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‘ isation (akes place or not in a specices
Q.. Whether oligomygrisation takes plice or not ina sy ,

CH3 H3C

or

lepends upon the sirenyth oo and ‘lmml.ll'o.-lmml 1\ stronger | H,c CH, |
t\h\;{nc-: -imml . then vligomerisation is preferred in a specics. It can CeEET) = 1
b explaned on the l\:\k ol enerpy coneept in the following
cquilibria, \
@ . 40 Og(g)
8o
Bonds do+ 4
Bond energy 4 X 493.8 8 X 142.3
: = 1975.2 = 11384
AH = 19752 — 11384 = + 836.8 kJ mol™"!
(i) 45,(g) Sy(e)
Bands 40 + dn 80
Band energy 4 X 431 8 X 267.8
= 1724 = 21424

AH = 1724 - 21424 = — 4184 kJ mol ™!
Since AH is negative in the case of sulphur, sulphur would prefer to oligomerise into Sg units.

HYDRIDES (ELECTRCN CONFIGURATION OF H -ION = 182)

& - - . } .

; H_\'drfdcs are the binary compounds which are formed by, the direct or indirect combination of
hydrogen with metals, non-metals or metalloids.” Strictly speaking, compounds of hydrogen with elements of
low clectronegativity should be called as hydride.

Classification of hydrides. Gibb (1941) classified hydrides in the following four types :

({{Sall-hke., 1onic or saline hydride. \‘\ (1) Molecular, volatile or covalent hydride.
(éi7) Metallic hydride or Interstitial hydride. (iv) Polymeric hydride

The above hydrides are discussed below : |

electronegativity (0.9 to 1.2), we get salt-like hydrides. These clements belong to 1 or 1A group except

hydrogen). I1A group or 2 (except Be and My) ; 1 lanthan; o o e ‘
between salt-like and covalent hyI()iri des, g) and lanthanides, Aluminjum hydride lies on the border li

General formula = MH, where ¢ = Group valency of (he clement, M,

Electronic configuration of H .jon = 152,
It may be noted that due o endothermic character of ™ ion
, b

1 -
2@+ e — p(y
AH = + 36 kel mole™ (= 1504 kJ)

nly the most electropositive metals (alkali an( alkaline eyp(p metals) form sal like | 5
: Sdll like hydrides.
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preparation. The preparation of some saline hydrides is given below.

(. Hydrides of 1A or group I clements (Alkali metals). (¢) Lithium hydride. (i) When molten lithium

|io7:‘,§-l()75 K) is treated with hydrogen, we get lithium hydride.
Mo 975 = 1075 K ,
— 2LiH (Lithium hydridc)
(i) when lithium nitride is heated in a current of hydrogen, we get lithium hydride.

2LisN 4+ 3H, — GLiH + N,
Lithium nitride

(b) Sodium hydride. When molten sodium metal (525 K) is treated with hydrogen, we get sodium hydride.

S25K
2Na + Hy — 2NaH (Sodium hydridc)

() Potassium hydride. When molten potassium metal (675 K) is treated with hydrogen, we get
potassium hydride.
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2Li + l‘lz

675K
2K + H, — 2KH (Potassium hydride)

(d) Rubidium and Cesium hydrides. When molten rubidium and cesium hydrides (955 K) are treated
with hydrogen, we get rubidium hydride and cesium hydride respectively.

955K
2Rb + H, — 2RbH (Rubidium hydride)

955 K _
2Cs + H, — 2CsH (Cesium hydride)

2. Hydrides of 11A or group 2 elements (alkaline earth metals). Except beryllium and magnesium
metals, all the alkaline earth metals (Ba, Sr, Ca) form hydrides with hydrogen at 1075-1125 K.

1075 K
Ca +Hp; — CaH, (Calcium hydride or hydrolith)
Calcium
1075 K
Ba + H,—— BaH, (Barium hydride)
Barium
125K : _
Sr + H,—— SrH, (Strontium hydride)
Strontium

3. Hydrides of lanthanides. The truc ionic nature of lanthanide hydrides is doubtful. However, hydrides
of Somc-lunlanidcs are large in number and are ionic. For cxample, the heat of formation of cerium hydride,
Ce Hyg 15423 keal/mole and is jonic. Many hydrides of lanthanides are non-stoichiometric like metallic hydrides.

4. Hydrides of actinides. Uranium absorbs hydrogen rapidly at 525 K to form uranium hydride, UH;
(black p()wdcr)‘ &

525K

P_""Pertles. Propertics of some saline hydrides are given below.
’ ol B 7] =g < e . . .

(_? Physical state. These are colourless and crystalline stoichiometric compounds with ionic lattices.

