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COMPARATIVE STUDY OF E EMENTS O CARBON | AMIL
l iy " nivm, tin and lead belong to group (v A
i dlicon, permi ' oo ing
; teristics. Tho cloments carbon, & L B henee allare (etravalent, They,
Songl C.lml‘..“d“:ih‘vl;‘:ch‘ peneral electron conliguration isny= np und he
or 14 of the periodic table. T BSOS
belong to p-block of the periodic table,

. * 2 *; ﬁ
isti iven in the following table 3.5,
Their general charactevistics are given in the (oll |

nts.
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Table 3.5 Som ‘___p si '“a‘;;a;n[um, Go Tin, "”nﬁ it e
o l E“““o“‘a’ CnrbDl\.C - Sl||con- e RS ~—---""3'“ K2 2
“ FIopeny 6 14 s . “m 2 |I(rl'"'»lll'"53"'I" lx"l‘ 44/»; Yo" -{,p. {
; Atomic number Hol? 25 2p° lNclm Aastapt | AT M -l.vI;’l’ HETETE VAL (V)
\ Electronie ‘(-:lll)“ +&l\’ (+ 1), + 1V (-+ 1), +
configuration ’ 1Y (71
=D . 182
QOxadation states oo 188 17 37
\ o st 260 RRY
foaisation encrgics koal/mole 4:\\\1 562 L ;23 707 740
- e 5 A
3nd 1103 72 1053 93y I(.‘/
o 27 P
= . ] 5.3¢ ). -
:)(: a\l-n. m/ml) 3.51 (diamond) 235 36
nsuy (g 2.2 (graphite) \ 550 231.19 333
Melting point (°C) =P :230 2380 268.7 1751
Boiling point (°C) 3800 <08 8 1.8 1.8 1.8
Electronegativity 2.5 L
(Pauling scale) s T 1.54
Atomic radii (&) 0.77 117 5 0.71 0.84
lonic radii (A) of M+ 0.16 0.52 0.5 =l Sios
3 Atomic weight 12.011 28.09 72.60 . U/

ANOMALOUS BEHAVIOUR OF CARBON

p Carbon differs from rest of the clements in group 14 bec
and non-availability of d-orbitals. Thus :
() Maximum coordination number

f penultimate shell. Other elements of grou
i

ausc of its smaller size, higher electronegativity

shown by carbon is 4 because of non-availability of d-subshell in s

P 14 show coordination number 4 and 6. c.g., CCly, SiCly , ISiFh]:'
[SnCL)*". etc.

(it) Carbon forms multiple bonds such as C = C,C=CC
Other elements of group 14 usually do not show multiple bond.
(#if) Carbon has a great tendency to catenation (ie.

carbon is related to the strength of bond (in kJ mol ). The
14 elements is :

C—-C(348);Si—S;i (222) ; Ge — Ge (16
carbon shows the property of catenation,

PERIODICITY IN PROPERTIES OF GROUP 14 ELEMENTS

From the clectron configuration of these el
their valence shell while Ge, Sn and Pb have 18
in its ante-penultimate shel]. So, there is regular gradation in properties o

1. Size of atom (atomic radii and atomic volume). Both atomic radi
the group as shown below -

Atomic radii (pm) C Si

=N,C=0,C =S ectc. duc to 1ts small size.

tendency to form long chains). This tendency of
bond strength in kJ mol™ of some bonds in group

7) and Sn—Sn (155). Since C—C bond strength is more,

ements, it is clear that C and Si hav

€ noble gas kernel beneath
clectrons in their penultim

ate shell. Lead has even 32 electron
['these elements down the group.
1and atomic volume increase down

Ge  Sn Pb
72.2 117.6 1223 140.5 146

Alomicvolumic (cm®) 54 114 13.6 163 1827
*Uncommon oxidation states are given in brackets.
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The reason 15 that as we go down the group, the screening cffect of the new added shells is greater than

r wl'fuclivc nuclear charge of the elements,
i
2. lonisation cnergy. The ionisation energy Lo form M** jons in group 14 clements has the following order:
C > Si< Ge>Sn<Ph

The order of LE. of C and Si is sume as expected,

However in Casc of germanium, the filling of 3d subshell increase (he nuclcar charge and provides
chiclding d-clectrons. Similarly in case of tin and lead, the filling, of 4f and 5f subshclls increases the

oorly 4 £t ,
harge and provides poorly shiclding f-clcctrons, This cxplains the above irregular order of 1onisation

puclear €
cnergics:
3, Metallic and non-metallic character, A mctal has a tendency to lose clectrons and become electro

ositive. (M~ M* + ¢7). Smaller the value of ionisation cnergy of an clement, greater the case with which it
will losc clectron and greater will be its metallic character. The decreasc in ionisation energy on moving dovwn
the group from Si to Ge and further to Sn and Pb is comparatively smaller. Thus C and Si are non-metals,
sermanium is metalloid while tin and lead are metals. The increase in metallic character is exhibited in the
following characters.

(i) Mallcability, ductility and clectrical conductivity nature. (ii) Structure and appcarance of elements

(iif) Increase in basic characler, decrease in acidic character of their oxides and hydroxides and
-ncreased tendency to form M2* ions down the group.

4. Electronegativity values. The clectronegativity value of these elements do not decrease in a regular
way. For cxample ; (C = 2.5),Si(1.8), Ge (1.8),Sn (1.8), Pb (1.9). It is probably due to the filling of d and later
J-orbitals of elements down the group.

