11 INTRODUCTION

e elements boron (B), aluminium (Al), gallium (Ga), in-
sm{In) and thallium (T1) constitute Group 111 A or 13 of
e periodic table. They belong to p-block elements. The
dciranic configuration in their outer most orbit is rs” np'.
These elements not only show marked similarities among
#em but also show a very wide variation in properties.
Boron is a typical non-metal, aluminium is a metal but
dows many chemical similarities to boron and the remain-
ing elements are almost exclusively metallic in character.
Alhough unipositive oxidation state is the characteristic
me, for all the members of the group, the unipositive state
wours in compounds of all the elements except boron. In
fie case of thallium, the unipositive oxidation state is the
whle one and in fact it shows similarities (o so many ele-
ments such as alkali metals, silver and mercury. Hence, itis
tick named as duck-billed platypus among the elements.

Aleature of the chemistry of boron is the existence oflarge |

Tember of electron-deficient species which pose formida-

problems in valence bond theory. These include not
wly the hydrides but also organic and metallic derivatives
¥the hydrides, the metal borides etc.
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comparative scarcity of boron may be partially due 1o 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 o
its compounds particularly in arid regions and because o
the desirable properties of many of its compounds whict
have necessitated large-scale recovery of boron mate rials,
Gallium, indium and thallium never found in concentrated
deposits and until recently they were never recovered in

sizable quantities.

7.3 OCCURRENCE

Borax Na,B,0, - 10H,0 or Na, [B,O(OH),] - 8H.0 is the
principal source of boron. In India, it occurs in deserts and
in the United States, at Califomia. It occurs in hot springs
and lakes in volcanie regions. Aluminium occurs mainly as
bauxite (a hydrated oxide mineral), ervolite Na,[AlF,] and
also in the alumino gilicate minerals such as mica and feld-
SpHIL. Gallium, indium and |]1:|Ilif.1m eccur in traces in sul-
phide minerals. Gallium is also found in traces in bauxite,

7.4 ELECTRONIC CONFIGURATION

The electronic configuration of the elements of Group 111.A

are listed in Table 7.1.
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Table 7.1 Electronic configuration of Group Il A elements

Element ;u:::- Electronic configuration wx
B 5 15" 25 2p' __\-\':.uﬂ:
Al 13 15 24 2p* 35 3p' Jik
Ga 3l I8 26 2p" 35" 3p" 3 45" 4! 4._. 1
In 49 15 267 2p* 3¢ 3p* 3u” 44 dp® 4 547 Sp 5
Tl 81 I5* 26 29" 35° 3p° 3" 45 dp* 4" 4 557 S 5 6 gy 5
_-_'—‘—“"“-;\
expected to have some similar properties because penul- | shows that the strength of hongs I-mmjhg.lhtm_-‘

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 lonic radii are
given in Table 7.2, Atomic and jonic sizes of Group [1] A
elements do not increase regularly, The greater difference
in the atomic radius between baron and aluminium is dye
to the fact that boron has Jesser number of electrons (i.e.,
two electrons) in its inner shell than aleminium {i.e., eight
electrons). Thus, in boron, the outer maost electrons experi-
ence lesser shielding effect and greater nuclear attraction,

Table 7.2 Atomic and ionic radii of Group lll & elements

Covalent Metallie lenic radius {pm)
Element  radiug {pm) radius (pm) MY M*
B 80 (88.5) = 27
Al 125 143 = 535
Ga 125 135 120 &2
In 150 167 140 &0
Tl 155 170 150  ggs
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5. Heat of sublimation: It decreases regulary o0 oy
down the group.

6. lonization energies: The jonization energies it
as cxpected, i.e, first ionization encrpy < second intinés
energy < third ionization energy. The sum of the frai=
ionization energies for cach element is very bigh _
As the p-electron is less tightly held as comp =
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boiling point, electronegativity and heat of sublimation of Group Il A elements

._»‘,:.ﬂ:'"""lm

Heat of sublimation

g n-'u!l"f g em”) Melting point (K)  Boiling point (K} (kJ mol™) Electro negativity
//1,35__,_ 2453 3923 s&d T

;. 11 933 2740 324 1.5

: 59 303 2676 73 1.6

: 131 430 2353 241 17

A 11.85 576 1730 179 1.8
s

e 74 lonization energies of Group Il A elements

— :
Junization energies kI mal™

Ist Tind Tilrd Sum of three
i ! 2427 3659 GRET
i 50 1816 2744 5137
m 39 1979 2062 5520
k 558 1820 2704 s0E2
n 559 1971 2877 5437

eigution and the difference between the fourth and the
tid ionization energies is not nearly so large as for boron
o aliminium.

