lithium is minimum which corresponds to red region of the spectra.

1.1s coloured, for
orange), and

Compounds of Group 1 me

tals are. typ1ca11y white except those whe1ethe

potassium permang_ hate:k

Reducing nature

An element, which acts as a reducmg agent must have low ionisation energy. Alkali metals act as
strohg reducing agents as their ionisation energy values are Jow. Since ionisation energy decreases
on moving down from Li to Cs, the reducing property should increases in the same order but from
E° , values it is observed that Li is the strongest reducing agent amongst alkali metals in solution as
E° value of Li is maximum. T

It is due to hlgh hydratlon energy of Lx in aquous solutlons
Li -Na K Rb  GCs
Oxidation potential (V) +3.0'5 +2.71 42,93 +2.99 +2.99

CHEMICAL PROPERTIES

1.

Action with Air E
Qn exposure to rnoist air, all alkali metalsgexceptwsh quickly. The effect of atmosphere
increases from Li to Cs. These are, therefore always kept under kerosene oil to protect them from

Mo -2 M0-225 Mor —9%25 M,c0,

alr. Alkali metal  Oxide Hydroxide Carbonate

Lithium when heated in air combines with nitrogen to form nitride, it is due to diagonal relationship
with magnesmm ' T T
Action wi ater _

Alkali metals decompose water with the evolution of hydrogen gas.

2M + 2H,0 —> 2MOH +H, T
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3. Action with hydrogen

The alkali metals combine directly with hydrogen to form crystalline hydrides of the formula MH.
These hydrides are ionic and contain the hydrides ion. H™ ‘

IM+H, —> IMH
The ionic character of the bonds in these hydride'i increases ﬁom LiH to CsH and the stability decreases
in the same order. They are powerful 1educmg agents especially at high temperatures..
SiCl, + 4NaH ——5 SiH, + 4NaCl F
4, Action with Oxygen (Oxides and Hydroxides): '
® Down the group affinity towards oxygeh"inc'rea'ses
L The metals all burn in air to-form oxides, though the product varies depending ding gn the metal. Lithium

forms the monoxide L0 (and some peroxide L1 0,), sodium formis the peroxide Na O_ (and some
monoxide Na,0), and the others form superox1des of the type MO,.

M—25 M0 —25M0,-%25 MO,

Normal Oxide - Peroxide Super oxide -
(Lip0) . _ - (Nay07) (KO3, RbO», Cs07)

The n01mal oxides ‘M, O’ react with water to form hydrox1des
M,0+H, O ———> 2MOH

The basic. nature of the ox1des,:;r5 M, ‘the group. The
hydrox1des (MOH) are co@l@sﬁ_ﬁmn alkaline and corrosive compounds. Thesye are soluble in
water and dissolve with evolution of heat _The- hvdrox1des are thermally stableﬁoopt LiOH. The
relative strength of the hydroxides increases from LiOH to CsOH. -

CsOH > RbOH > KOH > NaOH >LiOH

S. Action with halogens

M+ X, — 2MX . ,
With the exception of certain hthxum halldes the alkali metal hahdes are ionic compounds

(M* X): The-halides arecrystalhﬂ&&ﬂd—hﬁve‘hrghﬂmgam boiling points. The fused halides are
good conduictors of electricity and are ‘usédfor the prew All'haldies except
LiF dissolve in water. /

® The alkali metal halides react with the halogens and interhalogen compounds forming ionic polyhalide
compounds: ——— T

KI+L—>K[L],  KBr+ICI>K[BrCl, KF+BrF, - K(BCE]
6. Nature of Oxysalts :

Alkali metals readily react with oxyacxds forming corresponding salts with evolutlon of hydrogen.
Lithium salts-behave abnormally due to polarising power of Li* ion Gmaﬁo){an/d lattice energy
effects.  ~ s ' - '

7. Nature of carbonates and blcarbonates

the same order.
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CSZCO > Rb,CO, >K,CO, > Na,C0, > Li,CO,

Li,COy decomposes on heating and i is insoluble in water. The aqueous solution of carbonates are
alkaline. This is due to hydrolysis as carbonates are salts of strong bases and weak acid (H,CO,
carbonic acid).

M CO3+2H O‘—‘—‘ 2MOH +H,CO,
: Strongalkali Weak acrd

The blcarbonates MHCO,, of the alkah metals with the exception of lithium, are known in solid
state. The bicarbonates are soluble in water. On heatmg, bicarbonates decompose into carbonates
ng, bicarbonales de

with evolutron of CO,. -

2MHCO ——>M2co;+H 0+CO,

The abnormal behavrour of Lr CO towards heat can be explained in the following manner.

The Li* ion exerts a s strong polarrsmg actron and drstorts the electron cloud of the nearby atom the
largew This results in the weakemng of the C-O bond and strengthening of the
Li-O bond. This ultimately facilitates the decomposition of Li,CO, into Li,O and CO,. The lattice
energy Li,O is higher than the lattrce ene1 gy of carbonate. This also favours the decomposrtlon of
L12CO , : .
Lithium due to its less electroposrtrve natule, does not form SOlld b1carb0nate and LiHCO,
exists in solutions only '

Nature of nltrates

nature.- The mtrates do nmdrolysrs W1th the exceptron of L1NO3, the other nitrates
decompose to nitrites and oxygen ' v

2MNO, ——>2MNO +O

Lithium nitrate decomposes to oxide on heatmg, it is due to diagonal relationship with magnesium.
~ —— H 1

2LiNO, ——Li,0 +2NO, +20,
Nature of Sulphates

mn water. The sulphates v When fused’?lfcﬁfhfﬁ?o?m sulphides.

M,S0, +4C——M,S+4CO
The sulphates ofall@hﬂetals_jonn double salts with the sulphates of the trivalent metals like Fe,
Al Cr, etc. The double sulphates crystallise with large number of water molecules as potash alum
K,SO,, Al (SO 23240, O consists of 24 water molecules. Sulphate of lrthrum are not known to
form alum. - -

Sulphates of the type M,SO, are known. With the exception of Li,SO,, other sulphates are soluble

Action of llqurd ammonia

The alkali metals dissolve n}iggul_elgm_orlralrthout the evolution of hydrogen. The colour of the
diluteSoTutions is blue. The metal atom loses electron and it combines with ammonia molecule.

M — M* (in liquid ammonia) + ¢ (ammoniated)
MH(x +y) NH; — [M(NH,),]" + e(NH,), solvated electron
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On heating its blue colour changes to bronze. It is ammomated electlon Wthh is respon51ble for
/—‘—*—\
colour. - '

The solutions are good conductors of electncrty and have strong reducing properties. The solutions
are paramagnetic in nature. :

When dry ammonia is passed over hot metal,; amldes are formed

2M +2NH, —2MNH,+H, T
’ Amide

The amides are decomposed by cold water with evolution of NH;.

MNH, +H,0 —— MOH + NH,
Recent studies proved the existence of Ll(NH3)4, a golden yellow solid.
11.  Formation of alloys

The alkali metals form alloys amongst themselves and w1th other metals These combine with mercury
readily forming amalgafns. ’

12.  Complex formation

—T—————

Alkali metals have a very little tend.ency to f01m complexes Lithium being small in size forms
certain complexes but this tendency decreases as the size increases.

R

DIAGONAL RELATIONSHIP: S]MILARITIES WITH MAGNESIUM v
n element of group IIA ThlS resemblance is termed

Lithium’ shows resemblance w1th mag
as dlagonal relatlonshlp i

T GroupI GroupII
T e
Na Mg

Reason for the diagonal relatlonshlp are the followmg
(1) Electronegativities of Li and Mg aré quite comparable (Li=1.00Mg=1. 20)
(i1) Atomic radii and ionic radui of Li and Mg are not very much different.
- Atomic radii (A)  Li-123, . Mg-136
Tonic radii (A) Li* - 00.60, Mg?**-0.65 ~ .
(i)  Atomic volumes of Li and Mg are go to similar | - Li-12.97 mL, Mg ~13.97 mL
| | L Ionic charge

(iv)  Both have high polarising power (ion'ic potenital) Polansmg power (¢) = (_lo nic radius)

Cations with large ionic potentials have a tend ency to polar1ze the anions and to give partial covalent
character to compounds. ,

Lithium resembles magnesium in the followmg respects.
w

(a) BothLiand Mg are harder a der and have hi elting points than the othe1 metals in their respective

groups.
(b  LilLike Mg decomposes water slowly to liber ate hydrogen.
/\_\N -
2Li+2H,0 — 2LIOH+H,; Mg +2H,0 —— Mg(OH), + H,
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Both elements combme w1th n1tr9gen on: heatmg

(c)
6L1+N — LN } 3Mg +N ———>Mg3N
Both the nitrides ar are decomposed by water with evolutlon of ammonia (NH,)
Li,N+3H,0 —3LiOH + NH, ; | Mg3N +6H ,0——3Mg(OH), +2NH,
(d)  Both Liand Mg comibine with carbon on heatmg _
2Lli2C;~—> Li,C,; Mg+2C——>MgC
Both:the carbides yield C,H, W1th water _
(e) L1th1um forms only momated in oxygen.
Mg also forms the monoxide o
4Li+0, ——2Li,0; . 2Mg+0,——2Mg0
Both the are less soluble m waf_er. : |
(D Hydroxides of Li and Mg are weak bases and are slightly soluble in water. Both decomposes on
heating |
2LIOH——>Li, O+H 0;- -Mg(OH), —> MgO+H,0
(g)  Lithium fluoride, phosphate oxalate and carbonate like the correspondmg salts of Mg, are sparingly
soluble in water. R 3 ~
(h) Calbonates of Li and Mg decomposes on heatmg
Li,CO, -—>L1 O+CO2 : MgCO ——>MgO +CO,
(1) N1trates of Li and Mg decompose on heatlng glvmg mixture of nitrogen dioxide and oxygen
4LINO, ———~>2L1 O+4NO +O2, 2Mgw0+4NO +0,
COMPOUNDS OF SODIUM | —
1. Sodk__\mde, Na,O
2NaNO, + 10 Na —> 6 6Na0+Ny; 2NaNO, + 6Na ——» 4Na,0 +N,
Propertles o |
Na,0 + H,0 — 2NaOH
2. Sodium Peroxide, Na,0,
It is formed by heating sodium in excess of air free from moisture and carbon dioxide or in excess
of pure oxygen.:. -
2Na +0, (excess)—2">Na,0,
Properites . |
2Na,0, + 2H,0~—>4NaOH +0, ; Na,0, +H,S0, —Na,S0, + H,0,
3. Sodium Hydroxide (Caustic Soda), NaOH

It is one of the important chemicals and manufactuied on a very large scale forming an important
chemical industry. It is most convemently manufactured by one of the following processes :

" North Delhi: 72, Mall Road, GT.B.'Nag'ar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in



(1)

(i)

(i)

(i)

(¥
(i)

(iii)

(2)
(i)

46

Caustlcxsatxon process (Gossage process)
Na2CO +Ca(OH), = CaCO;+ 2NaOH

Lowig’s process :

Methods 1nvolv1ng sodlum&rbonate as a starting materlal Two methods are used These are

Na, CO, + Fe,0, —— 2NaFeO, + COZ, 2Na, FeO, + H,0 - 2NaOH +Fe, 0,

Methods inolving sodium chloride as starting material (electrolysis of brme)

At cathode 2H,0 +2e == H, +20H™; Na®+ OH~ \_—\_ NaOH

Atanode  2CI — CL+2e
Properties:

Strong alkali:  NaOH = Na' + OH~

NaOH + HCl — NaCl+H,0; (i)

AlL,O; +2NaOH——  2NaAlO, +H,0

Sodiummeta alu minate
Action on non-metals

Halogens
ClL, + INaOH _—> NaCl + NaCIO + H O

(COId&dllum) Sodxumhypochlome B

3Cl, +6NaOH—>5NaCI+ NaClO +3H O

(hot& cone. )

P, +3NaOH +3H ,0—— 3NaH PO £ PH

Sodlumhypophosplute Phosphate

Action on Metals

Zn +2NaOH —>Na,ZnO, + H, ;

Action on Salts : S
Ni(NO,), + 2NaOH ——> Ni(OH), +2NaNO,

2NaOH + CO, —>

Insoluble hydroxides which dissolve in excess ef NaOH.

ZnSO, +2NaOH——> Zn(OH), +Na,S0, -

White (inso lub le)

Unstable hydroxides

2AgNO, + 2NaOH ——2AgOH +2NaNO,

2AgOH——> Ag,0+H,0

(Brown)

Na,CO; +H,0

Sodium Carbonate

SODIUM CARBONATE OR WASHING SODA (Na, CO 10 H ,0)

Le-Blanc Process
Converswn of NaCl into NaZSO
NaHSO, +HCl

Sodium hydrogensulphate

NaCl + HZSO4 —_
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CHEMACADEMY a
NaHSO, + NaCl—Na,SO, +HCL -

(b) Solv,ay ammonia soda process '

NH, + H,0 + CO, —— NH, HCO

Ammomum .
bicarbonate

NaCl+NH,HCO, ——9NaHCO +NH Cl

Sodium blcarbonate
2NaHCO, —A—>Na2CO3 +H,0+CO,

CHEMICAL PROPERTIES
1. Action of Acids

Na,CO, -+ HCI——»NaHCO3 +NaCl; NaHCO, + HCl—— NaCl +H,0 +CO,
2. Action of C(')2
Na,CO, +H, O+CO ——>2NaHCO,

3. Action of silica

When the mixture of sbdium carbonate and silica is fused, sodium silicate is formed.

Solutlon»of carbonates reacts with metal salts-(except alkar metal Salt) to‘vform.- msolqlzle_normal or
basic carbonates

2MgC12+2Na2CO3+HZO——> MgCO; Mg(OH)2 +4NaCl + CO,

Basic magnesium carbonate

SODIUM BICARBONATES (NaHCO,)
Na,CO; +CO, + HyO——»2NaHCO; (Sparinglysoluble)

Properties

NaHCO, + H,0——>NaOH+H,CO;; ~ 2NaHCO, —>Na,CO, +H,0 +C0,
SODIUM THIOSULPHATE (Na,$,0,.5H 0) "
(1) Spring’s r reaction

Na,S+1, + Na,S0, —>Na,S,0, + 2Nal

Properties:
(i) Oxidation

2Na,S,0, +1, ———>2NaI+ Na,3,0

Sodjum tetralhlonate .
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SODIUM AMMONIUM HYDROGEN PHOSPHATE (NaNH HPO 4)
Preparation » :

NH,Cl+ Na,HPO, + 4H,0 —— NaNH, HPO 4H O + NaCl

Properties
(i) Na(NH,)HPO,——  NaPO, +NH +H 0]

Sodium metaphosphate

SODIUM CYANIDE (NaCN)
(i) From sodium

2Na + 2NH, — 2NaNH, +H, T
2NaNH, + C—— Na,CN, + 2H,
Na,CN, + C——>2NaCN

2NaNH, +2C —>2NaCN + 2H,

(i)  From calcium cyanide

Ca(CN)2+C+ Na CO ——)2NaCN+C [

Propertles L

It forms--complex cyanldes W1th the salts of copper: cadmium, zing, iron; cobalt, mcked etc.

Some examples are given below :
(1) AgNO, + NaCN—— AgCN + NaNO, ; AgCN + NaCN —— Na[Ag(CN), |
POTASSIUM | - '

Carnalite KC1 MgCl, 6H,0

Kainite KCl.MgS0,.MgCl,.3H,0

Indian Saltpetre KNO, -

Felspar  K,0.ALO,6Si0, (caly)

Polyhalite K,80,MgS0,. CaS0,.6H,0

Sylvine KCl '
POTASSIUM IODIDE (KI)

Preparation

()  KOH+HI —> KI+H,0
(i)  31,+6KOH —s SKI+KIO, +3H,0

(1) K+l — K, = Ky
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COMPLEX FORMATIONS |

H
!

O, O

o 0
CC— O — Ok s
CHO . o oM, CHO  OHC @/O\ om@
H

CHj CHs CH
\ AN 3 CH, CH
C=0 . C-OH £70, /

/ — 4 +Lit —— CH i tH - \ /O C\
HzC\ = cC Voeo CH CH
c=0 =0 cH, £70 07C

/ CHj CHs
CH3 ) CH3 )

X An unusﬁal»éébmpound [Na(Cryptand-222)]* Na- having interesting feature is that it contains
Na-, the sodide ion (Negative charge on metal). :
' | Group 2 Elements (Alkahne Earth metals)

Electronic Conﬁguratlon
The arrangement of the distribution of electrons on various subshells in the atoms of alkaline earth
metals:1s-given belo; : :
Elements AtN ).

ctron cConﬁguratmn o - Configuration of

‘thie valence shell -

Be 1 400220 ls 257 ' _  ;§,_;    S e
Mg >1>2 2,8,2 1s%,2s 2p 35’ R 'I [Ne] 3s?
Ca 20 2,8,8,2 132,252,2p6,3sz3f):6,4s2 [Ar] 457
Sr 18 2,8,18,8,2 132,232,-2p6,382,3ﬁ_63d1°,4824p6,582 [Kr] 557
Ba 56 2,8,18,18,8,2 lsz,232'2p6,3s?3p6i.3d1°,4s24p64d1°,582 5p°, 65 [Xe] 65
Ra 88 2,8,18,32,18,8,2 Is’, 2szsp6,3523p6?;d1°,4_324p64d1°4f14, [Rn] 7
- 55°5p°5d", 6s°6p°7s* :
PHYSICAL PROPERTIES :

L Physical State

They are all silvery white metals. They have greylsh white lustre when freshly cut, but tarnish soon
QaVe Ereyis
after their xposure in air due to surface ox1dat10n e

e —

2. Atomic and 10mc radn

The size of the atom increases. gradually from Be to Ra on account of the presence of an extra
energy shell at each step. o

3. Density
These metals are denser than alkali metals in the same period because these can be packed more
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tightly due to their greater nuclear charge and smaller size. The densrty decreases slightly upto
calcium and then increases cons1derably upto rad1u1n Trregular trend is due to the difference in the
crystals structure of these elements. o !

4. Melting and boiling points

The melting and boiling points of these elements are hrgher than corresponding alkah metals. This
is due to the presence of two electrons in the valency shell and thus, strongly bonded in the solid
state. However, melting and boiling points do not show any regular trend because atoms adopt
different crystal structures.  Be> Mg >Ca > Sr>Ba > Ra

S. Ionisation energies and electr0p0s1t1y,e character

The first and second ionisation energies of these metals decrease from Be to Ba. The second ionisation
energy in each case is higher than the first, nearly double the first ionisation energy.
Be Mg Ca Sr Ba Ra )
Electropositive nature increases

Metallic character increases
Reacitivity of the metals increases

LN

6. Oxidation States

double the first ionisation energy for all these elements Thls should cause these elements to exhibit
a stable +1 oxrdatron state and form compounds like BaCl, SrBr, Cal, ete. mstead of BaCl2 SrBr,,

0.

o Amongst alkahne earth metals beryhum has he nghes zronrsatron energy, 1 e least electroposrtrve
in nature. R T TR
e Thus, beryhum has minimum tendeney to form Be 1on-.and hence'aj.fnumber of compounds of

- -~

beryllium are covalentin nature.
7. Hydration of ions and hydratlon energy

The M?" jons of alkaline earth. metals are extensively hydrated to form hydrated ions {M(H,0), [
and during hydration a huge amount of energy, called hydration energy, is 1eleased

M* + xH,0 —[M(H, 0), 1’ +Energy .
The degree of hydraLo_n,andibe_mounLoﬂh;@tim_nergydecreasesasthemeof the ion increases

from Be?* to Ba?"

The hydration energies of alkaline earth metal ions are higher than those of alkali metal ions and
thus the compoun_d’s_%_ahnme_aghmet_als_ are more extensively hydrated than alkali metals,
Magnesium chloride and calcium chloirde exist as MgCl2 6H O and CaCl,. 6H,0, respectively,
while sodium chloride and potassium chloride ex1sts as NaCl and KClL.

® The ;ionic mobilities or jonic conductance of these i 1ons_ increase from [Be(H 0), J?* due to high
degree to hydratron [
8. Flame colouration

In berylium and magnesium, the electrons are tightly held and hence excitation is rather difficult,
“ thus do not show flame colouratton Ca, Sr, Ba and Ra impart a characterrstrc colour to the flame.
Ca-brickred  Sr - crimson Ba-green Ra-crimson ‘
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to ':,{’ 9. Reducing nature |
b The alkaline earth metals have the tendency to 1ose electrons and change into bivalent cation :
M ——M* +2e | _ |
o Hence, they act as strong reducing agents."'-The, -réducing nature increases as the atomic number
his | increases. Strength of a reducing agent is:linked with the value of oxidation potential. The values of
lie the gxidation potentials increases- from Be to Ba hence the strength as a reducing agent increases in
e the same order. o ,
Be Mg “Ca  Sr Ba
| Oxidation potential (volt) ~ 1.85 237 2.87 289 2.90
on The oxidation potentials are 10._W‘er than those of the alkali metals, hence, the allkaline earth metals
are weaker reducing agents than alkali metals.
o The reason for the lower values of oxidation. potentials is due to hlgh heats.of atomisation
(subhmlanon) and fonisation energies.
10.  Colour and magnetic porperty ‘

: Since, the divalent ions have noble gas corfﬁguration with no unpaired electrons, their compounds
a.rlv S are diamagnetic and chlglglﬁ_S_S_u,leis_thiﬁmon is coloured. The metals are also diamagnetic in
1311)1[’ o nature Me orbitals are fully filled with spin pa1red electrons, e. g T
= ~ry g L [N T
5 CHEMICAL PROPERTIES o

The following are important minerals of these elements.
i 1. Beryhum — Beryl | 3Be0, AL)O,, 6Si0,
-_>_<]4' ‘ 2. Magnesmm = Magnetic B MgCO,
S | Dolomite MgCO,, CaCO,
- Carnallic KClLMgClL, .6H,0
:éSw ’ Epsom1te gg_psom salt MgS0,.7H,0
: o Asbestos - CaMg,(Si0,),
apd: 3. Calcium — Lime, stone, chalk CaCO,
fals, Calcite, marble CaCo,
o and iceland spar CaCO,
:high? Gypspm ' -CaSO4.2H20
SRR Fluorspar CaF,
4. Strontium  — Celestine SrS0,
cu Strontianite - StCO,
ame | 5. Barium — Barytes or heavy spar BaSO,
B Witherite | BaCO,
= " North Delhi: 72, Mall Roatl, GTB. Naga1, New Delh1 110009
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6. Radium — Pitchblende, Carn(?)tite. : Minerals of uranium

consisting minutes
_ quantites of radium.
1. Action of water L
Calcium, strontium, barium and radium decbm_pose cold water readily with evolution of hydrogen
- M+2H,0 ——M(OH), +H, |
2.  Action of atmosphere

Except berylhum these metals are easﬂy tarmshed in air as a layer of oxide is formed on their
surface. Theeffect of atmosphere increases as the atomic number 1nc1eases Barium in powdered
form bursts into flame on exposure to air. '

3. Action of acids _ _
Like alkali metals, the alkaline earth metéi’s freely react with acids and displace hydrogen.
M+ H,80, —>MSO, +H, . =
Beryllium behaves d1ffelent1y as it dissolves in caustic alkalies also with 11belat10n of hydrogen. It
is due to diagonal relationship with aluminium.

Be+2NaOH —> Na,BeO, +Hy. '-‘
St Sodlumber}’llate DR SRR I

Except: eyl 1um,: all combme w1tht drogen directly-to forr ydnﬂ;ﬁdggsofﬂ”_’ié typeMH2 when heated

with hydrogen.
M+H, — MH,

i
i

BeH and MgH, are covalent in nature while other hydrides are ionic in nature Calcium, strontium

and be bar1um hydrides liberate hydrogen at anode on electrolysis in the fused state. Tonic > hydrides are

violently decomposed by water evolving hydrogen CaH 1§ tec 1cally called hydrolith and used

on large scale for the production of hydrogen
CaH, + 2H,0 —> Ca(OH), + 2H,

[BeH, is not obtained by direct combination of beryllium and hydrogen It is formed by reactmg '

T e—, o e ———e .

beryllium chloride with lithium alunnmum hydr1de

2BeC1 +L1AH ————->2BeH +L1C1+A1Cl

It is polyrnemc (BeHz) and possesses hydro gen bridges.

Three centre bonds are present in which a banana shaped molecular orbital covers three atoms Be- -

---H----Be and contains two electrons. Hydrogen atoms lie in the plane prependicular to the plane of

molecule containing beryllium atoms.

S Ine ]

The stability of the hydrides decreases with i mcreasmg atomic number because the metallic nature

of the elements mcreases.
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Reaction with oxygen (0x1des and Hydr0x1des)
Except Ba and Ra, these elements when bu_mt in oxygen form oxides of the type MO.

2M+O — 2MO

Berylium metal is relatively unreactive and does not react burns brilliantly. The element, Mg burns
w1th dazzling brilliance evolvmg a lot of heat

Barium and radium, being highly elect10p031t1ve form perox1des

0, 0
Ba —25 Ba0 —2- 5 BaO,
Barfum Bariumoxide ngh mp.  p rium peroxide

Thus, the affinity for oxygen increases on moving down the group.

BeO is usually formed by ignition of the metal but the other metal oxides (MO type) are usually
obtained by thermal decompos1t10n of the carbonates, MCO;,

MCO, —2>MO0 +CO

The oxides are very stable compounds (BeO and MgO are used as refractory materals) and white
crystalline solids. '

BeO is covalent and has a 4 : 4 zinc sulphlde (wurtzite) structure. All the other oxides are ionic and
possess 6 : 6 NaCl structure (face centred cubic). The reason for high stability is due to high lattice
energy.values which;however, decrease as the size-of the-metal ion increases. - -

Except xides ate basic ] in natur they combine
with water to form des: T 5 | ly'exotherrmc '
MO + Heat —>M(OH), +Heat -+~

(where, M ‘_=5..‘Ca2+, Sr?* or Ba?")
Basic nature 'Q_f_the oxides increases gradually from BeO to BaO

BeO  MgO Ca0 - StO BaO
Amphoteric  Wweakly Basic
B'ISIC

[BeO and MgQ are insoluble in water as these are t1ght1y held together in the solid state]
Reaction with _h'tlogens (Halides)
The alkaline earth metals directly combine with halogens, when heated with them.