1l M1 (] o TH iye , . N

(i) Densiy, melting and boiling point. Due Lo strong polar bonds in the jonic lattice of metal hydrides :

a > ) H . . . . .
which( it) i?: ;OIUIFL of the hydride decreases. Thus, the density of hydrides becomes more than the metal of
s made of.

(b) The meltin
(¢) The metal
(i) Solubiliy,

g and boiling points of hydrides become high.

hydrides show electrical conductivity in their fused state.

: These are soluble in molten alkal metal halidcs,

OF example, C4H lissolves in 1iC . . . ; ;
) 2 dissolves in LiCl + KCl at 635 K. It is insoluble in common solvents.

‘
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(SEM,“}

T e (e ide which can b | :
(iv) Stubility. LiH, CaH, and SrH, are very stable. LiH is the only hydride which can be melgeq Wik,

et P . °C, Heats of formation (kJmole~
decomposition. All other hydrides undergo decomposition ab b 67? (Ilnv[j 1 ' “
relative stability of hydrides of group IA and 1A clements are given below :

GrouplAor1 } Group lIA or 2 =

e | ETEE

LiH NaH K RbH CsH | Cal, StHy | Ban,”
90.4 5% 50 50.4 54.4 188,77 177 --]ll\ y

~y

(v) presence of hydride ion (H™ ion). When clectric current is passed through fused lithium hydriq. (o
solution of Cali, in LiCl + KCl at 635 K), we get hydrogen gas,

A
LiH — Li"+H~
At cathode Li* + ¢~ — Limctal
At anode H™ —e¢”™ — H atom (unstablc)

H+H — H, !
(3) Action of air. These are easily oxidised by air. Some burn spontancously at room temperature.

(37) Action of water. These react with water to form hydrogen gas.
LiH + H,0— LiOH + H,

Since above reaction goes to completion, lithium hydride is a stronger base than lithium hydroxid:
aqueous solution.

w (vii) As a reducing agent. These are good reducing agents.
? () LiH reduces organic acids to alcohols.

RCOOH + 2LIH —s RCH,0H + Li,O
Organic acid Alcohol

(6) NaH reduces Fe;04 to Fe and CO, to sodium formate, HCOONa on heating.

A A
Fes0; + 4NaH — 3Fe + 4NaOH; CO, + NaH —> HCOONa (sodium formate)
{c) LiH (ether solution) reacts with aluminium chloride to form another redy
4LiH + AlCl;— 3LiCl  + LiAlH,

; (Ether solution)
LiAIH, further reacts with AlCl3 to form aluminjum

cing agent, LiAIH 4

Lithium aluminium hydride
hydride

3LiAIH, + AlCl;— 3LiC| + 4AlH,

(d) NaH (ether solution) reacts with diborane 1o form another reducing agent, NuBH,
Ether

2NaH + B,H, —s 2Nul3H4

Diborane Sodium borohydride
I1. Molecular or covalent hydrides, These

S - are the largely covalent com ounds formed by the hight
:éii;‘;nﬁ%‘é llt{:,:tf(l)(;:(;:llbizoli)flfj]rz‘gﬁ: :if;n‘\’/\ (0r 14), VA (or 15), VIA (or 16), ;mlcl VA (or 17) group throus!
Hydrides of highly clectronegaliye
hydrogen bonding. In the solid st
weak van der Waals forces.
‘ Preparation. Covalent hydrides are Prepared as (ollgws -
({) By the direct action of hydrogen on elements

Hy + Fy— olF (Hydrofluorjc acid)

atoms (N, 0, ")

, are NHy, 1,0 ang HF.
ate, the molecyles (with ato

. S
Fhese hydrides exhid
ms involving covyle

o bV
nt bonds) are held together by
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ction of nascent hydrogen on metals or their compounds.
AsCly  + OH=— AsHy + 3HCI

Arscnous (1) chloride Arsine
SUCly + 6H—> SbH, + 3HCI; GeCly + 8H—> GeHy + 4HCI
Stibine Germanc

action of water or dilute acids on nitrides, phosphidcs, borides, carbides, silicides etc. of metals.
Mg3N, + 6H,0 —> 3Mg(OH); + 2NHj (Ammonia)
CayP; + 6Hy0 — 3Ca (OH),+2PH; (Phosphinc)
Mg;B, + 6HCl —> 3MgCl, + B,H; (Diboranc)
AlCy + 12H,0 —> 4Al (OH)3 + 3CH, 1 (Mcthanc)
Mg,Si  + 4HCl—> 2MgCl, + SiH,

Magnesium silicide Silane
(i) By the action of reducing agent like lithium aluminium hydride, LiAlH, (cther solution) on certain
metal hatides.

w‘) By the

Ether
SnCly + LiAIH,— LiCl + AICl; + SnHy (Stannane)

GeCly + LiAlH,—> LiCl + AICl; + GeHy (Germane)

(v) Some hydrides are formed by indircct methods. For example, when sodium acetate is heated with
codalime (NaOH + Ca0), we get methane (a hydride of carbon).