the Group Il A elements,
ua has the maximum electronegalivity, 1t decreases
s'.n.lbﬂmﬂ 10 aluminium as expected. HOWEVER from alu-
Sitium 1o thaljjum, it increases instead of decreasing in
Sairary to the expectation. This is again attributed to the
Mo shielding of d-electrons in gallium and indium and
“und felectrons in thallium (Table 7.3)
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The stability of +1 oxidation state increases mare
and more when we move down the group from B to
TI Thus, TII} compounds are more stable than TI(IIT)
campounds. This is attributed to the inert pair effect. The
two s-clectrons in the outer shell tend to remain paired
and are not participating in compound formation.
¢ of electrons is called inert pair and the effect
is called inert pair effect. The inert pair effect increases
gradually in gallium, indium and thallium compounds. For

nds are unstable, In” compounds are

example, Ga' compou
moderately stable, whereas TI* compounds are most stable.
In fact, TI(1) salts resemble alkali metals because thallivem

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) TN cyanide, perchlorate, sulphate, nitrate, phos-
phate and carhonate are stable and isomorphous with
alkali metal salts.

(iii) TIF is having distorted MNaCl-type structure whereas
ather thallous halides crystallize with CsCl structure.

{iv) Like alkali metals, thallium (1} is known 1o form al-
ums, .5 TI]SO| X -’\l]ESﬂ'h 24H3{]‘.
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7.4 p-Block Elements Gmupulll.ﬂJIBﬂ”“ﬂ““L —

of Giroup 11 A ele-

ili +1 oidution sl :
The stability of +1 oxid wair e,

ments should not be attributed striclly to ined i
The inert pair effect explains what is happening, 1. “‘"l‘
electrons do not participate in boding, Tl remson “." |I||I:
participating the twe electrons in the outer meost s-orbils .“
bonding can be explained basing on energey changes. ""“i
excitation energy and the bomd strength ol thie compng
formed,

The small sized 2+ orbital of boron overlaps sullicient-
Iy with the orbital of anether element (X o yiehd stiong
M- bonds that impart stability to the moleeule, However,
when we move dowmwards, the larger orbital (55 or h:l. is
involved bocause of which overlapping is poor giving rise
to lower bond enerpy of (he M=X band,

As the small energy of the M-X bond is net sulThcient
to compensate for the excitation energy of s-clectons, it
follows that the larger clemenis show increasing lendeney
to form univalent compounds,

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

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

With ather elements of Group 1A, the +3 axidation
state is lurgely covalent Tripositive cations are known in
agqueous solutions for all the elements except boron, This
i? because of the fact that the hydration encrgies of Iriposi-
tve cations avercome the jonization encrgies. Therefore,
in aqueous solutions, they exist as hiydraied eations and pre
greately hydrolysed in solution, For example, in the cnze ol
AICL,, the energy changes are as follows:

AH, e FOr AP* = 4665 kI ol

BHyiica fOr CI = -38] » 3 kJ mol*!

Total hydration energy = —504 &) mal !

Sum of the first three ionization ey =
iy cnergies = 5137 kJ

Al ——

Thus, iotal h}fdrnlli-un energy evolved (-S808 k) mol §
more than offsets the ionization energy (5137 k) mol ') re-
Quired 10 convert Al o A",
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[-_mh::hc’ll.- in their outer most orbigs, Henee
o ;ullth‘ heavier elemEnts are not restrieled go 'ml
.}EIT“"*" i their valence :x'hq:Hs. Henee, for tiu:m
* ordination numbers higher than four may pe
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W ricted 10 4 only while the other elements ean
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i e solution chvnjlls:rl'y: All _thc tripositive aquo
A escclements are acidic. that of aluminium the least
;,j-:ml of thallium the m-n?i s.n. Thus. aqueous solutions
e salts are appreciably hydrolysed. and salts of weak
L—..MC-%'-' ;Jd111l_lﬂ_lf$ and n..:}':aﬁn:l:-::! -::.uum! exist in contact
apater: 10 acidic 5.0|L|.|.1|.‘r_1'|..'-'I]Ll!’lill'llLITl'L is present as the
00" fon, as the acidity is decreased, polvimeric
ised species such as hydrated, [AL(OH)]" and
wOH) ] appear. then AIOH), is precipitated, and
.,nm in alkaline solutions, aluminate anions such as
oHL and [AIOHL] and polymeric species such
5 {HOY. ALOA] (OHYT are formed. The chemistry of
o is broadly similar 10 that of aluminium in this
-"»'*F‘“"- indium and thallium{ 11} hydroxides, however, are
e smpholeric,

Redox potential data show that AT (aq) is much less
sfily reduced than the other tripositive cations in pque-
s solution. This. doubtlessly, arises partly from a more
sezsive hydration free energy of the smaller Al ion, bul
aather important contributory factor is the increase in
wization energies between aluminium and gallivm and
bween indium and thallium; there is relatively little vari-
dinn in stemization enthalpies, and the overall variation in
E' s, therefore, quite different from that in W0 preceding
fups.
The £° value of TI/TI* +1.26 V indicates that it 32
mueriil oxidant, The value of E? is. however, very de-
Pedent upon the anjon present, because T (1) resembies
0 elkali metal jon by forming a few stable complexes 1
eous solution (e.g., TIC], unlike AgCl i pot sc‘lll-ll_:'h-""l“}
*e0us ammonia or potassium cyanide)- Where T:ms
i very strangly complexed by 8 varjety of aiuns faicl :
¥ it chiaride jon concentration, although TI"T'_ J:“T]' ,_!-‘_
Maluble, £7 fior the system [TICL] micl i ‘mj.dc {sof

