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I GROUP-13 ELEMENTS (BORON FAMILY) I

INTRODUCTION

ElEctrnnegativity ......................................................... :
Group-13 of the periodic table consist of the following : Boron has the maximum electronegativity :

elements with general configuration ns’ npl. Anewelementis ___ :amongthegroup-13 elements. Electronegativity :

added to group-13 i.e., nihonium (Nh), which is radioactive. E first decreases from B to Al and then increases
Element Electronic configuratio P il
Al (13) Ne] 352 3p’ ; B is a non-metal while Al is a metall Eil:u:l;
T “== tall other elements are almost metallic in
Ga (31) (Ar] 3d 45" 4p : é_*chal‘acter_ =
In (49) Kr] 4d"° 55° 5p° : :
] - 14 10 . ] i Densrty B PP Pp .
T1 (81) Xe] 4f" 5d° 6™ 6p r==": As we move down the group, density increases.
Nh (113) RI‘I] 5f14 6d1!] ?52 ?pl ; .............................................................................................

e " Bni]ing pnint .”....."...............1....."..............."....."......".+_:
e ——— : : Boiling points of group-13 elements follow a :
.1_.;" Physlcal Prnpertles ;-l-- _ N N N N N B N N N N N N E N N N N N B K N N N N 1;::r & & :: E p g P ;

. -5 : , i regular trend and decreases down the group. :

i i - . D - - . 111

v §

. . . T ]
A:izwic?nd]?plclradl& + f P C 1 MeltIng POINE i,
it AHIEBIORHCAIOTHE TAMUS: INETCASES MM 4 e EThe melting points decreases from B to Ga

WEKCBPUONLALICI). st -and then increases from Ga to TI.

il i a i S i O .

1 . I.LE. decreases down the group. Successive LE. : . The melting point of boron is very high
=== iincreases in the order : : because it has giant covalent polymer:
' AiHy < AiH, < AjH; : structure in both solid and liquid states.
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4 | Oxidation statesj N

® Band Al show +3 oxidation states only but Ga, «
In and Tl show +1 and +3 oxidation states due
_ toinert pair effect. . )
3 N

The two s-electrons in the outer shell tend to remain
paired and will not participate in compound
formation. This effect is called inert pair effect. The
inert pair effect increases gradually in Ga, In and
Tl compounds e.g., Ga™ compounds are unstable,
In" compounds are moderately stable, whereas T1"
cumpﬂundﬂ are most stable.

Inert pair effect

_/

4 | Reactivity towards EIII") N

4M{,§ + 302{{5] _} ZMEOq{q]

(M =B, Al, Ga, In, T1)
2M5) + Ny —2-> 2MN, (M = B, Al
On moving down the group, the acidic

character of oxides decreases and the basic
character increases.

BEO:; A1203 G21203

In203 TIZ 03
Acidic ﬂmphntenc

Basic

¢ Aluminium can decompose the steam.
2A1 + 3H20 —_— A1203 b 3H2
® Ga and In are attacked by water only in the
presence of oxygen.
® Tlis attacked by moist air.
. 4T1+2H,0 + O, —> 4TIOH )

/~ | Reactivity towards water ) N

Boron is not affected by water or steam. Red
hot boron decomposes steam.

2B + 3H,0 —> B,0; + 3H,

INF
SH

<> 1S

Turning dirty aluminium foil into biofuel catalyst!

Chemical Properties I
/| Reactivity towards acids and alkalies |

¢ Boron does not react with non-oxidising acids
while others react with acids e.g,,

ZAI{ )T 6HC] (aq) — ZAl{ﬂq} + 6(:1&1{?] + 3H2@]

® Conc. HNO; makes Al passive due to the
formation of thin layer of Al,O,.