M+X2 heftted sz

Beryllium hahdes are covalent in nature. Thls is due to small size and high charge of Be?* ion, i.e.
it has high polarising power. The glassy forms of halides are known to have chains of
------ X,BeX, Be ----- :

[ E——
Snongly Basic

Action with nitrogen -
All the alkaline earth metals burn in nitrogen to form nltrldes of the type M;N,,.
IM+N, — M, N
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(1)

(ii)

The ease of formaﬁon of nitrides decreases from Be to Ba.
Action w1th carbon (Carbides)

With the exception of Be, other metals when heated with carbon in an electric furnace or when their
oxides are heated with carbon form carbides of the type MC,. These carbides are called acetylides
as on hydrolysis they evolve acetylene. "~ - g

M+2C——MC, ;
MC, +2H,0——>M(OH), + C,H; Acetylene

CaC, is an important chemical mtermedlate ‘When CaC, is heated in an electric furnace with
atmospherlc dlmtrogen at 1100°C, ca1c1um cyanarmde_CaNCN is formed. —

The cyanarmde ion [N=C= N]z' is 1soel_¢ctronlc with CO,, and has the same linear structure.
CaNCN + H;SO = HZNCN + CaSO,

HZN\T//N\T/
H,NCN —2=0, NONC(NH; ), — 2088, N N

cyanamide . . dicyanamide |

When sucIT“lquns areMonates are decomposed W1th evolutmn of carbon d10x1de
e Heated
M(HCO, ), ———MCO, +CO, +H 0

Solution

Carbonates of alkaline earth metas (MCO ) are insoluble in water. These dissolve in water in

presence of carbon dixoide.

MCO, +H,0+CO, — M(HCO, )2
Solubility of carbonates decreases on moving down the group, while stablhty increases. This is
evident from the values of decomposmon temperatures of various carbonates which increase
gradually. ‘ :
Increasing stability can be exp amed on the bas is of isation and covalent character. Be?* is
smallest in size hent power. BeCO, is least ionic and has least stability.

BeCO3< MgCO3 < CaCO3 <SiCO3 <BaCO3 | '

Increasing fonic characterandstability

The carbonates are all ionic, but t BeCO, is unusual because it contains hydrated ion
Be(Hm

Sulphates

Alkaline earth metals form sulphates of the type MSO,. These are prepared by the action of sulphuric
acid on oxides, hydroxides or carbonates.

MO +H,80, —>MS0, +H,0
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CHEM ACADEMY

The solubility of sulphates decreases on moving down the group. CaSO i3 sprmgly soluble whrle
SrSO,, BaS, and RaSO, are almost insoluble. The solubilities of BeSO, and MgSO0, are due to high

energy of solvation of smaller Be?" and Mg?" ions.

s

The sulphates decomposes on heating to give the corresponding oxide (MO).

2IMSO, —

—=52M0+2S0, +0,

The stablhty increases as the basic nature of the metal increases.
Difference Between Alkahne Earth Metals and Alkah Metals

- hature

Propertles Alkaline earth metals Alkali metals
- (i) . Electronic Two electrons are present in | One electron is present in the
configuration the wvalence shelt. The| valence shell. The
configuration is ns” configuration is ns'
(i)  Valency Bivalent - Monovalent
(i)  Electropositive Less electropositive More electropositive

(iv)  Hydroxides

Weak bases, less soluble and
decompose on heatmg

Strong bases, hlghly soluble

| and stable towards heat.

) " Bicabonates

These are not known in free
state. Exist only in solution

These are known in solid state.

i)~ éarbonates

‘Decompose on -heati‘ng

Insoluble - in ‘water.

. |-decompose . on: -
e ;;(leCOz is an excephon)

Do not
heatmg

Soluble in water.

— (vll) ; Action of“eérhonjv B 'f

Directly combirie will carbon
and fo'rm carbides. -

Do not dlrectly combine w1th
carbon.

. "(vi.ii‘).' Action of nitrogen ', ~Dxrectly

- combine - with
mtrogen and form nitrides.

Do not directly combine with
nitrogen.

(lx) ". Nitrates

Decomposes  -on:
evolving a mixture of NO and
oxygen ' :

'Decompose o
gvolving only oxygen,

heatin g ‘

heating

v x) “ Solubillty of salts

Sulphates, - Phosphates,
fluorides, Chromates, oxalates
etc. are insoluble in water

Sulphates, “phosphates,
fluorides, chromates, oxalates,
etc., are soluble in water,

{xi) l’h);sical properties

COmparativelyg_harder, High
melting points, Diamagnetic

-Soft, low melting poihts;

Paramagnetic.

(xii) Hydration of
. Compounds

The . compounds are
extensively . ‘hydrated.

The compounds are less
hydrated. NaCl, XCl, RbCl,

potential values are high and
oxidation potential values are
low.

MgCl2.6H0, CaCl,, 6H20, | form non-hydrated chlorides.
‘BaCl;2H,0 are hydrated
chlorides. '

(xiii) Reducing power Weaker,  : as - ionization | Stronger, as  ionization

potential values are low and
oxidation potential values are

high.

AnomalokS Behavrour of Berylhum

Be differs from the rest of the group for three reason.

(i) It is extremely small, and Fajans rules state that small hrghly charged ions tend to form covalent

compounds.

s

North Delhi: 72, Mall Road, GT.B. Nagar, New Delhi - 110009 |
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in

W




CHEMACADEMY 56

(i1)

(i)

(ir)

(iii)

(iv)

Be has comparatively high electronegatmty Thus when berylhurn reacts with another atom, the } -
difference in electronegativity is seldom large, which again favours the formation of covalent com- |

pounds. Even BeF, (electronegativity difference 2. 5) and BeO (electronegat1v1ty difference 2.0) |

show evidence of. covalent character.-

Be is in the second row of the per1od1c table, and the outer shell can;hold a maximum, of eight |
electrons. (The orbitals available for bonding are one 2s and three 2p orbitals). Thus Be can forma |

maximum of four conventional electron pair bonds, and in many compounds the maximum coordi- | .

nation number of Be is 4. The later elements can have more than eight; outer electrons, and rnay
attain a coordination number of 6 using one s, three p and two d orbitals for bonding. Exceptions
occur if multi-centre bonding occurs, as for example in basic. beryllium acetate when higher coor- |
dination number are obtained. - |

Thus we should expect Be to form mainly covalent compounds, and comfnonly have a coordination

number of 4. Anhydrous compounds of Be aré predominantly two- covalent and BeX, molecules @

should be linear.

In fact linear molecules exist only in the gas phase, as this electronic arrangement has not filled the '
outer shell of electrons. In the solid state four-fold coordination i I8 always achleved There are sev-
eral ways by which this can be achieved:

Two. ligands that have a lone pair of electrons may form coordinate bonds using the two unfilled
orbitals in: the valence shell of Be: Thus two' F-ions ight coordinate t_o?’BeF fornllng [BeF,[*
Slmllarly d1ethy1 ether can [ _ dlna ' rmi

The BeX ‘molecules may polymenze to. form chams contamlng:brldglng halogen groups for ex-
ample (BeF ),» (BeCL) . Each halogen forrns one normal covalent bond, and uses a lone pair to form
a coordinate bond. :

(BeMe,) has essentially the same structure asl (BeCl) , but the bonding in the methyl compound is
best regarded as three-centre two electron bonds covering one Me and two Be atoms.

A covalent lattice may be formed with a zinc blende or wurt21te structure (coordination number 4).
for example by BeO and BeS. '

In water berylhum salts are extensively hydrolysed to glve a series of hydroxo complexes of un-
known structure. They may be polymeric and of the type:

\/\/\/V ;
/\/\/\ |

Ifalkali is added to these solutions the polyme_r_s break downto give the simple mononuclear beryllate
ion [Be(OH),J*, which is tetrahedral. Many beryllium salts contain the hydrated ion [Be(H,0),**
rather than Be** and the hydrated ion too is a tetrahedral complex ion. Note that the coordination
number is 4. Forming a hydrated complex increases the effective size of the beryllium ion, thus
spreading the charge over a larger area. Stable 1omc salts such as [Be(H,0),]SO,, [Be(H,0),J(NO,),
and [Be(H,0),]Cl, are known. ‘

Beryllium salts are acidic when dlssolved in pure ‘water because the hydrated ion hydlolyses pro-
ducing H,O". This happens because the Be—O bond is very strong, and so in the hydrated ion this
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CHEM ACADEMY [ o
weakens the O~H bonds, and hence there 1 a tendency to 1ose protons The m1t1a1 reaction is

H,0+[Be(H,0),]"" F—‘[Be(ﬂzo)z_(QH)] +H;0"
but this may be followed by further polyrﬁerizationi involving hydroxobridged structures [Be, OHJ*,
[Be,(OH),J’". In alkaline solutions [Be(OH),]* is'fonned. The other Group 2 salts do not interact so
strongly with water, and do not hydrolyse appreciably.
Beryllium salts rarely have more than four _molebiﬂes of water of crystallization associated with the
metal ion, because there are only four orbitals .available in the second shell of electrons, whereas
magnesium can have a coordmatron number of 6 by using some 3d orbitals as well as 3s and 3p

orbitals. .
X Berylhum is unique in formmg a series of stable covalent molecules of formula [Be, O(R )] where R

- may be NOj , HCOO-, CH,C0O0 C H COO‘ CH,CO0".
\ e B

_ (a). ' (b) () .
SIMILARITIES (DIAGONAL RELATIONSHIP) BETWEEN BERYLLIUM AND ALUMINIUM

~ Beryllum shows some similarities in properties with aluminium, the second typical element of
group ITIA (next group in Mendeleefs periodic table) of the next higher period. Thrs type of relationship
between dragonally placed elements is called dlagonal zelatronshxp '

_ Group ITA Group IITA

Second period Be B
ird peri Mg\Al_

Third period
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EXERCISE - I

Singlé Correct Type
I, The compound(s) of alkaline earth rﬁeta_ls, which are amphoteric in nature is/are
(a) BeO MO0 . (o) Be(OH), (d) Mg(OH),

2. The hydroxide of alkaline earth metal, which has the lowest value of solublhty product (K p)at o
normal temperature (25°C) is | &

(a) Ca(OH), (b) Mg(OH), ~ (¢)Sr(OH), (d).'Be(OH)2
3. The incorrect statement is/are -
(a) BeCl, is a covalent compo'und : (b) BeCl, is an electron deﬁoient molecule
.. (c) BeCl, can form dimer ':_ ‘ (d) the hybrid state of Be in BeCl, is sp?
?5\411\/5 Which of the following carbonate of alkali mefals has the least thermal stability?
(a) Li,CO; (b) K,CO, g (c) Cs,CO, (d) Na,CO,
5. The alkali metals which form no1mal oxide, peroxide as well as Super oxi oxides are
(a)Na, Li . MK L (c) Li, Cs (d) K, Rb
6. The order of solublhty of lithium hahdes In non- polar solvents follows the order
(a)LLI>L1Br>L1C1>L1F S T L
(c) LiCl > L1F > Lll > L1Br b
7. CsBr3conta1ns S T T
(a) Cs-Br covalent bonds _ : - | (b) Cs¥* ‘and'Brf 1ons o
* (¢) Cs" and Br,” ions - (d) Cs** and Br,> ions
gg'? The compound(s) which do not have ~0-0- bond(s) is -
(a) BaO, (b) Na,0, | (¢) CrO, (d) Fe,0,
The correct order of solubility is ‘ ' _
j% (a ) CaCO, <KHCO, <NaHCO, o (b) KHCO, < CaCO, <NaHCO
\..} \rc} :J/ (¢) NaHCO, < CaCO <KHCO, - (d) CaCO, < NaHCO, <KHCO,
v

The complex formation tendency of alkahne earth metals decreases down the group because

(a) atomic size increases : (b) availability of empty d and forbitals increases
(c) nuclear charge to volume ratio increases (d) all the above

11. Y 4205°C CaSO4'2HZO _A0°C X X andY are respectively
(a) plaster of paris, dead burnt plaster (b) deaid burnt plaster, plaster of paris
(c) CaO and plaster of paris (d) plaster of paris, mixture of gases

12, Which of the following compounds are paramagnetic in nature?
(a) KO, - (K0, (c)Na,0, (d) Rb,0,
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XDt oy B0 7eolourless gas) —_CFOL;—) T(blue colour)
Then, substances Y and T are
(&) Y=Mg,N, and T = CuSO,SH,0 = (b)Y =Mg,N, and T = CuSO, 4NH,
(6)Y=Mg(NO),and T=Cu0 @ ¥ =MgO and T = CuSO, 4NH,
X+C+(], Hghtemperire | 0 Y +2H o — Z+2HCI
* of about1000K
Compound Y is found in polymerlc chain structure and is an electron deficient molecule. Y must be
(a) BeO (B)BeCl, - - (c)BeH, (d) AICI, |
Which of the following is not a ionic carb1des‘7 T ’
(a) CaC (b) ALC,. - : - (©SiC (d) Be,C
The;reactlon between NH,Br and Na ;;nefal_in_liquid' ammonia (solvent) results in the products.
(a) NaBr, HBr (b) NaBr, H, ﬂ = (c) H,, HBr (d) NBr,, H,
Among the nitrates of alkaline earth metals, whose nitrate has highest solubility
(a) Be ®Mg - (9)Ca | (d) Sr
Which of the following metal will not give any blue colour in NH, ?
(2) Be (b Li C(©Na (d) Cs-

(Milky cloud) C <———A + Na, CO ——)B + C

The chemlcal formulae of A and B dre- - :

(a) NaOH and Ca(OH)2 . (b) Ca(OH)2 and NaOH

(c) NaOH and CaO - : (d) CaO and Ca(OH),

What is the change in the O — O bond length of O, when it is treated with a solution of metal in
liquid NH, ?

(a) increases - (b) decreases (c) remains same (d) can’t be measured

is obtained. What 1m
(a)4 (b)6 (c).10 (d)2

Calgon used for water softening is Na,[Na,(PO;),] and it is prepard by heating microcosmic salt.
The mlCI‘OCOSII’llC salt is

(2) Na,HPO.  (9)NaH,PO, (c) Na,HPO, (d) Na(NH,)HPO,
| EXERCISE - 11

One or More Than One Correct Type
The hydration energy of Mg?* ion is higher than that of :

(a) AP v (b) Ca* (c) Na* (d) None of these
Peroxide ion is present m: _
(2) K,0, (b) CaO (c) Li,O _ _ (d) BaO,
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Which of the followmg metal carbonate 1s/are thermally stable

(a) Na,CO, (b) MgCO, (0 KZC_O3 (d) Rb,CO,
Which is/are not correct configuration of s-block elements :

(a) [Ar] 3d" 4s (b) [Ar] 3d" 45" (c) [Ar] 4s? (d) [Ar] 4s!
Alkali metals are characterised by their "

(2) high electropositive character ' (b) hlgh reduction potentials

(c) low melting points (d) hrgh solubility in liquid amrnoma at —33°C
Which of the followmg statements is/are true ? - '
(a) All alkali metals are soft and can be cut w1th kmfe.

(b) Alkali metals do not occur in free state it nature. '

(c) Alkali metals are highly electropositive elements '

(d) Alkali metal hydrides are covalent and low meltrng sohds

Select correct statement(s) : o

(a) Li,CO, is only sparingly soluble in water and no LiHCO, has been isolated. |

(b) K,CO, cannot be made by a method similar to the ammonia — soda (So vay) process.
(¢) L,CO, and MgCO both are thermally stable. ‘
(d) Na CO NaHCO 2H O is a rmneral ealled trona

Select correct statement(s)

(2) Stabrhty of peroxrdes and éuperoxrdes of alkah meta ine
cation.. - ‘ : Dl REINERE S

(b) Increase in stability in (a) 1s due to stabrhsatron of large anions by larger cations through lattice
energy effects. :

(c) The low solubility of LiF is due to 1ts high lattice energy whereas low solubility of CsI 1s due to
smaller hydration energy .

(d) NaOH does not form hydrated salt.

Which of the following statement(s) is/are correct ?

(a) Sodium bicarbonate is more soluble than sodium carbonate.

(b) Sodium hydroxide is used in the purification of bauxite.

(c) Sodium bicarbonate is used as antacid and for making baking powder.i _

(d) Potassium hydroxide is used in the manufacture of soft soaps.

Flame test is not given by

() Be (b)) Mg  (©)Ca | @Ssr -

Going down in IT A group, following properties decrease :
(a) solubility of sulphates in H20 - (b) hydration energy
(c) thermal stability of carbonates (d) ionic radius
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Which is/are true statements7

(a) The heats of hydration of the dipositive alkaline earth metal ions decrease with an increase in
their ionic size.

(b) Hych ation . of a]kah metal 1 lon is less than that of T A.

(c) Alkaline earth metal ions, because of their much 1a1ger charge to radius ratio, exert a much
stronger electrostatic attraction on the oxygen of water molecule surrounding them.

(d) None. | ' '

In water : ‘ ,

(a) temporary hardness is due to the bicarbonates of Ca?* and Mg”

(b) permanent hé_rdness is due to chlorides and sulphates of Ca** and Mg**

(c) hardness can be removed by adding phosphates.

(d) none is correct.

Sodium sulphate is soluble in water but barium squhate is sparingly soluble because :

(a) the hydration energy of Na,SO, is more than its‘._lattice'energy' :

(b) the lattice energy of BaSO, is more than its hydration energy

(c) the lattice energy has no role to play in solr1biliry

(d) the lattice energy of Na,SO, is more than its hy'dration energy

Nitrate can be- converted into mietal oxrde on heatmg not above 500°C in case of :

(a) Li Q @Nm,j @Mg « @NmmMme

Be and Al have followmg resemblance due to dragonal relationship : e (
(a) have nearly equal eIectronegatrvrty (b) form amphoteric oxides -

(c) have same charge/radius ratio (d) both form dimeric halides

Be and Al resemble in : . o

(a) both become passive on reaction with HNO, due to formation of oxide layer.

(b) their chlorides are Lewis acids. ) '

(¢) chlorides exist in polymeric form. -

(d) hydroxrdes are soluble in alkali as well as-In acid.

What is are the correct order of thermal s_tabrhty ?

(a) Li2CO3'<,VI:\IazCO3 <K,CO; < CSZCO' (b) CS2CO <K,CO; <Na,CO, < Li,CO,4
(c) LiF > NaF > KF > RbF  (d) LisN>NayN>K;N>Rb;N -

The characteristics of the blue solution of sodium in liquid NH, is/are

(a) diamagnetic , - (b) paramagnetrc (¢) reducing in nature (d) conducts electricity

Select the correct statement(s) about the formatron of a blue coloured solution when an alkali metal
i$ dropped in NH; solution,

(a) The blue colour of the sol. is due to ammomated electrons
(b) There is a change in colour from blue to bronze if concentration of the metal increases

(c) There is a change in colour from blue to bronze if conc. of the metal decreases

(d) The solution is oxidising nature
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21. Ammonia can be dned by S
(a) conc. H,SO, () P,0,, (¢)CaO - . (d) anhydrous CaCl,

EXERCISE - 111

Previous Year Ques_tions

IIT-JAM Previous Year Questions

1. Which“one of the following order of the carbonates 18 CORRECT for their decomposition
temperature ? S

() BaCO; > CaCO4 > SrCO, > MgCO (b) BaCO3 > SrCO; > CaCO; > MgCO,4
(c) MgCO,4 > CaCO4 > SrCO, > BaCO (d) MgCO3 > CaCO4 > BaCO > 8rS0,4
2. Which one of the following has the hlghest lattice ener gy ?

(a) LiCl (b) CaCl, - (©) LiF : (d) KClI
3. Draw the structure of anionic Ca(I)-EDTA Chelate How many rings are formed in the chelate and
specify the number of atoms in each ring ?
4, The correct order of the ionic radiiis =~ : E
() Ind* > Su > S > Rp* - (b): Sntt > [n3* > §r2* > Rb+ E
(Rb*>In** >8P >Rb* . (RO > S>> st
5. If the values of Madelung constants of the followmg compounds Ware equal then their lattice
energy. values. decrease in the order - PRI o ' v
(2) KC1> NaF >Ca0 > Al O, . (b) A1203 = CaO > NaF > KCI
(c) NaF > KCl > Ca0 > AI o o  (d)yALO; > (20> KCI> NaF *
6. The decreasing order of the ionic na_ture of the following compounds is:
(a) Ll >NaBr>KCI>CsF . (b) L > KCI > NaBr > CsF
(c) CsF>NaBr>KCI>LiI - (d) CsF > KCI > NaBr > Lil
7. The compound having the highest melting point is -
(a) LiCl : (b) LiF f_ ~ (c)Li (d) LiBr
8. The degree of hydration is expected to be maximum for |
(a) Mgt (b) Na* © (¢)Ba?* d) K
ITT-JEE Previous Year Questions
9. The temporary hardness of water is due to calcium bicarbonate can be removed by adding
(a) CaCO; - (b) Ca(OH)2 '_f (c) CaC ' (d) HCI'

10. A SOhlti(_)P of sodium metT/qmd ammoni _1n’s_t’r_on£llreducmg due to the presence of
(a) sodium atoms (b) sodium hydride  (¢) sodium amide (d) solvated electrons
1. Heavy water is
(a) H, 08 (b) water obtained by repeated distillation

(¢)D,0 -~ (d) Water at 4°C
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12.  The oxide that gives H 20, on treatment w1th a dilute-acid is

13.

14.

15.

16.

il.a
8.d
15.¢
22.d

1. b,c
8. a,b,c
15.a,c

1.b
8.a
15. a

—

TR

(@Pb0, =~ ®Na0, - = (0 Mn()2 (d) Tho,

The metallic lustre exhibited by sodium rhetal 18 explained by

(a) diffusion. of sodum ions B (b) oscillation of loose electron

(c) excitation of free protons ' ~(d) existence of body centred cubic lattice

The oxidation state of the most electronegatwe elemient in the products of the reaction, BaO, with
dil. H ,S0O, are

(2) 0 and -1 (b)-land-2 ' (c)=2and0 (d)-2 and 0
The species that do not contain perox1de 10ms, is '

() PbOy ®H0, (0 SrO2 ' (d) BaO,
The materlal‘used in solar cells contains

@wcs T s s @Ti

ANSWER KEY
| " EXERCISE -1
bo2d. 3d . Cd4a 5d 6.a ‘Mlc‘
6y

02 \21b

| ' EXERCISE -1l
2.a,d 3.a,c,d 4. ab 5.a,c,d 6.a,b,c 7.ab,d

9.b,c,d 10. a,b 11. a,b 12. a,b,c 13.a,b,c 14. a,b

16.abcd  17.abcd  18acd  19.bed  20.ab 21.¢d
EXERCISE - ITI

2.b 3.5 4.4 5.b 6.d 7.b

9.b 10. d 1.c 12.b 13.b 14.b

16. b
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p-BLock

The elements m which the last electron ent.ers_thé outer most p orbital are“callled p- block elements.
As the maximum number of electrons tHat can be accommodated in a set of p-orbitals is six, therefore
there are six groups of p - blocks in the periodic table;

B|C|N|O]JF]|nNe
Al | Si |"P | S | Cl | Ar
| Ga | Ge | . ' Kr

The inert pair effect shows itself increasingly in the heavier members of the group. There is a
decrease in Of/tabﬂity of the maximum oxidation state and an increase in the stability of the (Maximum
— 2) state on descending the group. Ge(+II) is a strong reducing agent whereas Ge(+1V) is stable
Sn(+II) exifsts as simple ions which are strongly r'educing but Sn(+IV) is covalent and stable. Pb(+1I)
is jonic, stable and more common than Pb(+1V); "Which is oxidizing. The lower valencies are more
ionic because the radius of M?* is greater than that of M** and according to Fajans rules, the smaller
the ion the greater the tendency to covalency

GROUP 13 ELEMENTS (BORON FAMILY)
The Elements are B (Non r_netal), Al, Ga, In, TZ (Metals)
General electronic configuration [Noble gas] ns? np!
ATOMIC AND PHYSICAL PROPERTIES.
(1)  Atomic and Ionic radii o
Atomic radii : B<Ga<Al<In< Tf
2) Tonization Enthalpies. : :
B>T¢ >Ga>Al>In (First IE values)
(3)  Melting and Boiling points _
MP. B>Al>TI>In> Gaf
BP. B>Al>Ga>In>Tl
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CHEMACADEMY
(4)  Electropositive Character

TR

Due to high IE they are less electropositi\?e on moving down the group metallic character increases
due to decrease in IE [ .. B is nonmetals and other elements are metals.]
B < Al<Ga<In<Tl .
Non Metals |
metal

Note : Boron exists in many allotropic forms. All the ai—lotropes have basic building B, , icosahedral units
made up of polyhedron having 20 faces and 12 corners.For example one is the simplest form : a -
rhombohedral boron. ' A

But Al, In & T/ all have close packed thetal structure.

BORON (B) o '

Properties :
It exists mﬁveforms _four?;o»f‘ Which'ar'e,crystallinefand‘ one is amor_phdus. Allc fstalline forms are
very hard made up of clusters of B, units. All crystalline forms are black in appeardnce and chemically
inert. Melting points are around 2’3003°'C.';§Bu‘t ‘é'mOrphOuS form is brown and chemically active.

() 4B+30,—2C52B0,° |

(i)  2B+N,—*<52BN, BN+3H,0——HBO,+NH,

(i)  Mg,B, +6HCI—2%E 5 3MeCl + B,H, ; B,H, +6H,0——2H,BO, + 6H,

(i) SO, +4B —> 2B,0, +3Si |

COMPOUNDS OF BORON

BORON SESQUIOXIDE (B,0,)

Preparation =

HyBO; —=—— HBO, —,B,0,
Boricacid ‘ Meta boric acid

Properties o ‘ _
It is a weakly acidic oxide and reacts with alkalies or bases to form borates 3Na,0 + B,0; -
2Na,BO, (Sodium orthoborate), It reacts with water slowly to form orthoboric acid. When heated
with transition metal salts it forms coloured compounds.