Uide forms & more stable complex than chlen s
Kitksofi hage relation) and at high jodide ulnuccnjEuI [-ﬁ-
[T} is 1 stable species even though Efm ™ oL X
5 thay g ol s is sparingly soluble- 4 Wik
iy et {+0.54} and TII 15 Tl_mndninnei oxidize T
‘Iund]" i solid TII, can under these

bring aboyt the reaction.
i ¢ —— (100

: widiged, 15
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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 ITTA shows
different properties from the rest of the elements because
of the following.

(i) Small size and high charge make the ion B highly
polarizing power, Thus, it does not exist. Almost all
boron compounds are covalent.

(ii) Boron does not have d-orbitals. Thus, its coordina-
iom number is limited to four, whereas the other ele-
ments can heve a coordination number of six.

(iif) Boren coes not exhioit the “inert pair” affect.

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

{v) Boron carnot be attacked by non-oxidizing acids
such as HCl whereas others are attacked.

(vi) Boron does not decompose water or steam whersas
cther elements of Group Il A dzeompose hot water
or steam.

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

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

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

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

(xi) Boron halides 2re monomeric whereas the halides of
the other elements ar: dimeric,

7.B.2 Similarities between Boron and
Aluminium

(i) Electroniceomfiguration: Both boron and 2 lumi nium
have the same ouler electrenic configuration ny' ',
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M + 301, — 2MCl,
M0, 4 3C + 30, —— IMC, + 3C0

g Pt these clements fiorm sim-

e tvpe MO,

fes: Both these elements form
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wented mix-

These chlorides are covalent and readily hydrolysed
in water, )
BCL+ 31,0 — H,BO, + 3HCI
AlCL# 31,0 —— Al(OH), + 3HCI

(v} Formation of nitrides: Both the clements when
heated with nitrogen or ammonia form nitrides.

2M + N, ——3 IMN
2M + INH, — 2MN + 3H,

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

BN + 3H,0 ——— H,BO, + NH,
BN + INaOH ———3 Na,BO, + NH,
AIN + 3H,0 —— Al(OH), + NH,
AIN + NaOH + H.0 ———3 NaAlO, + NH,

(vii) Formation of sulphides: Both these elements react
with sulphur at high temperatore to form sulphides
which undergo hydrolysis by waler.

B.S, + 6H,0 —— 21,80, + 3H,S
ALS, + 61,0 ——— 1 ANOH), + 3H,8

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

menls form similar organie eom i
il pounds with alkyl

{ix) .l'.-lztim with cone. H,50,: Boih
with concentrled sulphurie aej
axide

2B 4 36,80, —— 21,80, + 1501

5 i

241+ 61,50, TP ALISO), 61,0 + 3501

() Action with slkalis: .
H,

these clements react
d 1o form sulphur di-

They react with alkalis 1o evilye

¥
' 21+ GNuOH —_— 2N, 30, 4 3l T
AL+ 2Nul « 21,0 T IMaAIO, 4 3l T
3 ;1 3H,

Boron and aluminium are moge iffgegs w
their properties. This is due (o the Preseie IF g,
in the penultimate shell of bogoy ""'h'-‘ﬂ'a;l hn““-'.-u'
electrons in the penultimate shel| “rilillrnini n,
fiers Mrom :I-lllll'lil'lllu!'lll in the ﬁillnwjng P ,1._I;_.
(i} Boron is o typical non-meqal Wheregs
metal. lm""h,
(i) Boron exhibils allotropy whereas 3],
exhibit allotropy.
iii} Crystalling boron is very hard w
o su?lﬁcicntly sofl, ' hem Uiy,
{iv) Aluminium is very good conducr, S
tricity whereas boron is a bad conduscy, i,
(v) Boron has very high meliing paint g5
aluminium. Sompecdg
ivi) The maximum covalence shown by boron s 4 s
as aluminium shows a maximum covaleg, tf;'
(vii) Boron is not attacked even by steam whersy y
ium decomposes steam liberating hydroge, .
2Al+ 3H,0 —> ALD, + 3H,
(viii) Dilute acids have no action on borom by o
trated. HNQ, oxidizes it to boric acid Al==-

evolves H, gas from dil. HCl and H,50, bt iz
trated, HNG, renders aluminium passive,

B + 3HNO, — H,B0, + 30,
2A1+ 3H,50, —> Al(S0,), + 3H.

