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s-BLOCK OR GROUP | ELEMENTS

Alkali metals. These belong to group 1 of s-block of the modern periodic table. Group I clements
include, lithium (5L1), sodium, (;;Na), potassium (;9K), rubidium (37Rb), ccsium (55Cs) and francium (3Fr).

Francium is radioactive. These clements are called alkali metals because their hydroxides are very strong alkalies.

ELECTRONIC CONFIGURATION

All these elements have one electron in s-orbital of their outermost major shell, i.e., all alkali metals have

ns! configuration.

The electronic configuration of these elements is given in the following table 3.1.

Table 3.1 Physical Properties Of Alkali Metals

Property Lithium Sodium | Potassium | Rubidium | Cesium |
3l 11Na 19K a7Rb 55Cs |

Atomic number I B ' 11 19 37 55
Electronic configuration [Hc]2sl [Ne]3sl [ Ar]4sl [Kr]55l [Xe]Gs1
Atomic radius, A 1.23 1.57 2.03 2.16 235 ’
Ionic radius, A M+ 0.68 0.97 1.33 1.48 1.69 |
Jonisation energies

1st 527 502 426.5 410 380.7
KJ/g-atom { 21;(1 7305 4569 3075 2661 2426.7
E® M+ /M(V) -3.04 =2.71 -2.92 -2.99 -3.02
Electroncgativity 1.0 0.9 0.8 0.8 0.7
Heat of atomisation 159 108.8 87.9 81.6 78
(at 298 K,1 atm), KJ mol !
Atomic volume 12.97 23.68 45.39 55.80 69.95
Atomic weight 6.94 22.99 39.10 85.47 132.91
Density, g/ce 0.53 0.97 0.86 1.53 1.90
Melting point,K 455 371 336.5 312 3015
Boiling point,K 1609 1156 1032 973 943
Col.our of the flame Carminc red | Yellow Violet Reddish violet Blue
Tonic conductance of M7 ions o~! 33.5 43.5 64.6 67.5 68.0
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GENERAL TENDENCIES OR TRENDS IN PHYSICAL PROP.ERTIES |
All alk Ii'm tals resemble closely in their physical and chemical propertics because of thejr idengje.
alka clals S ) : d

I aans ion. The important physical propertics of these elements are given in the table 31 T,
o “‘“,’l§urr"l!'(’"(:iu'1] are not included in the table because very little is known about this recently dmc"‘l‘rcd
pr:l)Pcr"[%s ndr':: nt. The general trend in the physical properties of these elements can he explaine
radioachive ciement. >

il

in
terms of : i . 1
olec - 7¢ atoms and ions.
(i) loose binding of valence s-clectron and (i} size of their atoms anc

& i i crties of alkali metals can be explained on these concepts :
Following physical properties ol alkali met ¢ P p

= o e

1. Atomic and ionic radii. Atoms of the alkali metals have the largest sizc m _l'h.cir respective perigg,
Even the + 1 ions formed by the alkali metals by IITC loss f)f s-clcclfon huvc‘u large .sl/.(.‘. ’ '

Within the group, the atomic as well as ionic radii of alkali metals increase W'l'lh Increase in atomi
number. It is because of the increase in the numhcr.of cnergy shells. For example, the size of Na atom (havin
3 shells) is larger than the size of lithium atom (having 2 shells).

2. Ionisation potential. On account of large atomic size, lhc_ outermost electron in an alkali megy .
looscly held. Conscquently alkali metals have low ionisation potentials.

; On moving down the group, the ionisation potential decreases. It is because lhc.x'-clcctrops of outermos;
| shell are getting away from the nucleus due to the addition of new shells. Therefore, the attractive pull exerteq
by the nucleus on the outcrmost clectron decreases, Hence, clectron can be removed by expending less cnergy.
" 3. Oxidation state or valency. All alkali metals form unipositive ions.
Reasons. Duc to their low ionisation energies, alkali metals readily lose an electron from the outermos;
s-orbital and attain stable noble gas configuration. Hence, these metals form univalent positive ions.
Mg) —— M) +ec (g)
Alkali metal Alkali metal ion
(stable inert gas configuration)

Alkali metals do not form dipositive ions because the second electron has to be pulled from noble gas
core (fully filled orbitals are most stable due to sytimetry and high exchange encrgy).

4. Electropositive or metallic character. The alkali metals have a greater tendency tc lose electrons due
to their low [.P. values. Consequently, these are strongly electropositive or metallic in character.

Down the group, the L.P. decreases and the tendency to lose clectrons
Hence, the elcctropositive or metallic character increases in the downward dir

5. These metals have silvery white lustre.

increases in the same order.
ection.
All alkali metals have low ionisation energy because of their
large size. When a beam of light strikes the metal surface, the electrical component of light wave interacts with
the valence s-electrons of the metal. As a result, the valence s-clectrons set into oscillatory motion. These
moving clectrons radiate clectromagnetic energy in the form of light like other charged objects. The light
reflected from metal surface makes them show lustre.

6. Photoelectric effect. When light of threshold energy falls upon a m
of electrons from the metal. The phenomenon is called photoelectric effect

7. These metals are malleable and ductile,
together by valence electron clouds in their met
uniform in all directions and there are no pre
casily move from onc lattice position (or layer)
beaten into sheets (malleable).

etallic face, it causes the emission
Duc to low ionisation energy, alkali metal ions (M ™) are held
al lattices by electrostatic force of attraction. These forces are
ferred orientations of metal jons, Hence, the metal jons can
to another. Thus, these can be drawn into wires (ductile) and

8. Soft character and low melting and boiling point. The experimental data of atomic volume and atomic
radii of these clements indicate that these have the largest size in their atomic and ionic state. As a result, one
valence s-clectron per metal atom results in the loosely packed metal lattices of alkali metals.