5. Oxidation states. (a) Carbon. c*~ (Ne gas configuration formation) is energetically unfavourable
because very high energy will be required to add four electrons to C-atom. However, C*~ ion is thought to
exist in Be,C and Al,C5. Also C** ion (He gas configuration) formation is energetically unfavourable because
very high energy (1411 kcal/mole) is required to remove four electrons from neutral gaseous carbon atoms.
«C (excited) is ]ﬁfbplZp},Zp}r It undergoes Sp3 hybridisation and forms four equivalent hybrid orbitals

which are dirccted towards the four corners of a regular tetrahedron. Thus, it shows a covalency of four.
Divalent carbon compounds are unstable but are known in organic reactions in which transient carbene

intermediates like : CH, and : CF; are known.
(b) Silicon. Its jonisation encrgjes to form Si** ion are much less than C** ionand shows covalency of four in SiCly.

(c) Germanium, tin and lead. All these clements exhibit +2 and +4 oxidation states. As we go from Ge
to Pb, the stability of + 2 oxidation state increases while that of +4 oxidation state decreases. It is duc to the
increasing stability of inert pair of s-electrons in the valence shell. Thus, the decreasing order of stability of

+2and +4 oxidation statcs is :
ph2* > Sn?* > G2t Gett > snt > Pb™
It indicates that (1) SnCl, is less stable and hence better reducing agent than PbCly
Sn2t —> st +2¢7 Ph2t — Pb* + 2e”
?;.r)wlfbs{ﬁf ion is more stable than Pb** ion, Sq2+ ion is better reducing agent than Pb>* ion.
Cly is less stable than SnCly. Thus PbCl, is better oxidising agent than SnCl,
PH*t + 27 — Pt ; sn*t +2¢”—> Sn**
Thus’iiyg‘ersizf compou4n+d's. MZ2* jons arc bigger in wc and smaller in the amount of charge than M** ions.
ns and M** ions are expected to form ionic and covalent compounds respectively. Hence, as we

£0 down the grou ioni i
gr the tendency to form tonic com ounds increases. Howe > OX 1 1
e P, compx s increases. However, the oxides and fluorides of tin
cad, viz Sn0,, SnF,, PbO,, and PbF, arc 1onic in nature.

—
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6. Melting point, boiling point and heat of atomisation. As we go down the group, the inter-atomic fore -
decreases. As a result, the melting point, boiling point and heat of atomisation decrcase.

7. Formation of complexes. The tendency of an element to form complexes is f;wq)ureod by its small s,
high charge and availability of vacant orbitals of right energy in it. Since C [(He)“2s“2p] has no d'OTbllaL
so 1t cannot extend its octet. It is only tetravalent (e.g., CHy , CCly) and does not form any complex compoung

Silicon and other members of the group have vacant (1 — 1) d subshells. So, these can cx]tcn_d _thClrroctq
and form complex compounds having coordination number 4 and morc than 4. For example, it is 6 for Si.

(SiF(,)z— and Ge, [GcCl(,lz— and 8 for Sn and Pb.
(. —_— 2_
Si Fy + 2F~ — [SiF(]*” ; SnCly + 2CI~ —> [SnCl]

In these complexcs, the central atom Si and Sn form four covalent and two coordinate bonds througy
) ‘ : i nD— 2- , ahedr:
sp>d® hybridisation as shown in fig. 3.18. (SiF4)*~ and (SnCl;)*~ both have octahedral structure.

3s 3p ad 3s 3p 3d I
wshovey o 1)L (1] ) rasi ey (1111 (1|1
(ground state) (excited state)
3s 3p 3d 3s 3p 3d
sie, (1L (L[1E]1 ;tstra (] [TE ] ex]xx
\ F— F_I
sp3d2 hybridisation
Fig. 3.18. -

8. formation of tetra-alkyls. These elements form tetra-alkyls e.g. silicon forms tetraethylsilicon
Si(C; Hs), and lead forms tetra ethyl lead, Pb (C,Hy),

9. Hydrides. All the group 14 elements form covalent hydrides. The number formed and the ease of
their formation decreases as we go down the group.

(@) Carbon forms a large number of chain and ring compounds including alkanes (Cp Hy,, 4 5). alkenes
(CaHyy,), alkynes (C,H,,, —2) and aromatic compounds due to catenation. Here, the limit of 2 is not known.

(b) Silicon forms a limited number of saturated hydrides, Si,, Hy, . , (straight or branched chains)
called silanes. Here 7 is from 2 to 6. Their limited number is due to weak Si—S;i bond.

(c) Germanium hydrides behave similarly as silicon. But germanium hydrides, GeH, (germane),
Ge,Hg (digermane), Ge;Hg (trigermane) etc. are less readily hydrolysed and are less inflammable.

(d) Tin. It forms two hydrides : stannane (SnH,) and distanane (SnyHg). SnHy is less stable but can be
prepared by reducing SnCl, with Li(AlH,) in ether at —30°C

(¢) Lead. It forms plumbane, PbH,.
however, been prepared by the cathodic

From above we see that the numb
down the group.

Stability of hydrides. As we
explained as follows :

(¥) In hydrides of carbon, the clectronegativity difference between C(2.5) and H(2.1) is extremely small. Thus
H-atom in C—C—H bond does not withdraw electronic charge to much cxtent. As a resull, the strength of
C—Cbond is not affected and hydrides are most stable than alkanes. :

(i) In hydrides of silicon, the electronegativity of H(2.1) is more tha
electric charge from Si—H bond and makes Si—Sibond weak. Thus silan

(#i) In hydrides of Ge, Sn and Pb, there is a large difference in the
result M—H covalent bord is very weak due
decreases down the group.

