/| INTRODUCTION

Tie elements boron (B), aluminium {Al), gallium (Ga), in-
Jigm {In) and thallium (T1) constitute Group 111 A or 13 of
e periodic table, They belong to p-block elements. The
Jecmonic configuration in their outer most orbit is ns® np'
These clements not only show marked similarities among
#em but also show a very wide variation in properties.
Boron is @ typical non-metal, aluminium is a metal but
4ows many chemical similarities to boron and the remain-
g elements are almost exclusively metallic in character.
\lhough unipositive oxidation state is the characteristic
me, for all the members of the group. the unipositive state
wewrs in compounds of all the elements except boron. In
B c2se of thallium, the unipositive oxidation state is the
tble one and in fact it shows similarities to so many ele-
nents such as alkali metals, silver and mercury. Hence, it is
tck named as duck-billed platypus among the elements.

Afeature of the chemistry of boron is the existence of large |

Tember of electron-deficient speeies which pose formida-

problems in valence bond theory. These anlydc_nul
vl the hydrides but also organic and metallic derivatives
ﬂﬂ‘h}‘dﬁdtﬁ. the metal borides elc.
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comparative scarcity of boron may be partially due to th
ease with which the nuclei of its atoms are transmuted by
natural bombardment process. Boron is well known, how
ever, because of the existence of concentrated deposits 0
its compounds particularly in arid regions and because o
the desirable properties of many of its compounds whick
have necessitated large-scale recovery of boron materials.
Gallium, indium and thallium never found in concentrated
deposits and until recently they were never recovered in
sizable quantities.

7.3 OCCURRENCE

Borax Nﬁ:[‘]dﬂ': « 10H.Q or Na, [B‘ﬂ,{GH];] - BH.0 is the
principal source of boron. In India, it occurs in deserts and
in the United States, at California. It occurs in hot springs
and lakes in volcanic regions. Aluminium occurs ma inly as
bauxite (a hydrated oxide mineral), ervolite Na,[AlF,] and
also in the alumino silicate minerals such as mica and feld-
spar. Gallium, indium and |]1:|IIi!Jm oceur in trces in sul-
phide minerals. Galliwm is also found in traces in bauxite,

74 ELECTRONIC CONFIGURATION

The electronic configuration of the elements of Group 111.A

are listed in Table T.1. |

From Table 7.1, it Tollows that all the elemenis of

1A have three electons in their valence shell, two

r;l““i‘ ns |In the s-orbital and one electron in the p-orbital,
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Table 7.1 Electronic configuration ef Group [l A elements

Element Iﬂ:'uﬂf' Electronic confipuration W
B 5 1524 2p' \\\\h%ﬂ:
Al 13 1526 2p* 36 3p' PN
Ga 3l I 26 2p* 351 3p" 3" 5™ ' j1
In 49 15 2¢° 2p* 3¢ 3p" 3" 45" 4p* 2" 547 5p' 5I. *
Tl 81 s 2¢’ 2p" 36" 3p" 3™ 4% dp® 4l 4 547 Spp 50 2 fip' ﬂ ‘
_________\‘-\?\
expected to have some similar properties because penul- | shows that the strength of hongs h“"ﬁngﬂ-gm.,u-“

timate shell of the B and Al has noble gas kernel and are
different from other three elements.

7.5 PHYSICAL PROPERTIES

1. Atomic and fonic radii: The atomic and ionic radii are
given in Table 7.2. Atomic and jonic sizes of Group IIT A
elements do not increase regularly. The greater difference
in the atomic radius between boron and aluminium is due
to the fact that boron has lesser number of electrons (i.e.,

W0 electrons) in its inner shell than aluminium (i.e,, eight
electrons). Thus, in boron, the outer most electrons experi-
ence lesser shielding effect and greater nuclear atiraction,