Thus : (i) These metals are soft and can be cut with a knife,

(i) Since small amount o'f energy is needed to break the weak metallic bonds, these metals haves: Jow
melting and boiling poinls.. This trend decreases down the group because the size of atoms increases with
increase in atomic number in a group.
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9. Electronugativity and clectron aflinity, Due to their strong clectropositive character :
' ativity anc

jitle tendeney o attract or aceept clectrons. Therefore, they have very low clectroncg

; ;l\\‘ G

\ bl ofron affimity values,

% ¢lc N ; "

) 10, :-\tuum \nln\lnc. .-\s'\)'c 2o down the group, the atomic radius goes on increasing because of the
N jporease 0 pnumber of shells, Thus, the atomie volume of elements increases down (he group.

11. Density, Mass per unit volume is called density of an clement. As we 20 down the group, the atomic
wolume goes on increasing and hence atomic radii also increase. Atomic mass of clements also ncreasc. The
overall cllect is that density inercases. However, potassium has less density than sodium. It might be duc 10
conIC qructural changes in potassium,

X 12. Electrical conductivity. (@) Duc to their low ionisation encergy, these metal ions arc cembeded 1n i sca

cly weak. Hence the valence

rons. This sea is very diffuse. So, the bonding in the metal is relativ
arc responsible for the high

of ele N .
clectrons MOVE 'TL:C!." from one metal ion to other. These movements ol clectrons
clectrical conductvaty of the metals.

(») Covalent bonding. Alkali metals also form covalent compounds.

LA o £

For example :
(§) The diatomic molecules like Nas, Ks, Cs, cte. are formed to some ext ent in their vapour stales. The
metal atoms are bonded through covalent bonds in these molecules. The strength of the covalent bond

decreases down the group because of the increase in size of atoms down the group.
(if) Organometallic compounds like CH3Li, C,H;Li, CgHsCH,Na etc. possess covalent bon

metal and the carbon atom.

. o opyat ’ i

(ii7) Due to small size of L1™ 1on, these get heavily hydrated in aqueo

- 13- .2 T iy .
sed Cs ¥ jon (2q). Hence conductivity ol Li* jonin aqueous solution isless than that of Cs ¥ ions.

13. Ionic compound fermation. Due to low ionisation energy, these metals are highly electropositive. So,
these react with highly electronegative elements (halogens, chalcogens etc.) through transfer of electrons.
The compounds so formed have high difference of electronegativity. Hence, these form ionic compounds.

14. Lattice energies. Alkali metals form ionic solids which consist of cations and anions. The lattic eneryy
of ionic solid is defined as :

“The energy released when one mole of a crystal is formed fr

d between

us solutions as compared to Lirge

om the constituent ions present in the

gaseous state.”
Since the cations and anions are held together by strong clectrostatic forces of attraction, a large amount

of caergy called lattice energy is relcased. Thus, ionic solids have minimum energy (becausc of the release of
high lattice energy) and maximum stability. For example, LiF (lattice energy, 1034 kJ mol ™) is more stable

than CsF (lattice energy, 743.9 kJ mole™).
Li* (2) + F (@ — Li* F(5) AH = Lattice energy of LiF = —1034 kJ
Cs* (g) + F(g)—> Cs” F(s) AH = Lattice energy of CsF = —743.9KJ

«Coulomb’s law, the coulombic forces of attraction vary directly as the product of charge

According Lo
¢ charge on the ions, greater should be the lattice energy. Thus, lattice

(valency) on the ions. Thus, greater th
energy of the ionic solids decreases in the order.

bi-bivalent ionic solids like > bi-univalent ionic solids like
) . 24 - . . . . &
) calcium fluoride (Ca™",2F ) > uni-univalent ionic solids like

magnesium sulphide Mg, §2
lithium fluoride (Li*F7)

For ionic solids
_ @) h.avil.lg cations of same charge (valency) and (i) having same anion the lattice energy decreases with
increase in size of the cation.
For example, for the iumc anion (I17), the lattice cnergy of lithium iodide (Li*17) is greater than lattice
encrgy 1 iochide S s e use s Q170 2 ) 3
rgy of cesium iodide (Cs*17) because the size of Li™ is smaller than that ol Cs™ ion. Thus, we conclude that
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‘the lattice energies of ionic compounds of alkali metals having a same givert anion decreases with increqy,
in atomic number of the alkali metal.’ . eipatt Lot
15. Colouration of the flame. All these elements lm;_)url. co‘l?ur‘ Eoylf][(;xcil:nmorc volut'ilc SRS lhci:
supplied to these clements or their salts (cspecially chlorides hcﬁ_flll;sl;.uék R e Y e
clectrons get excited Lo higher cncrg?f s_t:!llcls. l\_’\/lht:n such clectrons la
extra energy is emitted in the form ol visible light. . o K1
For the same excitation cnergy (of bunsen flame), the cnergy lcv‘(il’ t{) \V11i11(1:};013i(11:11(3((]33;:/):r l]nEll)lhrlil:S:
(higher ionisation encrgy, 1.E.) rises is lower than the level to whu.:h lhg c cf, r((l)n gt D .E.) risc;
and this in turn is lower than level to which the electron on potassium rises fm SC LA , d: i
() When the electron returns to the ground state, the energy released is lowest in Li and increases in the
order Li - Cs. . ) 2 ¥ . o
~ (i) The [requency of light cmitted in the bunsen flame will be mml}fnum1 in rcg?cﬂgfn [:i :nglht:rxls ;él;‘g\li
impart red colour to the flame. It increu§cs in the or'dcr, Li -> Cs. Thus, the colou sg
in Na, pale violet in K and violet in rubidium and cesium. . . i
16. Heat of atomisation. As we go down the group, the size of alkali metal atom goes on mc.rcasmg. hu§,
the distance between the adjacent atoms goes on increasing and the forces holding the Telal atoms ;ln t f:lrf
crystal lattice goes on decrcasing. Hence the energy needed to convert them into atoms, lLe., heat o
atomisation goes on decreasing down the group. e
17. Reducing agent. Because of their large size, these elements have low iom.satlon energy. Thus(,ithgzse
have a great tendency to lose valence s-electron. Hence, these'act as strong reducing agents. Their reducing
power is measured in terms of their standard reduction potentials.