CaO
CH;COONa + NaOH — Na,CO; + CH,
Sodium acetate A Methane
Properties. The properties of covalent hydrides depend upon the electronegativity difference between
hydrogen and the atom bonded to it. Due to their covalent character, these exhibit following properties :
(i) They possess low melting and boiling points. (i) They are volatile in nature.
(iii) They are non-conductor of electricity.
(W) As we move from left to right along a period in the periodic table, the acidic character of hydrides
increases with increase in atomic number. For example, the acidic nature of hydrides of second period
clements is as follows : :
LiH NH;3 H,0 HF
Strong base  Weak base Neutral Strong acid

L. Metallic or interstitial hydrides. Thc hydrides formed by some qf the.gransition metals
(elcc‘m“ﬂgalivity 12 to 1.4) are called metallic hydrides. These are also called interstitial hydrides. 1t is
ccause the hydrogen atoms seem to occupy interstitial positions in their metallic lattices and form solid solutions.

Preparation. Following are the few methods Lo prepare non-stoichiometric and stoichiometric hydrides.
(@) Non-stoichiometric hydrides. (i) Dircct method. Palladium metal adsorbs 900 times its volume of
ogen at high temperature to form palladium hydride (non-stoichiometric), PdHg .
CCCtr(gl) Electrolytic method. Palladium, iron clc. metals when used as cathode, adsorb hydrogen during
ysis. For example :
1. The hydrogen liberated at the iron cathode adsorbs on iron in the ratio, 200 volume Hy : 1 volume Fe.

hydr

H .2 The hydrogen liberated at the palladium cathode adsorbs on Pd in the ratio, 1000 volume
2 Ivolume pg.

(%) Stoichiometric hydrides. These are prepared by reduction method. For example, copper (I) hydride,

" (Reddish brown powder) is prepared by the reduction of copper (IT) salt solution with sodium |
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hypophosphilc at 345 K. X-ray dilfraction datn indicates that like metallic copper, Cu-aloms in Cyjq h’""ia
face centred cubic arrangement,

Propertics. (i) Thesc are grey to black in colour,

(if) These show metallic lustre, electrical conductivity and hardness, . f

(iii) These arc good reducing agents at high temperature. 1Cis ’I)ccplm({ al hluln l(:r.n‘pcr:all l.lr;;j;.:w m,l,-;(,,'b ol
atomic hydrogen reacts with oxidants and reduce them to lower oxidation state. For example, UH, (U Faniiy
hydride) reduces

(@) AgNO;5 to Ag and (h) CuSO, to Cu metal,

(iv) Metallic hydride formation cither involves absorption or evolution of heat. For cxample :

(@) Metals like Ag, Mo, U, Cu, ctc. form hydrides with absorption ol heat cnergy.

2Ag + H, + g kcal—> 2Agl1

(b) Metals like palladium, thorium, titanium ¢te. form hydrides with the evolution of heat.

—

Problem 6. Metallic hydride formation cither involves absorption or cvolution of heat. Comment.

Structure. Much work has been done to know the exact state of h)fdrogcn gas in mctal lattice. The resylys
interpreted from X-ray diffraction and density of metal hydrides are given below :
(/) The hydrogen atoms arc present in the interstices —

(Fig. 3.35) between the metal atoms in the crystal lattice. When METAL ATOM
such a hydride is heated, hydrogen gas is given out. HYDROGEN ATOM
(#) In certain cases, the lattices of a metal and its hydrides arc INTERSTICES

ﬁ same. However, in certain other cases, metal hydride lattices get
expanded and slightly distorted.

BASIC BERYLLIUM NITRATE

5‘ Preparation. The compound can be prepared in solution. It can be crystallised as hydrated salt by the
é action of nitric acid on the carbonates, hydroxides or oxides of beryllium. The hydrated solids do not give the
anhydrous nitrate because the solid decomposes on heating to its oxide.
Anhydrous nitrate can be prepared with the use of cthyl acetate and liquid dinitrogen tetraoxide.
Beryllium is unusual because it forms a basic nitrate in addition to the normal salt, Be(NO;),

N,0,

Flg. 3.35 Interstitial hydrides.