Itis less stable than stannane and is difficult to be prepared. It has
reduction and has been detected by mass spectrometer, -
er formed and ease of formation of hydrides decrease as we mow

go down the group, the stability of hydrides goes on decreasing. It i

n Si(1.8). Thus, H-atom withdra®
es are less stable than alkanes.

sizes of metals and hydrogen. As?
to poor overlap of orbitals. Thus, the stability of hydride
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Reducing nature. All the hydrides act as reducing agents. Since the decreasing order of stability of hydrides is ”-.,.\.\ a0
g order of reducing power s 1

(e decreasih
PbH, > SnH, > GeH, > SiH, > CH,

10, Halides. (i) All the group IVA or 14 ¢lements form tetrahedral covalent halides.
jj) Carbon halides are saturated compounds. Since carbon atoms has no d-orbital, it cannot increase its

i Ordinati(m numbecr.
iif) Excepl carbon halides, halides of other group IVA or 14 clements undergo hydrolysis. It is because
(hese clements have vacant d-orbitals and can ecxtend their co-ordination number beyond four
CCl,y + HyO—> No action ; SiCly+4H,0 —> Si(OH),+4HCI

Silicic acid

The hydrolysis involves following steps :

1
|
(4) Oxygen atom (donor) of H,0 : forms co-ordinate bond with central atom. |
(b) HX gas (X = halogen atom), then goes out. I
(iv) Except carbon halides, all group IVA or 14 halides act as strong Lewis acids. It is because these
ments have vacant d-orbtials and can extend their coordination number beyond four.
v) Stability of CX4 (X = halogen) decrcases with increase in the molecular weight of halogen. It is
pecause, the C — X bond energy (kcal/mole) decreases with increase in atomic weight of halogen e.g.
C-—F=116:C—Cl=8];C-—Br=68;C-—-l=51.
(vi) Volatility of group IVA or 14 halides decrcases regularly with increase in the molecular weight of
tetrahalides.
(vii) Since Br; and I, are weak oxidants, these are unable to oxidise pb>*

cle

to Pb**. Hence PbBry and

Pbl, arc unknown.
11. Oxides. Elements of group IVA form monoxides and dioxides. Oxides of carbon differ from oxides

of other elements because these contain prt — pr multiple bonds between carbon and oxygen. Various oxides ol
carbon arc CO, CO,, C302, CsO2 and C,09. We shall discuss CO, CO, and oxides of other clements of

group IVA. The tendency to form monoxide increases down the group.
(vi) Nature of bonding in oxides (i) COz. X-ray analysis of solid carbon dioxide shows that it is of
molecular lattice type in which each CO, molecule occupies an independent position in the gcometric

pattern. CO, molecules arc held together by weak polar intermolecular attractions.

~ (vii) Si0p. X-ray analysis shows that SiO; has an infinite three
dimensional structure. In SiO», silicon and oxygen aloms are held together é r 'é -3 (l)
by strong covalent forces in a continuous chain. Here each silicon atom is | | :
bonded tetrahedrally to four oxygen atoms. Also each oxygen atom is --'O—S|i-:'0—5|i—0-r5i—0""
commo . . 1 |
n to two tetrahedra (Fig. 3.19). o! o) e)

- — - - d I

I CO, is a gas but other oxides of group IVA or 14 elements are
solids. Carbon as well as oxygen atoms are small in size and form multiple
covalent bonds. CO, has linear structure with zero dipole moment. Hence o o o
CO, molccules are held together at room temperature by weak | | |
mf£;:rmolgcular forces. Thus CO, is a gas. Other elements of this group are s T
2) grgc size and are unable to form multiple bonds. The Si = O, Ge = Fig. 3.19 Structure of silicon dioxi e.
el’cmn — Oand Pb = O bonds do not exist. As a result, oxides of group IVA

ents are non-gaseous but are solids.

Catenation. Carbon and silicon atoms have the property of catenation (i.e., property Lo

another in lar . . - : E
. e ge number) to form strai rht Chaln zmd rin ty 1s more mar
than in silicon. g g compounds. This property

---O—Sli——O——S|i—O-—S|i—O----

join with one
ked in carbon
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CARBON AND TIN
shown helow

Both show similarity in the formation nl'ullmruplc‘l'nrms ias O ot i b different physis
Allotropy.Various forms of the sane clement having .,s'fln‘u,'”i;r.“"o,'m; N Carbon a8 S
properties arc called allotropic Jorms and the phenomenon i3 calle
allotropy. These are explained below :
1. Allotropy of carbon. Two main all : ni
aphitc is sp hybridisc

o . ar ar ’ i" gr . . X < h., s 1' PR
i) Graphite. Each carbon atom P i o ooy i
u\mn(x‘)thrmﬁ:h covalent bonds forming hexagonal rings i (wWo dimensions ¢

: oY are about 3.35A apart and arc held i
sheet like polymeric rings. Any Wo successive sheets (ldy(.r':») hd'”: ldh(::: Tip casi{’v A
weak van der Waal's forces. It is due to these forces that graphite faycrs - ) \ _
.l S als - e ' . C‘C' ’
As a result, graphite is very soft to touch and has lower density (2.2 gm | e
4 % Lt - v 5 . . 2 L PP ’ TOon o ez2C r_“c.;'
Good Conductivity. Each carbonin graphitc issp hyb_ndlscd. .'I":ljus.on;:’ Ya!ﬁni)cnc; ((:;t ot eac (;H;.
atom s free to move from one point Lo other. The unhybridised orbitals containing ectr erlas
laterally to form 7z-bonds between adjacent layers.
These electrons are delocalised and are quite ff ‘
Thus. graphite is good conductor of heat and electricity.

