US03CCHE21 (Inorganic Chemistry)

Unit-1 Acids and Bases
Dr.Trupti Darji
Following are the important modern concept of acids and bases :
1. ARRHENIUS CONCEPT (1884) -THE WATER ION SYSTEM:

According to this concept, any substance contains hydrogen which gives Hfions in
aqueous solution is acid, and a base which gives OH- ions in aqueous(solution.“Thus
HCI is an acid and NaOH is a base. And the neutralisation process.canbe représented

by:

He0
o - -H + ot
H “HD

NaOH == Na"1 047

—" -
Utility: H + OH 7% HeO

(i) Since the reaction representing the naguralization process involves the combination
of H" and OH- ions. The constant heag,of neutralisation of a strong acid by a strong base
is readily understandable iafterms of this‘€oncept.

(if) This concept has”offeréd a mcans of correlating catalytic behaviour with the
concentration of the H" ion.

L\“’ Neujl\o\\azd\tm Sd.lt J/lo“a&s, QQ‘A bo,.&e’ 3thM8tl,‘ OJSO
Limitations: expledw this theomy.

(i) Accordingte this concept, HCI is regarded as an acid only when dissolved in H,O
and notiin some Other solvent such as C¢Hg or when it exists in the gaseous form.

(ii) It cannot account for the acidic and basic character of materials in non-aqueous
solvents, e.g. NH4NOs in liq.NHj3 acts as an acid, though it does not give H" ions.

(ii)e neutralisation process is limited to those reactions which can occur in aqueous
solution only, although reactions involving salt formation do occur in many other
solvents and even in the absence of solvents.

(iv) It cannot explain the acidic character of certain salts such as AICIl; in aqueous

solution. . -
(V) Ca®,NH3, Nu2(03 are bases but demot comtain ow X

co2, S09, SO3 are acids buk demst contain wt.
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2. Bronsted-Lowry Theory - The Proton-Donor-Acceptor system:

According to this theory, an acid is defined as any hydrogen containing material (a
molecule or a cation or an anion) that can release a proton (H") to any other substance,
whereas a base is any substance (a molecule or a cation or an anion) that can accept a
proton from any other substance. In short, an acid is a proton-donor and a base is a
proton-acceptor. )
Bvonsted M:ie{c s '"3"2 — H' 4T 20
Aids | COOMEt IMCTT ——> ¥ [Arfua0) (0#)]
Amiomic ; Heo . ut. 24
3 H % 003

Molecwlar ¢ — H !
Bromsted o SANE: Chytd 3¥
- Cadtoic 2 [arfugo) (oH)] + ¥ > (A1 CHs0), ]
Aniomic HCQ; + 4t —4 #,C08

Coﬂjug,atz Actd-Base fours :

- ee gne ) e e er a» ann "™ = o - av ane

In forward reaction HCL is an acid since it donates ajproton to H,O and water accepts a
proton from HCI therefore H,O is a base. In the reverse feaction H3O* is an acid and CI-
is a base.The members of which can be formed frtem €ach other mutually by the gain or
loss of proton are called conjugate acidébase pairs.

CO'nSlm Q ﬁaﬁﬁ‘dn . ompwhnw"i}vin;h«,o omne proten (4') g1y 4o €7
HCH + #H0 — -Hgo" + cCl
Thus on the basis of this concept Acid; and Baseg form one conjugate acid-base pair
and Acid, and Base, form another conjugate acid-base pair.

*
-H‘\' - 4 -H

HMCh=— c1i amd W30 — H,0
.\.H'l- +H

Comjugste acid-Base pois

Acid, Base, Acids Base,
(Hcl) + (H20) = (1g0")+(c1)
| |
comJnaata

Acid- Rage podid
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Acid Conjugate Base
\‘
Name (In the orde,
der of 0
e nieoriest | e | e
‘”3: acidi i';" K - lncrea.ung)
creasing .
Perchloric acid HCIO4 ClO4~ Pef:w:ar:teti%:
(Strongest acid) cst Dase)
Sulphuric acid H,S04 HS04" Hydrogen sulgpate ion
Hydrogen chloride | HCI CI- Chloride l&
Nitric acid HNOy .&
‘Hydronium ion ‘H3O+
Hydrogen sulphate | HSOg¢~
. : Phosphm
Phosphoric acid -HgPOy
Acetic acid CH3sCOOH
Hydroxo penta
Hc:((?“a)qlix:nduminium (AI(H0)J** aluminium (II1) on
Carbonic acid | Hydt?::n carbonate
Hydrogen sulphide | Hydro sulphide ion
Ammonium ion Ammonia .
Hydrogen cya Cyanide ion