{ix) Boron dissolves in fused alkalis evolvinz tlil:f:
whereas aluminium reacts with hot allali si2=
2B + 6NaOH —— 2Na,BO, - 3,
A1 + ZNaOH + 2H,0 — INaAl0. -5
md‘lt.'.'l-'l:-"-""

and BR-
forz #

|'|'Iil'|i|,||-|1 i,

Borates are very stable as compared
{(x) Boron forms two types (BH..
hydrides whereas aluminium does 2
h}'d-l'idl:s ! = ,3_-_;
(xi) The halides of boron are covale! luiﬂ:\::_
hydrolysed by water giving B
chloride in solution gives AL 00 e
(xii) Oxide and hydroxide of boron ¢ *¥
aluminium are amphoteric.
(xiii) Boron combines with metals 1 ® j
Miz,B, but aluminium forms AR50 g
(xiv) Boron forms many covalent 00
with alwminium.

ot e

. ron 3
7.8.4 Resemblance betwee” onsh®

T L
Boron shows more rn‘scllll""'-'"“l;
agonal relationship as shown bl



qcters Boton and silicon are typi-
hat
jlic €

both have high melting Points
.‘_ﬂr" e Th'ﬁ:ﬁ ol electricity, .

:‘ Mj..;{::“";m: clements lc?ll?1hili‘nl1mmp?

; lline) erystalline forms g¢,

Pl crysa

# . yolume and cleﬂmlu:gaﬁvity:
#  atomic atomic volumes of both the elp.
o lh;m ir electronegativitics are almog
e lows

g e caia].B
";;ﬂ‘ 20 anrgil:ﬁ} {(k} mol™) are also almost
L.l i m

3 ﬂ"ﬂl . gj =T86).

?wlﬂ A W!’-:“; silicon burn in air or oxygen 1o
#ﬂ'ﬂ' wr:i acidic oxides B0y, Si0,. These ox-
o table 8T ijion with water yicld mrrr:spnnd_mg
A !-‘W‘::;i and silicie acid. Both are weak acids,
i

A 521,80,

a&.*?‘Hiﬂ

0 —>H:SI0,
Eﬂm |;,g|h these elements can be obiained by
[urac -

. i ides with magne-
} { their respective oxi
eredectian O

“;ﬂ +3Mg —>2B + 3MgO

40+ Mg ——>Si + 2MgO

[phides: i lements when
[ : The oxides of both these ¢ :

i, with carbon form carbides; B,C and Sl‘:.lThtﬁt
ey hand substances and are used as abrasives.

B0+ 7C ——B,C +6C0
§i0,+ 30 —>5iC + 2C0

i Raartiom with metals: Both combine with metals ;3
imbarides and silicides, whi:h.are decomposed
fize wids 10 form volatile hydrides.

Mg+ 2B —— Mg,B,
Mg +8i ——Mg,Si )
15 HC1 - 3MgCI, + Mixture of boron hydrides
HSI+4HCL ——2MgCl,+ SiH,
“Yationwith halogens: Both boron and ""“":';’" Tss
“5withhalogens, Fluorides sfbath pe <2 qu uids,
E gases. Chlorides BCI, and SiCl, are liq
Wk e eadily hydrolysed by water 10 acids.
4310 — 5 1,B0,+ 3HCI
) : 1""'Hzﬂ e }H45504+ 4HCI of
E’uht:]'tﬂm_h boron and silicon form a number
L drides,
A3y e+ 3A1CH+ 2B,
t::“ HAIH, —— Lic1 + AICI, + iy ously
! Urides  are  yolatile, spontane

ides Orc
i Peadily hydrolysed. These Ih}'d:“mm
and silicoalkanes or silant

IPPears 1o g a8 g

i letra. g

' these hydrides, Valent clemeny Sueh 25 siliean
H“l‘ucllmnu )

B, Borobutane
o Al
Ellscnﬂlmne SigH, Silicobutang 8i IT
(x) Action gf alkals: S

/ Both these clements apg
e form borates ang silicateswith alkaljg,

1B+ 6 Naoy T NaB0, + 3y,
B0, + 2Maoy TTOMNBO, g
Sod. meta botate
Si+2NaOH + 1o TNaSi0, + 21,
Si0y+ 2Na0m TMaSi0,+ 10
(xi) Formation aof esters: PBoth

these :Ierrle_nls form
volatile esters of (he type BIOR), and SHOR), with
alcohols,

their ax.

B{OH), + 3ROH —— B(oR), + IH,0
Si{OH),+ 4R0H —— Si(OR),+ 4H,0



GROUP 13 HALIDES

3. Halides. The elements of Group 13 form a number of trihalides as well as lower halides. Thes
ire discussed below.

Trihalides of Boron. Boron trihalides, BX,, are covalent compounds. They involve hybridisanes
if one 5 and two p orbitals (sp* hybridisation) of boron atom and have, therefore, trigonal planar structurz

A%l the four halides of boron, namely, boron trifluoride, BF,, boron trichloride, BCl, boroa
ribromide, BBr; and boron triiodide, Bl; are known. All of them are volatile, highly reactive and monomen:
3F; and BCl, are gases at room temperature ; BBr; is a volatile liquid while BI, is a solid.