(if) Diamond. Each carbon atom in diamond is 51_73
carbon atoms by covalent bonds. Thus, it has a three dim
is the hardest substance known (m.p. = 3570°C).

Since no electron is left unpaired in its formation, it is a bad conductor of hea
bond length is 1.54 A and bond angle is 109° 28" or 109.5°.

(i) Allotropy of tin. Allotropic forms of tin are : (i) @ or grey tin and (ii) B or white tin.

The two forms co-exist as follows :

a—Sn B —Sn
(Grey. d = 5.75 gm/cc) (white, d = 7.31 gm/c.c)

(i) Grey tin. It exists in powder form. It lacks metallic properties and is a poor conductor of electnary.
It is stable below 13.2°C and consists of interlocking tetrahedral units.

Bond length, Sn—Sn = 2.80 A and density = 5.75 gm/cc.

(i) White tin. It exists in the form of metal. It is soft, ductile and good conductor of heat and electniat.

It changes to grey tin at low temperature. It has cubic close packed lattice.

NITROGEN FAMILY

The elements belonging to group V A or 15 or pnictogens are given in table 3.6.
Table 3.6 Some physical properties of group VA elements.

otropic forms of carbon arc diamond and graphite.
d. It is bondcd 1o three other carbe,

ec to move under the influence of heat and electric field

hybridised. It is bonded tetrahedrally to other for
ensional network of strong covalent bonds. Thus &

t and electricity. Each C—C

Property | Element Phosphorus, P Arsenic, As  Anti i i
imony, Sb
Nitrogen, -~ N ' ’ e o A
Atomic number Electronic 7 15 33 51 3
configuration Oxidation states [He)? 25% 2p° el 352 3,3 18 3410, 2 S 1 o
iy p INe]"3s"3p"  [Ar]"®3d"4s’ap® (Ko 4d'°5s%sp®  [Xep™ afi5a assp’
Atomic weight 0, -L =11, -1IL, +1,  +1IL(+1IV),+V 4 l+m +V PR +1f:1>d+\('x”
+11, +1IL+1V, +V 30975 +1L+V l‘;l 76 .
14.008 74.91 o 208
Ionisation encrgies in  kcal/ Ist 335 253 79 =
molecule . = o
2nd 683 463 466 429 385
3rd1487 695 629 S:p 589
4th1784 1184 1155 1018 1044
Sth 2256 1499 1443 1284 1291
Total 6545 4094 3919 3502 3;77
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: 17.3 1.70 (white IM) 13.1 182 2D
; c,ml T
Atomi¢ Vo;::\;m“d 0.95 1.82 (white I'1) 5.72 06.69 ):n
Densty gm_m (;c) =210 44 (white 1'1) 817 (36 mm) 0630.5 ;:I
““""‘gpp(::“ 0) -195.8 280 (white 1) 613 1337 S
ilin . o 1y r
;?;;lﬂnni\czmlivily (Pauling scale) 3.0 2.1 I22.(I) b e
o 2N 93— 0.74 110 . . L.
it ()X ' :
Atomic mdl‘l (f’2+ - s ot 5 e -
loni¢ radii (“\) X _ - 0.6Y 0.90 1.52
s+
oL , 0.62 0.74
» argnisation, 25°C (kealinole 0.11 0.34 0.47 i '
Heatol atomisation. 25°C (keatimole) £s iy = pip s

GENERAL CHARACTERISTICS

(a) Physical properties. Somce physical propertics ol group VA clements arc given in table 3.6,

These properties arc discussed below :

1. Electronic configuration. The electronic conliguration of these clements (table 3.6) shows the
presence of five electrons (ns2 n|)3) in their valence shell.

2. Oxidation states. Thesc elements attain inert gas configuration by the following two different methods:

(a) By transfer of electrons. Nitrogen as well as phosphorus atoms form triply charged negative tons
(N3— , P3—) but As, Sb and Bi have little or no tendency to form such ions.

The reasons are : (i) As we move down the group, the size of the element increases and attraction of the
nucleus for the newly added electrons decreases.

\
(it) More the negative charge on the ion, more it becomes susceptible to polarisation. |
(iii) A large sized anion cannot {it well in a lattice of small cations. l

N3~ jons form stable ionic compounds with strong electropositive metals like Li, Mg and Al, eg.,
Liz N, Mgz N, and AIN. P>~ ions behave similarly but less effectively.

-3 oxidation state is exhibited by N and P atoms through the transfer cf electrons from mctal atoms to
N and P-atoms.

+3and +35 oxidation states. +3 and +5 states are shown by oxides of the type M, O3 and M, Oj respectively.

5+, . .
M™" ions are rare. It is due to following reasons ;

(i) The size of M>* jon is extremely small and its ionisation energy will be abnormally high.

(if) M>* jons are hydrolysed in aqueous solution. T

M** ions are common. As we move down the MAGN'TUDE\SS LONE PAlRN T
group, the inert pair effect increases regularly. Thus, N
the stability of +3 oxidation state (by the loss of YA AVARN

Yo + (?X.I alion state ( Yy Lhe 10ss of BOND DIPOLE SHOWN BY H F S
three p clectrons) increases while that of + 5 NH3 H NFg
decreases,
; (b) By sharing of electrons. All these clements RESULTANT DIPOLE T I
Tivc three unpaired clectrons in their valence shell. 1.49D 02D
- U5, these form three covalent bonds by sharing : ' .
ese clectrons with clectrons of other atoms e, Flg. 3.20 Comparison of dipolemoment of NH, and NF,
molecules.

NH3, PH;, AsH, SbH, and BiH,.