MY +e"— M;E°
Greater the negative value of standard clectrode reduction potential, stronger will be the reducing
. 3 : : "
agent. For example, potassium (E° = -2.92 V) is stronger reducing agent than sodium (E° = -2.71 V).

Anomalous behaviour of lithium. Smaller size and higher ionisation energy of lithium. as compared to
other alkali metals indicates that it should be the lowest reducing agent. But the E° value of lithium (-3.04 V)

indicates that it is as strong reducing agent as cesium (E° = -3.021 V). The discrepancy can be explained as
[ollows : :

The concept of ionisation energy is unable to explain fully the reducing power of an element because it
is only a measure of the tendency of the neutral gaseous atom to form a gaseous ion. The reducing power of
an element is decided with the help of following three consecutive steps.

(i) M(s) + sublimation energy —> M (g) (it) M(g) + Ionisation energy —> M™* (g) + ¢~
(M +(g) + H,0— M +((lq) + hydration energy
In alkali metals
(@) The sublimation energy of all the elements is almost the same.
(b) Lithium has the highest ionisation energy while it decreases down the group.
(c) Li* ion gets heavily hydrated and liberates highest hydration energy because of following reasons:

o . -+ . . . . .
(i) The smallest size of Li™ ion causes maximum charge density around it. As a result, maximum water
molecules get attached to this ion.

¥ et 2 .

(@) In Li"(1s”) the 1s clectrons are not screened from the nucleus effectively. The hydration energy
produced is so high that it pulls off the 2s electron from gaseous Li(g) atom. Hence, it acts as the most
powerful reducing agent in aqueous solution.

Trend down the group. Except lithium, the negative value of the reduction potential increases down the
group. Thus, thc power to act as reducing agent increases down the group.

18. Solution of alkali metals in liquid ammonia. All alkali metals (M), dissolve in liquid ammonia to
form a blue coloured solution.

OM =—=M"+e”  (M"+ (x+y) NHy— M*(NH,),

Ammoniated metal jon

+ e (NHy),

Ammoniated electron
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1. The above solution is blue due to ammoniated electrons. The electrons absorb photon and get exci

. arlre A . . : : b3 < °L excite
; higher cnergy level. As a result, an absorption band which has a maxima of 5000A is obtained W;\‘i&;;t\\]
tw Js to blue colour. The colour is independent to nature ol metal.

qpon
corre A o
». The solution 1s good conductor of electricity due to the presence ol ammoniated electrons and

mmonialed metal ions.
3, The dilute solution consists of [rec unpaired ammoniated electrons which arc responsible for the

reducing nature and paramagnctism of bluc solution.

4. When morc alkali metal is added to blue solution, a bronze coloured phase separates out and floats on
(he blue solution.

Further addition of alkali metal results in disappearance of blue colour and complete conversion 1o

onze solution takes place. This solution exhibits :

br
(i) very low densities, (if) metallic lustre,

(iii) magnetic susceptibilities similar to pure metals and

(iv) metallic conductance. It is because the ammoniated metal ion and electrons form bonds like metallic
ponds (o give aggregates, M, M5 etc.

5. Bronze solution on evaporation gives back the original metal. This suggests the reversible nature of the reaction.

6. The dilutc solutions are metastable which give hydrogen and amide ions in the presence of ferric oxide

as catalyst.
Fe,0;
- catalyst
7. The density of blue solution is quite similar to that of purc ammonia.
8. Thesc metal solutions in NHj are stronger reducing agents than that in water because the oxidising

power of water is greater than that of ammonia.
For example : (i) It reduces sodium nitrate to sodium hyponitrite.
(if) It reduces metal halides to metals.
(iii) It removes hydrogen atom [rom monosubstituted acetylenes.
CH,C=CH+c¢ —— CH3C= C +H

(iv) It removes halogen atom from organic halides.
C2H5 Br+e — CZHS_ + Br

CHEMICAL PROPERTIES AND TRENDS

All the alkali metals are highly reactive because of their :

(¥) low electronegativity (ii) low first ionisation energy (iii) low heat of atomisation.
~ These clements especially reacl with highly electronegative elements like chlorine and oxygen. Their
important chemical propertics are explained below :

I. Oxides. (i) All alkali metals react rapidly with molecular oxygen (or air) and get tarnished. That is why

these clements are kept under hydrocarbon solvents like kerosene oil.
(if) The naturc of the oxide formed depends upon the nature of alkali metal. For example :

(a) Lithium burns in oxygen to form lithium monoxide only. No higher oxide is formed.
4Li1 + 02 s 2L120
Lithium monoxide