Boron resist the action of alkalies upto 773 K.
2B + 6KOH,;) 21255 2K3BOs ) + 3H,y,

¢ Al and Ga being amphoteric also react with
aqueous alkalies.
ZM(S] + ZNHOH{HQ} + 6HEOH) —>
ZNHJ}[M(OH)LI]EHQ} + SHE@}
(M= Al Ga)

X

7~ | Reactivity towards non- metals) B

At high temperature, B reacts directly with all
non-metals except H, Ge, Te and the noble gases.

4B + C—2>B,C
4B + 30, —2> 2B,0;
2B + 3S 25 B,S,
e Al combines with most of the non-metals on

heating.
. 7

4

Reactivity towards halogens

N

¢ 'These elements react with halogens to form
trihalides (except TlI;).

ZM“] + SXZ{g] B 2MX3{5]

v

® Lewisacid character decreases down the gmup\‘
BX; > AlX; > GaX; > InX;
(Due to increase in size)

(X=FCl, Br,I)
J

® Lewis acid character of boron trihalides
B13 > BBI’3 B BC]3 = BF3

(Due to pmt-pm back bonding) )

Recently, an innovative crystallization method is developed to obtain 100% pure single crystals of aluminium

salts from the contaminated foil. This is the starting material for the preparation of alumina catalyst. Usually

to produce this type of alumina it would have to come from bauxite ore, which in mined in countries such as

West Africa, West Indies and Australia, causing huge environmental damage.

10
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Anomarous BexAaviour oF BoRoON ® Boron shows a maximum covalency of four in its

compounds e.g., BH; while other members show a

Boron shows anomalous behaviour as compared to the maximum covalency of six e.g., [AIF¢]’".
other members of the group due to
® its smallest size and high ionization energy “
e highest electronegativity Aluminium
® absence of d-orbitals in its valence shell. ® It forms many useful alloys with Cu, Mn, Mg, Si
and Zn.
Points of Differences ® [t is used as a conductor for transmission of
e B forms only covalent compounds while others electricity.
form both ionic and covalent compounds. ® It is used for making silvery paints for covering

e Trihalides of B are monomeric while other elements iron or other materials.

have halogen bridged dimeric structures. Boron

¢ B has two allotropic forms; crystalline and e Agsa moderator in nuclear reactors.

amorphous. Other members do not show allotropy. e Asan abrasive and a refractory material.

® The melting and boiling points of Bare much higher e  Asrocket fuels because of high energy/mass ratio.

as compared to other members. ® Asahardener in steel industry.

ImporTANT GompounDs oF BoroN AnND ALuminium

Preparation Properties Structure
~ | Ca,B(0); + 2Na,CO; 2> Na,B,0, | Na,B,0,:10H,0 2> Na,B,0; + 10H,0 R Ok 1
= lzﬁll 23 H24? 24?52 2B4 V7 2 |E'.
o1 | Colemanite orax -
Na,B,0,; = BN
. = + 2NaBO, + 2CaCOsL | 2407~ > 2NaBO, + 5,04 it o O SB—OH
?5' 5 4NE1B02 n COE —" NﬂzB40? Transparent glassy bead o \O\ /f,O"l
R = + Na,CO; | Na;B405 +2NaOH —> 4NaBO, + H,O B
i,? 4H3B03 + NHECOS —_— NHEB407 NﬂzB,grO? ' g HESO4 —_— N32804 = (BJH =
~ + 6H,0 + CO, + H,B,0- Na,[B,05(OH),]|-8H,0
Uses :
® Asa water softener and a cleansing agent.
® In the laboratory for borax bead test.
Na,B,0-+ 2HCIl + 5H,0 — H—OH + B(OH); —>[B(OH),] +H"; O,—H""“
4H;BO; + 2NaCl 0K pK, =9.25 “H. |
SRR / B -
T |NaB,0;+H,S0, + 5H,0 — Rty ”i%{ ks g
= . ;
o *‘O:,; 4H,BO; + Na,SO, 0 H,B40- lli H
z .
& & |Ca,BO;, + 450, + 11H,0 —> lﬁed Hot 0 _ 0
eS| y H° NB” “H. _H
o 2Ca(HSO,), + 6H;BO; 2B,0; + H,0 g | 0
= o | O |
; 2O —> Cone. H,SO -
© B“Hﬁ ¥ 6H“O 2H3803 % 6H2 B(OH)3 + 3C2H50H — > HH(}«-'B\OII; H'*-. O/"’B\O
BN + 3HEO — H3B03 + NH3 B(OC2H5)3 + l|_I I!{
3H,0
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® [tis used in the manufacture of heat resistant borosilicate glass.
¢ The aqueous solution of boric acid is used as a mild antiseptic especially as eye wash under the name