Maxim
um covalency of N is 4 ; ;e of others is § 2532 1 ! l X
valency of N is 4 and those of others is 5 and 6. N-atoms (7N = 15~ 2 2p, 2y 2p: ) has

OIIC lone wt
pair of ¢lec c (962Y in Cre e : 5 . ; i e
clectrons (2s ) inits valence shell, When it donates its lone pair to H *.ion, NH; 10n 18

*U
ncom Spee
Mon oxidation States are in brac

kets,
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. e e N-atom has no d-orbital, it s unaby., |
formed. In NH.?L ion nitrogen shows a covaleney of four. iy f NI¢ or NClg. It m?;y be nmu; xlh
extend its coordination number beyond 4. Hence, nitrogen docs not 'nrm y B N o 'l &
nitrogen also exhibits 0. ~1, =2, <3, + 1, +2and 44 oxidation states in Ng, NHz OH, Ny Hy NH3 N, O,

aly CX S y Ty Tay T ) 5

and NO, respectively. .
P, As. Sb and Bi have availuble d-orbit
PFs [Sb Fg] ™, |PClgl™

als and can extend their coordination number to 5 or 6,

g 2., AsF, SbF; BiF5) exist as ionic solids, The M>* jon underg,,. |
¢ clements (NF3 PF3, Asks SblFs 3 Sigs ' i e ¢

t

Fluorides of thes ; ;

hydrolysis in Hy O to form sbO™ and BiO'. The change can be reversed by adding SM HCI,
Sb3+/ \Sb()+
~nc” |

3. Metallic and non-metallic character. As we move down the group, thereis a d(,:crczxsc in the valugs ¢
§ electronegativity and heat of atomisation. As a result, there is an increase in metallic character down i,
group. Thus N and P arc non-metals, As and Sb are metalloids while bismuth is a truc .mclal. This charag.
is indicated in their oxides. For example, the normal oxides of N and P are strongly acidic, those of As and
arec amphoteric while that of Bi are strongly basic

4. Ionisation energy. As we go down the group, the screening effcct of new shells becomes greater th
cffective nuclear charge. As a result, the cnergy required to remove valence electron becomes less and e
Thus the first ionisation energy goes on decreasing down the group. However, the first ionisation encrgy o
VA group elements is much higher (than expected) than IVA clements. This trend is explained on the bas:
of (¥) increased nuclear charge and (ii) increased stability of half-filled p-orbitals.

S. Catenation (Self-linkage). The property of catcnation in group VA clements is less than that of groy

IVA elements. For example, two N-atoms arc bonded together in hydrazine, H,N — NH, while three N-atom
+ —_

are bonded in hydrazoic acid, H — N = N = N and azide ions, N3 ~

Reason. The lesser tendency of catenation is due to the weakness of N—N bond strength (3
kcal/mole) as compared to C-O bond (84 kcal /mole). This trend is attributed to the repulsion betwee
non-bonding lone pair of clectrons on N-atoms.

o € ., €© ..
N

The tendency of catenation decreases down the group. It is due to decreasing M — M bond energies ax!
hence decreasing tendency to form chains. For example, P and As form P, H, and As, H, respectively.

6. Thermal and electrical conductivity. The thermal and electrical conductivity of group VA element
increases with increase in atomic number down the group. It is due to the increasing delocalisation o
electrons in moving from nitrogen (:N = N:), (co-ordination number, 1) to bismuth (having metallic cryst
co-ordination number, 6).

7. Atomic radius, ionic radius [X*~, X**, X°*) atomic voulme, atomic weight, density, melting poit!

(except Bi) and boiling point. These properties increase as we move down the group.
The differcnce in the size of Sb (1.41 A) and Bi (1.52 A) is less than expected. It is because the ﬁllingf{
4d-sub-shell in Sb increascs the nuclear charge due to poorly shiclding effect of 4d-clectrons. The >
additional protons in Bi-nucleus have a deciding effect in pulling various shells close to the nucleus. ASf
result, the six shells of Bi occupy a little more volume than five shells of Sb. Due to the same reason, there?
sharp increase in the density of Bi (9.8 gm/cc) than Sb (6.7 gm/cc). - .
Melting point of Bi is less than that of Sb. It is because of comparatively less availability of pair of * _(
electrons in bismuth due to inert pair effect. The inert pair effect increases down the group. e
8. Volatile nature. Group VA clements are more volatile than their immediate neighbours. It is becd”

- 2 | 1 1y - . R
these elements have five electrons (ns® npy“npy “np, ") in their valence shell. This arrangemch

y
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ve 10 form discrete molecules. Since the attraction among such molecules is very small, Jess enerpy
condu¢ {o scparate them. Hence these clements are much volatile.

rcquircd ) . : 2,23 I 2 5%,
Elcmental state. (@) Nitrogen is small sized atom (N = 157 25° 2p~), It comtains only 157 clectrons in i1

orc When N-atoms come close, these do not encounter any repulsion from 15% clectrons, Thus, stoms
inncl €7 multiple bonds by the lateral overlap of p- orbitals, Hence nitrogen exists as 4 diatomic
lor;ﬂ plle (N = N)or N,. Since the forces holding discrete nitrogen molecules are weak van der Waal forces,

u ~ ,
moleC

pitrogen exists as a gas.