HZO + B203 —““—)ZI"IBO2, I‘IBOZ + H2O~———>H3BO3

L] The oxyacids-of boron are :
(a) Orthoboric acid (H;B0,) (b) Metaboric acid (HBO,)
(c) Tetraboric acid (H,B,0.) (d) Pyroboric acid (H,B,04)
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ORTHOBORIC ACID
Orthoboric acid H,BO, behaves as a weak monobasic acid it does’ not donate protons but rather
accepts OH™. It 1s therefo1e a Lewis acid B(OH),. Due to sp? hybr idisation of boron, boric acid isa §
planar molecule and due to H-bonding between different molecules boric acid has layer structure.

Preparation

(1) Na,B,0, +H,80, + 5H,0 — Na,80, +4H,BO, | |
H,BO;, is soluble'in water and behaves as weafk monobasic acid. It does not donate protons like
most the acids, but rather it accepts OH™ . It is étherefore a Lewis acid (B(OH),)

B(OH), + 2H,0 = H,0" + [B(OH),I"

Properties

. It is a weak monobasic lewis acid and in aqueous solution the boron atom completes its octet by |

removing. OHﬁ from water molecules.
B(OH)3 +2H,0 = H,0"+ [B(OH)4]
Since B(OH), onl partlally reacts with water to ,for'm H;0* and [B(OH) ,J” it behaves as a weak

acid. Thus it cannot be titrated satisfactorily with-NaOH as a sharp end point is not obtained. If |

certain polyhydroxy compounds such as glycerol, manmtol or sugar are added to the titration mix-

ture then B(OH)3 behaves as a strong monoba51c ac1d and hence can now be t1trated with NaOH }

and end oint is detected usmg phenolphthalem as md1cat0r
B(OH)3 +NaOH = Na[ (OH)4] : : o

aBO +2H,0 ERE TR
The added compound must: be a cis dlolv to enhance the ae1d1cl

removing it from solution. Hence reaction proceeds in forward direction (Le-Chatelier principle.)

_-.,— ........................... K S OH
............................ : -2H,0 '
— GO Son | T | — clr—o/ oH
R o 1
. _ o N
I 1 IC
—C— O0—C—" HO—C—
C|: O\B/ | |
—c—0" \o-+|c— ~2H,0 Ho—?—
| -
. Heating of boric acid : -
H,B0, —%€  HBO, —‘40—C—> H,B,0, —— B,O
: red hot
Metaboric acid tetr aboric acid Glassy mass
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S R s ~
H3BO3 + H202——>(H20)+ (HO)2B'—O—O'—H M_)Naz (HO), B\ 0-0 B (OH), |- 6H20

Sodium peroxy borate used in washing powder

l . as brightener
When boric acid is heated with ethyl alcohol ‘the’ evolved gas vapours of ethylborate is burned
forming a green edged flame. :

H,BO, +3C,H,0H — B(OC,H,), +3H, 0

Ethyl borate (volaule)

BORAX (Na,B,0,, 10H,0)

Preparation of Borax :

2Ca0 - 3B,0, +2Na,CO, ————> 2CaCO \J +Na2B 0, +2NaBO,

Filtered

Colemanite — CaCOy(as residue)

NaB02 +. Na2B4O7'10H20 ¢ Concentrated Na'2B4O7 +NaB02
) - and allllowed o -
erystallise o

g
i L -insolution

crystalli.s‘:é.'milt again [4NaB02 + C02 —_ Na2B4O7 + Na2C03]

Na,B,0, 10H,0 }
as 2nd Crop: of the

reaction. -

Properties _

X Its aqueous solution is alkaline because of its hydrolysis to weak acid H,BO, and strong alkali
NaOH _
Na,B,0, +7H,0 — 4H,BO, +2NaOH

(i) When borax powder is heated, it first swells due to'loss of water in the form of steam but at 740°C
it becomes converted into colourless transparent borax bead.
Na,B,0, « 10H,0 + —— Na,B,0, + 10 H,0 1‘-'_;
Na,B,0, —€5 2NaBO, (borax bead) + B,0,

(i)  Na,B,0,+2HCl+5H,0 — 2NaCl+4H,BO, (boric acid)

» Na,B,0, —%X N‘*OH Na B,0, —*¢2NaB0, +B,0, ; Cu0.+ B,0, —>Cu(BO,), (bluebead)

\Y \_.___\,__/

glassy mass
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BORON HYDRIDES

Binary compounds of B with H are called boron hydrides of boranes. These compounds form fol- ;
lowing two types of seires : '

(Nido) B,H, ., — B,H,, B.H,, BH,,, B,,H,,

n>on+4

(Arachno)B H, ,—BH,, BH,, B HmB Hy

n-on+6
(/\ < :/H
5 H/ SR
Preparation

DIBORANE (B‘2H6)
Structure of Diborane
(1) 4BCl, +3LiAIH, — 2B, H, +3L1Cl+3AlCl

Properties:
1. B,H¢ +30, ——B,0, +2H,0; AH= —2137 7 kJ mol ™} |
2. Pyrolys1s of B H in sealed vessels at ternperatures above 375 K is an excedmgly complex process

4, B2H6 +2MG3N ———) 2M83N BH3

S, B,H,+2Me;P —> 2Me,PBH, |

6. ByHg+2C0 —2CC2n 1, 9BH,CO (boron carbonyl)

7. B,Hg+2NH, -y imperetue > B)Hg2NH, _AC B N, H, (borazin)
8. B,H+2LiH —> 2LiBH, j
. Carbaboranes are compounds of carbon, boron and hydrogen in which carbon and boron atoms

occupy the vertices of a triangulated polyhedron. These compounds may be considered to have been -
derived from boranes by the replacement of BH™ units by CH units. The carbaboranes and the |-
boranes having the same number of electrons in their bonding, frame work have similar skeletal |

structures. Three structurally different types of carboranes, namely, closo, nido and arachno are |

known at present. 3
BORAZINE OR BORAZOLE, (BH), (NH), or B N"H

This compound is isoelectronic with benzene and hence has been called Inorgamc Benzene.

Preparation: Borazine can be prepared by the following methods.
() By Stock and Pohland’s method (1926): By the action of NH, on diborane (B,H,). The adduct,

B,H .2NH, is first formed, which then gets dec‘omposed by heating in a closed tube at 200°C. :

3B, H + 6NH; —— 3[ByH - 2NHy]—2C, 2B N3 H, +12H,
Rabo =112 Ac\d\_m
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PRI .

Tk __UNEEE
(i) By heating BCL, with,NHé(j]; o

£ § INH,Cl+ 3BCl, __40C I presence of |~ b 1 11 4 9F1CY
: 4 3™ . 7 3D3IN3113
CeHsCl and Fe) B. B. B—trichloroborazine

| 3C1;B3N3H; +6LiBH, Mmm H6 +6LiC1+3B,H,
(i) By heating a mixture of LIBH and NH, Cl (Laboratory method):
3NH,Cl+3LiBH, —23-%133N3,5H6+3Lic1+91{2

Chemical Properties

(i) Addition reactions: (a) One molecule of B3N3H6 adds three molecule of HCI or HBr in the cold,
without a catalyst. These molecules get attached with all the three B-atoms of B,N,H, molecule,
since N-atom is more electronegative than B-atom in B-N or B = N bond and hydrogen chloride

- derivative (B,N,H CL) is obtained. This addition reaction is not shown by benzene.

ocess
i Whe
tricth“r

L 750-1000C o H I|\] - N—H-

+3H
-3H 2
2 CI—B\IIJé B—ClI
H
- BB.B-trichlorobe
i S HC B
. ~B H AB H
s been | I +3Br, ——— IEI | - A Hr
g ‘ (b) H—Bs. .B—H : >BV' /B\/
d € § | © Br NG Br
eletal H H. Br
lb’ ‘i e : B-tribromo-N-tribromoborazine
o - H . Br
Ok SO ABG - ; //13\
. Bl‘/N N\Br 60°C - H—-N H
Br Y \B Br _.. I|\I
' ' H

B-tribromoborazine
(i)  Hydrolysis: (a) Borazine gets slowly hydrolysed by water to produce boric acid [B(OH), or H,BO,],
NH, and H,. Hydrolysis is favoured by the i increase in temperature.
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(i)

(iv)
v)

(vi)

+3HBr - _Ms_ls_) 3B(OH), or 3H,BO, + 3NH, + 3H,

(b) It 1s reported that under proper cohditions, borazine reacts with tm;ee molecule of water and
gives B-trihydroxyl borazine, B,N,H,(OH), (substitution reaction).

ﬁ‘ g
5:N _B.
H—N"" "N—H : H—N" "N—H
[0 +3H0 — L
H'BQIIJ/B“H ' - HO— By B OH
l
H H

B-tribromoborazine

Pyrolysis: When borazine is pyrolysed above 340°C, BN.H,; and BSNSHB;:_éire produced. These

66 10 _
products are boron-nitrogen analogues of diphenyl and naphthalene respectively

Pyroliysis H— B//

Hydrogenatlon ‘Hydro genatlon of borazme produces polymerlc matenals of mdeﬁmte composition.

Formatlon of adduct: Borazine forms an adduct W1th CH OH. This adduct undelgoes pyrolysis
with the elimination of H,and gives B- trunethoxy—borazme

i e
N ' B
H—N"" "N—H s —N”ON—
l I +3CH,0H — Adduct —2voss - H If I|\|I B,
H-—BQN_/B—H (4:3adduct) - : C._H3O—-—B\\N/B—OCH3
| | B |

B-trimethoxy-borazine
Reaction with aniline: Borazine undergoes a strongly exotherrmc reaction with anghne produce

tri-aminoborine.
H, N\
- B - NH (c H,)
(CHS)HN/ L
Structure of borazine molecule: In the structure of borazine, both B and N atoms are sp? hybridised.
Each N-atom has one lone pair of electréns, while each B-atom has an empty p-orbital. (B-N) n-

- bond in borazine is a dative bond, which arises from the sidewise overlap, between the filled p-

orbitals of N-atom and empty p-orbitals of B-atom.
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1 Srnce borazrne 18 1soe1ectronrc wrth benzene both the compounds have aromatlc - electron cloud
(electrons in m-orbitals). Due to greater drfference in the electronegativity values of B and N-atoms,

the m-electron cloud in B,N, ring of borazine molecule is partially delocalised, while in case of
benzene ring, the n-electron cloud is completely delocalised. In fact, complete delocalisation of n-
electron cloud in B3N3 ring in borazine molecule, cannot be expected, since N-mt orbitals are of
lower energy than the B-n orbitals, Molecular orbital calculations have indicated that n-electron
drift from N to B is less than the o-electron drift from B to N, due to greater electronegativity of N-
atom. In C H, molecule, C = C bonds are nonpolar while in case of B.N,H, molecule due to the
difference in electronegatrvrtres between B and N atoms, B-N bond is polar. -

“apt

R | The ring structure of borazme molecule is the same as the layer lattice structure of boron nitride,
ok (BN),.

ot It is due to the partial delocalisation of the m-electron cloud that t-bonding in B,N, ring weakened.

ok In addition, N-atom retains some of its basicity and boron atom retains some of its acidity. Polar

ihe“-'_“;f; LE species like HCl, therefore, attack the double bond between N and B. Thus, borazine m contrast to

P CH,, readily. undergoes addition reactions.

In these reactions, more electronegative atom (e.g., Cl in HCI molecule) is generally attached with

B-atom, whichgis less electronegative than N in B-N bond.

In borazine, B—:N bond length is equal to 1.44A, which is between the calculated single B-N bond

(=154 A) and: double bond B=N (— 1 36 A) d1stances The angles are equal to 120°. In benzene

o C-C bond length 1s e ualto'l; 2A i,

‘itr'on:;‘jij_ L B- trlmethyl borazlne, [B(CH )] (NH) It is prepared by heatmg B(CH) with NHZ, at 320-340°

slysis’ | at 20 atm for 2 hours . ’

"
20- H—N7" N~ |
320-340°C —
3B(CH3)3 +3NH3 —“—ZO—t‘—"—) . - ” + 6CH4
ch By B~—CHj
)
- H
B trlmethyl borazine, (B(CH,)], (NH),
At 100°C, Water replaces the NH groups by O-atoms and gives B-trimethyl boroxine, (B(CH,)],0

‘ 7 ) ]CH3 ’ : ) C,:H:;
yduce: § B
. N ( I +3H,0 —— | I + 3NH,
‘ _HzC_BQN/BfCHs o : H3C“B§O/B—CH3
1 A
H

B- trrrnethyl borazme [B(CH,)], (NH) S - B-trimethyl boroxine, [B(CH,)],0,

2. Boroxrne, (BH),0,: This compound 18 1soe1ectronrc with borazine, B,N.H, (B,O,H,) =3 x 3 +3 x
6+3x1=30, B3N3H =3 x3+5x3+6x1=30.Itisproduced by the explosive oxidation of B H,
or B.H,. This compound decomposes at room temperature to diborane (B,H,) and boron trioxide

(BZO3) : o
) 2B3O3H3 e 2B203 + B2H6
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Boroxine exhibits aromatic properties of benzene Boroxine is even less stable and presumably has
less n-delocalisation than borazine. In this molectile, B-O bond distance is equal to 1.38 A. The
characteristic Roman frequency of the ring is at 807 e, B=0, double bond present in the structure
is due to the donation of a lone pair of electrons from O-atom to boron atom. This results in the
development of a formal negative charge on B-atom and equal formal positive charge on O-atom.
._ -(a/ B\\.Cl) |
H—eiBgo//BfH_' |

3. N-trimethyl borazine, (BH),[N(CH,)],: It is obtetined in 90% yield by heating a mixture of B H,
and NH,.(CH,) in the correct proportions at 180-200°C for 2 hours.
. I—|I
' B CFN//B\NFCH
3B,H, + 6NH, (CHy) —8200°C 5 57 ] 7 o
"H—Bs_ .B—H t
o0
. CH;
. - N- tnmethyl borazine, (BH), [N(CHJ) 1
This compound.can also; be prepared
with hth1um Toi¢ _hydrideé'.ﬁ;LJBH
o 3(CH3)NH3C1+ 3L1BH4 - (BH)3[N(CH3)]3 +3L1, 1+ 9H2

Halides: : , Ll

° The relative strength of lewis acrds of boron trihalides increases in the order BF,<BCl, < BBr;.
This order of Lewis acid strength is just reversed of that expected on the basis of the electronegatrv-
ity of the halogen. This is explained on'the basis of overlapping of halogens sidewise with empty
2p-orbital of B forming pr-pn back bonding. The tendency of back bonding decreases as BF; >
BCl, > BBr, > Bl, due to the difference in the energy states of the orbitals involved.

. Both boron and aluminium halides are Lew1s acid but only aluminium halides exists as dimers
whereas boron halides exists only as monomers. This is due to the reason that boron atom is so
small that it cannot accommodate four 1arge sized halide ions around it.

. BF, and AICl, are widely used as Lewis acid catalyst in Friedel-Crafts reactlons and many indus-
trral processes. _

. Solution of AlEt, and TiCl, in hydrocarbon solvent react endothermically to form a brown solid.
This is the unportant Zlegler Natta catalyst for polymerizing ethene to form polythene

1. Hydrolysis -

The boron halides are all hydrolysed by water BF, hydrolysis mcompletely and forms fluoborates.
This is because the HF first formed reacts with the H,BO,. :

4BF, + 12H,0 — 4H,BO, + 12HF
12HF + 3H,BO, — 3H" + 3[BF,]" + 9H,0
4BF, + 3H,0 — H,BO, + 3H* + 3[BF,I"
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CHEMACADEMY s
The other halides hydrolys1s completely, giving boric acid.
BCl, +3H,0 — H,BO, +3HC1

2. Electron Deﬁc1ency

The ﬂuorldes‘ of Al, Ga, In and TI are ionic and have high melting points. The other halides are
lagely covalent when anhydrous. AICL,, AlBr; and GaCl, exist as dimer, thus attaining an octet of
electrons. The dimeric formula is retamed when the hahdes dissolve in non-polar solvents such as
benzene. However when the halides dissolve in water, the high enthalpy of hydration is sufficient
to break the covalent dimer into [M.6H O]3+ and 3X~ ions. At low temperature AICI, exists as a
close packed lattlce of CI" with AP occupying octahedral holes. On heating ALCI, species are
formed and the volume of the solid greatly increases. This illustrates how close the bonding in this
compound is to the ionic/covalent border. :

Group 13 elements have only three valency electrons. When these are used to form three covalent
bonds, the atom has a share in only six electrons. "The compounds-are therefore electron deficient.
The BX; halides attain an octet by  bonding. The other elements in the group have larger atoms
and cannot get effective m overlap, so they polymerize to remedy the electron deficiency.

ALUMINIUM (Al)

Properties

®

(1) A1+Air-i;>-A1 'o"+A1N L

(2) 2A1+3Cl, ~— 2A1C1

’ AIN reacts w1th hot water to form Al (OH)3 and NH
COMPOUNDS OF ALUMINIUM :
(i) Aluminjum Oxide (Al,0,) Alumina

Preparation P :

1. 2AIOH); —25AL,0,+3H,01

Properties : En '

It is a white . amorphous powder msoluble in water but soluble in acids (forming eg., AlCL;) as well
‘as alkalies (forming NaAlO,). Thus amphoterlc in nature. It is a polar covalent compound

(i)  Aluminium Chloride (AICl;.6H,0)

It js a colourless crystalline solid, soluble n water It 1s anhydrous AICl, is a deliquescent white
solid. : :

Preparation

(1) 2Al+6HCI—>2AICL, +3H, T
(2)  ALO,+6HCI - 2AICkL +3H,
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Properties

(1) 2AICL 6H,0 —2— ALO, +6HCIT +9H,0

)  AlCL+3H,0 ¢ AIOH), +3HCI 1 White fumes
ALCl,, AL Me, |

Aluminium halides are dimers in the gas phase : alumlmum chloride, has molecular formula ALCI,
in the vapour. Each Al atom acts as an acid towards a Cl atom mitially belonging to the other Al
atom. Aluminium chloride is widely used as a Lewis acid catalyst for organic reactions.

CI\/\\/
/\/\

Alkylaluminium dimers are simlar in structure to the analo gous dimeric halides but the bonding is
differnet. In the halides, the bridging Al — Cl'= Al bonds are 3c—4e bonds; that is each Al — Cl bond
mvolves an electron pair. In the alkylaluminium dimefs the Al - C — Al bonds are longer than the
terminal Al — Cl bonds, which sugests that they are 3c—2e bonds, with one bonding pair shared
across the Al — C — Al unit, somewhat analogous to the bonding in diborane, B,H.

H3

ALUMNS [ .
M,S0,, M, (SO,), 24 H,0 Props: Swelling characteristics
where M =Na*, K, Rb", Cs*, As, TI, NH} "

M =A%, C1*3, Fe'), Mn®3, Co®® .~
K,80,°AL(S0,);24H,0 ~ Potashalum

(NH,),S0,AL,(S0,); 24H,0 . Ammonium alum
K,S0,-Cr,(S0,), 24H,0 - Chrome alum
(NH,),80,Fey(SO,); 24H,0 ~Ferric alum

Preparation: AIZO +3H,50 ———)AIZ(SO4)3 +3H,0
AL(80,), +K,80, +aq. sol“,———) crystallise

GROUP 14TH ELEMENT (CARBON FAMILY)
Physical Properties "

(a)  Covalent Radii : The covalent radii increase down the group. The difference in size between Si
and Ge is less than might be otherwise expected because Ge has a full 3d subshell which shields the
nuclear charge rather ineffectively. In a simlar way the small difference in size between Sn and Pb s
because of the filling of the 4f subshell. -
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TABLE Radn meltmg points and electronegatmty values

Covalent Tonization energies Melting  Boiling Pauling’s
Radius (kJ moI) point point electro-
| ' ' negativity
A) st 2nd 3rd 4th ©C) ©C)  values

Si
Ge
Sn
Pb

077 1086 2354 4622 6223 4100 25
L17 786 1573 3232 4351 1420 3280 18
122 760 1534 3300 . 4409 945 2850 18
140 707 1409 2943 3820 232 2623 18
146 715 1447 3087 4081 - 327 1751 1.8

(b)

(©)

(d)

Tonization Energy: The ionization energies decrease from C to Si, but then change in an irregular
way because of the effects of filling the d and f subshells. The amount of energy required to form
M* jons is extremely large and hence s:iinple ionic. compounds are rare. The only elements which
will give a large enough electronegativity difference to give ionic character are F and O. The
compounds SnF,, PbF,, SnF,, PbF,, SnO,, and 'PbO'_2 are signiﬁcantly lonic, but the only significant
metal ion is Pb%". o

Melting Points: .C has an.extremely high melting point. S1 melts appreciably lower than C, but the
values for Si and gE are still hlgh They all have the very stable diamond type- of lattice. Melting
involves breakmg the strong covalent’ bonds i in this lattice, and so requires a lot of energy. The
melting pomts decrease on desoendmg the group because the M—M bonds become weaker as the
atoms increase in size. Snand Pb are metalic, and have much lower meltmg points. They do not use
all four outer electrons for metallic bonding. '

Metallic and Non-metallic Character : The change from non-metal to metal with increasing
atomic number is well illustrated in Group 14, where C and Si are non-metals, Ge has some metallic
properties, and Sn and Pb are metals.. The increase in metallic character shows itselfin the structures
and apperance of the elements, in physical prope1 ties such as malleability and electrical conductivity,
and in chemical properties such as the mcreased tendency to form M2+ ions and the acidic or basic
properties of the oxides and hydrox1des

ALLOTROPES OF CARBON
G1 aphite & Diamond

Carbon exists in a large numbe1 of allotrop1c forms These include diamond, &- and B-graphite, a
rare hexagonal form of diamond and a varlety of discrete molecules such as Cgp> Which are rarely
clusters of carbon atoms and are called collectwely fullerenes.

Diamond is extremely unreactive and in contrast graphite is quite reactive.

Diamond is typically colourless, thotgh industrial diamonds are often black. Most naturaly occuring
diamond contain a trace of nitrogen, but blue diarnonds contain a trace of Al instead. In diamond
each C atom is tetrahedrally surrounded. by'fom"' other C atoms, each at a distance of 1.54 A. The
tetrahedra are linked together into a three-dimensional giant molecule. The unit cell is cubic. Strong
covhlent bonds extend i all dlrectlons Thus the melting pomt is abnormally high (about 3930°C)
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and the structure is Very hard (F 1gure) (In arare modification of dramond the tetraheda are arranged
differently to give a wurtzite like structure and a hexagonal unit cell).

Graphite is composed of flat two-dimensional sheet of carbon atoms. Each sheet is a hexagonal net
of C atoms and may be regarded as a fused system of benzene rings. The layers are held together by
relatively weak van der Waals forces. -

In graphite only three of the valency electrons of each carbon atom are involved in forming o bonds
(using sp? hybrid orbitals). The fourth electron forms a nbond. The 7 electrons are delocalized over
the whole sheet and as they are mobile, graphrte conducts electricity. Conduction can occur in a

¢

sheet, but not from one sheet to another. ~ .~ - . . {
X Graphite is thermodynamically most stable form of carbon
Diamond R '
Diamond occurs naturally n 1gneou ;
the earth. “Thisi igneous rock may
cc andi 1s the hardest naturally occ‘ ;
structure -a three drmensrona] array of caruon atoms: eaeh atom berng surrounded tetrahedraly by
four other carbon. Each diamond crystal is a giant molecule containing very strong bonds.
pDIAMOND GRAPHITE
CARBON DIOXIDE (CO,) A
Preparation __
I, CaCo,+2HCl—~ CO, +CaCl, + H,0
Properties
1. Carbon dioxide is the acid anhydride of carbonrc acid, and a solution of'1 1t in water will slowly tum

blue litmus red. An equilibrium is set up and when the solution is boiled all the CO, is evolved.

CO,(g) + H,0(liq) < H,C0,(aq) <H'(ag) + CO; (aq)

North Delhi: 72, Mall Road, GT.B. Nagar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in




I net
erl, -

onds-

over

rithe: |
357

irills,
1ems
f v
ly bv -

. tl » .:l:'.:'

{ lI

CHEMACADEMY | o |ll "

2. Carbon dioxide readily reacts with alkalres forming the carbonate and if CO, is in excess, then

hydrogen carbonate. ,
This is the basis of the lime-water test for_EC‘O2 gas
Ca(OH), (aq) +CO,(g) — CaCO,(s) + H,0 (lig)
CaCO4(s) + H,0(lig) + CO,(g) — Ca(HCOy), (aq)
The above reaction accounts for the fonnauon of temporarrly hard water.
CARBON MONOOXIDE (CO)
Preparation
1. C(s) + CO, (g) - 2CO(g)
2. HCOOH (liq) — CO(g) +H,0

Properties _ .
1. Carbon monoxide is a powerful reducmg agent being employed mdustr1ally in the extraction of iron
and nickel.

Fe,d,(s)+2CO(g) — 2Fe(s)+ 2co (g)

NiO(s) + CO(g) — Ni(s)+CO (g)

2. It reacts with many trans1tron metals formlng volatile carbonyls; the formation of nickel carbonyl
followed by 1ts de OMPOSI asis of the ':Mond s process for obtammg very pure nickel.