Boron trifluoride, BF,. This is the most important of the trihalides of boron. It is obtained by heating
poron trioxide or borax with calcium fluoride and concentrated sulphuric acid.

B,0; + 3CaF; + 3H,80, — 3CaSO,+ 3H,0 + 2BF,
Na,B,O, + 6CaF, + 81,80, —» 2NaHS0, + 6CaSO0, + TH,0 + 4BF;
Pure BF; can be obtained by thermal decomposition of diazonium tetraflucroborate.
CHMN,BF, — CH.F+N, + BF,
Itis a colourless pungent gas (m.p. — 127-1°C and b.p. — 99-9°C). It is exceedingly soluble in water
and is, therefore, collected over mercury.,

It combines with water forming two hydrates, BFyH,0 and BF,.2H;0. The first hydrate melts at
10-18°C and the second at 6:36°C.

It gets hydrolysed in aqueous solution yielding boric acid and hydrofluoric acid.
BF; + EIHID —p H]BD; + 3HF

If boron trifluoride is passed in excess, it dissolves in the hydrofluoric acid formed, yielding
hydrofluoboric acid, H[BE,].

BFsy+HF — H[BF,]

Boron trifluoride, being an electron-deficient compound, can accept a lone pair of electrons from
ammonia, hydrogen sulphide and also a fluoride ion and thus behaves as a Lewis acid. It is this tendency
to accept electrons which makes BF, useful as a catalyst in a number of reactions such as alkylation and
acylation, in organic chemistry.

Boron trichloride, BCl. It is obtained by passing chlonne over a heated mixture of boron trioxide
and powdered charcoal at about 500°C.

500°C
B,0, + 3C + 3Cl; — 2BCh+ 3C0 o &
are passed through a U-tube cooled in a frﬂ:zmg‘ mixture. Boron trichloride
liquid while carbon monoxide and unreacted chlorine pass over.
by heating boron trioxide with phosphorus pentachloride in a sealed tube at

The gases evolved
condenses as a colourless
It can also be prepared
15°C,
15°C
B,O; + 1pCl; — 2BCl + 3POCl,
boiling at 12:5°C and freezing at — 107°C. It fumes in moist air.

: liquid
It is a colourless g d by water yielding boric acid and hydrochloric acid.

It is completely hydrolyse



Relative Strengths of Trihalides as Lewis Acids. Effect of Back Bonding. The relative strengthy
of trihalides of boron to accept a pair of electrons and thus to act as Lewis acids have been determipeg by
measuring their heats of formation as well as by studying their infra-red spectra. The power 1o accept ap

electron pair has been found to decrease in the order :
BF, = BCl, < BBr,

This order is just the reverse of what should be expected normally from the electronegativites of the
halogens. This anomalous behaviour can be explained on the basis of the rendency of the halogen atom
fo back-donate irs electrons to the boron atom, as illustrated below.

In BF; molecule, while the 2p orbitals of each fluorine P
atom are fully filled, one of the 2p orbitals of the boron atom F
is vacant (Fig. 1). The two 2p orbitals involved in the \\\ﬁ /
formation of B - F bond, therefore, overlap laterally resulting ¥ 5 F

in the transference of the fluorine electrons into the vacant \
2p orbital of the boron atom. An effective overlapping is F
easily possible because both the orbitals belong to the same ¢

energy level. In other words, an additional pr — p7 bond is

established between boron and fluorine atoms. The B—F  Fig. 1. The phenomenon of back bonding in

bond, thus, acquires some double bond character. This type BF; molecule,

of bond formation is known as back bonding. This is illustrated in Fig, 1.
Similar structures for the other two B - F bonds are equally probable. The back bonding in BF;

may, thus, be represented as in Fig. 2.

Fig.2. Various resonating structure of BF; molecule involving back bonding.
As a result of the back donation of electrons from fliorine to boron, the electron deficiency of boro®
atom geis compensated and, therefore, the Lewis acid character of BF; decreases.
bond is maximum in the case of BF; and falls rapidly as we move
son for this appears to be the inability of the vacant 2p orbital ©
tal of chlorine in B — Cl bond and with the 4p orbital of bromin®
s in the energies of the overlapping orbitals.

The tendency to form pr — pn
to BCly and BBr;. The probable rea :
boron to overlap effectively with the 3p Orbi
in B — Br bond because of appreciable difference



Structure of AICL,. The vapour density measurements show that AICl; is monomeric above 800°C.,
he structure of the monomer is planar triangular and the bonding is predominantly covalent. The Al
tom utilises three sp? hybrid orbitals to accommodate 3 + 3x1 = 6 electrons. '

C
However, below 400°C it exists as a dimer with each Al atom utilizing four \ /:1 \ /CI

p* hybrid orbitals to accommodate .3 + 3x1 + 1x2 = § electrons (one of the chlorine Al Al
stoms is coordinated to Al and donates two electrons). The structure of the dimer / \ / \
is 25 shown. Cl cl Cl

In the solid state also, aluminium chloride exists as a dimer and is non-conducting. Al,Clg is the
species which exists when aluminium chloride is dissolved in non-polar or less polar solvents. Its solution
in such solvents is also non-conducting.