Table 7.2 Atomic and ianic radii of Group Il A elements
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radius (pm)
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; m“ﬂmg point, boiling point, electronegativicy and heat of sublimation of Group Il A elements
'-ﬂ =
Heat of sublimation
y pesiy (gem™) Melting point (K)  Boiling point (K) {kJ mol™) Electro negativity
//;;—"’_ 2453 3923 564 20
§ 11 9313 2740 324 1.5
f' 59 303 2676 273 1.6
’ 731 430 2353 241 17
2 1185 576 1730 179 13
_F._,_..r-"'-_-___
e 74 lonization energies of Group Il A elements The stability of +1 oxidation stale increases more
— : : and more when we move down the group from B o
 losization energies kJ mol TL. Thus, TII) compounds are more stable than TI(IIL)
Ist Tind Hird  Sum of three compounds. This is attributed to the inert pair effect. The
Tl 2427 1659 GR8T two s-electrons in the outer shell tend to remain paired
g 51 1816 2744 5137 and are not participating in compound formation.
W 5N 1979 2062 5520 This pair of electrons is called inert pair and the effect
58 1870 2704 sOR2 is called inert pair effect. The inert pair effect increases
n s 1971 2877 437 gradually in gallium, indium and thallium compounds. For
example, Ga' compoinds are unstable, In” compounds are

whguration and the difference between the fourth and the
tirf onization energies is not nearly so large as for boron
o sluminium.

I Blectronegativity: Among the Group Iil A elements,
b bas the maximum electroncgativity. 1t decreases
i;?m to aluminium as expected. HOWEVER from n]a:l-
B 1o thallium, it increases instead of decreasing in
“airary to the expectation. This is again atlﬁl:rui;d to the
w4 shielding of d-electrons in gallium and indium and
“ud felectrons in thallium (Table 7.3)
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moderately stable, whercas TI* compounds are most stable.
In fact, TI(1) salts resemble alkali metals because thallium
is having large size and low oxidation state. Some points of
resemblance are a8 follows.
(i) TIOH is soluble in water yielding strong alkaline so-
Jution very similar to NaOH.
(i) T (1 cyanide, perchlorate, sulphate, nitrate, phos-
hate and carbonate are stable and isomorphous with
alkali metal salts.
giii) TIF is having distorted NaCl-type structure whereas
ather thallous halides crystallize with CsCl struciure,
(iv) Like alkali metals, thallium (1) is known to form al-
YIS, 8 T1,50, - Al{50,), 24H,0.
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7.4 p-Block Elements Group-llA (13) Baren Family

The siability of +1 oxidation stite ::al‘lliiumu i ﬁ:.h.'l-
ments should not be attributed strictly fo inert pair SEEE
The inert pair effect explains what 15 |l:l1|!|1t'lllllp1. |.a'... lw:;
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participating the two electrons in the ooter masl '.-iillullll :
bonding can be explained basing on cnergey changes, |.¢.i
excitation energy ond the hoaned strength of Uhi comporne
formed,

The small sized 2+ orbital of boron avetlaps sullicicnt-
Iy with the orbital of anether element (X o yiehl stiong
M-X bonds that impart stability to the moleeule, However,
when we move dowmwards, the larger arbital [5'-‘_ ur “‘JI is
involved because of which overlapping is poor giving risc
o lower bond energy of the M-X band,

As the small energy of the M-X bond is not sullicient
to compensate for the excitation energy of s-cleetrons, i
follows that the larger elemenis show incresing lendency
to fiorm univalent compounds.

Oatly boron is sufficiently electronegative to show any
tendency towards a negative oxidation stale. In the borides
of the most highly electropositive elements, boron presum-
ably exists m the -3 oxidation state.

9. Nature of bonding: Boron never forms BY cation be-
cause the sum of the three ionization energics is very large,
Further because of the very small size of B jon (20 pm)
in its jonic compounds, the tripesitive boron jon will have
much polarizing power on the adjscent aloms which resulis
in the covalent character (Fajans rules). Hence, in baron,
+3 oxidation state is strictly covalent.

With ather elements of Group 111 A, the +3 oxidation
state is largely covalent. Tripositive cations are known in
agquesus solutions for all the elements except boron, “This
'r.:: because of the fact that the hydration energies of tripos-
tive cations overcome the ionization energics. Therefore,
in aqueous solutions, they exist as hydrated cations and are
greately hydrolysed in solution, For example, in the epse of
AIC],, the energy changes are as foljows:

BHy s fOr AP = 2665 k) mol!
BHy g for CF = 2381 % 3 k) ot

Total hydration energy = 5808 kJ ol !
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Redox potential data show that Al" (aq) is much less
wadily reduced than the other tripositive cations in aque-
ws salution, This, doubtlessly, arises partly from a more
sezsive hydration free energy of the smaller Al ion, bt
mother important contributory factor is the increase in
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7.8 ANOMALOUS BEHAVIOUR OF BORON

78.] How Boron Differs from other Elements

As usual, the first element boron of the Group [T A shows
different properties from the rest of the elements decause
of tha following.