CARBON SUBOXIDE (C, 02); e | DR o
This is an evrl—smelhng gas ‘and can be: made by dehydratmg propaned101c acrd (malonrc acid) of
which it is the anhydride with phosphorus pentoxrde
3CH, (COOH), +P,0,, - 3C,0, +4H,PO,

Structure O = C = C = C =0 (linear) |

CARBIDES
The binary compounds of Carbon with other elements are called carbides. They are classrﬁed nto
following 3 category '

(i) Ionic ' (ii) Covalent (111) Interstitial (or metallic)

(i) Tonic Carbides (or salt like carbides): Generally formed by ¢lements of [, II & III group (B excep-
tion)

(1) Methamdes
These give CH4; on reac"cion with H,0

(i) Al,C, +12H,0= 4Al(OH), +2CH, - (i) . Be,C+4H,0 — 2Be(OH), +CH,
%  These carbides contain C*" fons in their constitution.
(2)  Acetylides

These give C, H' on reaction with H,O

()  CaC,+2H O—)Ca(OH)z +CH,
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X Such compounds contain C,>~ions [:C_E C:)*.
(3)  Allylides |
These give 1-propyne on reaction w1th H,0
Mg,C; +4H,0 — 2Mg(OH), + CH, - C = CH
*  Such compounds contain C,% ions [:C = C= C|+
(i)  Covalent Carbides (SiC)
(iii)  Interstital or metallic carbides

Such carbides are formed by transnlon ‘metals in Wthh carbon atoms occupy interstitials in the
crystal structure of metals. '

SILICON

Silicon is the second most abundant element occurring in the earth’s crust (about 28 per cent by |

weight).
Preparation
L. Si0,(s) + 2C(s) — Si(s) +2CO(g)
Properties

Silicon is a very high melting-point solid with the same structule as dlamond The non-existence of |

an allotrope with-the graphite structure clearly shows the mablhty of 31h 'n:.atoms to form multiple
bonds with themselves. - e ' - sl
1. Si(powdered) + 2C12(g) — S1C14(hq) EREA . FICE
2. It is not attacked by acids except hydroﬂuor1c ac1d w1th Wthh 1 rnshexaﬂoulosmc acid.
Si(s) + 6HF(g) . H SiF(aq) +2H2(g) R A TR
Bonding in Silicon

Carbon differs from the other elements in its unique ability to form pﬁ — pr multiple bonds, such as |
C=C,C=C,C=0,C=Sand C=N. The later elements do not form px - pr bonds, principally
because the atomic orbitals are too large and diffuse to obtain effective overlap,' but they canused §
orbtials in multiple bonding, particularly between Siand N or O. Thus N(SiH,), 1s planar and has

p7 - dn back bonding but N(CH,), is pyramidal and has no n bonding.

Non metallic element in Period 3 and below can use available d orbitals to expand their valence 1
shells by delocalization of the O or N lone palr so the silyl ether and silyl amine are the weaker §

Lewis bases in each pair.

CARBORUNDUM (SiC)
1. It is very hard substance (hardness = 9 5 Mho)
2. Not attacked by acids. However, it gives the following two reactions at high temperature.

(i) SiC + 2NaOH +20, —2- Na,8i0; + CO, + H,0;*
(ii) SiC+4Cl, —25SiCl, + CCl, o

x It has diamond like structure in which each atom is sp> hybridized. Therefore each atom is

tetrahedrally surrounded by 4 atoms of other type. {
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COMPOUNDS OF SILICON

Silicates

()

(1)

(iii)

(A)

(B)

©

D)

(E)

(F)

Binary Compounds of silicon with oxygen are called silicates but they contain other metals also 1
their structures. >

Since the electronegatmty d1fference between O & Siis about 1.7 so Si-O bond can be considered
50% ionic & 50% covalent.

Ry
Radius Ratio —1-=0.29
Roz- :
Silicate structures are based upon S-iO‘4- tetrahédral units.

SiO tetrahedral units may exists as dlscrete umts or may polymerise into larger units by sharing

corners.
Clas51ﬁcat10n of Silicates - -
Orthosilicate: These contain dlscrete [SIO 14 units i.e., there is no sharing of corners with one

another as shown in figure.
\ 0= oxygen
= Silicon
o/ \o

e.g., Zircon Zr (8104) Forstente of Ohvme (Mg2810 4)

Pyrosilicate : In. these sﬂ1eates two tetrahedral units are Jomed by sharmg oxygen at one corner
thereby giving- [8120 ] ~units, (= ) charges will be present on the oxygen atoms which is bonded
with one Si atom. -

g. Thorteveitite (Sc¢,S1,0,). Hem1morph1te [Zn,4(51,0,) Zn(OH), H,0]

Cychc silicates : Iftwo oxygen atoms per tetrahedron are shared to form closed rings such that the
structure with general formula (Si0,%) ~ or (SiO,) ™" is obtained the silicates containing these
anions are called cyclic silicates Si,0,"~ and SiGOlglz” anions are the typical examples of cyclic
silicates. »

Chain silicates : Chain silicates may be further classified into simple chain & double chain com-
pounds. In case of simple chams two corners of each tetrahedron are shared & they form a long
chain of tetrahedron. Their general formula is also same as the cyclic silicates i.e. (SiO;) 20-

e.g. MgS1O (enstatite), diopside, CaMg(Si0,),

Double Chain Silicate (Amphiboles): Similarly, double chain silicates can be drawn in which two
simple chamns are joined together by shared oxygen. Such compunds are also known as amphiboles.
The Asbestos mineral is a well known example of double chain silicates.

e.g. Crocidolite Na,Fe,(OH), [Si,0,,1, [Blue Asbestos], (Mg, Fe),(OH),[51,0,,], Amosite

2D Sheet Silicate

When SiO, units share three corners the structure formed is an infinite two-dimensional sheet of

empirical formula (Si205)n2“‘. There are strong bonds within the Si-O sheet, but much weaker
forces hold each sheet to the next one. Thus these minerals tend to cleave into thin sheets.
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e.g. Pyrophyllite AIZ(OH)2814OIO, Serpentine Mg3(OH)4812
(G)  Three dimensional sheet silicates : These silicates involve all four oxygen atom in sharing with
adjacent tetrahedral units e.g. Quartz, Feldspar Zeohte etc.
SILICONES STRUCTURES :
It is organo silicon polymer
CCl, + HéO —> no hydrolysis
but  CCl, +H,0— COCl, + 2HCI
super heated

steam
SiCl, + H,0 —> Si(OH), + 4HC!
L-zH—QO_) 8102(3 -D s1hcate)
‘R R R
. : oA | |
R,SiCL, + H,0 —5> R,Si(OH), f(;» ~0-Si~0-8i-0-8i-0-
b ( | |
& ‘ R R R
Linear silicone
: 1,0 (H)* |
chazi+ H20 2HCT R C(OH)Z,.. A Z’R'-C‘—?'R.
SR looses H,O R '
PR ~ readily b R T
SIhcones may have the cyclic structure also ha: ing 3,4, 5 and 6 nos: of silicon atoms within the

ring. o AR R
Alcohol analo gue of silicon is known e_is silanol :

R R
AT R §' o-di-r
~01 ~dl— - 1—
RO DR N St
Si. Bsi R_$i-0-$i-R
7 ~Si-0-Si-
R $ R )
R R

cyclic silicone
not planar

R,SiCl —22 R SiOH —_I%)——)R3Si-Q-SiR3
Silanol |
R R
R,SICL + R SiCl — 2> —2 | —s'i—o-éi--—-

hydroly51s heating ’ ‘
condensation - _

R R

This end of the chain can't be extended hence

R,SiCl is called as chain stopping unit

. Using R,SiCl in a certain proportion we can control the chain length of the polymer
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0 R 0
: - A R—S|i—O—Si—O—Si—O— .
RSiCl, + H,0—— R-Si(OH), — | [ |
. (0] 0. R
| |
cross linked silicone
3 dimensional network

It provides the cirosslinklng among the chain making the polymer more hard and hence controling
the proportion of RSiCl; we can control the hardness of polymer.

Uses

(1) Itcanbe used as electrical insulator (due to inertness of Si—O-Si bonds)

(2)  Itisused as water repellant (. surface is covered) eg. car polish, shoe polish, massonary works in
buildings '

(3) Itisusedas antifoaming agent in sewage disposal, beer making and in cooking oil used to prepare
potato chips. -

(4)  As a lubricant in the gear boxes.

SILICA (SiO,).

Occurrence:

Silica or silicon dioxide oceurs mrrature 1r1 ﬁee r"state as sand, quartz and flint and in the combined
state as srhcates hke Feldspar KQO Al 0, 68102, Kaohmte AlLO,. 28i0,. 2H,0 etc.

Properties:

(1) Pure silica is colourless but sand is usually coloured yellow or brown due to the presence of ferric
oxide as an rmpur ity. o

(1)  Silicon dioxide 1 is insoluble in water and all acrds exeept hydrofluoric acid.
Si0 (S) +4HF()) — SiF,()) + 2H,0()
(i) It also combines with metallic oxides at high temperature giving silicates e.g.
SlOz(S) + CaO(s) —A 5CaSio 5(8) -
(iv)  When silica is heated strongly with metallrc salts silicates are formed and the volatile oxides are
driven off as vapours. o
SrOz(s) + Na,CO,(s) _Lg;l‘_teﬂ&_) Na2SiO3(s) +CO,(g)
S10,(5) + Na,S0,(s) —hheme. i Na,$i0y(s) + SO(g)
38i0,(s) + Cay(PO,),(s) tighteme:_, 3CaSi04(s) + P,04(g)
The first two examples quoted here are irrrportant in glass making.
Structures of Silica : S
Silica has a three-dimensional network: "vstructure."' In silica, silicon is sp*-hybridized and is thus
linked to four oxygen atoms and each oxygen atom is linked to two silicon atoms forming a

three-dimensional giant molecule as shown in figure. This three-dimensional network structure
imparts stability to SiO, crystal and hence a large;amount of energy is required to break the crystal
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resulting in high melting point.

| . P .
—Si—0—8i—0—8i— -

G O 0

Uses:

(1) Sand 1s used in large quantities to make mortar and cement.

(i)  Being transparent to ultraviolet light, large crystal of quartz are used for making lenses f01 optical
mstruments and for controlling the frequency of 1ad1o trangmitters.

(iif)  Powdered quartz is used for making silica bricks. :

(iv)  Silica gel (SiO,.xH,0) is used as a des1ceant (for absorbing moisture) and as an adsorbent in
chromatography. ' '

HYDROLYSIS

The carbon halides are not hydrolysed under normal eond1t10ns because they have no vacant d-
orbitals and cannot form a five coordinate hydrolys1s intermediate. In contrast the silicon halides
hydrolyse readlly Silicon has 3d’ 0rb1tals avallable and’ these may’ be used o coordmate OH ions or
water as a first step in hyd1oly51s In any atom there: are always empty. orbltals, but these are
usually too hlgh in energy to be used If suﬁicnent energy is prov1ded by’ usmg superheated steam
then CCl “will hydrolyse ' : :

M’_) COCL, +2HCI

stean carbonyl chlonde(phosgene)

CCl, +H,0
The silicon halides are rapidly hydrolysed by water to give silicic acid.

SiCl, + 4H,0 —> Si(OH), + 4HCl

GeCl, and GeBr, are hydrolysed lesséreadily, SnCl, and PbCl, hydrolyse in dilute solutions, but
hydrolysis is often incomplete and can be repressed by the addition of the appropriate halogen acid.

HC HCI o
Sn(OH), —H—zo—‘SnCl4 ? [SnClg)”

TIN (Sn)
Stannous Oxide (SnO):
(@  Sn(OH), —-Sn0+H,0 1
Properties
SnO is an amphoteric white solid oxide. It dissolves in acids to form stannous salts
Sn0 + 2HCl — SnCl, + H,0

SnO dissolves in hot NaOH solution to_fofm (soluble) sodium stannite and water.

S0 +2NaOH —— Na, $n0, + H,0
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Stannous Chloride (SnCl2 2H,0)

83

It is a colourless solid soluble in water. Its solution becomes milky on standing due to its hydrolysis
to Sn(OH), and HCL. It aqueous solution i Is ac1d10 to litmus. It is a strong reducing agent. It is
soluble in alcohol and ether also.

Preparation -

() Sn+ 2HC (concentrated) — SnCl2 (aq) +H, T
The solution on crystalization gives colourless crystals of SnCl,. 2H,0
Properties : " '

1. When SnCl, solution is added to an aqueous solution of mercuric chloride, a silky white percipitate
of mercurous chloride, Hg2C1 is formed which turns black due to further reduction of Hg,Cl, to
black mercury : :

2HgClL, + SnCl ——— Hg,Cl, i (whlte) + SnCl4 ; Hg,Cl, +SnCl, —2Hg 1 (black)+ SnCl,

2. It reduces ferric chloride. FeCl, to ferrous chloride, FeCl2
2FeCl, (brown solution) + SnCl, — 2 FeCl (co’lourless solution) + SnCl,

3. It is hydrolysed with water to produce white perc1p1tate of Sn(OH), |
SnCl +2H,0 < Sn(OH), (white) 4 +2HC] | |

X ) : ise and. strong:: acr‘ its .gqu-'e011sgs_o‘lbution',i'vs’:acidi,c'.

Stannic Ox;de (SnO";"'u'ﬂ R
Preparatlon L

1. Sn+0, - SnO
Properties :

1. It dissolves in conc. H,SO, to form stannic sulphate
$n0, + 2H,50, - $n(SO,), + 2H,0

2. It also dissolves in conc. Alkalies to form alkali metal stannate solution.

SnO, + 2NaOH ~ Na,SnO, (Sodium stannate)+ H,O

LEAD (Pb)

Lithrage (PbO) '

1. 2Pb+0, —2—>2PbO It is an amphoteric oxide and dissolves in acids as well as in alkalies

2. PbO + 2HNO —~—~>Pb(NO ), +H,0;

3. PbO + 2NaOH -——>Na PbO, (Sodium plumbate) +H,0

Lead Dioxide (PbOz)

Properties
(1) On heating :'at'440°C it gives monoxide :

2PbO, ¢ 5 2P0+ 0,
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(1)  Itisnot lead peroxide.

(ii) It is strong oxidising agent.
INTERCALATION CHEMISTRY

Intercalation compounds consist of layers (“sandwiches”) of different chemical species. The name
comes from that describing the insertion of extra days (such as Fabruary 29th) into the calendar to
make it match the solar year. Most work on intercalation compounds has been on synthetic systems
in which atoms, ions, or molecules have been inserted between layers of the host material. However,
some aluminosilicates that we have encountered above provide useful examples. Thus talc and
micas form layered structures with ions between the silicate sheets. Some minerals, including all
clays, have water molecules intercalcated between the framework sheets. In some, such as yermiculite,
the water may rapidly and dramatically be evacuated by heating. The water molecules leave faster
than they can diffuse along the layers—exfoliation occurs. The result is the familiar expanded
vermiculite used as a packing material and as a potting soil conditioner.
Another example of this type of intercalation compourd:is sodium beta alumina where the sodium
ions are free to move between the spinel layers. The sodiu_m ions can be replaced by almost any +1
cation such as: Li*, K*, Rb*, Cs*, NH,*, H3O+, TI*, Ga*, NO™ etc. The conductivity of these materials
varies with the size of the ions moving between the fixed-distance (Al-O-Al) layers.
Graphite is perhaps the simplest layered structure The intralayer C~C distance (142 pm) is twice
the covalent radius of aromatic carbon (cf 139 pm n benzene) and the mterlaye1 C-C distance is

335 pm, twice the van der Waals radius of carbon. The sheets are heid together by weak van der 4

Waals forces. Many substances can be mtercalated between the layers of graphite, but one of the
longest. known and best studied is potassium, which can be intercalated until-a limiting formula of
CoK is reached. This is known as the first-stage compound The earlier, lower stages have the
general formula of C,, K. The stages form - -

«—0 . DR 0 3
WWH S Y Vou on TSITAL
O\\ I \Og,'lt / \O: ,’F_‘O"’OH ' Nt g NN / \\ : ','(-—-O +OH
NN S BN J ) N NS RN )
XK g o O o KT BT e
AN WIS “sandwich” e P, RN S
PR C RS S AL T N e L€ 0+ O
«—0

:. : ; H.o I .
Rzg;at : @ @ @ @ | R&;:;at

N : 2N IVl N ’ [l § . :
\\k, . Ik ! \." \\i/I : *I,’ N I\’ \,K’
AN )'l: NN . /l\\ SN N .
/ VRN N | ’ SNV \I N N
OH OH H Onesheet OH OH OH
(seen in cross-section) :
of type 11. le :

Figure: Layered silicate structures: (a) talc, Mg3(OH) (81,0,,); (b) muscovite (a mica)
Kal,(OH),(S1,AlO ). [Note: (1) Electroneutrahty is maintained by balance of K(I), Mg(Il), AKIII),
and Si(TV). (2) The repeating layers in muscovite are bound together by the K* cations.]
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name |
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sulite, -
faster_'
n. .d
SVANE
er 's
twice Figure: Filling of available hexagonal sites in each layer of graphite; For the limit of CK, K= @
hoT stepwise as new layers of potassium are added, giving well-characterized compounds with n=4, 3,
/E the 2. The final step (vielding stage 1) includes filling in all the remaining available sites in addition to
tla _Q_f forming the rﬁaximum number of layers. Présumably, further intercalation cannot take place because
© ¢ of electrostatic repulsion, | -
Upon intercalation, the graphite layers move apart somewhat (205 pm), through less than expected
as estimated from the diameter of the potassium ion (304 pm or greater). This indicates that the K*
ion “nests” within the hexagonal carbon net, and one can even speculate about weak complexing to
the carbon m-electron cloud. - ’
The mention of the K* ion presupposes knowledge of the nature of the potassium species present.
Because of the similarity in energies of the valence and conduction bands, graphite can be either an
electron donor or acceptor. Intercalation of potassium atoms into graphite results in the formation of
p K* ions and free electrons in the conduction band. Graphite will react with an electron acceptor such
| as bromine to form CyBr in which electrons have transferred from the valence band of the graphite
to the bromine. . '
Both of the potassium and polybromide intercalation compounds are good conductors of electricity.
In the potassium intercalant, the electrons in the conduction band can carry the current directly, as in
a metal. In the compounds of graphite with polybromide, holes in the valence band conduct by the
11c g_)f-‘_;_ mechanism discussed previously for semiconductors.
[Hi ) t Recently, it has proved possible to intercalate a variety of organic molecules into transition metal
S F dichalcogenides. Unlike the above examples these do not usually involve electron transfer. When
: single molecular layers of MoS,, suspended in water, are shaken with water-immiscible organic
e molecules such as ferrocene, the latter is adsorbed on to the former. A highly-oriented, conducting
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ferrocene-MoS, ﬂlrn results when exposed to a glass substrate. The interlayer spacing of MoS
increases by 560 pmupon ferrocene inclusion. It has been suggested that the best chance for productrng
a useful high-temperature superconductor may lie with incorporating an organic superconductor
into a layered i morgamc compound. ’

GROUP 15th ELEMENTS (NITROGEN FAMILY)

Element N P As 1Sh Bi
Atomic number 7 15 133 51 183
Atomic mass 1491 30,97 | 74.92 121.76 208.92
Electronic [He] 25> 2p* | [Ne] 3s* 3p> | [Ar] 3d™°4s® | [Kr] 4d™°5s* | [Xe]4f"
configuration B 4p* | 5p° 5¢" 65’ 6p°
Covalent - 70 1110 120 140 150
Radius./pm o )

lonization . || 1402 1012 947 834 703
enthalpy / (K ' S

mol™) - _ .

Electronegativity 3 21 2 119 19

NITROGEN :

» Preparation ¢

1. NH,NO, =

2. N

3. 8NH +3CL = 6NH a +:N
Propertles ,

(1) N, is a colourless odourless gas msoluble m water. |

(2) It is absorbed by heating with Mg and Al The mtrrdes formed thus react with Water to form NH;.
3Mg + N, —Mg,N,(+6 H,0) —» 3Mg(OH), + 2NH 0
2Al+ N, - 2AIN (+6H,0) - ZAI(OH)3 +2NHy T }

(3)  Reaction with H, at 200 atm and 500°C and in: the presence of iron catalyst and molybdenum
promotes N, combrnatron with H, reversrbly to form ammonia. The process in called Haber’s Pro-
cess and is the industrial method of manufacturrng ammonra The reaction is exothermrc
N, +3H, = 2ZNH, - o

(4)  Reaction with oxygen : When air free ﬁom €O, and moisture is passed over an electr ic arc at 2000-
3000°C nitric oxide is formed. This reaction 1ts endothermic.

N, + 0, - 2NO |
AMMONIA (NH,)
Preparation: :
1. NH,Cl+NaOH —%>NH, T +NaCl+H,0
2. (NH,), SO, + 2NaOH —4—2NH, T +Na,S0, +2H,0
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3. NH,NO, +NaOH ——NH, T+NaNo +H, o

Haber’s process : N, + 3H, %ZNH
Cyanarmde Process
() CaO +2C+N, 2 CaCN + co T
(if) baCN +3H,0 - CaCo, + 2NH T
Properties

1. Na + NH, —NaNH, +1/2H,

2. 4NH, +50, 5T 5 4NO +6H,0

3. CuSO, +2NH,OH — Cu(OH), { (blue) + (NH, ),50,
4. Cu(OH), +(NH,),S0, +3NH OH (excess) - [Cu(NH,), IS0, (deep blue solution)+4H,0

I S

OXIDES OF NITROGEN g
Oxides of nitrogen  Structure | Physical state Colour of gas
NO N= N=0 Gas Colourless
NO o N=O or:N=0: ~ Gas - ~ Colourless
NO, . Blueliquid (-30°C)
. NP
o NO, ZN\O — 5 /N—N\O' Gas Brown
NEg. - B _
0 0
N,O; O/N\O/N\O ~ Colourless solid ~ (no existance in gas
SR phase)
e;“\n Preparation: .
o] L NHNO,—5N,042H,0
1 2 3Cu+8HNO, (dil) = 3Cu(NO, ), + 2NO +4H,0-
2000 | 3. Cu+4HNO, (conc.) - Cu(NO,), + 2NO, + 2H,0
o Properties
1. Oxides of nitrogen are all oxidizilig agents.
2. (a) N, O is isoelectronic with CO, and also has a hnear structure. However, unlike CO,, N, O has a

small d1p01e moment.

(b) NO has a-total of 15 electrons. Thxs 1S an odd electron molecule. In the gaseous state, it is
paramagnetic. However the liquid and the solid states are diamagnetic because loose dimmers are
formed canceling out the magnetic effects of unpaired electrons.
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The bonding in NO is best described by the molecular orbital theory. Its elecfronic configuration is (i)

o2

ols’o *1s252s%G * 23202p§n2p§ n2pim* 2_p1y

This gives a bond order of 2.5. If the unpaired electron occupying the antibonding 7 *2p, orbital is I 1

removed, nitrosonium ion NO* is formed and the bond order becomes 3. Thi_s‘_‘fis reflected in the
shortening of the bond length from 115 pm in NO to 106 pm in NO*. Nitrosoniiim ion is stable and
forms salts like NO*CI". It is isoelectronic with CO and forms complexes with transition elements.
The brown ring formed in the test for nitrates is due to the formation of a complex of iron
[Fe(H,0);NOT** ‘ W
(c) NO, with 23 electrons is again an odd electron molecule. In the gaseous state it is paramagnetic. |
On cooling, the gas condenses to a brown liquid and eventually to a colourless solid both of which

are diamagnetic due to dimerisation. NO, molecule is angular with ONO angle of 134°. The O-N (
bond length is 120 pm, intermediate between a single and a double bond. The odd electron is on

nitrogen. The dimer has been shown to have a linéaar structure. The N-N bond length is very large ()
174 cm making this a very week bond Liquid NZO 4 undergoes self-ionization to form NO* and

NO,™ ions and (therefore it has been extensively studied as a non-aqueous solvent Q@

(d) Solid N, 0 exists in the ionic form NO,* NO,™ in the gaseous form, the discreate N,O, mol-
ecules have a N-O-N bond angle close to 112°

Propefties':' c S :
N,0: (&)  Reduction: Cu (hot) +N20 — CﬁO{- N, o | ®)
(b)  Oxidation : 2KMnO, + 2H,S0, — K,S0, + 2MnSO0, + 35,0 + 10NO ®)
NO: (a) . Oxidising properties (Reduction of NO) ~ R | L ©
SH, +2NO—2B LoNH +2H,0 }t @
(b)  Reducing properties (oxidation of NQ) : _ @
INO+X,»2NOX .
 6KMnO, +9H,50, +10NO - 3K,S0, + 6MnSO, + 4H,0+10HNO,
NO, : It behaves both like HNO, as a reducing agent and ﬁke; HNO, as an oxidising agent according (
to following reactions respectively. ' (P
2KMnO, +3H,50, +10NO, + 2H,0 - K,S0, + 2MnSO, + 10HNO, PH(
| S0, +H,0+NO, - H,S0, + NO o | |
OXYACIDS OF NITROGEN - )
Nitrous Acid (HNO,) : | G
Preparation. | | o B (7
. ' L EX1
. BaNO,),+H,SO, - 2HNO, +BaSO, &
Properties o

Q) THrons acid A0 Wvies are §ood m&mg i%m\s- A0 COMVRTT WALS 10 WhNR, ferrons s ©
ferric, stannous 1o stannic and sulphites to sulphates eg,

TKL+ 2HNO, + 7HCL -5 28,0 + N0 + 2K+,
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CHEM ACADEMY

With strong ox1dlzmg agents hke KMnO 0 ‘nitrous acid and n1tr1tes funct10n as reducing agents and
get oxidized to NO,~ ions

2KMnO, + 5KNO, + 6HCl— 2MnC1 +5KNO, +3H,0 +2KCl

NITRIC ACID (HNO,)

Preparation

HNO; is exclusively manufactured by the Ostwald process. In this process NH, is catalytically
ox1dtzed to NO over a Pt—Rh catalyst at 1%00K

(i) 4NH, +50, —=>+4NO+6H,0;  AH = ~904kJ
The mixture is then diluted with air NO combines with O, to give NO, which is absorbed m water
to give HNO, and NO which is then recycled.
(i)  2NO+0, ->2NO,
(i)  3NO,+H,0 — 2HNO, +NO
Properties '
(i)  Thermal stability
4HNO, —2-2H,0 +4NO, + 0,
(if) Ox1d1s1ng PropertleS' A T Rt e
()  H,S+2HNO,(conc) = 2H,0+2NO, +8 t E 0 S
(b)  3H,S+ 2HNO (d11ute) > 4H, O + 2NO + 3S
). SO, +2HNO (conc) SH S0, +2NO, e
(d  3S80,+2H,0 +-2HNO3(d11ute) — 3H,S0, +2NO
(@  Zn+4HNO,(conc) - Zn(NO,), +2H,0 +2NO,
(f)  4Zn+10HNO,(dil) - 4Zn(NO,), +5H,0+N,0
(8)  Cu+4HNO,(conc.) = Cu(NO,), +2NO, +2H, O
(h)  3Cu +8HNO; (v.dil) = 3Cu(NO;), + NO +4H, O
PHOSPHOROUS (P)
It is a very reactive non-metal. It catches fire i in air. It occurs in nature in the form of stable phos-
phates. The important minerals are : '
(i) Phosphorite, Ca3(PO )
(i)  Vivianite, Fe,(PO,), 8H,0
EXTRACTION

Cay (PO,), + 2810, —3CaSi0, + B,0,
P,0,+5C—2-2PT+5C0 T
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ALLOTROPIC FORMS OF PHOSPHOROUS ‘

(i)
ey
)
3)
4)

®)
(6)

(i)

(iii)

WHITE OR YELLOW PHOSPHORUS (P 4)
Properties

It is white-too-transparent and soft waxy solid.
It is soluble in CS, but insolube in water, |

[t glows in dark due to slow oxidation producmg yellow1sh green light. This phenomenon is called
phosphorescence. :

White phosphrous is poisonous. _
It turns yellow after some time, it is called yellow phosphorus

It undergoes oxidation in the presence of air which slowly raises its temperature- and due to its low
ignition temperature (30°C) after a few moments it catches fire spontaneously. Due to this reason it
1s stored under water. :

RED PHOSPHOROUS Lt i
Preparatlon el
When white phosphorus is heated in'the atomosphere of CO, or.coal gas at 250°C red phosphrous
is produoed This red phosphorous may still contain some wh1te phosphorus which is removed by
boiling the mixture with NaOH where whlte phosphorus is converted mto PH,  gas but red phospho-
rus remains inert

P, +3NaOH + 3H,0 — PH,(g) + 3NaH,PO,

It is also prepared by heating white phosphorus with a few crystals of iodine catalyst at 250°C under
high pressure.