boric lotion.

2NHBH4 + Ig Diglyme S BgHﬁ BzHﬁ 5 L 302 — B203 + 3H20; 2c-2e hr:mn:l”‘r H .
+ 2Nal + H, AH°® = ~1976 k] mol ™' R
) 97 '

OBF; + 6NaH —2°X 5 g H, + |B,Hg + 6H,0 —> 2H;BO; + 6H, ) ; B
o 6NaE | BoH + 6CH;OH—> 2B(OCHL,); + 6H, L — 7 H
o ; Diethyl . e s
g E 4BF;.Et,0 + 3LiAlH, == 5 | ByHe + 2NMes ;’jfmfiz NMe; PR | j;pbﬂ a
= - 3B,H, + 6NH = m
2 2B;He + 3LIF + 3AIE; + 4E6,0 o ) 473k | Due to the resemblance of three

3[BH,(NH3),]" [BHy| ——>
233N3H6 i IZHZ

Borazine

centre two electron bond to a
banana, it is also called banana

bond.

Uses :

® For preparing a number of borohydrides reducing agent such as LiBH,, NaBH,, etc, in organic reaction.

® To make bullet-proof vests and light composite material for aircrafts.

2Al +3Cl, —> 2AICI, AICl; + 3H,0 —> AI(OH); + 3HCI al_ S50, el
3 |2A1+6HCI —> 2AIC; + 3H, AICl+3NH,OH—> AIOH);d + 3NH,Cl Al/l\af;c Al”im“‘
= 100°C Gelatinous ppt. Cl/ \C’lg Cl
= Al,O; +3C + 3C, > (Insoluble in NH,OH) - : .
; g 2A1C1; +3CO AICl; + 3NaOH — Ai(OH}qJ« (Tetrahedral)
2 2 |AI(OH); + 3HC1 —> AICl; + 3H,0 (Soluble in excess NaOH) | AICl3  achieves stability by
E ~ + 3NaCl | forming dimer.
= AI(OH); + NaOH —> NaAlO, + 2H,0
< (Soluble

meta-aluminate)

Uses :

® Anhydrous AlICI; is used as a catalyst in Friedel-Crafts reaction and in cracking of petroleum.

e [t is extensively used in manufacture of dyes, drugs and perfumes.

I GROUP-14 ELEMENTS (CARBON FAMILY)

INTRODUCTION Electronic configuration
Group-14 is transition between metals and non-metals. Carbon (6) He] 25 2}’2

C is the most versatile element. Organic chemistry is Silicon (14) Ne] 3s° 3p2

devoted to carbon containing compounds. A new | c.rmanium (32) Ar] 3d0 45% 4 Pz

1.2]emf':.nt is fldded to group-14, i.e., Flerovium (Fl) which Tin (50) Ke] 4410 552 SPZ

is radioactive. L —
Group-14 contains the following elements with general Lead (82) Xe] 4f 54 65" 6p
electronic configuration ns* np”. Flerovium (114) Rn] 5/ 6d"° 7s* 7p*
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Physical Properties

Covalent and ionicradii

Covalent radii of group-14 elements regularly increases with increase in atomic number. The same trend is
observed with ionic radius in their +2 and +4 oxidation states.