However, when aluminium chloride is dissolved in a polar solvent like water, it dissociates into ions

_in the following manner and its solution becomes conducting :

| 2AIC], + ag —> [AICH(H;0)]" (a9) + [AICL(H;0),]" (aq)

from aqueous solution, therefore, yields an ionic solid of composition
H,0. This compound decomposes at about 190°C to give the non-ionic

| The crystallisation of AlCl;

'[A.lClT{HED);]"[MCh[H;D};_'I T
! dimer an.]:zclﬁ H
i _—-;Hm ALCL, + water
[AICI,(H,0).] [AIC1(H:0)2) e
PRS- ompanied by a large decrease in :i'ensirj.'_. This is probably due to
s mcml d"““‘“‘-’““ﬂ,‘.’j‘;iéﬁgﬁe 'el;::ctmsmtic attraction between the cations and the anions in the
the fact that while there 15 € o the decrease of interionic distance in the lattice of
hydrated salt resulting 1% ol cal there is no such ionic atiraction in the neutral ALCly units
[AIC,(H,0)] T A_ICMH:G]I] mtizvt‘!!' greater distance in the lattice of sulld-ﬁlaﬂs-
which, therefore, lic at a8 cOmPd [ ewis acid and readily forms adducts with Lewis bases, It is, therefore,
Aluminium chloride 2 :1“2:2!1? [Fricd'-‘l-ﬂl‘ﬂﬁs reaction), It is also used in the manufacture of dyes,
used as a catalyst in organic ¢
drugs and pharma.ceuucﬂ"s-



borane, B,H .
. u:-:p“:u:n, It is the simplest of the hydrides of boron and can be prepared by the following methods .
1. By the reaction of iodine on sodium borohydride in diglyme.
Diglyme

2. By passing silent electric discharge through a mixture of hydrogen and boron trichloride (vapour)
at a low pressure. ]
Electric
2BCl, + 6H, ——— B,H, + 6HCI
discharge
3. By the reduction of boron trichleride with lithium aluminium hydride.
4BCly + 3LiAlH, —» 2B.H, + 3AICl, + 3LiC"
4. By reducing gaseous boron trifluoride with sodium hydride at 180°C.
2BF, + 6MaH —— B,H; + 6NaF

Properties. 1. Physical State. Diborane is a colourless gas with a foul smell.

2. Stability. It is stable only at low temperatures, When heated at temperatures between 100°C and
250°C in a closed vessel, it changes to a number of higher hydrides :
Heat

B;Hg —— BHyq, BsHs, BgH,,, BgHyq, BgH, s, etc.
The process, evidently, involves a series of decompositions and polymerisations, the first step being
decomposition of B,H, into BH,.

3. Action of oxygen. Diborane and

other boranes have atira
account of a large amount of energy release

d during their combusti
E:H.ﬁ + 3':)1 —_— B:l_-ﬂ} + 3H.10;,
4. Hydrolysis. It gets hydrolysed readily yielding boric acid.
s i i i
. :irﬁw with alkalies, Diborane dissolves in strong a

cted the attention of technologists on
on. For example,

AH = = 2165 kJ mol™

lkali solutions giving metaborates and evolving
BIH{& + 2KOH + szﬂ —_—
6. Action with metals,

2KBO, + 6H,
However, the reaction becq

Diborane reacts slowly with
mes fast in the presence of ef
iB,

active metal
her,

Hy + 2Na — NaBH, + NaB,H,
formed as abhove was the first know

s such as Na, K, Ca or their amalgams.

The anion g,y

n polyborane anion,



. Actlon with carbon monoxide, ,
i':'f:" ihe carbonyl H;BCO. Teacts with carbon monoxide at 100°C and 20 atm pressure

@ EiHﬁ + ECD’ — ZH ECO
3

. Action with halogens. It reacts wi
,udhiﬂdihorﬂncs. With halogens under different conditions to form haloboranes
low temp,
EZHﬁ + ﬁCi; ————___,:, zBEI! i GHCI
2B,H, ol

+
1Br, ———, ByH:Br + 7HBr + 2BBr,
I, does not react with B,H,.

9, Action with halogen acids. Diborane reacts with halogen acids to give halodiboranes and evolving

hj’lhﬂ'm-
BHs + HX — BHX + H,

10. Action with hydrides. It combines with hydrides of alkali metals to form complex hydrides.
B;Hg + 2NaH —— 2Na[BH,]

11, Addition to alkenes and alkynes. Diborane adds to alkenes and alkynes in ether at room
emperature to form organoboranes.

6RCH=CH; + B;Hy —— 2B(CH,CH.R),
Organoborane

The reaction is known as hydroboration reaction and has been of great synthetic utility in organic
chemistry.