(TN '+ . . . . o, -
e rlf;db'(m. Li* ion is a small sized ion. It has a strong positive field around it. It combines with oxide anion
: stricts the spread of negative charge towards another oxygen atom. As a result, it prevents the

formation of higher oxide. Li,O is ionic
(Li,O = 2Li* + 0*").
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(b) Sodium burns ‘

nsi xvpre H . . . P
noxygen to form sodium peroxide and no superoxide is formed.
2Na ()2 — Nilz(),
Reason, Na™ jonis lareer in si: . - o

b 2 a50u, Na ™ ionis larger insize than Lit ion, The positive licld around Na ™ ion'is weaker than Ei* ion
us positive Nield is so weak that it e . o=’ T} . - : ‘
0’_[ ive field is so weak that it cannot prevent the coversion of oxide anion (O 2y into a peroxide ion
(O3 ). However, it is strong cnough to prevent the conversion of peroxide to superoxide, The peroxig,

contains (= O = O =)~ jon.
form  supcroxides, i,

) (¢) Potassium, rubidium
}\():. Rb()z ill'ld (:1\():

and  cesium  react  with  oxygen Lo

K+ 0, — KO,
Potassium supcroxide

Reason to form superoxide. K, Rb and Cs ions arc large sized ions. These have, thus, very weak positive

ficld around them. This positive licld is so weak that it cannot prevent the conversion of peroxide (()%') anion

to superoxide anion (O3).
Nature of superoxides. The superoxides have tetragonal lattice of calcium carbide type. The superoxide

anion (O — Q) contains three clectron bond. Thus, it is paramagnetic and coloured.
Nature of normal oxides. These have antifluorite oxide structure. Only lithium metal forms normal
oxide (Li>O) by the direct reactions with oxygen. Normal oxides of other alkali metals are formed indirectly

i.e., by the reduction of their nitrites, nitrates or peroxide with metal itself.
2NaNO; + 10Na — 6Na,O + N, ; 2Na,0;, + 4Na —> 4Na,O
Stability. We know that binary compounds of alkali metals with oxygen are monoxides (M,O), peroxides
(M50,) and super oxide (MO,). Their stability increases with decreasing charge density on cations and

increasing charge density on the anions :
LizOz < Nazoz < K2 02 < szOz < CSZ 02

and monoxide > peroxides > superoxides.

Reasons for above trend of stability
(i) The negative charge on O, (or 05‘) ions gets polarised on one oxygen atom because of high polarizing

power of small sized Li" ions. As a result, the other oxygen atom sets free from the diatomic anions.
(if) The larger sized cations like Cs* form a close packed lattice with larger sized anions. As a result,

their lattice energy increascs.

Basic nature. All monoxides are soluble in water and form strongly alkaline solutions. Their alkalinity
increases down the group. -

Oxidants. Alkali metal peroxides act as powerful oxidising agents. The superoxides are even more

powerful oxidants than fluorine.

Colour. The oxides of alkali metals arc obtained by the direct combination of elements in ammonia
(under high pressurc and low temperature for Li* and Na™ superoxides). The colour of these oxides deepens
with the increase in the molecular mass of their compounds. (See table 3.2).

II. Hydroxides. The alkali metals react violently with water (except lithium which reacts with hissing
sound) to form hydroxides. Thc‘rcaclions are exothermic which help in the liberation of electrons (reducing
agents) from alkali metals which reduce H™ ions (in H,0) to hydrogen gas. In higher alkali metals like N, Ketc,
hydrogen evolved also catches fire. This fire should not be extinguished with water but with carbon tetrachloride

(pyrene) which {orms a protective layer over the fire.
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: xides of alkali metals are
The hydro ol alkali metals are the s ronge

B : [ ases, The « ‘ i o Srie™
with which the hydroxide ions st bases, The strength of the base depends upon the case

getseparated from the i i
. 5 o . ¢ alkali metal ¢ ing factors arc res sible
(he separation of OH ™ 1ons from cations, A st
(i) Internuclear distance between metal aton
h ; . * tand the oxyper / g ‘

» group from L e the g g xygen atonm of hydroxide ion (= OH ). As we move
down the grov LV (':.1- the cation size increases, Thus, the inte }‘l' fistanc n
ad the oxygen atom ol O™ ion increasces, Thi ™ ' ernuclear distance between metal atom
a IS e | cases, soresults in casier separati COH
Hence the strength of bases increases from LiOT to CsOJ e e

hl .

o> alarity * ,
(i) Polarity of bond. Greater the polarity of alkal;
X o ‘ o alkalt metal ~O8 1 bond ; . . ) ~
« o are lormed. Since the cleetr s (v v, : i wond, greater is the case with wich OH
ions mcl: Tt ensallt n:lfl L; I'UII;J_'«l'l ity ol .nlkuly mctals decreases down the group, ihe clectroncegativity
dll’lcru}1  bet l‘-) X l z etal and oxypen atom of OM group increascs, This results in casicr s viral o “}
hydroxide tons from the metal ion. Hence strength of the bascs increases from LiOH to f‘f)H g
. Halides. Alkali metals readily ¢ . ‘ ‘ ‘ - -
) lll H‘.. s Ill.m.Ll s readily L.nmhmc with halogens (o form metal halides having the formula
MTXT where M is an alkali metal and X is the halogen g g the U
y Celn
2Na + Cl, —> 2NaCl
ST LN - YT . »es 13 als e . . .
The case with which alkali metals form their halides increases in moving down the group from Li to Cs

Highly clectropositive alkali metals (M) re: ith hi Je S -

f n;mclal halides. M+tX™ M+X'(‘ ') ‘ :10( Wll_ll h'lg,hly clectronegative halogens (X where X = F.CL Br, )
¥ mThC structure and stability of tl arc idcal ionic compounds in which ions are present cven in solid
qate. The st > and stability ol these compounds can thus be cxplaine i i i

- . . &) by > Ld on » asts e & ice
energies and radius ratio cffects. P n the basis of their latt

Table 3.2.
mpt metal Colour Ditferent oxides of the | Colour
oxides same metal }
in cold in hot §
T Li,0 White White Na,O | White
K-O White Pale yellow Na;OZ | Pale yellow
Rb,O Pale yellow Golden yellow NaO, | Yellow
Cs,0 Orange red Purple and then black ) 1

(i) Lattice energy* effect. Lithium fluoride (LiF) is insoluble in water while other aikali metal fluorides
are soluble in water. It is because of the combination of very small Li* ion with very small F~ ion. The lattice
energy of LiF is very high and hence it does not dissolve in water.