lonisation energy
"'\\

First I.E. decreases from C to Sn but the decrease is not regular, decrease is very sharp from C to Si, but from
Si onwards the decrease is very little due to poor shielding effect of 3d- and 4d- electrons in Ge and Sn. Pb is
having a little more LE. than Sn but less than Ge due to lanthanide contraction. Thus, the first L.E. of group-14
elements follow the order: C > Si > Ge > Sn < Pb

-

Electronegativity

C is the most electronegative element in this group. Electronegativity decreases from C to Si and remain constant
from Si to Sn and then slightly increases for Pb.

a Density

C (diamond) has more density than Si. Except carbon, the density of group-14 element increases with increase
in atomic number.

Melting point and boiling point

The m.pt. and b.pt. decreases as we move down the group due to corresponding decrease in the interatomic )
forces of attraction. However, exceptionally the m.pt. of Sn is lower than that of Pb.

The m.pt. and b.pt. of group-14 elements are higher than the corresponding group-13 elements due to the
formation of four covalent bonds with each other resulting in strong binding forces between their atoms in solid
as well as in liquid state.

J

H

Metallic and non-metallic character

a

Metallic character increases with increase in atomic number. B Si

Non-metal

Ge

Sn Pb
Metz:llnid

Metal

LS

@
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Carbon Nanotube Hybrid Structure!
To the temperature
coefficient of resistance (TCR) of metal matrix

introduce and control
composite, relatively thick and short multi-walled
carbon nanotubes (MWCNTs) were introduced
in the metal matrix with in-situ formation of
chromium carbide (Cr;C;) at the CNT/copper
(Cu) interface. Incompatible properties such as
electrical conductivity and TCR can be achieved
simultaneously by introducing MWCNTs in the
Cu matrix, with control of the interfacial resistivity
using the MWCNT/Cr;C;-Cu system.
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A

Chemical Properties

A

Oxidation states

C and Si both show an oxidation state of +4
while all other elements of group-14 show
two oxidation states of +2 and +4 due to inert

pair effect. The stability of +2 oxidation state
2+ 2+ 2+

increases from Ge to Pb i.e., Ge < Sn < Pb, while

the stability of +4 oxidation state decreases from

4+ 4+ 4+ 4+ 4+
CtoPbie,C>Si>Ge>Sn>Pb

A4

\,

Oxidising and reducing properties

Order of the reduction power in +2 oxidation state :
C>8i>Ge>8n>Pb

Order of oxidation power in +4 oxidation state :

C<Si<Ge<Sn<Pb J

Reactivity towards oxygen

They form oxides when heated in oxygen but do
not react with oxygen at ordinary temperature.

Group-14 elements form monoxides (MO)
and dioxides (MO,). SiO exists only at high
temperature.

Acidic nature of oxides :
C02 5102 GEOZ SHOZ Pb02 (MDZ tYPE)
Acidic Ampﬂrﬂteric

CO GeO SnO PbO
Neutral Acidic ’

(MO type)

Ampl;nteric
Pb can from Pb;0O, (trilead tetraoxide), known

as red lead or sindhur, on heating PbO (litharge)
with excess of air at 673 K.

6PbO + O, 23X52pb.0,

AnomaLrous Benaviour oF CaRBON

C differs from the rest of the members of group-14
because of

its small atomic size
its high electronegativity
its property of catenation

absence of d-orbitals in its valence shell.

Points of Differences

The m.pt. and b.pt., LE. and electronegativity of C
is very high as compared to the other members of
its family.

Reactivity towards water

C, Si and Ge are not affected by water. Sn
decomposes steam.

Sn + 2H,0 —2— $n0, + 2H,

Pb is unaffected by water on its surface probably
because of a protective oxide film formation.

Pb dissolved slowly in water containing dissolved

oxygen. This is called plumbosolvency.
2Pb + 2H,0 + O, —> 2Pb(OH),

Reactivity towards halogen

These elements can form halides of formula
MX, and MX, (X = E, Cl, Br, I).