12. Action with ammonia. Diborane reacts with ammonia, the products depending upon the conditions
of experiment,

(f) B,Hs + 2NH; '™ "%  p,H.2NH,

Diammoniate of diborane

(i) Excess NH; B
nB;Hs high temp.  Boron nitride

(dif) 200°C
3B,H,; + 6NHy — 2B;N;He + 128,
Borazine



Structure of Diborane. Boranes provide interesting
examples of electron-deficient compounds. We may consider
the case of diborane, B,Hy, as an example. Since boron atom
in excited state hes three half-filled orbitals, it has three
electrons available for sharing. Therefore, it can link to itself
three hydrogen atoms. Thus, while each boron atom in diborane
can link to itself three hydrogen atoms, there are no electrons
left to form a bond between the two boron atoms.
Spectroscopic studies reveal that the structure of diborane is
as shown in Fig. 4.

The various bond distances and angles are as shown.

i Four hy:drug:n atoms, two on the left and two on the right, known as inal hydrogens, i §
m:;"ﬂ‘};"ﬁ‘:“mmlxﬂ from the other two hydrogen atoms which are known as the bridging atoms.
oms and the four terminal hydrogen atoms lie in the same plane while the two boron et

and the two bridging h .
dira ging hydrogen atoms, one above and the other below, lie in a plane perpendiculr © this

Fig. 4, Structure of diborane molecule

Bonding in B;Hs. Valence orbitals of each boron atom in B,H; are sp? hybridised. The two terminal

i : H
BH, groups are present in one plane and the bridged B<H>‘B part of the molecule is present in a plane

pclPﬁlﬁ“‘-“lE!f to the Plaﬂ'_ﬁ' containing tlhf-: two BH; groups. Since two valence electrons of each boron atom
are used up in BH, bonding, the remaining valence electron of each boron atom is used in BHB bonding.
Thus, each boron atom contributes one valence electron towards the 3c — 2e BHB bond. The nature of the
3c- 2e BHB bond has already been discussed above in details. The bonding molecular orbitals involved

in B,H; and the structure of the molecule are represented below.

B,H,(2002)

m B/H\B bridges are considered aspartof e B 5
£ et

As already mention can thus be accounted for as follows

i : atoms
slectrons of the W0 boron ) -
pumber of valence olectrons of w0 DOTOR 210MmS

To!

Electrons used up 1n W0
wrons used up in the four terminal B-H bonds =

'|__'jn_..
—

|
wr

H\*B bridges = 2

I=

Al=raavely,
Total numbers of valence electrons .
of 2 boron and 6 hyvdrogen atoms

Elecrrons used up in the two Bfﬁ\a bridees =4



Compounds of Boron with Nitrogen
Boron forms some interesting compounds with nitrogen, most significant of which are by,
and borazine.
Boron Nitride, BN. As already mentioned, boron nitrice is obtained by the interaction of aryyy

and diborane. Boron nitride is a white crystalline solid and resembles graphite in its structure, a5 shoy
inFig. 5. oy

A boron atom bonded together with a nitrogen atom has § valence electrons, 3 from boron and s

%m ﬁuu-agen. ";‘hl;: is the sa?: number of electrons as are present in two adjacent carbon atoms in graphite
e structure of boron nitride, therefore, is very similar to that of i in Fi eB_)
bonds in boron ritride are formed by the 1')’ PN R

overlapping of sp? hybrid arbitals of boron | I | .
and nitrogen atoms. The remaining el N\ /B\\s /D\ R 8 i

: g electrons /\/ \/\\e N\ /\/
form pi bonds. Unlike graphite, where 1} \ \N \C C \? \(I:

electrons are completely delpcglised over all B

|
the carbon atoms of the lattice, the elzctrons ) N\ N/B\ N/I!'\N/,’/ \ /C \CJ’C N\ CJ/C\C//’C\
Sl P9

nirig,

in boron nitride are only partially delocalised

over boron atomsg leadj:gg to I |

bl unequal B — N B B Co B 5
il e"g"j‘z . tllea}t)i) layers are arranged in =~/ \1\) NN NN
are inurediately abg oron atoms in one layer | ? T

Ve the nitrogen atoms in
On heating at 1800cc _
85 atm, in the Ppresence Fig.5. Similarity in the structure of boron nitride and graphite

the adjacent layer,
a pressura pf

(@) Boron nitride (b) Graphite

Borazine or Borazole, Borazine can be prepareq py feai ther BC), and NH,CL. The initial
Juct formed 15 mchlqro'bura-zme which on IEduci:: heating tng:l er BCL i &
a;ﬂd! NaBH, yields borazine. It can also be Prepared by

- | l
o ith WH,CL . I
eating NaBHy Wil : N
The structure of borazine is similar to that of bengene w\f Y H\f }/ﬁ
(Fig. 6} l
In this structure, the valence shell orbitals of both baran /‘Kﬂ e 4 q\ﬂ
H

oad nifrogen alams are sp® hybridised. Each nitrogen aiom  H
pas one lone pair of electrons while each boron atom has |

an empty p orbital. The bonding in borazine is dative and H : H

it arises from the sidewise overlapping of fully filled p Borazing enene
wrbitals of nitrogen and empty p orbitals of boron. Because  Fig6. Similarity in the structure of borazine and
of the similarity of the structures of borazine and benzene, benzene.

barazing is also known as inorganic benzene.