(b) P, As and Sb are lz.nrgc sized atoms. Thc atoms of these L:Icm%'nts cannot approach close cnough
use of increased repulsions from the non-honding clectrons of the inner core. T hus these clements are
1 rm prr — pre mulliple bonds. As a result, these do not exist as diatomic molecules. On the othe

clement shares its three unpaired electrons with other three clements to form tetrahedra
Asy and Sby. As we move down the group, the giant lattices of P, As, Sb and Bi show 4 gradual

lent to metallic bonding. For examplc :

beca
unable t0 fo
llﬂnd: e'dCh

molecules, P4

sova
(rend from € : ) .
@) Red and violet phosphorus form layered structure with co-ordination number three.

(ii) Arsenic and antimony form more closely packed layers having intermediate covalent-metzllic
structures, an . i I .
(iif) Bismuth involves such a packing of atoms that the bonding is purcly metallic.
. 2,2 ; A ;
Inert nature of nitrogen. ;N—atoms (1s~ 2y 2pi 21)}, 2171) shares its three unpaired clectrons with three

unpaired clectrons of another N-atom to form prr — prr multiple bond. As a result, both N-atoms attain ncon
pas (stable) configuration and form N =N mol.eculc. The bond length is very short (1.094 A) and bond
Jissociation energy (225 k cal per mole) is very high. Thus :

(i) At room temperature, strong bonding in N, molcculc is not disturbed by collision among molecules,
Thus, it is not reactive at room temperature.

(if) At very high temperature, the N, molecules acquire high kinctic energy. The triple bond in N, thus
gets broken (into atoms) by the collision among molecules. The atoms so formed have high electronegativity
and exhibit high chemical reactivity.

(iif) The formation of most of nitrogen compounds involve endothermic nature. This is also one of the
causes of inert nature of nitrogen. For example :

3000°C
N, + O, + 432k cal —— 2NO 1

CHEMICAL PROPERTIES

1. Hydrides. The clements of group VA form volatile hydrides of the type MH;. N, P and As also form

hydrides of the type M, H,. Nitrogen also forms hydrazoic acid, HN;. Some hydrides are given in the
following table 3.7.

Table 3.7 Hydrides of group VA elements,

———
MH; type M, H, type M3 H type
I:}}:z Ammox}ia N,H, Hydrazine N;H Hydrazoic acid
3 Phosphme P,H, Diphosphine *
?;;13 g\'ranc As,;H, Diarsine
BiHBBFlbmc . Sb, H, distibine 1
~—_3ismuthinc
(a) |

Hydrides of MHj; type are discussed below :
- .St"“Ctllre. These h

livigy . ydrides (MH3) have pyramidal structure. The bond angle, bond energy, electrone-
Yand atomic raq

i1 of these hydrides are given in the following table 3.8.
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Table 3.8 Somo character of group VA "!9?9'}}{"

~Bond oncrgy ~Eloctroncgativity Atomic radius (™
Bond angle 1

9 M-H (kcal/mole) | R
NI (106° 437) N=—H =2 P w2l P o= 110 |
“P“ (()4(\) i l)..ll ws 7/ A\\ "‘; 0 A!\ - l.?_l

HAsH (91° 48") As—I = 39 Sb = 19 Sh = 1.4]

HS[)“ (91“.11\”) Sl)—ll = (‘l vl = = e e e . i et s et

- ; 3 S ~

In all these hydrides, the central atom involves .\'/)3 hylgridisu.lion u.nd l orn‘wlilmlr :\l'/l) \{grl;)llllttli"(:':-:l\ On,
sp>-hybrid orbital contains a lone pair of clectrons. Restsp™ hybrid orbitals overlap with. al “allony
As aresult, MH; attains pyramidal structure. ‘ . |

The H-N=H bond angle is slightly less than tetrahedral angle (109°.28"). 'l he h('m.(l.amglrc lm‘ rul h?/dr,dQk
is considerably less (table 3.8). It is because as we go down the group, the clects ()rjcgzilFllvnlyl(t ‘l u, .Lf'n“:dl aloy,
goes on decreasing. As a result, lone puir-l)onq pair and b_ond-pzur-boml pair r'n,pu :?mfl. ¢ LLrL.l.\.(l.S fbg'lllurly
Thus, the bonding electrons in MH; arc drawn [arther and farther away from M and closing up of bond angle,

akes place. . _
= (liii) Properties. (@) Covalent nature. As we move down the group, the clectronegativity diljl:crcnce
y between group VA clements and hydrogen goes on decreasing. Thus, polar character goes on dccrcu.smg ang
covalent character goes on increasing,. ‘ e o
(b) Hydrogen bonding. The small size and high electronegativity of nitrogen atom results in intermoleculy
hydrogen bonding in ammonia molccules.

(P
WH = ITI...H = IIIH - IT
H HI H

(Interholecular hydrogen bonding)

Thus, ammonia (NH3) is a liquid. Since high energy is required Lo break hydrogen bonding, NHj; has
high boiling point and heat of vaporisation. As we move down the group, the size of central atom £oes on
increasing while the elcctronegativity goes on decreasing. Thus these elements are unable to form
intermolecular hydrogen bonding. So, PHj, AsHj, SbH; and BiH; are gascs.

(c) Thermal Stability. As we move down the group, the size of central atom goes on increasing, Thus,

the extent of overlaping of sp3-hybrid orbital of central atom with s-orbitals of small H-atoms goes on
decreasing. As a result, the strength of M — H bond goes on decreasing. Hence, the thermal stability of group
VA hydrides goes on decreasing as shown below :

NH; > PH; > AsH; > SbH; > BiH,

(d) Reducing nature. The thermal stability of hydrides of group VA elements goces on decreasing in the
following order :

It is because, as we go down the group, the strength of M — H bond goes on decreasing (Also see thermal
stability concept above). Hence the reducing character of hydrides goes on increasing.