Except carbon, all other members react directly
with halogen.

Stability of dihalides increases down the group.

Except CCly, other tetrachlorides are -easily
hydrolysed by water because the central atom
can accommodate the lone pair of electrons from
oxygen atom of water molecule in vacant d-orbitals.

Reducing character

Carbon is a powerful reducing agent, it can
reduces oxides of various elements e.g.,

Sn0, + 2C—3—5 Sn + 2CO
Co,+C—252c0
Fe,0; + 3C0 —2700C 5 56 4 3CO,

Si is also used as deoxidizer in the manufacture
of steel in the form of ferrosilicon.

Sn also acts as a good reducing agent.

Carbon in its diamond form, is one of the hardest
known element.

It has maximum tendency to show catenation.

Carbon has strong tendency to form pm-pmt multiple
bonds either with itself or with other elements like
N, O, S, etc. Other members of the family form
pT-dm bonds and that to a lesser extent.

CO, is a gas while the dioxides of all other members
are solids.
Carbon shows a maximum covalency of four while

other members of the family may expand their
covalency beyond 4 e.g., [SiClg] =

CHEMISTRY TODAY | DECEMBER '17

15




ALLoTroPES OF CARBON All the carbon atoms are equal and they undergo

T . o sp” hybridisation.

¢ Diamond : In diamond, C-atom is sp~ hybridised
and has three dimensional network structure. Since, USES OF CarBoN
no free electron is available, it is a bad conductor of

. ® Graphite is used as a lubricant, electrodes for dry cell,
electricity.

5 moderator for fast moving neutrons in nuclear reactor.
® Graphite: C-atomissp” hybridised and each carbon

is directly bound to three other C-atoms. Thus,
graphite has a delocalized m-electron cloud, which
is responsible for its high electrical conductivity. It
possesses layer structure.

Graphite is used in lead pencils.

¢ Diamond is used for cutting glass and other cutting
and drilling tools. It is also used for making precious
gems and jewellery.

® Being highly porous, activated charcoal is used
in adsorbing poisonous gases, also used in water
filters to remove organic contaminators and in air
conditioning system to control odour.

® Fullerenes : It consists 12 pentagons and 20

hexagons folded into a sphere, so that it looks like a
soccer ball, called "bucky ball

ImPoRTANT Compounps oF CARBON AND SiLicon

Preparation Properties Structure
Carbmf 2C + O, A 2CO 2CO0+0,——> 2C0O, C=0): «» :C=0:
monoxide |, o~ 33K g |3CO +Fe,0; —A 5 2Fe + 3CO, or :C=0:
(CO) Cone. Hy504 -IH- CO CO+ZnO -2 7Zn+ CO, (Linear structure with
C + H,0 473 - 1273 K | 4CO + Nj -82°C [Ni(CO),] sp hybridisation)
CO+H, |5CO + Fe188%s [Fe(CO)s]
e gas” CO is highly poisonous gas as it forms a
1 4T3 - 1273 K complex with haemoglobin (Hb) which is
2C+0,+ 4N, f 300 times more stable than O,-Hb complex.
- COvﬁlN_l Thus, it prevents haemoglobin to carry oxygen
Producer gas | from the lungs to other parts of the body.
Uses :

® Asa fuel in the form of water gas, producer gas etc.
e In the extraction of iron as reducing agent.

Carbon C+0;—85 CO; CO,; +2Mg ——> 2MgO + C n O
dioxide A CO2 + H,O = HEC(}3 O—C=0:4+»
e CH, +20, = C0; +2H0 | () 4+ K,CO, + H,0 — 2KHCO, OGS
CaCO; + 2HCl—— CaCl, | CO, + Ca(OH), — CaCO5l + H,0 I
+ COE'F HEO COZ + CEI.CO3 T HEO e CE:'I.(HCO;)E ID_”C Ej__
- Zymase _ ., ~ CO, + Zn —> ZnO + CO il
CeH 1206 > 2C,H;0H . 1in (Linear structure with

Uses :

® As carbogen [mixture of O, (=95%) + CO, (=5-10%)] in artificial respiration especially for pneumonia
patients and victims of CO poisoning.