Molecular orbital calculations indicate that the electzons in borazine are only partially delocalised
unlike henzene in which there is complete delacalisarion. In fact, complete delocalisation in ByN, ring 15
riot expected either since N-x orbitals are of lower energy than the B-r orbitals. MO calculations indicate
that the @ electron-drift from N to B is less than the & e!ect;on—dnﬂ from B to N due to greater
electronegativity of N, These are thus the N atoms which are relatively more electronegative than B atoms
o barazine, The n bonding stabilises the planar structure of borazine ring.

it impli i i Id be different
I ive charge by nitrogen implies that cha:{ncally borazine wou i
from E:];zg:m[l? :15 c:l{ul.;gﬁﬂlc\l? mara:grcac}:;ivc than benzene and readily undergoes addition reactions as,

fi —
or example, (H,;N-BHX);; X=Cl, OH, OR

+3HX —
B;N;Hg to yield NH; and B(OH);. It decomposes slowly

Barazine undergoes hydrolysis at high temperature

. m:f-;zine resembles benzene in forming similar metal complexes, as illustrated below :
CHy CHy
HyC—N NN CH (CORCr o CH]
{cm;ﬂrc-@ L_cn, e o
H;C"' ]i']/ CH3
CH; Benzene metal complex

Borazine metal compleX



3. Boric acid is a very weak acid and ionises mainly as a monobasic acid am_:l that, too, to g ve,
limited extent. The dissociation constant of the acid is of the order of 1-0x10-, It is not a proton donor
but behaves as a Lewis acid, i.e., as an acceptor of a pair of electrons from an .OH- ion.

As the concentration of aqueous solution increases beyond 0-025 M, the acidity increases, This

anomaly has been explained as due to the formation of a polymeric species.

3B(OH); — By04(0H); + 2H.0 + H*
With strong alkalies, it forms salts known as metaborates,

B(OH); + NaOH — B(OH); + Na* —» Na*BO3 +2H,0
Sod. metaborate

The end point in the titration of boric acid against sodium hydroxide is not sharp on account of excessive
hydrolysis of sodium metaborate formed during titration,
NaBO; + H,0 = H;BO, + NaOH
However, the addition of certain polyhydroxy com
sugars to the fitration solution checks the hydrolytic reaction and makes boric acid behave as a strong

monobasic acid and the end point can thus be easily detected. The polyhydroxy compounds combine with
the metaborate ion to form complex compounds, as illustrated below :

pounds such as catechol, mannitol, glycerol or

~ - ~ T
_C—OH HO—Cc{_ o > 0\ /o cl_
| + BOg + — /B\
- LN -
—OH Ho—C_ St—c 0—cC
COMPLEX

With catechol and mannitol, for instance, the complexation oceurs as follows :

2:: + BO; —= [ :>9<: ]_+ 2H0

Catechol Complex ion

Cely(OH); + BO; —— [CgHy(OH),BO,] + 21+
Mannitol
The climination of BO; ion in the form of ifs complexes means no hydrolysis of the end product of
the neutralisation reaction, Ag a result, boric acid ionises freely during titration against a strong alkali
thus behaving as a strong acid,
4. On heating at 1000°C o 2 little above, orthoboric acid loses water 1o yield metaboric acid.
HyBO; — HBO, + H,0

structure of boric acid. In order to understand the structure of boric acid let us consider boron

m in ground state as well as in the excited state. It is evident that 3 singly occupied orbitals become

atii]gble in the excited state which form bonds with three oxygen atoms. This, is, evidently, a case of
v . .

:FI hybridisation. | -
Since only one electron from each oxygen atom enters into bond formation, the resulting unit is a
lent ion BO%" in which each boron atom is bonded to three oxygen atoms arranged at the comners

jvale 3 3 : . o

:il‘an equilateral triangle with boron atom |

lying in the centre.

- 3_ %
The triangular BOj3™ units a;e
ponded together through hydrogen bon ds
into two-dimensional sheets, as shown in

() = OXYGEN
Fig. 7. - :
< evident that each boron atom g
i 1lim'Ldzad to three oxygen atoms and gy
remains

; en
each oxygen atom 15 bonf.led toa h]:r]d;gi*.; - 2 —
atom. Thus, each unit nowo?..ride the dimensional sheet structure of boric acid. DO
ofH;BO;. The h)}'drﬂgﬁﬂf1 It’;;e oXYEED Fig.7. Two- 1Iines represent hydrogen-bonds.
i i e
limbs (or bridges) betwe

i wh.
atoms of different BO; units, as sho