(¢) Basic nature. The basic nature of the hydrides of group VA elements is due to the Jone pair of
electrons present on central atom. The decreasing order of basicity of these hydrides is

Reason. Nitrogen is small sized ?lom. 1‘3101'16 pair of electrons, is thus concentrated on small region. AS
we move down the group, the size ol central atom goes on Increasing. The electron cloud (of lonc puirs)

y
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arger and large G, " '
Jilfuses OVer lﬁg ra e dt ger ;mlumc. As a result, the electron density in the sp-hybrid orbitals gocs on
dccrcusmg flﬂ( 1gncc, c V(:Al Oll1 donor capacity (basic strength) goes on decrcasing,
2. Halides. Group clements form halides of the type MX5 and MXe,

a) Trllmh(lg.s\of‘nl'll‘o'gcn. These arce predominantly covalent, The ionic character increases down the

group and thus, BiClj is ionic.
~ e veryv St WIS ¢ . i " + ; 2 B

NF is very sl.lbk. gas and is inert in nature, 1t can be explained on the basis of its strong N~ F bond.
Also, its heat ol formation, AH® = - 26 keal/molc is very high,

NCl; is explosive. NCly is unstable or explosive. 1t is because of its high positive heat of formation,
AHS = 15534 kcal/mole. 1t undergoes hydrolysis to form ammonia and hypochlorous acid (HOCI):

NClj + 3H,O ——- NH;, + 3HOC]

NFj has very low dipolemoment and also does not act as Lewis acid. NF5 has pyramidal structure, Since
F-atom is small sized highly electronegative atom, it withdraws lone pair of clectrons of sp*-hybrid orbital of
ly towards itsclf i< devoid of ; X Eo
N-atom strongly towards itscll. Thus, N-atom is devoid of its ¢lectron donor character and docs not act as
Lewis base. Dueto the same reason, the resultant dipole- moment of N IF3 becomes less than NH 4 in which H-atom

has comparatively less electroncgativity (Fig. 3.20).
Trihalides of phosphorus. (¢) PF5 is stable and does not undergo hydrolysis because of strong P — F bond.

Also, P—F bond is stronger than P—O bond due to high clectronegativity of fluorine. Thus during
hydrolysis of PF3, P—O bonds are not formed and PF; does not undergo hydrolysis.

The hydrolysis of trichlorides of these elements is shown below. The product depeads upon the nature
of the element. For example : |

NCl; + 3H, O— NH; + 3HOCI; PCl; + 3H, O— H; PO + 3HCI
AsCl; + 3H, O — 3HCI + H3 AsO5 (Arsenous Acid)
SbCl; + H, O—> SbO™ + 3CI™ + 2H™; BiCly + H, O— BiO™ +3C1™ + 2H™
NF; reacts with water only when electric spark is passed through the mixture :
2NF; + 3H, O—> N, O; + 6HF

(b) Trifluorides and trichlorides of phosphorus and antimony also act as lewis acids, (i.e., tendency to
accept lone pair of electrons). It is because of the tendency of these elements to accept lone pair of electrons
in their vacant d-orbitals. For example : |

SbF; + 2F~ —> [SbFs]*™ ; SbCly + CI~ — [SbCl]~

Trimethyl amine

PCl; also acts as Lewis base (clectron donor nature) because P-atom is able to donate its lone pair of

clectrons to the vacant d-orbitals of other elements like nickel. for example :
Ni (C0)4 + 4PC13 = Ni(PCl;)‘t + 4CO
Nickel carbonyl  Lewis base

(c) Pentahalides of group VA elements. (i) N-atom does not have d-orbital. Thus, it cannot expand s
octet to accept lone pair of electrons from other halogen atoms. So, nitrogen pentahalides are not possible.

(i) Phosphorous, aresnic and antimony form pentahalides. It is because these clements have d-orbitals.
Thus, these elements are able to expand their octet and can accept lone pair of clectrons from other halogen
atoms especially fluorine (o form pentahalides.
G r()l:r)l iBnistr)nuth penlah.alide is ll()[/()l?llud. It is'l)ccuusc the 65 electrons in bismuth element are reluctant to

; ond formation due to inert pair effect.

(¥)In solid state, PClg exists as ionic [PCly|* [PClg]™. The [PCl,]* is tetrahedral while [PClg]™ is

octahedral. In the gaseous and liquid state, it has trigonal bipyramidal shape. PBrs cxists as | PBr,|" and Br™
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: i ool luree size of odine itom and sl electronep;
(") Plg does not exist. 10y explained on the Linsis of larpe size of

o / ol

difference between P (2,1) und atom (2.2), :

() ANl pentahalides (except witropren) act s Lewis In(,'.ul.".l o

central atoms accept halide ions in their vaeant d-orhitals ane |‘iv| fhan 1

3 ' AN ‘ yer wix and the ion D

For example, in [PCl) 7, P-aton has coordination numl | i s - 5

() Bond agele in NIy (102,17 iN lesy than NI (106° 458", F-alom SERL )l,(, N' |; ,l]/z Ve M,«}}

. 9 t slpvg 1 ( d, ) ‘

than Heatom (2.1) in Ny, Thuy, FPatom reduces the size of bond pair ol clectrons in ond, 1t cay.,
lesser bond paiv-bond pair repulsions than this type ol repulsion in N -

i NEy s less than that of N4,

A, Onides of group VA clements,
Table 3.9 Oxides

(cleetron pinir pceeptor) I by hecuya. (0,
[ their coordination number ),
iz

s octhedral structure,

The various oxides of group VA clements are given in the folloing table 7
of group VA clements.