(ii) Radius ratio” effect. For the same halide ion (CI7), the co-ordination number of alkali metal 1on
increases with an increase in the size of the cation.

For example :
(«) The radius ratio of CsCl (Cs*/CI™ = 0.93) allows a co-ordination number of 8.

(b) The radius ratio of NaCl (Na®/CI” = 0.52) allows a co-ordination number of 6.
(c) Covalent character. According to Fajan’s rule, the covalent character of the l_mlidcsincre;‘;_scs with
> Na* > Rb™ ctc.) and increasing anionic size (F~ < CI7 < Br~ < 17).Thus,

decreasing cationic size (Li * . ‘ )
lcohol and pyridine but not in water. K1 is soluble in alcohol but KCland

LiF, LiCl, LiBr, Lil are soluble in a
Nal are not. Their solubility in water is in the following order :

(i) LiF < NaF < KF < KbF < CsF

It is because the lattice encrgy of LiF is the hi
metal fluorides. Similarly

(i) LiF < LiCl < LiBr < Lil (iii) KF < KCI < KBr < KI

10le of ionic lattice into gaseous ions. The lattices wit

ghest and that of the CsF is the least among above alkali

* Lattj " i h smaller ions
Lattice energy is the amount of energy required to convert one n

l:z:vc higher lattice energies.
Radius ratio is the ratio.of size of cation and anion in an ionic solid.
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+ - alkals yal ions form polyhalides wj
Polyhalides formation. Except Lit and Na ¥ other alkali metal ions for l[ yhd ides wiy,

= 2- ofe o & alt " e 5C e che Yo a5 “
Iy (e, Kly), 1CL; ICIy, IBrF™ cle. Li* and Na™ ions do nol form polyhalides becausc the charge density
on small sized Li* and Na™ jons polarizes the polyatomic anions, AR e

' 3 .47 e ’ , :5C ] n: S ¢ N
, IV. Carbonates. Alkali metals form carbonates ol general for mula, MZ-(] 3 : ese car 0 a CHdrC very
stable because of their highly electropositive and basic naturc. These mc!tl wil 1(lutl' "g]c’nl:?;):;rtllfl)ir:l.ﬁu;wqcr,
among all these carbonates, only lithium carbonate (Lip CO3) decomposes on heating oxide

Li»O and carbon dioxide.
A
attice which is more stable than Li;COj3 lattice. Other

Lit ion is small in size and lorms Li;O |
their MO lattices arc less stable than

alkali metals (Na, K, Rb, Cs) are larger in size than lithium. So,
M,COj, lattices. Hence MyCO3 (M = Na, K, Rb, Cs) docs not decompose.

3 K, these decompose into oxides.

, Li,CO3 has more covalent character. So, it is insoluble in water
solubility of carbonates increases down the group.
solid bicarbonates which decompose to carbonates

Reason,

However, at temperatures over 127
Solubility. Duc to small size of Li*
while other carbonates are frecly soluble in water. The
Since alkali metals arc highly basic, these also form

on gentle heating.
2Ndl‘ICO3 "i N212CO3 + C02 + Hzo

Lithium does not form solid bicarbonate but exists in solution form. All bicarbonates are soluble i water

and form alkaline solution.
V. Hydrides. All alkali metals combine with dry hydrogen on heating to form white crystalline ionic

hydridcs of the general formula MH, e.g., LiH, NaH,
A

A
2M + H,—> 2MH ; 2Na + H, — 2NaH

lonic character. The ionic character of these hydrides increases down the group from LiH to CsH. Itis
because as we go down the group, the ionisation potential of the elemenis decreases and electrons are easily

available to hydrogen to form stable hydride ion H—(lsz).

Stability. The stability of these hydrides decreases from LiH to CsH. It is because as we go drown the
group, the size of central alkali metal increases and the bond between central atom and hydrogen increases.

Longer the bond, weaker it is.
Action with water. These hydrides are readily attacked by water to form hydrogen, e.g,
NaH + H,0 — NaOH + H,
The reactivity of hydrides increases down the group. It is because, the size of M —H bond, increases

down the group. Longer the bond, weaker it is and breaks easily. Thus, LiH is least reactive while CsH 1s
highly reactive.
ANOMALOUS BEHAVIOUR OF LITHIUM

It has been ()bscrv_cd that the properties of lithium metal differ from other alkali metals (congeners) in
many respects. The main reasons for its different behaviour as compared to other alkali metals are :

(¢) The size of Li-atom and Li™ ion is extremely small as compared to other alkali metals

(i) The electronegativity and ionisation potential of Li-atom is the highest among the alkali metals

(iif) Polarizing power of Li” - ion is highcst among alkali metals i :

. powe n Is SL ¢ alke ctals. Thus, its tendency { : i
formation and sglvullon increases. The incrcased covalent character of Li-compoundiyli&rkgovt‘li\lem bOI;g
soluble ml orgamé«' (ﬂ(()lﬂ'P‘)]gr) solvents. I(_)lh'cr alkali metal compounds are, however, not q(S)lubfl::in ilrln (t)hc
organic solvents. Based on above reasons, ithium differs from its congeners - ) i

s (other alk: :
b g ( kali metals) in following
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1. Hardness. It is harder and lighter than other alkali metals.

2. M.pt. und_ b.pt. Its .mclling and boiling points are higher as compared to other alkali metals. When
cated in dry air, it melts without losing brilliance,

3. Action with oxygen. It rcacts with oxygen above 373 K to form lithium oxide (Li,()). Other alkali
metals, however, form peroxides and superoxides also, It is because of the smallest size of Jlithium among
alkali metals.