Properties

It is a red crystalline solid having a dens1ty 0f2.2 g/cc. 1t 1s less reactlve than wh1te phosphorous and
does not dissolve in-liquid CS,. It does not catch fire at room temperature because its ignition
temperature is 260°C. It is a polymeric substance forming linear chains like this.

P\\ /N
TN

BLACK PHOSPHOROUS

Preparation

When white phosphorus is heated at about 200°C unde1 very high pressure then black phosphorus
is produced.
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It is an electrical conductor resembling graphrte in this respect and also in its flakiness and luster. It
is often called metallic phosphorous. Its density (2.69 g/cc) is higher than of 1ed phosphorous Itis

—_—————

insoluble in CS,. It has layered structure ure [ike graphite. —

P P P
P P P P -
O T TS

/P\P/P\'P/P\

|
BROWN PHOSPHORUS -
Above 1600°C FP molecules break into P, molecules. Rapid cooling of this vapour gives brown
phosphorus whrch probably contains P, molecules
SCARLET PHOSPHORUS

This allotrope is obtained in the form of an amorphous scarlet powder by boiling a 10 per cent
solution of phosphorus in phosphorus tribromide for about 10 hours. Pure scarlet phosphorus may
be prepared by heatmg phosphorus tribromide with mercury at 240°C.

2PBr3 + 3Hg = 3HgBr2 + 2p

~ Scarlet
phosphorus

Scarlet phosphorus resembles the red variety in ‘its phy51cal properties and the white phosphorus m
its chemical properties. It is, “however, ‘only slowly oxidised in air.
VIOLET PHOSPHORUS |

This variety is obtained by heating white phosphorus with a trace of sodium at 230°C under high
pressure. It is crystalline in structure. -

CHEMICAL PROPERTIES OF PHOSPHORUS

(i)

(i)

Reactivity of the various allotr opic forms of phosphorus towards other substances decreases in the
order.

Brown > white > red > black, the last one bemg almost inert & thermodynamically most stable
form of phOSphorus _

Action of air : White phosphorous burns.in a1r to form phosphorous trioxide and pentoxide.

P, +50,-2P0;; P, +30,-2R0;, _ ,

Red and other forms of phosphorus also burm in air 'or'okygen but on heating.

Halide: Nitrt)gen is unable to form pentahalides because the second shell contains a maximum of
eight electrons, i.e. four bonds. The subsequent elements have suitable d orbitals and form the
following pentahalides PX. : ‘

PCIS + 4H20 - H3PO4 + SHCl

phosphoric acid
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(i)

(iv)

v)

(vi)

Despite the existence of pentahahdes no hydrides MH, are known To attain the five valent state, d
orbitals must be used. Hydrogen is not sufficiently electronegatrve to make the d orbitals contract
sufficiently, though PHF, and PH,F, have been isolated.

Action with Non metals : When heated with non_—metals phosphorOus forms compounds PX,,
PXs, P,S; and P,S, '

2P +3X, - 2PX,, 2P+ 5X, —> 2PX,. (WhereX Cl, Br, and ) {

Action with metals : Alkali metals when heated wrth white phosphorus in vacuum produce alkali
metal phosphide, which react with water to form phosphrne gas. :

3M+P—2>M,P

M,P +3H,0 —>3MOH + PH, T (WhereM Na Ketc)

Action of NaOH : When white pho sphorou_s is heated with NaOH solution, phosphine gas is evolved.
P, + 3NaOH + 3H,0 - 3NaH PO, +PH, T i

Action of conc. HNO,/H,SO0, : Whenheated Wrth conc HNO , phosphorous 1s oxrdrzed to H PO,.

P+ 5HNO, — H,PO, +5NO, T +H,0

PHOSPHORUS TRIOXIDE (P,0,)

(1)
(i1)

(ii)

It is preapred by burning phosphorus ina hnuted supply of oxygen when gaseous P O1 o and P,O,
are formed; RTINS R RS SSE LTRSS

Propertles o S ~ :
It is colourless crystalhne sohd havmg mp 23 8°C and bp 178°C _
It drssolves in cold water to form phosphoms acrd 1t is- thus the anhydrrde of phosphorus acid.

PO, + 3H O — 2ZH,PO,
It burns in Cl, gas forming phosphorous oxytrrchlorrde (POCl,) and phosphoryl chloride (PO,CI)
P,0, +2Cl, —» POCIL; + PO,CI

1ssp

P406 |

PHOSPHOROUS PENTOXIDE (P 05)

Preparation _
It is obtained by burning phosphorus in air.
P,+50, - P,0,

Properties

It is a white powder acidic in nature and is the anhydride of orthophosphorlo acid. Its empirical
formula is P,0; and its molecular formula is P,O,. ‘

North Delhi: 72, Mall Road; GT.B. Nagar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in

~X
Phi

f\]

(1)
(i1
(i1




trart

PX.,

35

Ukali-

e .

CHEMACADEMY ' = . o3 m

OXY-ACIDS OF PHOSPHOROUS

Action of water It dehydlates in water with hissing sound formmg metaphosphano a01d and
finally orthophosphoric acid.

PO+ 2H,0 > 4HPO,;  HPO, +H,0 — H,PO,
Dehydrating power : It dehydrates conc. HZSO 4 and conc. HNO, to SO, and N205 respectively.

Phosphorous Acid (H,PO,)

M

(i)

M

(i)
(iii)
(iv)
(v)

Preparation

By dissolving P O m water ~

P,0 +3HO"'—->2HPO
By hydroly51s of PCI with Water -
PCL +3H O —> H PO +3HC1
PrOpertles '

It is a white crystalline solid soluble in water and havmg meltmg point of 74°C.
It is a weak acid and a reducing agent.

4H,PO, _4 , 3H,PO, + PH, (D1sp10port1onat10n)

H,PO, +3PCl, - PCI, +3POCI, +3HCI

It is a strong Ieducmg agent

2AgNO, +H;PO, +H,0 - 2Ag+2HNO +H PO

Orthophosphoric Acid (H,PO,)

(1)
(1r)
(iif)

Preparation

Ca,(PO,), +3H,30, — 2H,PO, +3CaS0,
P,0,, +6H,0 — 4H,PO,

P, +20HNO, = 4H,P0, +20NO, +4H, o

Properties

Reaction of H,PO, : The snnplest phosphorous a01d is H,PO, (orthophosphoric acid). The acid
contains three replaceable H atoms and is tribasic. .
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(1) Pure orthophosphorlc ac1d 1s a white crystalline solid hlghly soluble In water havm0 melting point
0f42°C. It is a weak acid. It forms two acid salts and one normal salt. NaH, PO, is sodium dihydrogen
phosphate, Na,HPO, is disodium hydrogen phosphate & Na3PO is sodium orthophosphate.

(i)  Action of Heat : A !

H;PO, e, H,P,04 (pyrophosphouc ac1d)

H,P,04 ELLICEN HPO3(metaphosphor1c a01d)

(iify  Neutralization with alkalis or bases :

H5PO, % NaH,PO,(pri. phosphate) —ﬂ) NazHPO 4(secphosphate)

NaOH

': : —H~O——> Na; PO, (tert. phosphate)
0 0 . [ -
P o
HPO: | | Hpog 1008
HO - OH . ! s OH
VTR
H—P—OH . ype. H—P—OH
H,PO;: | N H3PO2 SO
Structure of Polymetaphosphates STl e s
';f o) P o)
: i O\P/ O\' VA 0 20
\ © mo”| fi\on >P P<
. P/ \p( ‘ . ()\ /O HO OH
HO _ _
o) OH . . /\OH 0 p —
‘ 7\
. ' 0 on
Structure of (HPO,), (dimer) Structure of (HPO ), (trimer) Structure of (HPO,), (tetramer)
o 0 J 0 | ) (g 0 lr! 0
N 0,7 N
p TP : booar ,{nsxt
NN - ‘
0 ' ::l" l O . B . - . 0 l‘SA(mcm]
0 ..... O . . ‘ ) l —L .{
0—P 1—0 P
/\\( 48 A (mean) o “ ”* |2| R
0
Structure of trimetaphosphate ion [(PO,),J*” or P.O*" Structure of tetrametaphosphate ion,
[(PO,),J"or PO * :

North Dethi: 72, Mall Road, GT.B. Nagar, New Dethi - 110009 _
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in .




ate) -

Lmef) o

iom, -}

Tetra phosphorus Tetra phosphorus Tetra phosphorus . Tetra phosphorus
trisulphide P4-S3 pentasulphide P,S. - heptasulphide P,S;  decasulphide P,S,,
Polyphsphonitrilic chlorides (PNCL) (1= 3 to 7) | o
These pelyrne_rs are also called inorganic rubbers. These compounds can be represented by the
. ) |c1 |

. |-P=N-
general structure, | |

Cl N
Preparation _
(i) (NPCI) and’ (NPCI ) can be prepared by the aannolys1s of PCl
-3PCls+ 3NH3 = (NPC12)3 +9HCI
4PC15 + 4NH3 ——> (NPC12)4 + 12HC1

(i)  These compounds can be prepar ed by the. reaetion between PCl and NH, Cli in preserice of CH,Cl,
or CH,Cl or by heating PCI, with solid NH, Clat 145 160°C.

C,H,Cl
nPCls +nNH,CI Cé{ él (NPC12)n +_4nHC1
145-160°
nPCls +nNH4Cl(s)—————>(NPC12)n +4nHCI
Properties:

Reactions involving replacement of Cl-atom of P—Cl bond
() (NPCl,) +6NaF —200te_, \PR, ), 1 6NaCl

[NPCI, ]; + 2NaOCHy ~—[NP(OCHj), ]+ 2NaCl
R Tri(dimethoxy) phosphazine

iy (NPClols + 6CoHMeBr — 20N (NP (CgHs),]s + 3MgCly +3MgBr,
‘Grignard reagent e S

[NPCI, 5 +3CgH, (OH), —225[NP(C4H,40,)); + 6HCI

-1, 2—phenol

(1v)

i
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Hydrolysis:
C’\/C‘ HO\_ o
/ \ ‘N/P\
Cl\' “ r HO\ H/OH
a/ P<:; | + 6H.OH ’ HO/P\N/P\OH + 6HCI
INPOR), 1,
(NPCI )_\ HO\P/)
(a) o
W\
0> J/O lsomenc ) :
H _l ’ :
c a HO @ OH
N—P =N . e ﬁ——-—P :]\i o
Cl\”. l/Cl HO\ .| ooH A
p + 8HOH + N + BHCI
/1 Pa™T | Do
N=P —N - ON=pP—N
/N |
OH HO
(ilm ?’ O\\/ : (NP(ouc))gj
T N-—®P —N : ‘
(b) O\\L I/) ‘ (somcnc
/ P\ change
Ho” | | Now 4
N—P —N
VAN
C - oR

|

Re¢

(3)

()  When [NPCL] polymers are stored in air they become cross linked due to the-action H,O which
forms O-bridges between P-atoms L _

Cl Cl Cl o " C] Cl Ci

l l L g | l
mp:NwT::N——T::NM _ -7~E(>=N'——P=N—*~T=N~—H

| S ] '

Ci cl Q 1,0 Cl Cl

) —— 0

cf c Ci « i a
- | i : | |
‘em~p =N - P ==N—P =N~ ~—p==N — P =N-—P=—=N—H

| P l l | -

a Cl ct Cl Cl Cl
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Reaction with NH.: :
<,< /cn H,N \P N,
N N
C'\lf) ” O ”N\l ‘l
S 6H
C]/ % / \Cl (&cusj) / \N/ \NHI ¥ a
o, ﬁm M
3NHy + N l ” SNINTR
=P p==Nj| ¥——
\N/ -
NyPy(NH),

(b)  When (PNC ) reacts with NH (not excess) and amines, cross-linked polymers aye produced.

a c a7 a o« a
] | [ R I l
P ==N-—p ==N—P =N ~—P==N —p =N—P=N-—
| f I : o F { . [
cl cl cl - S a
+ INH, ~——*> NH + INHQ
cl cl ci e cl l a
! | | = ! |
P NP ==N-P=N-~ *‘{"=N“P==N-—P—u-—
IR N B A
a

(& Cl a ¥ . ] (o]
' Cruss.linked polymer

Reaction with benzene, C (Frledel-Crafts reactlon)

N3P3C16 + 2C6H6 *—) N3P3C14 (C6H5 )2 + 2HCI
PbF, fluorinates NP, cl ¢ (trimer) glvmg ultlmately N PF.

N3P3C16 + 3PbF2 ——) N3P3F6 + 3PbC12

Strpcture of (NPCL,), molecule: X-ray 'analy_sis has shown that (NPCL), molecule has a planar six-
membered ring structure (Structurel) in which each N-atom is sp? hybridised and each P-atom is sp*®
hybridised. The lone pair of electrons on each N-atom resides in one of the three sp? hybrid orbitals.
It is this lone pair of electrons which makes (NPCL), molecule to show basic properties. The bond
angles are¢ as shown in the structure. Resonance structures can also be drawn as in case of CH,
molecule, indicating aromaticity in the ring.

cl o - C i : oo ‘
| //C | L/
Cl—p N \ ‘
o\ a l ” |N/ Sy
N p QIOO' Q a |
\N_"Y “a >" /P/ — >p l/c |
a—-p==y No @ F \g
f \q . . -
Cl P N
Planx ring sowcnires of Two resonaung structures of (NPCT ), mokecule
(NPQL,), mokocule (1)
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Unlike benzene which involves extensive (pr-pn) bonding. (N,P.CL) molecule involves (dm-pm)
bonding. The extent of (dn-pr) bonding appears to be quite appreciable as the N-P distance (1.6 A)
is considerably shorter than the N-P single bond distance (1.75 — 1.80A). Whether there is complete
delocalisation of n-electron charge cloud on all the ring atoms as in CH, molecule or there are
intensely-localised islands of the electron cloud within the PNP segments cannot be answered with

certainity. _
Structure of (NPCL), molecule: This molecule has a tube-like puckered structure. |
al
NS ’
/ \ Z 7 [\Cl

N
\ M_;_f';'/”

These are: ;founed by heating H,PO,, B,O; and. alkah metal carbonates or oxrdes at 700°C.
Borophosphate glasses are of the followmg three types ' L

Borophosphate glasses

(1) Those: whrch contam excess of alkah over P O 1n thls var 1ety all the B atoms are present as trignal
BO groups S Q _1 ..; AT IE UEE LN ED S B :

(i)  Those whrch contain excess of P O, over alkah Theee boropho:'sphate 'gl’a;sse's are ca_ﬂed acidic
borophosphate glasses. If there is Iess than 10 mole percent of B,O, all B-atoms are four coordinated.

(i)~ Those which contain P, O, and alkali in equiv'élent proportions. The number of coordinated B-atoms
decreases steadily wrth the increase in the content of B,0, and becomes almost zero at about 47
mole per cent of B,O,. B
Structure of borophosphate glass having three and four coordinated B atoms are shown below in
following figure. : ‘

.":_ 0 0

ﬁ (l)l E V‘«%’VO‘“IPl"’O‘_‘P’_“O_ O
wro—p—o—p—o 5 TTOTITOTTOT
| g ? 0
0 0 ®——0—P—0" : |

? ¢ | g'_ YO0 o—ll’eoww\
OO0 o o o
oo 77

. MIAQ—P—0—P—O0—P—Qvv\n
(a) Borophosphate glass having - ]l I A1
3-coordinated B-atom o 0 0 0]

(b) Borophosphate glass having
4-coordinated B-atom
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CHEM ACADEMY
PHOSPHAZENES

Barly workers noted the extreme reactlvrty of phosphorus pentachloride toward basic reagents such
as water or ammonia. With the former the reactron is reasonably straightforward, at least for certain
stoichiometries:

PCl; + H,0——OPCl; +2HCI.

PCls +4H,0——H,P0O, +5HC]
For reactions with ammonia analogous products such as HN = PCl, and HN =P(NH,), were proposed,
but characterization was hampered by incomplete reactions, separation-resistant mixtures, and
sensitivity to moisture. Furthermore, gradual polymerization occurred with loss of ammonia to
yield “phospham”, a poorly characterized solid of approximate formula (PN,H), as the ultimate
product. If instead of free ammonia its less reactive conjugate acid is used, reaction with PCL
proceeds at a moderate rate and the results are more definitive

‘ » 146°C NG "
NH4C1+_P’ Cls — Refluxing CHCI,CHCI, >"PNCl

If the product was a monomer, its structure could be draw as CLP = N, which is analogous to
organic nitriles, R —C=N. For this reason the original names used for these compounds were

phosphOnrtrues phosphonrtrrhc chloride, etc. However, the products are actually either cyclic or
i : ‘hus; y:arralogy Wrth benzene borazme ete., these

easrest to
=8 hay 3
be prepared i j
of the phosphorus pentabronude

PBI'5 - PBI'3 + Brz

" excess Bry

The fluoride must be prepared indirectly by fluorination of the chloride:

[NPCl, ], + 6NaF ——[NPF, J; + 6NaCl

The corresponding iodide is unknown, but a phosphazene wrth a single phosphorus lodine bond,
N (PC 2),P(R)1, has been reported.

The halide trimers consists of planar six- membered rings. The bond angles are consistent with sp
hybridization of the nitrogen and approximately sp:3 hybridization of the phosphorus. Two of the sp?
orbitals of nitrogen, containing one electron each, are used for ¢ bonding and the third contains a
lone pair of electrons. This leaves one electron left for the unhybridized p, orbital.

9

1/5 )
The four sp? hybrid orbitals (housing four electrons) for phosphorus are used for ¢ bonding leaving
a fifth electron to occupy a d orbital. As shown in Figure resonance structures can be drawn analogous
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to those for benzene indicating aromaticity in the rmg However the situation is more complex than
these simple resonance structurés indicate. The planarity of the ring, the equal PN bond distances,
the shortness of the P-N bonds, and the stability of the compounds suggest delacalization. However,
not all phosphazenes are planar, and the absence of planarity does not appear to make them any less
stable. Furthermore, the phosphazenes yield UV spectra unlike those of aromatic organic compounds
and they are much more difficult to reduce. Thus the extent of delocalization and the nature of the
aromaticity have been debated for years. Unlike in benzene, © bonding in cyclophosphazenes involves
d and p orbitals. There have been several descriptions offered for such d_—p. bonding. Craig and
Paddock suggested the following model. The d,, orbital of the phosphorus atom overlaps with the
pz orbitals of the nitrogen atoms adjacent to it. As a result of the gerade symmetry of the d orbitals,
an inevitable mismatch in the signs of the wave functions occur in the trimer 'fe_sulting in a node
which reduces the stability of the delocalized molecular orbital. The dyz orbital, which is perpendicular
to the d,,, can also overlap with the p, orbitals of nitrogen, but in this case nodal surface results.
There may also be in-plane © bonding the sp* non bonding orbital of nitrogen and the d,, and/or

dxz_yz orbitals of phosphorus.

Dewar and coworkers offered an alternative view. In their model the d , and d_yz orbitals are hybridized
to give two orbitals which are directed toward the adjacent nitrogen atoms. This allows for formation
of three center bonds about each nitrogen. This scheme, sometimes called the “island” model, results
in de-localization over selected three-atom segments of the ring, but nodes are present at each

Ct cl
Cl\P/Cl \p/
'N/ \N — Né \N
I I l
cl . .
P. P P P—Cl
NN - e :
Ci l N \Cl cl / N cl
Cl Cl

@ e
Figure: Structure of trimeric phosphazene, PN C16, (a) contrlbutmg resonance structures: (b)
molecular structure as determined by X-ray dlffractlon _ t
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CHEMACADEMY

z axis

Figure: Theory of Craig and Paddock for n bonding in phosphazenes: (a) interaction of P (N) and
d,, (P); (b) interaction of P (N) and dyZ(P); (c) interaction of sp*(N) and dxy(P); (d) interaction of

sp?(N) and ¢ 2_2 (P),

phosphorus atom since the two hybrid orbitals of phosphorus are orthogonal to each other. Evidence
has been offered in support of both models, but neither theory has been confirmed to the exclusion
of the outer. ‘A third. viewpoint holds that d orbltal partlclpatron is 1elat1ve1y unimportant in the
bonding in these molecules.

The structures of tetrameric phosphazenes are more flexible than those of the trimers. The structure
of (NPF,), is planar, but others are found in a variety of conformations (tub, boat, chair, crown,
saddle and structures in between). The particular structure adopted is not very predictable and suggests -
that mter—molecular forces play a major role. The tetrameric chlorophosphazene has been isolated

: halr arrangement (sometlmes called the T form).
jute cK) s:‘a tub conformatron Anmterestmg feature of these compounds is
that the nonplanar structures do‘not mrhtate agamst ‘extensive delocalization in the rings. The
corresponding organic compound cyclooctatetraene, CoH, is nonaromatic for two reasons: (1) Its
nonplanar, chair structure

_. , <N,P,N, = 122°
<NPN=117° I - <P;N/P, = 134°
<PNP=[23° :

@ g (b)

Figure: Structure of tetrameric phosphazene, P4N4C18: (a) tub conformation,; (b) chair conformation.
precludes efficient p_ - p,, overlap: and (2) it'does not obey the Huckel rule of (4n + 2)x electrons.
The huckel rule was formulated on the basis ofp, —p, bonding and holds for cyclic organic compounds
fromn =1 (benzene) to n =4 ([18]annulene). The use of d orbitals removes the restrictions of the
Huckel rule and also allows greater flexibility of the ring since the diffuse d orbitals are more
amenable to bonding in nonplanar systems. Both the Craig/Paddock and Dewar models predict that
the tetramer is stabilized by delocalization (unlike cyclooctatetraene) and the stabilization is either
equal to (Dewar) or more than (Craig/Eaddock) that of the trimer.
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1)

(2)
3)

“4)

)

Our discussion has dealt with trimeric and tetrameric (phosphazenes but’ many other ring sizes
have been synthesized. For example, all of the compounds, (NPMe,), {n =3 - 12), have been
studied crystallographically. Furthermore; the first cyclo-diphosphazene has been prepared:

(i-Pr),N_

[(i-Pr);N] PNaW (i‘Pr)zN/l | _NG-Pp),

N(i-Pr),

Diphosphazenes were long thought to be too unstable for isolation because of rmg strain,
GROUP16 (OXYGEN FAMILY)

ATOMIC & PHYSICAL PROPERTIES *

Element ) S Se Te

Atomic Number 8 . 16 34 52

Atomic Mass 16 1 32.06 78.96 127.6
Electronic configuration (He) 252 3p* (Ne) 3s23p* [Ar] 3d!0 4s? 4p* [kr] 4d10 552 5p*
Covalent Radius/pm 74 103 SCE 42
Tonizationt enthalpy/(ic] mol") 1314 /1177 1331 57869

1260

ElectrdﬁégatiVity S 35
Boﬂmg,Pomt/K oo 90 - / ©958
ABUNDANCE IN THE EARTH. CRUST 0> s >Se> Te i
PHYSICAL STATE |

Oxygen is gas while other are solids at room temperature. Oxygen exists as diatomic molecule
where as other elements e.g. sulphur exists as shown into the following crown shape (puckered ring
structure Sg) :

/<§><“b' /S <« sp’ hybridised
107°
/ \

METALLIC AND NON-METALLIC CHARACTER e '
Metallic character increases with increase in atomic: number'

Oxygen Sulphur SelemumTellunum Polonium
\_ﬂ,__J

———
metal

‘Non-metallic ‘ Show both”me;ai]hc and - _

non-metallicbehaviour - :

ALLOTROPIC FORMS o :
S.No. Oxygen Sulphur ‘Selenium Tellurium
1. Ordinary oxygen Rhombic . " Red form (non-metallic) Crystalline

2. Ozone Monoclinic ~ Grey form (Metalhc) Amorphous
3. Plastic Amorphous
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Cule

1

(6)

(4)

®

(iii)
(2)
(a-i)

(a-ii)

(a-iii)

(a-iv)

OXIDATION STATES ,

Oxygen shows—2 oxidation state in most ofits compounds (being highly electronegative). Exception,
in OF, & O,F, oxidation state of oxygen is +2 & + 1.

Sulphur shows —2, + 2, + 4 and + 6 oxidation states. Availability of +4 and +6 oxidation states are
due to the presence of empty d-orbitals.

Sulphur shows: hrgher oxidation states with compounds of oxygen and fluorine (highly electronegative
elements) (SO, SO, SF,, SF6)

The tendency to show - 2 oxidation state decreases down the group since the electronegativity
decreases. : '

Oxygen (O) - |

It differs from the remaining element of the VIth group because of the following properties -

(A) Small Size (B) High electronegativity (C) non-availability of d-orbitals

Preparation | ‘ :

JHgO—¥C50Hg+0,; 248, 0—C54Ag+0,

2NaNO, —4-52NaNO, +0,; 2KCIO, ——>2KC1'-+ 30, (laboratory method)

4K ,Cr, 04 —2 5 4K,Cr0, + 2Cr203 + 302, 2KMnO4 ———>K2 MnO, +MnO, +0,

Physical Properties - R : :

Colourless, odourless and tasteless gas. T is paramagnetrc and exhibits allotropy Three isotopes of
oxygenare 860, 170 and 18O Oxygen does not burn but isa strong supporter of combustion.