TRY (St &
o

Oxidation number of clements Oxides of clements e
N P As Sh Ei
+ 1 N0
+2 NO ' ’
+3 N203 P4Oq As400 SbaOq By,
+4 N20y4 P4Og - e s
+5 N>2QOs P4O10 As,Os Sha20s
+06 (NO; N, Og) which arc
very unstable ‘

Nature of oxides. (i) For the same clement, the oxides in the lower .oxidulion states arc less acidic the
those of higher oxidation state. For example, N,O (oxidation state of N = + 1) is neutral while No.
. - : s ge . A+ ¢ cimallor in <7 the i .y INtETACTS wtl
(oxidation state of N = + 4) is acidic. It is because, the N7 1s smaller in size than N7 and so interacts wirh
water more strongly than N™. As a result. NO, shows acidic propertics.

(i) As we move down the group, the metallic nature ol the clements increases. Thus, the basicity of
their oxides increases down the group. Except NoO and NO (which arc neutral), the decreasing order of
acidity of oxides is given below.

Nand P As Sb Bi
Strongly acidic oxides Weakly acidic oxide  Amphoteric oxide  Weakly basic oxide

(iii) Stability. As we go down the group, the inert pair cffect increases. Thus, the stability of oxd=
having clements of higher oxidation states decreases.

Oxyacids. Some important oxyacids of nitrogen, phosphorus and arsenic are stable. The oxyacids o
antimony and bismuth are unstable. The oxyacids of N, P and As are formed by dissolving their oxides in water
All the oxyacids of phosphorus contain a tetrahedral phosphorus atom which is bonded to four atoms of oxyge
through coordinate bond. All the acids contain atleast one P = O unit and one P—OH group.

Some phosphorus acids (e.g., H3PO,, H,PO5 and HyP,0s) are reducing agents because of H-atom =
P-H bonds.

Order of basicity. As we go down the group ; (i) the atomic weight of central atom increases. (if) X-0
bond distance increases (X = central atom) (i) the cffectivencess of prr—d 7r bonding decreases.

As a result, the order of basicity increases in the order.

(HO), PO; < (HO); AsO; < (HO),;SbO, ~
I 11 11

Structure. (/) has

(@) smallest central atom

(c) most effective p—d-r bonding

> > >

(b) smallest X — O bond distance
(d) greatest amount of charge delocalisation

Whvip, £
My

11 bonds in NH 4, Hence bond ang, |
7’ 3
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ansTAY O il
gructure: (1) has .
¢ )]grge‘q central atom (b) largest X —O l?ond distance
a = ffective p-d T bonding (d) least amount of charge delocalisation
'(rczug i(is the weakest base. Thus, it is the strongest base.

Allntropy. Vario

us forms of the same element having same chemical properties but different physical

. are called allotropic forms and the phenomenon is called allotropy. Phosphorus, arsenic and

antim
1. Allotrop
(i) Whitc or yellow phosphorus

(if) Red phosphorus

(iii)Black phosphorus

@iv) Scarlet phosphorus

(v) Violet phosphorus

a) White phosphorus. (i) Molecular weight data indicates that it exists as
P, molecule (fig. 3.21). |

(if) Electron Jdiffraction data indicates that P, is tetrahedral (Fig. 3.21).
These molecules arc held together by weak van der Waal forces. Thus, P, is
4. The PPP bond angle should be 90° but it is 60°. It indicates that Py

molecule is under strain. And it is actually so. This strained nature is confirmed
from its high reactivity. It requircs very small energy {or its decomposition. It is
flammablc in air and is soluble in organic soivents like benzene
(C¢ Hg) and CS5. Action of heat is shown below.
44.1°C 280°C
White phosphorus ——> ; Molten white phosphorus ——
(m.pt) B.Pt
" . 800°C and 1700°C
Boiling white phosphorus (P;)—> P4 and P, —> P, molecules.
more and more

propcrne‘exhibi[ allotropy. These arc discussced below.
on

y of phosphorus. There are five allotropic forms of phosphorus.

] Main [orms

] Variety of white phosphorus

] Variety of whitc phosphorus

Fig. 3.21 Structure of P,

(b) Red phosphorus. In this type, P atoms are bound together

P

by covalent bonds to form long chained, giant molecular crystals /P\ / \
(Fig.3.22). It is prepared by heating white phosphorus at 400°C in : B . _—

R -

an atmosphere of N, or CO, and a trace of iodine as catalyst. \ 7P' ' l-\_ _/P
P P

P, (white) === P, (red) + 4.22 kcal/mole

It docs not melt but sublimes on heating to give white phosphorus. Fig. 3.22 Structure of red phosphorus.

(c) Black phosphorus or 3 -metallic phosphorus.

It is prepared by heating white phosphorus at 200°C | .~ P\p P P\p /P\P e

:Zer a pressure of 12,000 to 13,000 kg/ cm’. It is fairly ‘ l ‘ ‘

500d conductor of clectricity. P P P &

Structure e i ok . 7 \p/ \p/ \P/

Each re. It has double layered crystal lattice.

bo‘;cd ‘]"’YCT consists of adjacent zig-zag chains with PPP L L !P
angle 99° <~ SN S g o

b (llle distance of P-atoms (in onc chain) which is l | |
e _ !
ato o two p-atoms in the same chain and one

In 4 chain in the layer above or below, Is same,

i-(,’_, 2 . 5
18 A° The distance between two adjacent layers |

i

|

AN N AT
o T

- Phosphorus
atcms above
the plane of
papert

P= Phosphorus
atoms telow the
plane of paper

S368 A° (Fig, 3.23).

Fig. 3.23 Structure of black phosphorus.