(i) Small size and high charge make the ion B* highly
polarizing power, Thus, it does nct exist. Almost zll
boran compounds are covalent.

(ii) Boron does not have d-orbitals. Thus, its coordina-
son nuraber is limited to four, whereas the othar ele-
ents can heve a coordination number of Six.

(iii} Boron coes not exhidit the “inert pair” effect.

(iv) Boron combines with metals forming borides where-
as other elements do not combine. They form alloys
with cther metals.

(v) Boron cannot be attacked by non-oxidizing acids
such as HCl whereas others are attacked.

(vi) Beron does not decompose water or sleam whersas
ather elements of Group 111 A decompose hot water
or steam.

(vif) Boron is non-metal and bad conductor of electricity
but other elements are metals and good conductors of
electricity.

(viii) Boron exhibits alloropy but others elements do not
exhibit allotropy.

(ix) Boton never forms B ion, but other elements can
form M* jons.

(x) Boron forms a large number of volatile hydrides
which are electron-deficient compouncs whereas
other elements form only one polymeric hydrice,
Thallium does not form hydride.

(x1) Boron halides 2re monomeric whereas the halides of
the otker elements ar: dimeric,

7.8.2 Similarities between Boron and
Aluminium

(iy Edectronieconfiguration: Both baron and 2lumi nium
have the same outer electrenic configuration ny' 1y,
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v} Formation of chtorides: Both these I._Ium.nts I'utm:_

chiorides of the type MCl W hemn heated ina 1:1|r;|:n o

chlorine or by passing chlorine over the heated mix-

pure of their oxides and chareoal.

M+ 3[‘I=—-4.'2M(‘l,

MO, + 3C + 301, —— 2MCl; + Co

Ppron ©X

form covalent com-

form electrovalent
ps or

1y Mhese clenrents formi sim-

These chlorides are covalent and readily hydrolysed
in waler. )
RC1, 4 31,0 — H,BO,+ 3HCI
AICL# 31,0 —— AllOH),+ 3HCI

{+i) Formation of nitrides: Both the clements when
Theated with nitrogen or ammonia form nitrides.

M + N, ——3 2MN
IM + INH, —> IMN + 3H,

These nitrides undergo decompaosition when heated
with steam or sodium hydroxide liberating ammonia gas,

BN + 3H,00 —— H,BO, + NH,
BN + 3NaOH ———3 Na,BO, + NH,
AIN + 30,0 ——3 A{OH), + NH,
AIN + NaOH + H.O ———3 NaAlD, + NH,

(vil} Formation of sulphides: Boih these clements react

with sulphur at high temperatore to form sulphides
which undergo hydrolysis by waler.

B.S, + 6H,0 ——— 24,80, + 31,5
ALS, + 6110 —— 2 Al(OH), + 3H,S

(viii) Formation of alkyl compounds: Both these elp-

ments form similar organic com i
ool pounds with alkyl

fix) Action with conc. H,80,; Both
with concentrated sulphuric acj
oxide
284 31,50, —— 21,80, + 380.1
a 5 .
. A_a:‘ *OH,50, —— Alys0,), +6H,0 + 350,T
cliom wi : The H
4 th alkalis: They react witly alkalis 1o ey

these elements reagt
d'w form sulphur di-

ulve

¥
2B+ 6NaOH —— 2N, O, + 3,

E.I“ll 4 IN“DH 3
0 —— INaAl0, + 3,1

Boron and aluminium are more diffep,,. l*nhph
their properties. This is due (0 the prege. ! Y,
in the penultimate shell ol bog, “_hmla:ll'hn,h.lv.
electrons in the penullimate shell Of alumigy " ®e
fers from :nln_min'mnl: :':; the following re e R.,hI;_.
i) Boron is o typical non-metal w ;
{ mital. htrm,u%m
(i) Boron exhibits allotropy whereas ), '
exhibit allotropy.
(iii) Crystalline boron is very hard whepey, g
sulficiently soft, it
{iv) Aluminium is very good conductor o hest
tricity whereas boron is a bad condiscioe gy,
{v) Boron has very high melting point g5
aluminiunt. PPOIRL 28 compuety
(vi) The maximum covalence shown by Boeonis s
as aluminium shows a maximum covaleace ofy
(vii) Boron is not attacked even by steam whersgy ye.
ium decomposes steam liberating hydrogen "

241+ 3H,0 —— ALD, + 3,

(viii) Dilute acids have no action on boron b ors
trated, HMNO, oxidizes it 10 boric acid A==
eviolves H, gas from dil. HCl and H,50, but ez
trated, HNO, renders aluminium passive,

B + 3HNO, —— H,B0, + 380
AL+ 3H,50, — Al(50,); + 3.