Chemical Propertles

Oxides

Acidic oxides -

Oxides of Non metals and metals in highest oxrdatlon state.

They dissolve in water forming oxyacids. e.g. COZ, SO,, SO,, N,O,, P 06, PO,y Cl O7,CrO3,
anO etc.

Ex.: CLO,+H,0 - 2HCIO,; _' - 50, +H,0 5 B0,
Basic ox1des (Oxides of metals) "

They either dissolve in water to form- alkahes or combme with acids to form salts and water or
combine with acidic oxides to form salts.

L120 Na,0, BeO MgO, Ca0, SrO, BaO CuO FeO etc.
Na O+H,0 - 2NaOH .

Neutral Oxides (Oxides of Non metals)

They neither combine with acids nor wrth the bases to form salts e.g. CO, N,0, NO, H,O etc.
Amphoterlc oxides (Metal oxides)

These can combine with acids as well as bases e; g Zn0, Al,0;, BeO, Sb,0;, Cr,0,, PbO, PbO,,
etc. : :

PbO + 2NaOH 5 Na,PbO, + H,0; PbO + H,S0, — PbSO, + H,0
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(a-v)

(a-vi)

Peroxides (Metal oxides)

They react with dil. acids and form H,O, e. 8 NaQOZ, KQOZ, BaO, etc.
Na,O, +H,S0O, — Na, SO, +H,0,

Dioxides (metal oxides)

Like peroxide they contain excess of’ oxygen but do not yield H,0, with d11 ac1ds e.g. PbO, MnQ,
etc. They evolve Cl, with conc. HC] and 0, Wlth conc. H,SO,.

MnQO, +4HCI — MnCl, + Cl, + 2H,0

(a-vii) Super Oxides (metal oxides)

2KO +2HO —>2KOH+HO +O

(a-viii) Sub Oxides

(b)
(M)

They contain less oxygen than expected from the normal valency of the elements e.g. C,0,, N,0,
Pb,0, Hg,O etc.

C,0,-0=C=C=C=0
Ozone (03) SRR

Itis prepared by passmg sﬂent ele‘

. O2 Silent eleli‘tlszggxsch arge - O + O
0,+0—0,; AH=245kI mol” = 30, =20,
Properties

(1)

Al o A A S oo

Oxidising agent : Ozone is a strong oxidising agent in acidic medium
0, +2H" +2¢” — 0, + H,0; SRP = +2.07 V (acidic medium) :
Oy +H,0+2¢"— 0, +20H", SRP = +1.24 V, (alkaline medium)
0, >0, +[0]

2K+ H20 +[0] — 2KOH + O2 + 12
KI+ 303 - KIO3 + 302;

S+ 303 + HzO - stO4 + 302

2L, + 9[03] - 1409 +90,

1,0, yellow solid has the compostion I3 (I07,),. Formation of this compound is a direct evidence
in favour of basic nature of I, (i.e. its tendency of form cations)

0, +H,0,-20,+H,0
Oxidising  Reducing
agent agent
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TAILING OF MERCURY
Pure mercury is mobile liquid but when brought in contact with Oj its mobility decreases and it
starts sticking to glass surface forming a type of tail due to the dissolution of Hg,O (mercury sub-
oxide) in Hg. - -
2Hg+0; - ngO +0,

: O, is used as a germicide and disinfectant for sterilizing water and improving the atomsphere of
crowded places. "

HYDROGEN PEROXIDE (H,0,)

(i) Preparation
(D BaO, .8H,0 + H,80,(cold) — BaSO4 l/ (Wh1te) +H,0, + 8H20
80 ~90°C BaCl,

(2)  H,8,05 + HyO0 —————H,S0, + st_05 2, BaSO4 { (white) + H,0,(aq)
distillation .

Comparison (H,0 & H,0,)

(i) Its boiling point 144°C more than water but freezing pomt (—4) less than water. Density and dielec-
tric constant are higher than H,0. .

(i)  Its aqueous solution is more stable than the anhydrous hqu1d where it decomposes into water and
0,. -
2H,0, — 2H O + O : L R _ v
H,0, is not kept m glass contalners because' aces of'alkah metal ions from the glass can catalyse
the exploswe decompos1t1on of H O Therefore aqueous solution is stored inplastic containers
and some urea or phosphoric a01d or glycerol is added to that solution because these compounds
have been found to behave as negatlve catalyst for the decomposition of H, O

(i)  Acidic nature .
Behaves as a’ weak acid according to the followmg equatlon
HO(aq)——\H++HO K—15x1012at25°c

Aqueous solution of H,O, turns blue htmus red which is then bleached by the oxidising property of
H,0,. s

Na,CO, +H,0, - Na,0, +H, O+CO
Ba(OH), + H,0, + 6H,0 - Ba028H20 ¥
A 30% H,0, solution has pH = 4.0
(iv)  Oxidising Agent '
2¢”+2H"+ H,0, - 2H,0; SRP =1, 77V (1n acidic medium)
2¢7+H,0, — 20H7; SRP=0.87 v (In alkaline .medlum)

On the basis of the above potentials, we can say that H)O, is strong oxidising agent in acidic
medjum but kinetically it is found that reactions are faster in basic medium. ’

Cr,07 +2H" +4H,0, — 2Cr0, +5H,0

CrO; bright blue coloured cornpouﬁd is soluble in ether.
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Uses

()

In bleaching of delicate materials such as silk, Wool cotton, ivory etc.
Properties of Hydrides '
Table : Scme Propertles of H O H,S, H,Se and H, Te

Enthalpies- of formation Bond angle Boiling Point

(k] moI™") ' (°C)
H,0 —242 H-O-H=104°28". 100
H,S -20 ' H-S-H=92° . ~ 60
H,Se +81 H-Se-H=91° = -4
H,Te +154 CHTeHS90° - -23 ‘
The hydrides decreases in stability from H,0 to H Te. They become less stable because the bondmg
orbitals become larger and more diffuse hence overlap with the hydrogen ‘1s orbital’ is less effective.

The H-O-H bond angle in water is 104°28”,'in accordance with the VSEPR prediction of slightly
less than tetrahedral due to the presence of lone pairs ofelectrons. Thus the orbitals used for bonding
by O are close to sp> hybrids. In H,S to H,Te the bond angles become close to 90°. This suggests
that almost pure p orbitals on Se and Te are-'used for bonding to hydrogen.

In a series of similar, compounds the b01hn 4 points usually | increase as, the atoms.become larger and
heavier. If the boﬂmg points increase; then th “'vola’nhty decreass. Thls trend is shown by the boiling
points of H SH H Se & H T e, but the bo111ng pomt of water is anomalous ‘

means’of 1y ogen'honds mtboth the.uso d'andliquid’states.

SULPHUR (S) :
Sodium Thiosulphate (Na,S,0,.10H O) (Hypo)

(i)

(iD)

Preparation

N2,S0, +8———=2% — 4 Na,S,0,

in absence of air

Na,CO; +280, (excess) + H,0 — 2NaHSO3 + COz,

Structure of Oxoacids of S

1.

Sulphurous acid series

H,S0, Sulphurous acid HO /S =0 S(+IV)' '
10
H,S,0; pyrosulphurous acid HO - ﬁ =S “'_:'OH S(+V), S(+H1I)
00
H,S,0,, dithionous acid [y S(+IIT)
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| I w
21 2. Sulphuric acid series
(lf _
H,S0, sulphuric acid HO - ﬁ -OH SV
-0 '
L ﬁ .
H,S,0,; thiosulphuric acid HO - - Of - S(+VI), S(-1I)

| I |
H,8,0, di or pyrosulphuric acid 1O ~3-0—8#~0H 54y

3. Thionic acid series

H,S,0 dithionic acid - HO-3-3-OH S(+V)

H,8,3,0¢ pomhlomcamd R S(HY)
| RCESER ) 5(0)
4. Peroxoacid series : :-
)
H,SO, peroxomonosulphuric acid HO= ﬁ'— - O - OH S(+VI)
o o
N
H282(58 peroxodisulphuric acid . _': - HO- |S| -0-0- ﬁ - OH S(+VI)
o o} 0

SULPHAZENE

Compounds which contain sulﬁlrQnitro gen rings were known in the last century, but many new ones
have been prepared in the last decade. It is currently an area of considerable interest. The ammonolysis
of sulfur monochloride, S,Cl,, either in solution in an inert solvent or heated over solid ammonium
chloride, yields tetrasulfur tetranitride: '

The product is a bright orange solid insoluble 1n water but soluble in some organic solvents. Although
the crystals are resonably stable to attack by air, they are explosively sensitive to shock or friction.
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A few moments reﬂect1on will show that it is impossible to write a simple Lew1s structure for SN,
Furthermore, the cage structure has been found to have two pairs of nonbonding sulfur atoms at a
distance is longer than the normal S-S bond length (206 pm), some interaction must occur between
the transannular sulfur atoms. All of the'S-N bond distances within the ring are approximately
equal (~ 162 pm), indicating extensive delocalization (12r electrons) rather than alternating discrete
single and double bonds. The situation is similar to but more comphcated than that of the
cyclophosphazenes.

We have seen that S,N, and (SN) can be prepared from S,N,. Other neutral bmary sulfides may be
obtamed from it as weH When S,N, is heated under pressure in a solution of CS, contaming sulfur,
S,N, is formed. This molecule has a “ha lf-chair” conformation. Others such as S N and S,,N, have
also been reported.

An even larger number of binary sulfur-nitrogen cations and anions are known. Reduction of S N,
(with metallic potassium or sodium azide) yields the planar six-membered ring, S,N,™. At first
glance one might think that this is another benzene analogue. An electron count dispels that notion
as thelr are ten n-electrons instead of six. Still, the Huckel 4n + 2 rule is obeyed and the system
satisfies the requirement for aromaticity. However, four of the n-electrons occupy antlbondm g orbitals,
which has the effect of weakening the S—N bond

' F\ : /F
S S=N—S
e
NN
154{ [ R
SSTNTS

-
Figure: Eight-membered sulfur-nitrogen ring'sl:' (a)_ 1n61ecu1ar structure of S,N,; (b) diglgralmnatic
structure of NS F, illustrating alternating bond lengths.

S,N, can also be oxidised when it is subjected to chlorine, trithiazyl trichloride is produced:

3S4N, +6Cl, — 4N;S,Cl4
This compound may be converted into the corresponding fluoride or oxidized to sulfanuryl chloride:
a F
L
©s
S . B
i
a N a 7N E
c . 0
é N/
=~ S
N/ \N o -. N/ x
! [ — 0y g ' g _cl
s
TN AT
a’ N a o’ W o

S A e e B A e R R e A M S
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GROUP 17 (VIIA-THE HALOGEN FAMILY) )
Physical Properties of the Halogens

. Properties F Cl Br I

S.No
1. Atomic Number 9 - - 17 35 53
2. Electronic conﬁguration (He) 252 2p° (N‘e) 352 3p5 [Ar) 3d!045? ] [Kr] 4d10 552
: 4p’ 5pS
Atomic radius/pm | 72 09 114 133
(IE)I/kJ -mol™! S ‘1681 L1256 | 1143 1009
Electronegativity (lgauling) 4.0 g 3.0 2.8 | 2.5
Bond energy (X-X)/kJ mol! 126 210 158 118
Oxidienlg powver (X)) Most o  ﬁ - _ least
Comrnon oxida_tion state =1 —1 +1, 43,45, +7 —1 +1,+3, =1, +5, +1 +3 +7
' +5, +1
9. Physical form (Xz) at room temp. pale :'y'ell-ow .. yellow-green dark red v‘iolet-blackb
o ogas 1".,gas e liquid L solid
10, Melting point (X )/°c ‘,,—219 e -7 1

HF hasa hlgh b.p. (19. 5°C) asa result of stron0 mtennolecular hydrogen bondrng, Whereas all other
hydrogen hahde have: much lower b. p. ' v :

HF is a weak ac1d whereas all other hydrohahc amds (HCl HBr and HI) are strong acids.
F, reacts with cold NaOH solution to produce OFZ(oxygen difluoride) gas
2F, +2NaOH~—2NaF+H,0 +OF,
The same reaction with chlorine or bromme produces a halides (X7) and hypohahte (X0)
X, +2NaOH ——> NaX + NaXO + H. 0

X stands for Cl or Br, Iodine (I,) does not react under the same condition
Ca(OH)2 +Cl,—>CaCl (OCI) +H ,0

. Hot NaOH 6NaOH +3X, —— SNaX + NaXO +3H,0 (X=CL Br,I)
| Reactions of Halogen
Compound Reaction . - Comment
H,0 2F, + 2H,0 —— 4 H* +4F-+ 0, Vigorous reaction with F,
2X, +2H,0 —— 4H" +4X+ 0, -~ Atmospheric O, can oxidise I to .
X, + H,0—enent , X~ + HOX+H" I, hence, reverse reaction
Cl,>Br, > 1,

(F, does not disproportionate)
2 prop
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vy .

H, H,+X, ———>2HX All the halogens with Br, photo
chemical reaction, with [, very
: slow even at high temperature.
Metals 2M +nX, —— 2MX| . 5 Most metals form halides.
CO CO+X, —> COX, _-' Only CL, Br, form carbonyl halide
P 2P +3X, —>2PX, - | For F, Cl, Br, I’
P+5X, —>2PX, For F, Cl, Br
S 25+X, —>S,X, |
S+2Cl,——SCl, Cl, Br
, S +3F, ——SF, :
H,S  H,S+X, ——2HX+S All the halogens oxidise
HZS(Sz") toS
SO, SO, + X, — SO,X, ' F and Cl
NH, 8NH, +3X, —— N, + 6NH,X F, Cl, Br
X, Xy +X’ ————>2XX’ B T S - Interhal gen | Q;ﬂflpqunds
Compounds ofHalogen Wlth OXYgen T N e T
Compound | Preparatmn L R T structure - T | Properties
1. Oxides of fluorine o R BRI o ‘
(@ OF, 21?2+2NaOH—>2NaF+Hzo+OF2 S el T | Strong
/(\)\ fluorinating
- 103° agent
F F i
(b) OoF, B+0,— E?C-C‘ﬂ'c discharge. » 0,5 Similar to H,0, ;Stron.g .
q.alr temp. low pressure fluorinating
agent
2. Oxides of chlorine
@ CLO | 2Cl, +2Na,CO4+ HyO — CL,0+ 2NaHCO3 +2NaCl o Explosive in
/(‘11)\ nature
(b) C10, 2AgCl0; +Cly — 2AgCl+2CI0, +0, _ C\ Odd
- 2KCIO4 +2(COOH), — 2C10, +2C0, + (COOK), +2H,0 /( 18 electron
molecule
' but do not
dimerise
because odd
» N _ electron is
: ‘ - , delocalize
(c) ChO, POy o ° o | Itisless
2HCIO, CLO; +H0 S OO_\ TN s reacth
s : / \ than other
O (] :
o chlorine
' e oxides
(d) Cl,0¢ 2ClO, +203 — 2Cl05 + 204 — CL0g +20; - - ANy /O\‘ <O Diamagnetic
o NG in nature J

North Delhi: 72, Mall Road, GT.B. Nagar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in




de

-

D'l xo, - X05 X0;
Figure: Structures of the oxoacids.

Pseudohalogens and Pseudohalides - _
A few ions are known consisting of two or more atoms of which at least one is N, that have propetties
similar to those of the halide ions. They are therefore called pseudohalide ions. Pseudohalide ions
are univalent and these form salts resembling the halide salts. For example, the sodium salts are
soluble in water, but the silver salts are msuluble The hydrogen compounds are acids like the

halogen acids HX. :
Table: The impoftant pseudohalogens
An10n Acid Dimer
CN ¢yanide ion HCN hydrogen cyanide (CN), cyanogen
SCN' thiocyanate ion HSCN thiocyanic acid (SCN), thiocyanogen

SeCN selenocyanate ion

(SeCN), selenocyanogen
OCN cyanate jon-- |~ "HOCN cyanic acid T :
NCN* cyanamldelon R HZNCN cyanalmde
‘ - HONC fulminic acid .

ONC~ fulmmate 1on
N_ az1de 1on HN3 hydrogen aZlde ‘

Some of the pseudohahde jons combmefo form d1mers comparable w1th the- halo gen molecules X2
These include cyanogen (CN),, thiocyanogen (SCN), and selenocyanogen (SeCN),.

The best known pseudohahde is CN™. This resembles CI', Br~ and I in the following respects.
It forms an acid: HCN
It can be ox1dlzed to form a molecule cyanogen (CN)2
It forms insoluble salts with Ag*, Pb?* and Hg*.
| Interpseudohalogen compounds CICN, BrCN and ICN can be formed.
AgCN is insoluble in water but solube in ammonia, as 15 AgCl

A o e

It forms a large number of complexes similar to halide complexes.
e.g. [Cu(CN),)*" and [CuCl,}* and [Co(CN)(]*~and [CoCLJ>~.
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GROUP 18TH ELEMENTS (ZERO GROUP FAMILY)

ATOMIC & PHYSICAL PROPERTIES

S.No.
1.

2
3.
4.
5
6
7

Element He ~ Ne Ar Kr | Xe

atomic Number 2 o 10 18 36 o 54
Atomic Mass 4 0018 391 3.8 1311
Electronic configuration 12 [He] 252 2p% [Ne]3s23p6 [Ar]3d!04s24p6[Kr]4d!05s25p6
Atomic Radius (pm) 120 160 190 200 220
Tonization enthalpy/(kJ moI'1)2372 2080 1520 1351 1170
Boiling point / K. 42 211 87.2 1197 165
Electronegativity o |

Initially their electronegativities were taken to be zero. But it is not zero (ref. NCERT)

(1)  All are gases at room temperature. The on_l_y radioactive element in them is Radon (Rn)

(2)  Order of abundance in the air Ar > Ne > Kr > He > Xe.

(3)  If Helium is compressed and liquified it forms He (1) liquid at 4.2K. This liquid is a normal liquid
like any other liquid. But if it is further cooled then He (II) is obtained at 2.2 K. Which is known as
super fluid because it is a liquid with properties of gases. It climbs through the w_alls of the container
& comes.out. It has very hlgh thermal conductivity.& very lo ~
Compoun_ o'f mert gases are- of followm tw

i Clatherat {Compounds SRR
Intert ga_ molecules get trapped m the ca
During the formation of ice, Xe atoms will be trapped in the cavities (or cages) formed by the water
molecules in the crystal strucutre of ice. Compound thus obtained are called clatherate compounds
There are no chemical bonds in clatherate compound.

Xe, KrorRn (g)
(Not He or Ne)
P
1,0
(COON)

(i)  Interstitial compounds:

These compounds are formed when small atoms :occupy positions in the interstices of the metal
Jattice. Only He forms such compounds since the atomic size of He is the smallest amongst the
noble gases and matches the size of the mte1stlces available in the lattice of most of the heavy
metals. '

Uses of Noble Gases

1. Uses of Helium

(1) The chiefuse of helium is in filling ofballoons which are employed for meterological observations.
Although lifting power of helium is 8% less than that of hyd1ogen yet it is preferred because it is
non-inflammable. :
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(11) L1qu1d helium (b.p. 4.2 K) isused as a eryogemc agent for carrying out various experiments at

low temperatures.
(ili) An oxygen-lielium mixture is used for artificial respiration in deep sea diving.

(iv) Helium is less soluble in blood than nitrogen. Therefore, an oxygen helium mixture is also used
in the treatment of asthma.

(v) helium is also- used for creating mert atmosphere durmg welding of Mg and Al which are easily
oxidizable. :

(vi) Helium is chemically inactive and does not become radloactlve Hence it is used in gas cooled
atomic reactors as a heat transfer agent.

2. Uses of Neon :
(1) Neon is mainly used in discharge tubes. and ﬂuorescent lamps for advertising purpose.
(if) Neon has a remarkable property of carrying extremely high currents even under high voltage.
Therefore, neon is used in safety devices for protecting electr1cal instruments such as voltmeters,
relays and rectifiers from high voltage.
(itf) It is used in beacon light as saftey signal f01 air nev1gators since its light has fog penetration
power.
(iv) It is used for ﬁllmg sodium vapour lamps.
3. Uses ofArgon o
(i) Argon is used mamly to prov1de an nert atmosphere in high temperature metallurgical processes
such as arc welding of metals and alloys P S
() Its used in filling incandescent and flouorescent lamps where its presence retards the sublimation
of the filament and thus increases the life of the lamp. .
(i) It is also used in ‘neon signs’ for'ob,taini_ng lights of different colours.
4. Uses of Krypton ' " ’
(i) Krypton and xenon are more eﬁlc1ent than argon in gas filled lamps because of their lower
thermal conductivities but due to theu scar01ty and high cost they are used to a much smaller extent.
(i) A mixture of krypton and xenon has also been used in some tubes for high speed photography.
5. Uses of Radon ;
(i) Being radioactive, radon is used in radioactive l'esearch.
(i) It is used for normal treatment of cancer and o'ther malignant growths.
(iii) It is used in X-ray photography for the detectlon of flaws in metals and other solids.
COMPOUNDS OF XENON ‘ 3_ RS
()  Xenon difluoride (XeF,) o
400°C high p1essure .
L Xe +F2 Ni Tube or monel metal('ll oy of Ni)
2:1)
2. Xe+OF, —£5XeF, +0,
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Reactions

(1)
(2)

3)

XeF2 + H2 — Xe +2HF
2XeF, +2H,0 — 2Xe +4HF + O, (Slow)

, o
XeF, + 2NaOH — Xe +502 +-2N3F+_H20 (fast) -

Oxidising properties

(1
(2)

3)
@

()

(6)
()
(®)
(b)

(¢)

The standard reduction potential for XeF i measured to be + 2.64V. Therefore it acts as a strong
oxidising agent. '

2¢+2H" + XeF, — Xe+ 2HF (SRP = +264V)
XeF, + 2NaX — Xe+ X, +2NaF ‘
In this manner XeF, will oxidise halide ions (except F~ into free halogens).

S, +24XeF, — 8SF, +24Xe
2CrE, + XeF, — 2CrF, +Xe

2@ +XeF, —"2 ©/ + Xe

8NH, +3XeF — N, +6NH, F+3Xe
2NO, XeF A 2NO F (Nltromum ﬂuonde) +;Xe'
IF, (lew1s ac1d) + XeF - [XeF] [IF‘ “(lewis
Xenon Tetraﬂuorlde (XeF4)
Sturcutre : Shape square planar & Geometry octahedl al

FiF'

X | hybridisation = sp3d?

N
Properties |
6 XeF, + 12H,0 — 4XeO, +24HF+3O +4Xe
It disproportionates into perxenate ion in basic medium.

[XeOg]* —H—»Xe03 +0y

Perxenate ion Wat

[XeOl¢” +Mn* — MnO; + XeO, (slow decomposition)

XeF, + SbF, — [XeF,]" [SbF ]

Fluorinating agent : -
XeF, +Pt — PtF, + Xe; XeF, +4NO — Xe + 4NOF (nitrosyl fluoride)
XeF, +4NO, — Xe +4NO, F (mtromumﬂuorlde)

Xenon Hexafluoride (XeFy)
Structure : Capped octhedral (distorted octahedral)

FER T T O T S TR T T Eapen S
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()

(i)

(i)
(a)
(b)

(iid)

(iv)

v)

(vi)

(vii)

(viii)

_F

.  Xe
hybridisation sp*d® \
\\J/

Solid XeF, exists as tetramer in which 2[XeF5]+ ions are brdiged by F~ ions

Xe+ 3F, —o—y XeF

20 Ni tube ‘
XeF, + O,F, — XeF, +0,
Properties | | _
HF is a goOd_solvent for all three ﬂuorides. .

Hydrolysis .
Complete hydr01y51s XeF, + 3H O - XeO (white sohd) + 2HF

Partial hydrolysis XeF, + H,0 — XefF (colourless sohd) +2HF
2H20

React1on

Thermal decomposmon (effect of hea 2XeF6 —A—>XeF2 :-lineF4 +3F2
XeF, & XeF, do not undergo decompos1t1on ' '

Formation of addition compounds
XeF, + SbF; — [XeF;]* [SbE";
XeF; + BFy; - [Xe Fs]" [BF,]
Reaction with H,

XeF, +3H, — 6HF + Xe;

XeO, ¥ 2XeF, — 3XeOF,

Order of oxidising power

XeF, > XeF, > XeF,
F-donating/F — accepting prOpertles

donating XeF, + PtF; —>(XeF5) (PtF,)

CsF -+ XeF — CsXeF7
(alkali metal -  (caesium heptafluoroxenate)
acceptance<{ fluoride) -
2CsXeF, —  XeF; — Cs, Xel
‘ ({:aesium octafluoroxenate)

North Delhi: 72, Mall Road, GTB Nagar, New Delﬁi - 110009 ‘
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in



0

@ e. . ' e =0 e
/| ANy ] 0/\(}) N,

F o F
XeF, linear XeO3Pyramida:l XeOF , T-shaped XeQ, Tetrahedral
F @ F | '
N \\ I/ \Il s

Xe @

XeOF, XeOzF2 , XeO3F2 XeO,F,

~ Square pyramidal See-Saw -, " Trigonal bipyramidal ~ Octahedral
ONE-DIMENSIONAL CONDUCTORS . o
There is an unusual hetero chain, (SN) , discovered in 1910, which did not receive detailed attention
until the 1970s. Interest centers on the fact that although it is composed of atoms of two nonmetals,
polymeric sulfur nitride (also called po lythiazyl)” has some physical propertles of a metal. The
preparation is from tetrasulfur tetranitride. - :

S4N, >S,N, >(SN),, -
The S,N, is pumped in a vacuum line: over srlver ‘wool at 220°C, Where it polymel 1zes slowly to a
lustrous golden material. The resultmg product is: analytlcally pure, as is necessary for it to show
metallic. propeities to a srgmﬁcant degree It has a. conduct1v1ty near that of mercury at room
temperature, and it becoms a superconductor at low temperatures (below 0; 26 K).