< Warm to 398 K
Reaction. BeCl,—— Be(NO3), . 2N,0, Be(NO,), [BesO(NO3)g]
325 K under Basic beryllium acetate
vaccum
It is highly hygroscopic substance. 0\ : 5
O—/be——0
Structure. It has an unusual structure, N=Z7 \N/
The four Be-atoms are located at the four B{ /Be \ (!
corners of a tetrahedron. The six NOj o\ /O o] /O
groups are present along the six edges of the N \O NN /
tetrahedron and the (basic) oxygen atom is (|)_ /( X\
present at the centre. It forms stable covalent Be o} \ Be
molecules of the formula, [Be4O (Rg)] where / \ \
R may be NO;, G;HsCOO™, 5 /e\\ )
C¢HsCOO ™, HCOO ™, CH3C0O0™ ete. Its \ /
= 0 (0]
basic beryllium acctate (fig. 3.36), NO;3 N NN
groups act as bidentate ligands in forming a / \
bridge between two Be-atoms. o] o)

F1g. 3.36 (a) A bridging NO; group and (b) Basic beryllium nitrate,
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A Jcetate, 3B¢ (CH;C00),Bc0 or BeyO( H,CO0),
. nl : ‘ '
pasic lll“B“iC beryllium acetate can be prepared by fnl{owmg methods.
jon. D X

. . : Ao sating a mixture of beryllium carbonate and glacial
prepd s method. This compound 18 obtained by heating, ¢ N y o
rson \

(BeCO; + 6CHiCOOH —> 3Be(CH;CO0), BeQ + 6CO, + 6H,0

thod. The compound can be prepared by cvaporating a mixture pf beryllium hydroxid
2, Urbail %cm dryness. The residuc so obtained is dissolved in boiling glacial (
c acl o

¢ and
anhydrous) acetic acid
The compound s0 formed is extracted with chloroform, in which it is soluble.
10d. The © \

("\i““hc x

. N . . : g » 1 ”
. 11 q volatile crystalline solid. 1t dissolves in non-polar orgdgic solvents like chloroform and
mwmtSo lt lS L - \

n jower &1{\"{101&

When s solution in organic solvents is crystallised, it is obtained in the f orm of octahedral crystals. It is

e in water. It melts at 283°C and boils at 330°C without decomposition. It is\a covalent compound. It
,’“““W'u;:‘id by water but gets hydrolysed when boiled with dilute sulphuric acid.
Lq:“ 3‘.;\ . -

grocture. Its structure has been studied by X-ray methods. The molecule has a‘tetrahedral symmetry.

The contral Oxygen atom is tetrahedrally surrounded by four beryllium atoms in such“a way that the four
sotaic groups. Accor

ding to Pauling and Sherman (1934), the crystal cell contains four‘moleculcs of basic
.ztz znd the arrangement corresponds to the structure. See page 65, fig. 3.7. “

==SHORT QUESTIONS WITH ANSWER

L Whygroup 1 elements are metals ? Give their trend down the group.

Ans. Group 1 elements have a greater tendency to lose electrons due to their low ionisation potential

velues. As a result, these are strongly electropositive or metallic in nature. Since their [.P. decreases
down the group, their metallic character increases down the group.

Alhough Li has small size and high ionisation energy, it is stronger reducing agent than other alkali
metzls, Why ?

!J

Ans. The smallest size of Li* causes maximum charge density around it. As a result, maximum water

molecules get attached to this ion. In Li* (15?), the 15 electrons are not screened from the nucleus
effectively. The hydration energy produced is so high that it pulls off the 25 electron from Li(g) atom.

. ;xnoc it acts as the most powerful reducing agent ( E‘Li‘“/Li = — 3.04V).
= Describe the group trend for the solubility of fluorides of group 2 elements.

:Liw-«m Be‘F2, all a%kalinc carth metal fluorides are insoluble in water because of their large value
A Why Bgi eocrgies. Their solubility in water decreases down the group.

1ons are not formed ?

e e ' 3+ . ! . .
a\»aﬂai)lf f‘wusc the ionisation energy required to produce B ¥ jons is very high. It is neither
compoundr;)m the hydration of ions in aqueous solution nor from the lattice energies of its ionic

S. SnCLin

* 58Ch in 3 solid while < ]

% 2;1 4 solid while SnCly is a liquid. Why ?

8:5nCl, is an ion; | ' ‘ ‘
S 3 15 an lonic compound because less energy is required Lo remove two clectrons from Sn to

n | . . ' | ‘ ‘ : i . % ks ° a - \.
compyq Slflcc ‘onic compounds have high melting point, SnCl, is a solid. SnCl is a covalent
X und which ig formed
Ot the rem gy,
moval of

f by the sharing of four valence clectrons, because lot of encrgy is required

6 vk vander W ol our clectrons. SnCly is a liquid because covalent compounds are held together by

* What s dry iccd';l forces and less cnergy is required (o separate them, and hence have low melting point.

o » Why is it so called ?

e on dioxide 3 .

g o o8 :l:el; a gas at room temperature, which on application of a slight pressure changes
. dry ice. It is called dry ice because it sublimes without producing liquid

-1t does not wet »

.
NIeen AF Alath Wnnnaseena 26 cedlall o clfel cois o el o