4. Solubility ot salts. (@) Lithium oxide dissolves in water slowly while other alkali metal oxides react
viﬂorously.

~ () Lithium hydroxide is a weak base and is sparingly soluble in water, Other alkali metal hydroxides arc
strong alkalies and arce highly soluble in watcr.,

(¢) LiF, Li;COz and LizPOy  are insoluble in water but the corresponding compounds of other alkali
metals are soluble.

(d) Lithium .C!llo.l'idc (LiCI). It is deliquescent and is soluble in organic solvents like pyridine and
alcohol. The solubility in these solvents is due to the covalent nature of LiCl.

(¢) Lithium perchlorate (LiClQy). Duc to strong solvation of small sized Li%- ion, it is soluble in ethyl
acetate, alcohol and acetone. The perchlorates of other alkali metals are not soluble in above solvents because
of the large size of their ions.

5. Action with small anions. Small anions like hydrides (H™ ), carbides (C*™) and nitrides (N”>) react

with small Li*-ions to give stable compounds because of the liberation of high lattice energy. Thus lithium
hydride is far more stable to heat than hydrides of other alkali metals.

6. Action with acetylene (ethyne). When acetylene gas is passed over heated lithium, lithium acetylide is
not formed. Other alkali metals, however, form acetylides.

7. Action with ammonia. When heated with ammonia, lithium forms lithium imide (Li,NH). The other
alkali metals (M) form amides, MNH,.

8. Formation of double salts. Li,SO,4 does not form double salts while other alkali metal sulphates form
double salts like alum [K,SO,4.Al,(SO,4)524H,0].

9. Formation of complexes. Li*-ion forms complexes with water (called hydrates); ammonia (called
ammines) etc. It also forms a large number of organolithium compounds.

10. Stability of salts. (a) Lithium hydrogen sulphide (LiHS) is thermally unstable while hydrosulphides
of other alkali metals are stable and fuse without decomposition.

(b) Lithium nitrate decomposes on heating to give Li,O, NO, and O, while other alkali metal nitrates
give nitrites and oxygen.
4LiNO3; — 2Li,0 + 4NO, + O, ; 2KNO3 — 2KNO, + O,

I

Reason. The small size of Li* makes Li,0 lattice more stable than LiNOj lattice. On the other hand, the
larger size of other alkali metal ions makes the MO lattice less stable than MNO3. However, the MNO,
lattice being more stable than M,0 lattice, their nitrates form MNO, and O».

(c) Lithium carbonate (Li,CO3) is thermally unstable and decomposes on heating to give Li,O and CO».
Itis because the small size of Li* -ion makes Li,O lattice more stable than Li,COgq lattice. The larger size of
other alkali metal ions makes the MO lattice less stable than M,COj5 lattice. Thus M,COj5 does not
decompose.

(d) Lithium hydroxide (LiOH) is thermally unstable and decomposes to Li,O and water at red heat.
Hydroxides of other alkali metals sublime unchanged as (MOH),.

COMPLEXATION OF ALKALI METAL IONS

= Although alkali metal cations are not conducive to co-ordinate with ligands because of their large size
nd electron configuration, yet chelating groups like salicyldchyde, crown ethers, cryptands etc., do impose
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are formed, The stability of these
ali metals, /1 is because as we go

some acceplor properties on them. As a iesult, covalent compounds
covalent compounds is influenced by the tnereasing atomie number of alle
down the alkali metal growp

() There is an increased eave of ionivation which weakens the tendency 1o accepl electrons.

(i) There is an increase in the size of atom which ralzes the maximum <f’<'"”"=“f“““"‘ pumber,

This explains well the stability of 4-covalent compounds of sodium and G-covalent compounds of
potassium, rubidium and caesium,

Crown ethers. These are the macroeyelic p '

Cryptands. These are the polyeyelic compounds having chielly donor atoms like O
bridges) which bind the metals and most ions very strongly,

Following procedure is used to name crown ethers.

crown-6} name designates the number of

. i wn cther {e.g., dibenzo [18] -
atoms1 'il;xh(t:hirsrtinngm(xle;flrallgf (éli(\:*c%r(;n (lfc squ&nrcg brackets i.lc., [ ). In the above example, [18] represents
18-membered macrocyclic ring.

2 The second number in the crown cther name designates number of oxygen (or other donor) atoms,
For example, in above (1) crown cther, 6 represents number of oxygen atoms,

3. The substituents in the crown ether are denoted by a prefix such as benzo, dicyclohexano etc,

olyethers which contain the repenting units (= CHCHy = O),
, S, N (present in the

For example, in above (1) crown ether, dibenzo represents two benzo substituents,
Nomenclature of Cryptands. The cryptands, which present a more spherical, l/\ O/W
rather than crown like structure have some what different nomenclature. 1
Each host is denoted by a series of numbers indicating the number of donor N _>
atoms in cach of the bridges between the bridge head atoms. Thus fig 3.1 is called k/o o
[2, 2, 2] cryptand®. \—O
Cryptands (Macrocyclic ligands). These are the macrocyclic ligands which o o
contain the intermolecular cavities of three dimensional shape (crypts). Their \ /

complexes are called cryptates. In their complexes with alkali and alkaline earth
cations, these show much enhanced stabilities with respect to crown ethers. The

effect is called cryptate effect. For example : .
“the K -complex of [2, 2, 2] cryptand is more stable than the corresponding diaza [18] crown-6 complex
by a factor of 105. It is also more stable than valinomycin (see page 54) potassium complex by a factor of 104.”
The stability of 4-covalent compounds of sodium and 6-covalent compounds of potassium, rubidium and cesium
(a) 4-covalent compounds of sodium.
(1) When sodium hydroxide is added to salicyldehyde, a sodium salt of the salicyldehyde is formed which
takes up a further molecule of salicyldehyde to form a covalent compound.

OH O-Na*

@ + NaOH—» @: Al
(|:=O cC=0
H )

Sodium
Salicyldehyde

Fig. 3.1.