(ix) Boron dissolves in fused alkalis evolving h=e
whereas aluminium reacts with hot alkali 1=

2B + 6NaDH — INa,BO, - H;
2A1 + 2NaOH + 2H,0 — 2Nl =&

Borates are very stable as compared oo the S
(x) Boron forms two types (Bt and
hydrides whereas aluminium doss 2%
hydrides. :
(xi) The halides of boron are covaleat 1 27,
hydrolysed by water giving bore &5
chloride in solution gives AL 100y
(xii) Oxide and hydroxide of boron &% e
aluminium are amphotenic.
(xiii) Boron combines with metals I ﬂﬂ; i
Mg, B, but aluminium forms a0
(xiv) Boron forms many covalent coRiE
with alurminium.

it g,

oz #

panst ST
u, (!

-
=

g AP

7.8.4 Resemblance betwee! W’ @
Silicon: DIWI ﬂlh \1‘5'"-.

g SR
Boron shows moerne rﬂsﬂnhl-.'m]:
agonal relutionship as sl'vg'-“'" bels



acter: Boron and silicon are typi-
a

; They both have h!igh melting poingg
,,r::mli- pelors of clectricity. i

.'I; h..ujmr\"l hese elements. exhibit allotrop
P

’Mﬁ ¢ rystalline) crystalline forms geg
e
‘1.“"5

yolume and elect ronegativigy:
! ,mm: gtomic volumes of both the gfe.
s ; ‘Fhurir electronegativities are almog
o oW P
'ﬁﬁﬁq.ﬂ;SIﬂ]-s} l-l E |.

e ;:1;1'1 energies (kI mol”) are also almost
WO RGSI=T80.

A and silicon burm in air or oxygen to
il ond 4 acidic oxides By0y, Si0), These Ox-
@#hlpﬂ sion “iﬂ'l waler }"IQ]d mm:spﬂndmg
it a:ﬂ and silicie acid. Both are weak acids,
l‘*‘b"';ﬂ 0 ——> 2H,B0,

gl £ ;

0 10 —HSi0,

T

¥

ined b
. Both these elements can be obtained by
[m“ﬂ:; their respective oxides with magne-
o
i
<04 Mg ——3Si + 2Mg0
.m,uﬁ., The oxides of both these elements when

i with carbon form carbides; B,C and SiC.I111m
wevey hard substances and are used as abrasives.

180,+7C ——B,C +6C0O
§i),+ 30 ——38iC +2C0

i Raction with metals: Both combine with metals I:u
im borides and sificides, which are decomposed by
thee acids 1o form volatile hydrides.

Mg+2B —— Mg,B,
My +8i ——> Mg,Si _
B He) - 3MgCl, + Mixture of boron hydrides
YaSi+ 4HC1 ——5 2MgCl, + SiH,

ey with halogens: Both boron and silicon Tﬁ
s it halogens, Fluorides of both m““’;?“ui i
% gises. Chiorides BCI, and SiCl, are liquids,
i e readily hydrolysed by water to acids.

s MO —— H,B0,+ 3HCI
u!'-‘fwﬂp — 31,80, + 4HCI

of
s D0 boron and silicon form a number
" hy i,

LA, 5 iy 4 3A1CH+ 2B
g, HAI— 5y ey Al + Si -
g, E:fidua are  volatile, SF:";:idﬂ are
Wiy feadily hydrolysed. These hy

. . Baoron
and silicoalkanes or silanes

thang f 1

o ]
Ellscnﬂllmn SiH, Silicobutang SiH
(x) ._-'lclinn o allk s, Buth ‘“
1des form borates gy |
n+ b Naoy

B.O

llhem: elements apy
licateswigh alkalis,
T2Na,BO, + 3,
1+ 2NaOy TTOMMNBO, 4y
. Sod. meta barate
Si+ INaOH + H,0 ~—Na,5i0,+ IH,
Si0,+ 2N TNaSi0,+ H,0
(xi) Formation of eifers: Bogh

! these :Ieme_nls form
volatile esters of (he type BIOR), and Si(OR), with
alcohols,

their ax.

B(OH),+ IROH —— BIOR), + 3H,0
Si{OH),+ 4R0OH — SifOR),+ 4H,0