® Asa fire extinguisher.

Silicon It is a covalent, three dimensional network solid, almost non-reactive due to | _\ _ L I
dioxide high Si—O bond enthalpy. However, it is attacked by HF and NaOH. O O 0
(SiO,, Silica)| SiO, + 2NaOH —> Na,SiO; + H,0 —%1—0—5:,1—0—5:91—
Si0, + 4HF —> SiF, + 2H,0 o o 0
—$i—0—S8i—0—8i—
| I |
Uses:

e Quartz (crystallographic form of silica) is extensively used as a piezoelectric material.
e Silica gel is used as a drying agent and as a supporter for chromatographic materials and catalysts.
® Kieselguhr, an amorphous form of silica, is used in filtration plants.
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Silicones |® Synthetic organosilicon polymers containing repeated R,SiO units held by 'R | R

/ Si—O—Si linkage. < opydefiis ooy doRiE: - p
| ® 'They are water repelling due to non-polar alkyl groups. | |

R R
\ﬂ @ 2CH3C1 + Si Cu;:[:)]hl;ier} (CHS)ZSiCIZ J:?:IED S (CHg)ZSi(OH)Z s n
where R (!:H?a CH3 \ CH,
= alkyl or . —nH,0
phEI‘l}'l HHO_?I—OH Fui}rmcrismiﬂn \ } Sl_
gioup CHE n CH;

Stlicone straight chain
The chain length of polymer can be controlled by adding (CH;);SiCl
which blocks the ends as shown below :
CH, CH, CH; \CHP,
| | —nH-0

nHO— lSi— OH + HO— ]Si— = e wem—

CH3 CH:.; CH3

Silicone

Sl S1 CHj;
/ CHj3

Uses :
® They are used as sealant, greases, electrical insulators and for water proofing of fabrics. Being biocompatible
they are also used in surgical and cosmetic implants.

( = Seates - ]

Silicates are discrete SiO} tetrahedra or a number Gf such units joined together by sharing of oxygen.

Cycllc or ring silicates Orthnmllcates ?\ Sheet silicates

Basic unit : (SlO o - Basic unit: 5104 / ON . Basic unit : (SizOsz_)”
or (8i05)2™" Examples : o O_E Examples :

Examples : . Zircon-ZrSiO, - ;g};]}f;“ Kaolinite-Al,(OH),(Si,05)
W{Z}llﬂStﬂHltE—Ca351109 Fﬂrestrite—Mg35i04§ Discrete 5i04~ i Tale-Mg(8i,05),Mg(OH),

BETY] BE}A]‘}S]EO Anions, {5’130} ) in tetrahedron ‘

L}-’LllL silicates

Cham silicates Pyrur.lllcates or island

Basic unit: (SiO;)2" or (Si;0;,)¢""  Basic unit : Si,0,°"

Examples : Examples : Thortveitite-Sc,Si, O+
Spodumene-LiAl(SiO;), Hemimorphite- |
Diopside-CaMg(5i03), ' 7Z15(S51,05)-Zn(OH),-H ’

ot

Ammlh ‘::IU 2 i Ll‘HIH Ei!ILdlLH T P ; i Vi iy I :
2 { "'} - T ) Anions, C;IEO-; in pyrosilicates : § Anions, (S1,05);" in the sheet silicates }
ZEDI.ITES

® Zeolites are hydrated 3-dimensional aluminosilicates which are formed by replacing some of the silicon atoms by
Al’*ions. Their general formula is M,,[(AlO,),(Si0,),]-mH,0.

e Zeolites are used as catalysts in petrochemical industries. They are also used as molecular sieves and softening
of water by ion-exchange method.
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