Salicyldehyde

|
(o} o OH -Na*
QU210 0C., O
c=0 o =(l3 <|: =0 c=0
H H H }L
Sodium
Salicyldehyde i

;f ec there arc two (2), two (2) and two O-atoms between bridged atoms, N and N,
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2) When anhydrous sodm‘n] c!cnvlnl;\;c‘ (_)f acetyl .1:.'(,((?11;, 1‘5 hyﬁl.:(.ucd, adihydrate is formed. This i
(2 fent compound because it is soluble in non-polar solvents like toluene.
C— O~ Na* C—0 oH
2
7 7\ ¢
HC + 2HpO =P  }C Na

\C=O \C——'—O/ \OHz

4 /

Chs CHy

¢-Covalent compounds. A 6-covalent compound of cesium,
mucﬂdchvdalo) cesium is shown in Fig. 3.2
o ali metals have large size and low charge. HC

~§(
M fons of alk

(hese are very weakly complexed by simple anions.

SOQ . . ”
" For example, F~ ions in 1 M fluoride solution, where the order Iy “/O/ o
« from Li to Cs, chelation is essential to form a complex. But @( c"y\
fibium IS exception to it. Alkali metals form complexes with C—o/ T o\
strophenol, B-diketones etc. Some of these complexes indicate ionic | HO N CH

parure while others covalent. For example, although metal-ligand H
bonds in hexafluoroacetyl acetonate complexes are doubtless quite
Jar vet these complexes are sublimable at 475 K. Anhydrous
»_Jiketonates do not dissolve in organic solvents. So, these are ionic in
nature. But in the presence of co-ordinating ligands including water,
the complexes attain covalent nature and become soluble in the organic solvents including hydrocarbons.

For example, tetramethylethylene diamine lithium hexafluoroacetylacetonate is soluble in benzene while
sodium benzoylacetylacetonate is soluble in toluene. This behaviour is helpful for solvent extraction
procedures for alkali metal ions. For exarple :

() Cs™ can be extracted from aqueous solutions with the help of 1, 1, 1-trifluoro-3 (2-thionyl) acetone
(TTA) in MeNO,- hydrocarbons.

(i) Trioctylphosphine oxide adduct Li(C{HsCOCHCOCgHs) [OP(octyl)s], can be extracted from
aqueous solutions into p-xylene. This process can also be used to separate lithium from other alkali metal ions.

Lithium forms many complexes with ethers, amines, carboxylates, dialkylamides, alkoxides and many
other ligands having structures usually quite different from those of the other M™ ions. In many compounds,
Lihas co-ordination number 3 to 7. Some examples are :

() LINO; (diacctamide) is five co-ordinate with Li—NO;.

(if) LiBF, [OP (NMe,),] is soluble in benzene and has strong Li-F interactions.

(éii) Lil— (en)3 (en = ethylenediamine, CH,NH,NH,CH,) has Li* in a distorted octahedron of N-atoms.

Compounds of alkali metals with crown ethers and cryptates (or cryptands)

It has been found that ethers, polyethers and particularly macrocyclicpoly ethers*. (termed crown

poly poly
ethers) such as cyclohexyl-18-crown-6** [Fig. 3.3] form stable complexes with alkali metal cations (M ™). This

Flg. 3.2. Tris (salicyldehydato) cesium

| NN\

cI:H
CH o
S 0 ~C HaC k/
2C “CHzcHy” NcHg—chg© thc/ 2 Sl s

SN/ e
0O o /H?e 0~ CHz=CHa ,CHZCHNg H H2C ,/\0 o
HaC ~ d No” SHec
or 7] ] 2~ o\
0 (o] (o] HoC
N/ 2~n

— (A) (B)
Fig. 3.3(A) Crown ether dicyclohexyl-18-Crown-6. (B) Structure of a Cryptate or 2, 2, 2-crypt ligand

*Macrocyc;

"Incthis ccr"c Polythers were developed for the first time by C.J, Pederson (1960)