X-ray diffraction studies show that the SN chains have the structure shown in Figure. This chain can
be generated from adjacent square planar S. N, molecules. The S—N bonds in this starting material
have a bond order of 1.5 and a bond length of 1 65.4 pm, intermediate between single (174 pm) and
double (154 pm) sulfur-nitrogen bonds. A free radical mechanism has been suggested leading to the
linear chains of : -

Figure: (SN), chains in one layer of polyrrreric sulfur nitride.
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Figure: Polymerization of S,N, to form-fl(SN)X-chams with minimal movement of atoms.

the polymer. Since polymerization can take place with almost no movement of the atoms, the starting
material and product are pseudomorphs and the 01ysta11m1ty of the former is mamtamed

oa
ow
o to

Cal;_

ric
the

Figure: Perspective view of the unit cell pf Rb,[Pt(CN),](FHF), 4,. One-dimensional chains of
staggered [Pt(CN),]>~ ions occupy the corners and center of the unit cell. The triad of small circles
represents the partially occupied posmons of the FHF- ions. Note the very short Pt-Pt distance
(279.8 pm).

the hybrid structure, but the single structure: illustrates many features: a conjugated single-bond-
double-bond resonance system with nine electrons on each sulfur atom rather than a Lewis octet;
every S-N unit will thus have one antibonding ©* electrons. The half-filled, overlapping n* orbital
will combine to form a half-filled conduction band in much the same way as we have seen half-
filled 2s orbitals on a mole of lithium atoms form a conduction band. Note, however, that this
conduction band will lie only along the direction of the (SN), fibers; the- polymer is thus a “one
dimensional metal” :

|
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Similar to (SN), in their one-dimensional conductivity properties are the stacked columnar complexes
typified by [Pt(CN,)]*~. These square planar ions adopt a closely spaced parallel arrangement, allowing

for considerable interaction among the d ;2 orbitalsofthe platinum atoms. These orbitals are normally

filled with electrons, so in order to get a conduction band some oxidation (removal of electrons)
must take place. This may be readily accomplished by adding a little elemental chlorine or bromine
to the pure tetracyanoplatinate salt to get stoichior'netrie_:sl'such as K,[Pt(CN),]Br,, in gvhich the
platinum has an average oxidation state of +2.3. The oxidation may also be accomplished
electrolytically, as in the preparation of Rb,[Pt(CN) 4](FHF)OI 4 Which has a short Pt-Pt separation.
The Pt-Pt distance is only 280 pm, almost ;as short as that found in platinum metal itself (277 pm).

CAGE STRUCTURES
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Figure: Phosphorus cage molecules: (a) P,O (b) P,O, (¢) P,O; (d) PO (¢) P,0, . [Data distances
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Figure: Molecular structures of some phosphorus sulfides. Distance in picometers. (a) P,S,, (b)
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Figure: Molecular structures__df two arsenic sulfides. Distances in picometers.
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EXERCISE - 1
Single Correct Type
Back Bonding | :
1. The strength of pn — dn bonding in & — O (¢ = Sj, P S and C) follows the order
(@) Si-0>P-0>S-0>Cl-0 (b)P 0>Si-0>S-0>Cl-0
)S-0>Cl-0>P-0>Si-0 (d)Cl—O>S—O§P—O>Si—O
2. Which of the following is an electron deficient molecule according to the octet rule ?
(a) CH, (b) H;N'BH,4 (c)AlH; (d) GeH,
3. The order of acidity in boron trihalides is R
(2) BF, > BCl, > BB, (b) BBr, > BCl, > BF,
(c) BF; > B813 >BCl, o (d) BBr3 > BF >BCly
4. The 1ew1s acidity of BF; in less than BCl, even- ﬂuorme 18 m01e electronegative than chbrme It is
due to :
(a) Stronger 2p(B) - 2p(F) — o bonding - (b) Stfonger 2p(B) - 2p(F) — n bonding
(c) Stronger 2p(B) — 3p(C )-o bond‘ing T (d)':;St.ronger 2p(B) - 3p(CI) — = bonding
5. The compound (SIH3)3 1s DN
6. or
o @sphept ('b)"i"s?bu, 2
7. Which is correct statement among
(a) Oxygen is sp* hybridised in O(SiPhy),
(b) Bond angle in N(CHy), is gr eater than that in N(SIH3)3
(c) The dy _, in B(OH), <dy_, in [B(OH),]°-
(d) All are correct - S : .
8. Lewis acidity of BCl,, BPh, and BMe3 with 1espect to pyridine follows the order -
(2) BCl, > BPh, > BMe, - (b) BMe, > BPh, > BCl,
(c) BPh, > BMe, > BCl, ~ (d)BCL, >BMe, > BPh, |
9. The geometry with respect to the centr al atom of the following molecules are:
N(SiH,), ; Me,N;  (SiH,),P ' o
(a) planar, pyramidal, planar ‘ (b) planar, pyramidal, pyramidal
(¢) pyramidal, pyramidal, pyramidal (d) pyramidal, planar, pyramidal
10.  Which of the following statement is correct for CCly™ and :CCL,

() Back bonding in both cases from Cl to C-atom

(b) Back bonding in both cases from C to Cl-atom .’

(c) Back bonding in CCL,~ from C to Cl but reverse" m :CCl,
(d) Direction of back bonding is just satﬁe in two cases.
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Statement-1 & Statement-2 (Q.11) o
(2) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1

(b) Statement-1 is true, statement-2 is true and statement -2 is NOT the correct explanation for
statement- [ "

(c) Statement-1 is true, statement-2 1s false
(d) Statement-1 1s false, statement- 2is true

11.  Statement 1 : The B-F bond length in BF; is not 1dent1ca1 with that in BF,”
Statement 2 : Back bonding is mvolved in BF,” but not in BF,

12. Chdose the incorrect statement

. | (a) CH3NCS molecule is linear - = ‘_ (b) SiH,NCS molecule is linear

o ’ (c) GeH,NCS molecule is bent R (d) P(SiH,), molecule is pyranidal -
s 13, Which of the following is most stabvl .
I (a) CF, , (b) CCI2 © (c)CBr, (d) CI,

14.  Arrange the following Boron derivatives in increasing order of their thermal stability:
(a) B,Cl, <B)F,<B,(OR),<B,(NR)),  (b)B}F,<B/_Cl< B,(OR),<B,(NR,),

(c) B,Cl, <B,(NR)), <B,(OR),<BJF,  (d)B,(NR)),<B,(OR), <B,F,<B,/(Cl,
; 15, The actual rnagmtude of n-bond energy- m Boron trihalides follows the order: = . -
| (2) BF <BC]3<BBr <BL, . (b)BF,<BBr,<BI<BC]

(c)BI<BBr <BCL<BF i'v 3 (d)BCl<BBr <BI, <BF,

16.  Arrange the followrng compounds in order of their decreasrng thermal stab111ty o
(a) B,(NMe,), >B (OMe) >B (OH) >BF >_BC1 >BBr
(b) B,(OH),>BJF, >B Cl,>B,Br,>B (NMe) > B,(OMe),
(c) B,Br, >B(NMe) >B(OMe) >B,(OH),>B,F,>B.Cl,
(d)B(NMe) >B,(OH), > B,F,>B,Cl, > B,Br, >B(OMe)

Bridge Bonding

17. Number of three centre two electron (3C - 2¢7) bonds present in diborane is
(a)2 ' (b) 4 ()6 (d)8

18.  Which one of the following statements is not true regarding diborane
(a) It isan eleetrOn deficient compounds
(b) The €~ deﬁcrency of boron is filled up by the formation of bridge bonds by H
(c) On methylatron the product is Me,B,H,
(d) The delocalisation of o bonds takes place through H bridges

19.  Which of the following statement is correct regarding the structure of B Hg
(a) It has 2 bridging hydrogens in a plane | to the rest four hydro gens
(b) Both Borons are sp2 hybridized :
(c) The highest ¢~ density lies along the B — H bonds of the B — H — B bridges
(d) The B~ H - B bridges are shorter and stronger than the terminal bonds

-4
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20.

21.

22.

23

24,

25.

26.

27.

28.

29.

monia at a high temperature

What is the hybridisation of Be atom in the following compounds — BeCl (Vapour) BeCl, (dtmerlc
form) BeCl, (sohd) BeF,

(a) sp3, sp?, sp, sp> , ' - (b) No hybridisation, sp?, sp?, sp? -'l
(c) sp, sp?, sp°, no hybridisation (d) sp, sp?, sp>, sp>

Consider the following statements '

(A) In AL, Cl, all bonds are similar .
(B) In Al,Me, the bridging AI-C-Al bonds are larger than the terminal bonds

(a) A, B both correct (b) A, B both incorrect

(c) A—correct, B—incorrect (d) A—incorrect, B—correct

Which of the following statements is incorrect regaérding B,H,?

(a) banana bonds are longer but stronger than normfal B-H bonds

(b) B,H, is also known as 3c-2e compound |

(c) the hybrid state of B in B,H, is sp? while that of sp? in BH,

(d) it cannot be prepared by reacting BF, with LiBH4 in the presence of dry ether
When an inorganic compound (X) having 3c-2¢ as well as 2¢-2e bonds reacts with ammonia gas at

a certain temperature, gives a compound (Y) iso-structural with benzene. Compound (X) with am-
prog duces a hard substance (7). Then incorrect statement is

3.

, lng_ structure s1m11ar [0 ] q
In the react1on 2X + B2H6 — [BHZ(X)2 ‘
Which of the following (X) is (are) not, p9351b1e I8
(a) NH, (b) CH3NH2 - (©) (C'H3_)2NH (d) (CH,);N
2NaBH, + L - A+2Nal + H, X '
The number of 3¢-2¢” bonds in ‘A’ are: N |
(2)0 ®2 94 ()6
The correct statement regarding the structure of Diboténe 18

\ / @Biﬁ

(a) x= yanda B (b)x>yanda<B (c)x'<"y'a'ndoc>B (d)x>yanda>B
Which of the following ‘Al’ compound does not exists as a dimer? -
(a) AlH, (b)AIICH)), = (d) -Al(C__H2CH3)3_ (d) Trimesityl Aluminium
Number of 3¢-2¢” bond in Al(BH,), are: _ _ - :
(a) zero (b) 3 C(©)6 d)9
Which of the following compound(s) of bd't;on undergoes dimerisation?
(a) BE, (b) BH, v (c) BBr, (d) B(CH,),
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30.  Calculate the number of 3c-2¢ bond m B4H10 T
()0 - (b) 4 . (0)6 (d)2
31.  Calculdte the number of 3c-2¢” bond in Hg(BH,),.
(a) 0 (b) 3 @6 d) 12
32, The CNo. ofAlin [AI(BH,)Me]is: ~ =
(a)3 o4 - (93 (D)o
33.  The solid state structure of aluminium fluoride is
F F F . F Fo R F F
o N7 \ / NN NG
Al al Al al
(a) £ F \F . (b) / N Al'\F’ \F/ \F
L
A
) F F e :
AN F i
Fjw* F”j%k\ \X F\‘/\L F\A(F
(C) £ F\I /F| fl: F\\ (d) - \‘:/ | \F/ | \F
VAL : F F F
/TN _
34,
35.

~excess NH,
high temp

X4+ NH;

B
2NH;:1X
high temp.

1000 temp. C

Consider the 'folléwmg statements

(a) A is an acid-base adduct _

(b) A is a hard substarice and its structure is s1m11ar to graph1te

(c) C is an acid-base adduct

(d) B is a aromatic compound with locahsed polar coordmate bonds

The correct statement are v
(a)a,d | b, c,d (c) b, df | (d)d,c
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Silicates
36.  The following pictures represent various sﬂlcate amons Their formulae are 1espect1vely

37.

38.

39.

40.

41.
0.

43.

44.

45.

@ Silicon
v O Oxygen

(a) SiOZ 81,07 (b) Si0; | sgof(;:*
(c) Si0F $i,0° . (d)Si0f 81,05 -

Si 308‘ (having three tetrahedral) is bepresent:efbl as:

(a)

(c) both C ) non_é

BaTi[S1,O,] 1s a class of '.:

(a) orthosilicate (b) cyclic silicate (c) chain silicate (d) sheet silicate
Mg S1,0;; (OH) 1s commercially known as F P ' _

(a) asbestos . (b) water- glass (c) soda- glass " (d) zeohte
What is. the nature of sﬂlcon-oxygen bond in slica (8102) 7

(a) Polar covalent e Lo (b) Iomc e Rt

(c) Non-polar covalent (d) Coordinate covalent

Egyption blue CaCuSi,0,, is a example of o

(a) Sheet silicate (b) Cyclic silicate - (c) Pyrosilicate (d) Chain silicate
The value of n in the molecular formula Be Al,Si,0 is _

(a)2 (b) 3 (c)4 (d)s

Which is incorrect regarding three dimensional network silicates?

(a) Tt is pure SiO, |

(b) It has all four oxygen of tetrahedraon shared

(c) Feldspars, zeolites and ultramarines are the common examples

(d) It contains some isomorphously substituted AB* ion _

Which of the following silicate is formed when three oxygen atoms of [SiO J* tetrahedral units are
shared 7

(a) Sheet silicate (b) Pyrosilicate

(c) Three dimensional silicate (d) libear chain silicate

What is the ring size and no. of tetrahedralunits ﬁléﬂ{ed together in the given silicate (SiGOlg)‘12 ?
(a) 12,6 (b) 6,6 : (c) 12, 12 (d)8,2

North Delhi: 72, Mall Road, GT.B. Nagar, New Delhi - 110009
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in

BT ¢ N Fo TR T T AT, T TR T T T




CHEMACADEMY . ([NESSCRNN
Silicones |
46.  If we mix Me SiCl with Me, SiCl, we get silicones of the type:

47.

438.

49.

50.

51

52.

: Me  Me
Me Me Me Me -O—ISi—O—ISi—O—
(@) Me—$i-0-8i-0-5i—0Si-Me ® o b
l\l/le l\|/le A/le ll/le _o_};i_ofISi_o_
| e e
(c) both of the above (d) none of the above

If we start with MeSiCL as the starting material, silicones formed is:

, Me  Me
Me ,'Q-'::Me Me — Me o-bi-0-bi-o-

(2) Me—s[i~o:—'£i—o—~lsi-o-s[i—Me ® b 0
llvle l\lle Mle | ll/le ' —O—,'Si—O—|Si—O—
A

(c) Both of t: & abo (d) one of the dbove. ; ,
Which of the follo : : ‘ cOne havmg higliest molecular welght
(2) RSiOH); - (b) R2 Sl(‘H)z (@R, SOH) (@R, Si

A complex cross- lmked polymer (sﬂlcone) is formed by

(a) hydloly51s of (CH,), SiCL.

(b) hydrolysis of a mixture of (CH,),SiCl and (CH3)281C1

(c) hydrolysis of CH, SiCl, S (d) hydroly51s of SiCl, .

Hydrolysis of (CH,),SiCl, and CH,SiCl, leads to -

(a) linear chain and cross-linked silicones, respectively

(b) cross-linked and linear chain silicones, respectively

(c) linear chain silicones only (d) cross-linked silicones only
(Me)2 SiCl, on hydroly51s will produce : :__

(a) (Me), S1(OH)2 , (b) Me), Si=0

(c)- [——O—(Me) Si—0—] — (d) Me‘éSiCl(OH)

RCI —M—*‘i—> R SiCl, , R,Si(OH), _%_to__) A

Compound (a) is

(a) a linear sxhcone (b)a chlordsilarle_ o (c‘)"a linear silane (d) a network silane
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Inert Pair Effect
53.

The correct order of stability of dlﬂuorldes is
(a) GeF, > SiF, > CF, (b) CF, > SiF, > GeF (c) SIF > GeF, > CF, (d) CF, > GeF > SiF,

54.  Among the following, the element having’ maxunum inert pair effect 1s
(a) Cu (b) Pb (c) SL '- (d) Sn
55.  The correct order of stability of fluorides is '
(a) BF <GaF <TIF (b) TIF<GaF <BF (c) BF <TIF<GaF (d) GaF <BF <TIF
56.  Statement-1 : Pb* compounds are stronger ox1d1z1ng agents than Sn* compounds
Statement-2 : The higher oxidation states for the group 14 elements are more stable for the heavier
members of the group due to 'inert pair effect’, . '
(a) Statement-1 is True, Statement-2 is True; Statermient- 2 1s a correct explanatlon for Statement-1.
(b) Statement-1 is True, Statement-2 is True; Statement 2 18 NOT a correct explanatlon for State-
ment-1 ,
(c) Statement-1 is True, Statement-2 is inlse
(d) Statement-1 is False, Statement-2 is True
57. Inwhich of the following +1 oxidation state 1s more stable than +3. :
@G - T (c) Al (d) B
58.  Which- of the following compound does contam Tl+ 1on S
(a) Both TlCl3 and TII, o o ._" i(b) TlCl3
(o) TIL, | @ None 3
59.  Which of the followmg compound does not ex1st '
(a) PbE, (b) PbC, © (c)PbBr,&PbI,  (d)None
60.  Arrange the following in decréasing ordéi_r of their EI(:/P*[M value |
(a) Al>In>TI (b) AI>TI>In (c) TI>In> Al (d) TI>Al>In
61.  The total number of lone pairs of electron in Iy is
(a) zero (b) Three ~(c) Six (d) Nine
Hydrolysis
62.  What is the correct trend of extent of hydrolysis
(a) MgCl2 <AlICl < SiCl, < PClg - (b) PCly <SiCl, < AICI < MgCl2
(c) PCly < SiCl, = AlCl; < MgCl, (d) MgCl, <SiCl, < AICI < PCI5
63.  Which of the following will produce HzO2 on hydrolysis ?
(a) H,P,0, | (b) H,S,04 - (©)HP,0 ) H282O7‘; B
64.  BiCly on hydrolysis produces a white turbidity due to the formation of
(a) Bi(OH), (b) BiOCl ~ (c) BiCl,(OH) (d) Bi(OH),Cl
65.  Among the compounds A — D which hydrolyse easily are ,
(A) NCl, (B) NF, (C) BiCl, (D) PCl,

(a) A and B only (b)A,Cand Donly (c)B,CandDonly (d)A, B and C only
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66.  Which is most ac1dlc ? : o
(2) [Na(H,0)]" (b) Mg(H,0)]"  (c) [K(H,0)¢]" (d) [AI(H,0)¢P*
67.  Hydrolysis of one mole of peroxidisulphuric acid produces
(a) two moles of sulphuric acid | (b) two moles of peroxomono sulphuric aicd
(c) one mole of sulphuric acid and one fnere of peroxomono sulphuric acid
(d) one moleof ‘sulphuric acid, one mole of peroxon 1o sulphuric acid and one mole of hydrogen
peroxide
68.  The pH of an aqueous solution of AP i is hkely to be _
(a) neutral (b) acidic § © (c) slightly basic (d) highly basic
69.  Among the following, the number of anhjdrides of acids are
€O, No, NyO, B,O;, N;05,80;and PO}~
(a)3 | (b) 4 @5 (d)o
70.  The correct order of acidity among the followmg species is
() [Na(H,0)g]* > [Ni(H,0)¢J%* > [Mn(H,0)¢2" > [Se(H,0))**
(b) [Sc(H,0)¢]* > [Ni(H,0)]** > [Mn(H,0)¢]** > [Na(H 0)6]Jr
(c) IMn(H,0)]2" > [Ni(H,0) 2" > [Sc(H;0)¢]** > [Na(H,0)]*
(@) [Se(H,0)>" > (Na(E,0) " [N1(H20)6]2+ Mn<H20>6]2f
SolventTheory ' : S CEE R e
71. Arrange the foll owmg m;decreaSmg order of thelr»LeW1s ACldlC strength towards ethyl acetate:
(2) GaCl, > AlCl > BCL }‘”(b) BC > Alcg > GaCl
() AICL>BCL> GaCl, Ty BCl >GaCl,> AICL
72. Arrange the following in decreasing order of their Lewis Acidic strength towards dimethyl sulfane:
(a) GaX,>AIX,>BX, () BX,>AIX, > GaX,
(¢) AIX, > GaX, > BX, ~ (d) None
73. BH,. CO is more stable than BF, . CO because '
(a) CO is a soft base and BH, and BF, are fsoﬁ and hard acids respectively
(b) CO is a hard base and BH, and BF, areg hard and soft acids respectively
(c) CO is a soft base and BH, and BF, are hared and soft acids respectively
(d) CO is a soft acid and BH, and BF, are soft and hard bases respectively
74.  The species responsible for the super acidity of SbFs — HSO,F system is
() HSO.F ~ (b) SbF; (c) HF (d) H,SO,F*
75. Which will behave as a strong acid with H,SO, ?
(a) HCI ' (b) HCIO, (c) HF + SbF; (d) HNO,
76.  Which of the following will act as a base in H280 among HCIO,, HNO,, HCI, NH3
(@NH; (b) HCl and NH,

(c) HNO,, HCI and NH; (d)-HNO; and NH,
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77.  Inthe reactions (A) and B
nH,0+ClI” > [CI(H,0),]” - - (A)
6H,0 + Mg —[Mg(H,0)s1** ..(B)
water behaves as 3
(2) An acid in both (A) and (B) (b) An acid in (A) and a base in (B)
(c) Abase in (A) anacidin (B) () A base in both (A) and (B)
78.  Inthe followmg reations carried out in thId NH,.
Zn(NH,), +2KNH, — K,{Zn(NH, ), ]
K,[Zn(NH;)4]+ 2NH4NO; — Zn(NH, ), + 2KNO; +4NH,4
KNH, and NH,NO; act respectively as
(a) Solvo-acid solvo-base (b) Solvo-base and solvo-acid .
(c) Conjugate acid and conjugate base (d) Conjugate base and conJugate ac1d
79.  Match each item from the List-I (compound in solvent) with that from the List- II (Its behaviour) and
select the correct combination using the codes given below.
List I _ . - ListII
B.
C.
(a) A, B -ii, C -iii, D iv (b) A-ii, B-i, C-iii, D-iv
(c) A-iti, B-1v, C-ii, D-1 - ' (d) A-1v, B-1, C-iii, D-i
80.  The compound that will behave as an acid in H,SO, is |
(a) CH,COOH (b) HNO, () HCIO, (d) H,0
81.  Treatment of CIF; with SbF, leads to the formaticé)n of a/an
(a) polymeric material ' : (b) convalent cluster
(c) 1onic compound - (d) lewis acid-base adduct
82.  The reaction between SbFg and two equivalents of HF leads to the formation of
_ (a) H,SbF, + 2F, (b) H SbF, + 3F, (c) SbF, + H2 + 2F, | (d) [SbF,]™ [H,FI*
Compound Chemistry
83.  Which of the followmg Borate Anion does not ex1st‘? .
(2) BHY (b) BE? C© B_Cl4- o (d) [B(C4H;),1°
84.  The co-ordination number of Be in BeB,H, is -
@2 BCE @6 OF
85.  The number of H-atoms attached to Be in d1screte unit of polymer of BeB,H, are

(a) zero (b) 4 (c) 6 . , (d)8
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Which of the followmg species does not exist:

(a) [BF - O AFF  ©@[GE (@[]
The correct order of acidic strength of oxides of nitrogen is '
(a) NO <NO,<N,0 <N, O, <N, O, - (M) N,O<NO<N,0,<N,O,<N,0,
() NO<N,0<N,0,<N,0, <N, | (NO<N,0<N,0,<N,0,<NO,

The correct order of acidic strength of oxy—g'cids of chlorine is
(a) HCIO < HCIO, < HCIO, < HCIO, (b) HCIO, < HCIO, < HCIO, <HCIO

(c) HCIO > HCIO, > HCIO, > HCIO, . (d) HCIO, <HCIO, > HCIO, > HCIO
Which of the following is the correct order of acidic strength?

(a) CLO, > S0 ,> PO, (b) CO,>N,0,> 80,

(c) Na,0 >MgO >ALO, (d) K,0>CaO >MgO

There is no S-S bond in "

@8,0> (®S,0/F (©)S,0.F (d)S,0,"
The number of hydroxyl (OH) groups present in phosphorus acid is |

()one - (b) two (c)three (d) four

'ea onlof XeF w1th oxygen

f ‘XeF 1n basm medlurn
The cotrect-structure ' - '

//\S

@ W

The materia] that exhibits the highest electrical conduct1v1ty among the following sulphur-nitrogen
compounds is : :

(&) SN, (b) S NH : @gm‘ (d) (SN),
The correct structure of P,Sq is :

S
I
% \\ 5 J \\ - | /\\ /s/\\s\

/ S . P—S§—P=35§
(2) P -P (b) (C) S=¥- P S (d)
\S\ [ \} \2 N\ IP//

!
p S
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96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

At room temperatule HC] is a gas while HF is a liquid because

(a) of a strong bond between H and F in HF (b) HF 18 less acidic as compared to HCl

(c) of strong intermolecular H-bonding in HF

(d) HCl is less acidic as compared to HF

The compound having an S-S single bond _ .

(a) H,S,0,4 (b) H,S,0, - (c) H,S,0, (d) H,S,04

The atomicity & and the total no. of bond in the elemental white phosphorus molecuale are,

respectively . v
(a)4 and 6 (b) 6 and 4 (c)4 and 4 - (d)6and 6

Identify the correct order of acidic strength of CO,; CuO, Ca0, H 0

(2) Ca0 <CuO<H,0<CO, ‘ (b)H,0< Cu0 < CaO <CO, (

(c) Ca0 <H,0 <Cu0 <CO, (d) H,0 < C0O,<CO0 < CuO !