the HUmberoowf“ cther, the prefix numeral 18 indicates the number of atoms in the heterocyclic ring while the suffix numeral 6 indicates
Oxygen atoms, So, thic crown ether is 18-membered, ring with six oxygen atoms. )
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' stability depen ~ : > g
thaas I‘{\lw‘lhc:-l: ‘l;:s.nn the relative sizes of the polyhedra (hole size) and the coneerm d alkali metal ; :
a crown sha k‘\ll‘ _‘. OXyRen &\hv\m'« point inward towards the metal won with the rest of the molecule {orn "
C(‘mplcxc\ “l. \ mt.\ll\tlvmull These are hence named as crown ether I'he extra stability of crow
dcpcnd‘ *‘ ": 1 ﬂl“u'\ll ?\K‘l.’\l fons 18 attributed to their close fit. The size of the hole in which M7 on i
N{I* . 1‘;\\“ \.k size of crown ether. For (‘\mlll\lr‘ crown-4, crown-5 and crown-6 s lectively comples
in¢“~::&” : ons T‘(‘.\P(‘(‘h\'(“l\» The .\nlﬂl‘illl\' ol ;l"l;lli metal salts In organi soslvents (say ethers) » gy o
ASCA DY these |lg:l|\d&. 1t s achieved |\) the large hwhn'vllnlm orgame part i the crown ether
(‘i\'l\\:l)
\»‘mwn -6 4 Keees [K (Crown = 6)] + ¢ (solvated). The effectiveness of t trahydrofuran (THE
- fmd dimethyl ethers of ethylene and dicthylene glycols as media for reactions mvolving Na metal, may
m part to slight solubility of Na but the driving force is infact the complexation of Na™ by the chelate other
Crown cthers have large complexity constants for alkali metals
“ For cyclohexyl-crown-6 ether, the equilibrium constants are in the order K* > Rb" >
Cs* > Na' > Li*. Crown cther (18-C-6) with side chain terminating in an NH; group »
e 4 s o s T SO . "
= \a and K* in the transport of ions across a liquid membrane, thus mimicing (resembling closcly) naturg
ion-sclective transport agents like monensin.
Many of the natural agents arc small polypeptides, of which valinomycin (see fig. below) is another
Some ionophores having high preference to Li* are crown cthers with long aliphatic chains.
Some other macrocycles with functional groups may have utility for therapy in brain disorders for whach
— Li™ salts are used. It has been observed that open chain polyethers also form complexes with M~ ions.
CH(CHg)2  CH(CHg)2  CH(CHa)2 CH(CHa)2
3 0—C—C—N—C—C—0—C—C—N—C—C—
il o A A T eTNT R
H: 0 H H O H O H H O J
Valinomycin
Related macrocyclic polyethers are the cryptates or cryptands which are N, O compounds such as
N[CHZCHZOCHZCHzOCH2CH2]3N.
Thus cryptates or cryptands may be defined as the polycyclic (macrocyclic) systems containing both
pitrogen and oxygen atoms which have a great complexing ability.
The cryptate name comes from the term that the cations (metal ions) are burried in the structure.
! B An example of cryptate includes 2, 2, 2-crypl ligand (fig. 3.3B).
' B The cryptates bind M* strongly and often with high selectivity. The affinity of such a ligand for an e
4 depends on how well the ion fits into the cavity that the ligand can provide for it.
{ Selectivity as well as strength of complexation also depends on the solvent.
3 » . . . . n . . .
1 N The ionic diameter, polyether ring and hole size of alkali metal ions are given below :
Rl Cation lonic diameter (pm) Polyether ring Hole size (pm)
] f Li* 152 14-Crown-4 120-150
Na* 304 15-Crown-5 170-220
K* 204 18-Crown-6 260-320
RrRb* 276 21-Crown-7 340-430
3 ALKALINE EARTH METALS

These belong to group 2 of s-block of the modern periodic table.
Group 2 elements include beryllium (4Be), magnesium (1,Mg), calcium (39Ca), strontium (3g5t). bariu®

(s6Ba) and radium (ggRa).
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and the concerned alkali metal ions, Iy
th the rest of the molccule forming
The extra stability of crown cther
[ the holc in which M ion fits in,
selectively complexes Lit,

stability depends upon the relative sizes of the polyhedra (hole sizc) and,
these polyethers, the oxygen atoms point inward (owards the metal jon wi
a crown shaped arrangement. These arc hence named as cx;m\v'r‘\ clh‘cr.s.
complexes with alkali metal ions s attributed to their close fit. T'he size O p
depends on the size of crown ether. For example, crown-4, cmwn-..‘n and crownich : VEly comp s
Na* and K% ions respectively. The solubility of alkali metal salts in organic sqlvclr:l‘s (say (,l.[ l(:rS) is greatly
increased by thesc ligands. It is achieved by the large hydroplml)lc organic part in the crown cther.

~H(),0 ,
e g K(C‘ 19);C (K (Crown — 6)] + ¢~ (solvated). The cffectivencss of tetrahydrofuran (THF)

and dimethyi ethers of ethylenc and dicthylene glycols as media for rcactions involviqg Na metal, may be due
in part to sl.ight solubility of Na but the driving force s infact the complexation of Na* by the chelate ethers,
Crown cthers have large complexity constants for alkali mctals.
For cyclohexyl-crown-6 ether, the equilibrium constants are in the order K* > Rb* >
Cs* > Na* > Li*. Crown ether (18-C-6) with <ide chain terminating in an NH; group is selective for

Na® and K in the transport of ions across a liquid membrane, thus mimicing (rescmbling closely) natural
ion-selective transport agents like monensin.

Many of the natural agents are small polypeptides, of which valinomycin (see fig. below) is another.
Some ionophores having high preference to Li* are crown ethers with long aliphatic chains.

Some other macrocycles with functional groups may have utility for therapy in brain disorders for which
Li¥ salts are used. It has been observed that open chain polyethers also form complexes with M™ ions.
CH(CHg)2  CH(CHa)2 cI:H(CHg)z CH(CHg)2

—lO—C—C—N—C—C—O—C—C—N—C—C—-

T T e s e I E L |

H O H H O H O H H O
Valinomycin

Related macrocyclic polyethers are the cryptates or cryptands which are N, O compounds such as
N[CH,CH,0CH,CH,0CH,CH,]3N.

_ Thus cryptates or cryptands may be defined as the polycyclic (macrocyclic) systems containing both
nitrogen and oxygen atoms which have a great complexing ability. =

The cryptate name comes from the term that the cations (metal ions) are burried in the structure.
An example of cryptate includes 2, 2, 2-crypt ligand (fig. 3.3B).

The cryptates bind M* strongly and often with high selectivi R ; : . :
) ) gh selectivity. The aft ch a lig 2
depends on how well the ion fits into the cavity that the ligand can pyrovidc'lfoi'nilt[.y e

Selectivity as well as strength of complexation also depends on the solvent.
The ionic diameter, polyether ring and hole size of alkali metal ions are given below :

Ca‘tion lonic diameter (pm) Polyether ring Hole size (pm)‘_M

Li b 152 14-Crown-4 120-150 ]
Ni 304 15-Crown-5 170-220
gb+ ;gg 18-Crown-6 260-320
21-Crown-7 340-430

ALKALINE EARTH METALS }

These belong to group 2 of s-block of the modern periodic table

Group 2 elements include beryllium (4Be), ma . .
, magnesium (1,Mg), cal i -
(s¢Ba) and radium (gsRa). (12Mg), calcium (5(Ca), strontium (3gSr). bari®”