A compound of boron (A) that contams 8 water of crystalhsatron give a weak acid (B). and its salt
(C) on hydrolysis. o :

Then select the correct statement -
(a) Acid B is a tri basic acid & its yield can be mcreased by adding cis-diols
(b) Acid B is a monobasic acid and its yleld can be mcreased by addmg trans-diols
"d‘A1s 2 buﬂ"er i e Tt Jse asindicator
and ‘an indicator

The nu
(a) thre o
What is the correct order of the borhng point of'the hydrides 7
(a) H,0 >H,S > H, Se>HTe r - (b)HO>HTe>HSe>H28 '
(c) H,Te >H,Se > H,S>H,0 o (d)H O>H2Te>H S>H,Se.
Three allotropes (a), (b) and (c) of phosphorus in the followmg change are respectrvely
SIBK g 823K , C :
1200 atm ' In an inert atm, and

then raprd coohng atR.T
A 1s the thermodynamically most stable form of phosphorus
(a) black, red, white  (b) red, black, white (c) black, white, red  (d) red, Vrolet black

When chlorine gas is passed through an aqueous solution of a potassium halide in the presence of
chloroform, a voilet colouration is obtained. On passing more of chlorine water, the voilet colour is

disappeared and solution becomes colourless. This test confirms the presence of ... in aqueous
solution. _

(a) chlorine (b) ﬂuorine (c) bromine (d) iodine

First compound of inert gases was prepared by scientist Neil Barthlete in 1962. This compound 1s
(a) XePtF, (b) XeO, (c) XeF (d) XeCOF,

What is the correct order of acidity '

(a) XeF, > XeOF, > XeO, > XeO,F, - (b) XeF¢ > XeO,F, > XeO, . XeOF,

(c) XeO,F, > XeOF, > XeQ, > XeF (d) XeO,F, > XeOF, > XeF (> XeQ,

North Delhi: 72, Mall Road, GTB. Nagar, New Delhi - 110009 E
Toll Free: 1800-200-4940, Web.: www.chemacademy.in, email: info@chemacademy.in




CHEMACADEMY ot gl Bl |

107.

108.

109.

110.

11

112.

113.

114.

115.

116.

117.

118.

119.

120.

Which of the followmg has a square planar geometry accordmg tot he VSEPR theory ?

() XeO,F, (b) SF, ~ (9)BE, (d) XeF,

The number P= O bonds present in the tetrabasic acid H,P,0, s
(a) three (b) two S (o) one (d) none

The most abundant element in earth’s crust is

(a) aluminium  (b) iron (c) srhcon (d) oxygen

The fluoride, Whose values of dipole moment is NOT equal to zero, is

(a) XeF, (b CF, () SF, (d) PF,

The number of P—O—P bonds in cyclic trimetaphosphoric acid 1s :

(a) zero o () two - (c) three - (d) four

For H,PO, and H,PO,, the correct choice is : '-

(a) H,PO, is dibasic and reducing (b) H, PO is dibasic and non-reducing
(c) H,PO, is tribasic and reducing -~ (d) H PO, is tribasic and non-reducing

Thermodynamrcally most stable allotrope of phosphorus is :
(a) Red. - (b) White - . (c)Black (d) Yellow

, Amongest H, 0, H, S H,Se and H,Te the one with hrghest borhng pomt I

Which 6f the followinig ‘oxoacids of sulphur ha

(a) H, 8,0, (b) H, 8, 0;4 -~ {c) I-I2 S, 04 “(d)H, 8,04
H,BO, is : :

(a) monobasic and weak Lewrs acrd - (b)'monobasic and weak Bronsted acid
(¢) monobasic and strong Lewis acrd *: (d)tribasic and weak Bronsted acid

Statement-1: In water, orthoboric acid beha"ves as a weak monobasic acid, because
Statement-2: In water, orthoboric acid acts as a proton donor.
() Sfatement-1 is True, Statement-2 is True; Statement-2 is-a correct explanation for Statement-1.

(b) Statement-1 is True, Statement 2 18 True Statement-2 is NOT a correct explanation for State-
ment-1 :

(¢) Statement-1 is True, Statement-2 is Fa_lse

(d) Statement-1 is False, Statement-2 is True

The structure of XeO, is : _ ,

(a) linear (b) planar * (c) pyramidal (d) T-shaped

Xenon forms several fluorides and oxoﬂuori@es which exihibit acidic behaviour. The correct sequence
of descending Lewis acidity among the given species is represented by

(2) XeFy > XeOF, > XeF,>XeO,F; (b) XeOF, > XeO,F, > XeOF, > XeF,

(c) XeE, > XeOZFz >XeOF;>XeFg (d) XeF, > XeFg > XeOF,, > Xe02F6
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122.

123.

124.

125.

126.

127.

128.

129.

The gas commonly used in generating plasma in Inductivtely Coupled Plasma Atomic Emission
Spectroscopy (ICPAES) is

(a) Argon (b) Carbon dioxide  (c) Nitrous oxide (d) hydrogen
Which of the following species is not a pseudohalide? | '
@CNO- = (b)RCOO- (¢) OCN- C@ON;

A gas at low temperature does not react with the most of compounds. It is almost ineit and is used to

create inert atmosphere in bulbs. The combustion of this gas is exceptionally an endothermic reaction.
Based on the given information, we can concludcf: that the gas is .

(a) oxygen (b) nitrogen () iearbon mono-oxide (d) hydrogen -

An organic salt (a) is decomposed at about 52_35K to give products (b) and (c). Compound (c) is a
liquid at room temperature and is neutral to litmus paper while oxide (b) on burning with white
phosphorous, gives a dehydrating agent (d). Compounds (a), (b), (c) and (d) will be identified as

(2) NHNO,, N,0, H,0, P,0, (b) NH,NO,, KZO, H,0,P.0,
(c) CaCO, , Ca0, H,0, CaCl, - (d) CaCO,, Ca0, H,0, ‘Ca(OH)2
The correct statement related to allotropes of carbonis. |

(a) graphite is the most stable allotropes of carbon and havmg three dimensional sheet hke structure

enstonal ¢ twork structure of
on havmgfa football-like

(d) Vander Waal's force of attraction acts between the layers of graphite ¢ 6 14 A away from each
other a

Using chlorobenzene as solvent, the reagents needed for an efficient synthems of borazme are
(a) NH,Cl and BCL, (b NH Cl and BCL and NaBH,

(¢) NH,Cl and NaBH, (d) NH3 and BCl3

The reagents required for the synthesis of cyclic pllosphazene N,P,Cl are

(a) PCL and NH, (b) POCI, and NH,CI (c) POC lyand NH,  (d) PCl and NH,Cl

The material that exhibits the hlghest electrlcal conductlvxty among the followmg sulphur-nitrogen
compounds is o

(@) S,N, ®SNH (o) sz_'N2 : (d) (SN)X-_,
The structure of triphosphazene is . S
cL Cl

ClL [ | C
\/ SIS M CIn P A A A
Cl l\l/ \\ITI Cl 1'> 1') | Iil 111 /P\\
R N QLN iy e HO N M e N () C‘\l\ i
Cl N Cl e | a7 N7
Cl Cl
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CHEM ACADEMY _
130.

_ ([ |
Which is most planar ? S -
(2) S4N,H, (b) S4N4Fy _(‘?)_SAN4Ph4 (d) S,N,Cl,
What is the correct order of stabilities of the given phosphazenes ?
(a) P,N,Cl > P,N,Rq > P,N,Cl >P,N,Cl,
b, N, Clg > PN,Cl > PN, Cl, > P N4R8”
(c) P,N,Cl, > P;N Cl6 > P4N4R >P,N,Clg
(d) P,N,Cl >P4N Rg > P,N,Cl, > P,N,Cl,
The compound formed by d1ssolv1ng elemental gold in aqua regia 1s

(a) AuCl ~ (b) AuNO, (c) H[AuCl,] (d) H[Au(O5),]
The pair of semimetals in the following is : ' ,
(a) Al, S1 (b) Ge,As = - (c)Sb,Te (d)Ca, B
Miscellaneous Reactions }
LiEH, + [(CH,)),NH]Cl - A+ LiCl + H, [E = Al Ga]
A+N(CH),- B. 5
The co-ordination number of central atom ‘E” in B is:
()3 (b)4 (c)5 (d6
When chlorine ith.a gas X, an explosive inorganic.compound Y. is formed. Then X and Y

136.

137.

138.

139.

140.

141.

will
(a) X
()X
The r 0 . : ;
(a) XeF, and AsF,  (b) XeF, and AsF,  (c) [XeF]*[AsF]  (d) [Xe,F,J'TASE
Extra pure N, ¢an be obtained on heating ‘

(a) NH, with Cu0  (b) NH,NO, (9 (NH,),Cr,0;  (d)Ba(Ny),

Which of the following reactions does not give H,PO, ?

(a) Cay(PO,), + H,S0, —— (b) PO, +H,0 —>

(¢) PCls + Hy0 ~——> | (d)P,S,+H,0 —

H,PO; —2 X + PH; is "

(2) Dehydration reaction, X = POCI, (b) Oxidation reactior, X = H;PO,

(c) Disproportionation reaction, X = H,PO, (d) Dépho'sphorylation reaction, X = H,0

What will happen or what will be the product formed when white phosphorus and red Phosphorus
reacts with NaOH

(2) PHs, No reaction ) (b) No reaction, PH,

(c) P(OH),, NO reaction : (d) No reaction, P(OH),
Iodine reacts with hot NaOH soluiton. The product are Nal and

()NalO;  (B)NaOl  (ONa0, (d) Na,0,
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143.

144.

145.

146.

147.

148.

149.

150.

151

152.

XeF, reacts with SF, to give o

(a) XeOF, and SO,  (b) Xe and SF (c) XeF, and SFy (d) SF, an& XeO;4
Consider two reactions ‘

I.Zn + conc. HNO, (hot) — Zn(NO,), + X + H.O

I. Zn + dil. HNO, (cold) — Zn(NO,), +Y + H,0

Compounds X and Y are respectively

() N,O,NO (b) NO,, N,0. (c)N,,N,0 (d)NO,, NO
B(OH), + NaOH —— Na[B(OH),] (aq). "

Then addition of which of the following proceeds the reaction in the forward direction.

(a) cis-1, 2 diol (b) Trans 1, 2 diol ~ (c) Borax (d) Na HPO
The reaction, 3C10~ (aq) — CIO,™ (aq) + 2Cr {aq) is an example of :

(a) oxidation reaction (b) reduction reaction

(c) disproportionation reaction ' (d) decomposition reaction

H,0, reduces |

(A) [Fe(CN)( >~ (B)KIO, (©) Cge(SO4)2 (D) SO,%

(a) A and B only (b) B and C only (c) C:and D only (d)Band D only

@) XeOF4, Na and NOZF | (b) Xeoze, NaF, NOF and F,

(¢c) XeOF,, NaNO2 and F, 0 (d) XeF4, Na_NO2 and F,0

The species that do not undergo(es) disproportionation in an alkaline medium is {

(8) CL, (b) MnO QNO, = . (@CIo; |

Among the following donors, the one that forms most stable adduct with the Lewis acid B(CH3)3 is
(a) 4—methyl pyridine T (b): 2 6~ dlmethyl pyridine

(¢) 4-nitro pyridine - (d) 2 6-di-tert-butyl pyridine

The BCl; & NH,Cl were heated at 140°C to give a compound X, which when treated with NaBH,
gave another compound Y. Compound X and Y are -

(a) X =B;N;H,Cl;, Y =B;N,H, . () X= B3N3H9C13, Y=B3N3H6 _
(¢) X = B;N;HoCly, Y = B;N3H) @X —f'B‘3N3C16, Y = B;N,H,
H,P0, 220°C ) ‘ -
39000 - aeec
YY)

(a) (X) = Phosphorous acid , (Y) = Met_aphosphofi_p.acid'
(b) (X) = Pyrophosphoric acid , (Y) = Metaphosphoric acid )
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(c)(X)= Metaphosphorlc ac1d (Y) Pyrophosphorlc a01d
(d) (X) = Metaphosphoric acid, (Y) Phosphene gas

H.BO, I, X_ T Y _redhot \BO,

if T, < T, then X and Y respectively are
(a) X = Metaboric acid and Y = Tetrab;ofic acid
(b) X = Tetraboric acid and Y = Metabforic acid
(c) X = Borax and Y = Metaboric acid
() X= Tetraboric acid and Y = Borax.

EXERCISE - II
One or More Than One Correct Type

Which of the following facts regarding boron and silicon is true ?
(a) Boron is used to make boron steel or boron carbide control rods for nuclear reactor.

(b) Boron and silicon form halides which aré not hydrolysed.

(c) Boro_nv_ and silicon react with magnesium to form magnesium boride and magnesium silicide
d silane, respectiv

g BO,> and

Then addition of which of the following proceeds the reaction in the forwatd diréction.

(a) Glycerol _ (b) Mannitol (¢) Catachol - (d) Ethanol
The carbide‘ which does/do not give propyne oh hydrolysis is/are :

(a) AL,C, (b) CaC, (©MgC, - (d)Mg,C,
Which of the following reactions is/are correct.?

(a) CF, + 2F- — [CF,]*- _ (b) SiF, + 2F- - [SiF]*

(¢) GeCl, + 2CF = [GeClI™ (d) SnCl, + 2Ct - [SnCl, )
Which species exist: - o

() [BF " (0) [AIF)> () [GaF J* (d) [TnF >
Borax bead test is given by: :

(a) An aluminium salt " (b) A cobalt salt

(¢) A copper salt R (d) A nickel salt

Which of the following statement(s) is/are correct ?

(a) The oxide, B,O, and B(OH), are acidic |

(b) The halides of B (except BF,) and Si are readily hydrolysed.

(c) The hydrldes of B and Si aré volatile, spontaneously flammable and readily hydrolysed.
(d) Al umlmum hydr1de is a poIYmer (A1H3)
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14.
15.

16.

Which 1s/are true in case of BF, ?

(a) It is volatile liquid even at room température

(b) It is Lewis acid :

(c) It has planar. geometry . -

(d) It forms adduct with NH, |

Which of the following statements about anhydrous aluminium chloride is'/,ar;e‘ incorrect ?
(a) It exists as AICly molecule in gaseous phase

(b) 1t is a strong Lewis base

(c) coordination number of aluminium (AICL) in solid phase is 6

(d) It is not easily hydrolysed

Select the correct statement(s) . _
(a) The graphite is diamagnetic and diamond is paramagnetic in nature.

(b) Graphite acts as a metallic conductor along the layers of carbon atoms and as semi-conductor
perpendicular to the layers of the carbon atoms.

(c) Graphite is less denser than diamond -
(d) Cqy is called as Buckminster fullerene

(b) In cychc silicates two oxygen atoms per tetrahedron are shared.

(c) Orthosilicates contain discrete (Si0,)* units.

(d) Asbestos mineral is a double chain silicate and mica is a sheet silicate.

Select correct statement about N,O,,. - '_

(a) It self ionises as NO¥, NO, (b) N,O, is paramagnetic

(c) Substance containing NO* is said to be acid and-that corit_a-ini'ng NO;™ is said to be base
(d) NO, dimerises to N,0O, with disappearance m.pararriagnétism : |

The compound which on strong heating gives oxygéri 8. |

(a) AgNO, (b) BaO, ~ (9PbNOy),  (d)CaCO, t
Which of the following species is basic and reducing ‘7 _ E
(2) SO.> (b) SO (08,0 ~ (d)HSO,

‘Which of the following statements is (are) correct ?

(a) The hydrides of group 15 elements act as ox1dlsmg agents
(b) The hydrides of group 15 elements act as reducihg agents
(c) The oxidising power increases in goin"g' from NH; to BiH,
(d) The reducting power increases in going from NI-_'_I-'3 to BiH,
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23.

24,

25,
26.

27.

Wlnch of the followmg statements 18 (are) correct ?

(a) Antimony on reaction with conc. HNO3 gives antimonic acid.

(b) Manganese on reaction with cold and dilute HNO, gives NO, gas.
(c) HNO, disproportionate to give HNO, and NO

(d) HNO, on reection with P,O,, gives N, O' ‘

Which of the followmg product(s) is/are obtamed when a mixture of NaNH, and N, O is heated at
temperature 175°C 7

(2) NaOH . ~ (b)NH; (c)Na,0 (d) NaN,
Sulphuri’of'.'-acid acts as |

(a) hygroscopic agent (b) sulphonating agent

(c) reducing agent | . (d) oxidising agent.

Which amorfg the following is/are peroxo acid (s) 7.

(a)H,S,0, (b) H,50, (c)H,S,0, (d) H,S,04
NaHSO, + Iz+ H,0 —— products. '
Select the correct statement(s) about the product(s).

(a) One of the product isa strongest halogen acid (HX)

(b) Halo gen haVe the smallest atormc radii in there respectlve perlods
(c) They are all diatomic and form diatomic i 1ons.

(d) They are all reducing agents

Which of the following will not displace the halogen from the solution of the halide ?

(a) Br, added toNal (b) Br, added to NaC (c) Cl added to KBr (d) Cl, added to NaF
Which is / are true statement(s) ? _

(a) Basic nature of X is in order F~> CI> Br‘ >T-

(b) HI is strongest acid of HF, HCI, HBr and Hljin aqueous solution

(c) The ionic character of M—X bond'decreases in the order M—F > M—Cl > M—Br > M—I
(d) Among F, Cl, Brand I, F has the highest enthalpy of hydration.

Which of the following salts will. evolve Halogen gas on treatment with conc. H,SO, ?

(a) NaCl . (KT . (c)NaBr (d) none of these
Cl, reacts w1th hot aqueous NaOH to glve ' ‘
(2) NaCl (b) NaClO, - (©NaClO,  (d)NaClO,
Select the correct order of acidity : _'
() HI>HBr>HCI>HF © = (b)HCIO,>HBO, > HIO,

" (¢) HCIO < HBrO > HIO o - (d) HCIO, > HCIO, > HCIO, > HCIO
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28.  Which of the followmg product(s) is/are obtained when ClL O, reacts with KOH ?
" (a) KCl (b) KCIO, 3 (c_) KCIO, (d) KCIO

29.  Select the incorrect order. | g

(a) He > Ar>Kr>Ne > Xe - (abundance n a1r)
(b} He < Ne < Ar<Kr <Xe — (bgﬂmg,pgm’r),

(b)He
(c) XeF; > XeF, > XeF, — (melting point)'}._ (d) XeF, < XeF, < XeF,~ (Xe ~F bond length).
30.  Which of the following is/are properties of helium?
(a) It is chemically inert. " (b) It has very high thermal conductivity.
(c) It has extremely low boiling point. . | (d) It has very low viscosity.
3. CCly is nert towards hydrolysis through SN2 under ordinary conditions.
(a) due to non-avaibility of vacant low lying d-orbitals of carbon
(b) due to steric crowding of four Cl atorns“Hzo cannot attack the o* orbital of C-Cl atoms
(c) due to absence of vacant d orbitals on Cl atoms '
(d) due to the presence of partial negative charge on Cl atom, it repels H,O
32. White phosphorus P, has .
(a) Six P —P single bonds : | () Four P - P single bonds

33.

(c) Red phosphorus has a polymenc structure w1th P-P hnkages
(d) Angle strain in red phosphorous is less than white phosphorous
34, Which ofthe following statements is/are correct regarding inter-halogen compounds of ABx types?
(a) x may be 1,3,5 and 7
(b) A is a more electronegative halogen than B

(¢) FBr, cannot exit

(d) the structures of CIF, and IF, show deviation ﬁom normal structures and could be explained on
the basis of VSEPR theory '

35.  Which of the following are sp? hybridised?
(&) CE® ®cc® (o) Cr? (d) ccl®

EXERCISE -1II
Previous Year Questions |
IIT-JAM Previous Year Questions ' |
1. The most polar compound among the following is o :
(2) SF, (b) BF, @OXeF, (@80

Y
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Molecular shape of SOCl 13 : |
(a) square planar (b) trigonal pyrarmdal (c) triangular planar  (d) T-shaped
Number; of three centre two-electron (3¢-2¢) bonds present in diborane is

(a)2 B - (b4 ()6 (d) 8

The correct order of acidic character is

(a) A1203 >MgO > S§i0, > P,0,, (b) P,0,,> AL 05 >MgO > SiO,
(c) P4Old > Si0, > Al,0, > MgO - (d) Si0, > P,0,, > Al,O; > MgO

In the structure 0of B,O5(OH) 42‘

(a) all four B atoms are trigonal planar

(b) one B atom is tetrahedral and the other three are trigonal planar

(c) three B atoms are tetrahedral and one is trigonal planar

(d) two B atoms are tetrahedral and the other two are trlgonal planar

The pH of an aqueous solution of AP* is likelyto be

(2) neutral (b) acidic ' (¢) slightly basic (d) highly basic
Hydrolysis of (CH,),SiCl, and CH,SiCl, leads to

(a) linear chain and cross-linked silicones, respectively

(b) cross-linked and linear chain silicones, respectively
(c) hnear cham srlrcones only '

Which of the followrng has a square planar geometry accordmg to the VSEPR theory ?

(a) XeO2 (b) SF, (¢} BF,~ (d) XeF,
Which of the following 1s an electron deﬁcrent molecule according to the octet rule ?
(2) CH4, L (b) H;N : BH,. (c) AlH, (d) GeH,

At room temperature HCl is a gas while HF is a 'liquid because
(a) of a strong bond between H and F i mHE

(b) HF is.less acidic as compared to HCl

(c) of strong intermolecular H-bonding in HF

(d) HCl is less acidic as compared to: HF

Identrfy X, Y and Z in the following ; sequence

L1+N2(g) heat X H,0 \Y(g) alkaline K,Hgl, 7

( ed) (brown)

Y turns moist litmus paper blue. Write balanced chemical equation for the conversion of Y to Z.

The number P = O bonds present in the tetrabasic acid H,P,0, is

(a) three (bytwo _-'(c) one (d) none

The element E on burning in the presence of'O2 gives F. Compound F on heating with carbon in an
electric furnace gives G. On passing nitrogen qver.a heated mixture of F and carbon produces H.
Stream can decompose H to produe boric acid and a colourless gas tghat gives white fumes with
HClL Identify F, G and H and gi\_ze balanced equations for their formation.

3
T
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The correct order of the mean bond energies in the bimary hydrldes is

(a) CH4>NH3>H20>HF : (b) NH, > CH, > H,0 > HF
(¢) HF > H,0 > NH, > CH4 ‘ (d) HF > H,0 > NH, > CH,
16.  The compound having an S-S single bond is R
(a) H,S,0,4 © (b)) HyS 04 (c) H,S O7 B (d)H 25,05
17. The shape of CH;  ion is '
(a) trigonal planar (b ) tetrahedral - (c) trlgoual pyramldal (d) lnear »
18.  The average value of C~C bond order in graphite’is - , {
(@)1 (b)32 (34 - (d)4/3

19. A, Write the steps mvolved i the production of pure elemental silicon from silica. _
B. Both the products A and B, in the followmg reactions, contain boron and nitrogen. Ident1fyAand B.

3NH,Cl +3BCl, ?i;{cl_ , A __LAH, | o

. THF
IT-JEE Previous Year Questions : . ‘
20.  The number of P—O—P bonds in cyclic. trlmetaphosphorlc acid 1s :

(a) zero (b)ytwo. - () three _ (d) four
21 For H,PO, and H.PO,, the correct choice is : S
' (a) H, PO is dlbasw and reducmg (b) H3P03 is dibasic and non-reducing
22.
23. Thermodynamlcally most stable allotrope of*phosphorus is AR
(a) Red (b) White ~~ (¢)Black (d) Yellow
24.  Amongest H,O, H,S, H,Se and H,Te the one with hlghes‘r boiling point 1s :
(a) HO because of H- bondmg - (b) H,Te because of higher molecular weight.
(c) H,S because of H-bonding. o (d) H Se because of lower molecular weight.
25.  The number of S-S bonds, in sulphur. tr1oxide trimer (S,0,) 1s : ‘
(a) three (b) two : (c) one (d) Zerd
26.  Which of the following oxoacids of sulphur has ~0-0- linkage 7 :
(@ H,85,0; (b)H,S, 05'_. ‘ (0 H, 8,0 (d) H, S, O,
27.  Which of the following is not oxidised by 0,7 o
(a) KI (b) KMnO, + () K, MnO, (d) FeSO,
28.  Which gas is evolved when PbO, is treated with concentrated HNO, ?
(a) NO, (b) 0, - (© N, (dN,0
29.  H;BO;is : - _
(a) monobasic and weak Lewis acid . (b) monobasic and weak Bronsted acid
(c) monobasic and strong Lewis acid "_, (d) tribasic and weak Bronsted acid

30.  B(OH),+NaOH — Na[B(OH) ] (aq).
Then addition of which of the following ploceeds the reaction in the forward direction.
(a) cis-1, 2 diol (b) Trans 1,2 diol  (c) Borax (d) NaZH_PO )
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32.

33.

34,

35.
36.
37.

38.

39.

Statement 1:In water, orthobonc acid behaves as a weak monobasic acid, because
Statement-2: In water, orthoboric acid acts as a proton donor.
(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement 2 is NOT a correct explanation for State-
ment-1

(c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

(Me), SiCL, on hydrolysis will produce : ‘

(a) (Me), Si(OH), (b) Me), Si=0

(¢) - [0—Me), Si—O0—] — : (d) Me, SiCl(OH)

Which of the following silicate is formed when three oxygen atoms of [SiO,]* tetrahedral units are
shared ? _

(a) Sheet silicate -+ (b) Pyr'osilicate

(¢) Three dinensional silicate (d) linear chain silicate

Statement—l'f‘: Pb** compounds are stronger oxidizi_ng agents than Sn** compounds

Statement’_—Z:: The higher oxidation states for the group 14 elements are more stable for the heavier
members of the group due to 'mert pair effect’. - '

(a) Statement-1 is True, Statement-2 is True; Statement 2 isa correct explanatlon for Statement-1.
. 2 ation for State-

In the reactlon 2X +BH, ~——> [BH (X)] [ H] S
the amine(s) X is(are) : X
(@) NH, - (b) CH,NH, : (¢) (CH,),NH (d) (CH)),N

‘The reaction, 3CIO™ (aq) — CIO (aq) + 2CI" (aq) is an example of :
~ (a) oxidation reaction o (b) reduction reaction
(¢) disproportionation reaction o (_d) decomposition reaction

A gas ‘X’ is passed through water to form a saturated solution. The aqueous solution on treatment
with silver nitrate gives a white precipitate. The saturated aqueous solution also dissolves magnesium
ribbon with evolution of a colourless gas Y Identlfy ‘X’ and Y’.

(@) X= CO,,Y=Cl, (b) X= Cl , Y -COZ- ()X=CL,Y=H, (d)X=H,6Y=Cl

The structure of XeO, is : ‘

(ha) linear (b) planar - - (c) pyramidal (d) T-shaped
XeF, and XeF, are expected to be '
(2) ox1d1zmg (b) reducmg C (c)‘unreactive - (d) strongly basic
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