Hydrogen carbonate ) | Carbonate ion
ion L . -

Phenol K o | CHOH | CaHsO- Phenoxide ion

’ H,0 OH- , Hydroxide ion
CyHsOH 1 CeHsO" Ethoxide ion
NH3 NH,- Amide"ion

Methyl amine CH3NH; CHgNH" Methyl amide ion

Hydrogen Hy H- Hydride ion

mﬁ'& acid) CH, CHy (Bgf:gti’:g?%a“-

4 1

Table: Acid-Base chart containing some common conjugate acid-base pairs
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Two important axioms of the Bronsted concept and position of equilibrium in acid-
base reactions:

Let us consider the reaction: HCl + HbLO 2 H;0" +CI

Acidi BaSea Acidz Bases
In the equilibrium mixture two acids HCI and H30+ ion are competing to donate

protons to a base. stronger Since HCI wins, it is the,\amd Similarly two bases, H,O and
Cl- ion, are competing to accept protons. Here H»O is the stronger base. It will be seen
that the stronger acid, HCI, has the weaker conjugate base, Cl- ion and the stronger base,
H»O, has weaker conjugate acid, H3;O™ ion.

The stronger acid and weaker base form one conjugate acid-base pair and weaker acid
and strong base form another conjugate acid base pair. From the above table HC1O;4 is
the strongest acid, its conjugate base ClO4 ion, is consequently the weakest base. CH4
and H» are the weakest acids, their conjugate bases, CHs™ iomsand H" i0n respectively, are
the strongest bases.

+ Stl»o‘n:)etﬂ base —&— 2> Weakeh acid + Wea kel

Stromgeh acid Lage

As a stronger acid, HCl is highly ionised. At eq@ilibsium, the above reaction proceeds
far to the right, with most of HCI ionised to_formiH;O% and CI- ions. This fact can be
illustrated by using arrows of unequal length to designate the forward and reverse
reactions respectively.

He) + R20N &> H30 +cf

The longer arrow indi€ates that the position of equilibrium lies to the right. In the
ionisation of CH3COOH in3H>0O, equilibrium is reached when the reaction has
proceeded to the right only to a slight extent.

Weakelr adid + Weaker base «— StVOMJeh acid + s:voraeh
ade

Heredthe longer “arrow indicates that the position ofHnguilibrium lies to the
left. EvidentlyH30* ion in equilibrium (2) is stronger acid"and CH3;COO- ion is a
stronger basefIt is also evident that the stronger acid H;O™" ion has the weaker conjugate
base, H»O and the stronger base, CH3COO- has the weaker conjugate acid, CH;COOH.

CH3COOH + H20 —=_ H30 + CH3COO

Relative Strengths of Acids and Bases:

According to the Bronsted concept, a strong acid has a strong tendency to donate a
proton and a strong base has a strong tendency to accept a proton. At least two general
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methods are generally used for the comparison of relative acidity of given acids.

(i) The first method consists of making a comparison of proton-donating tendencies of
different acids towards the same base H>O. Suppose we have to compare the acidic
strengths of CH3COOH and HCN. Experimentally it has been observed that the
ionisation acidity constant, Ka, for CH;COOH and HCN at 25°is 1.8 x 10> and 4.0 x 10
-10 respectively.

CH3COO0OH + H2O=2_H30 + CH3CcO0O Ka= |- € x10

CH3;COOH is, therefore, a stronger acid than HCN and CN- ion is a strengetibase than
CH3COO- ion.

HCN + H20 & H3O + CN  Kat 4’0 %0

(ii) Competitive protolysis method: In this method one acidus added to the conjugate
base of another and the equilibrium concentrations arefdetermined experimentally. For
example, when H>O is a stronger acid of conjugate base OH-is added to stronger base C
»Hs0°(NaOC;,Hs) of conjugate acid CoHsOH, it"is seen thatdC>HsOH and OH- form
completely. CoHsO- ion is a stronger base than‘©H- and H»O is a stronger acid than CoH
sOH.

Stronseh! —=» "weake wealteh
St;‘g'i&h + bqs%e ) ocid + base

H20 + C%HsO® =" C2HsOH + OH
Periodic variation of acidic and basic properties:

(A) Hydracid of the elements‘ef the same period:

We can consider the hydracids of the elements of 2nd period viz. CH4, NH3, H>O and
HF. These hydrides become increasingly acidic as we move from CH4 to HF. It is due to
the factdhat agyweimove from CH4 to HF, the stability of their conjugate base viz.CH3"
,NH,",OH- and Fincrease in order:

CH3' < NH, < OH < F

The increase in acidic properties is supported by the successive increase in the
dissociation constant values of these hydrides as shown:

CH,; (=10%8) < NH;(=10%%) < H,0 (=10"%) < HF(=10")
(B) Hydracides of the elements of the same group:

(i) Hydracids of VA group elements (NH 3, PH;, AsH3, SbH; BiH3):
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All these hydrides show basic character. With the increase in size and decrease in
electronegativity from N to Bi. there is a decrease in electron density in sp hybrid orbital
and thus electron donor capacity (ie, basic character) decreases.

(ii) Hydracids of VI A group elements (H.0, H,S, H,Se, H.Te):

Aqueous solution of the hydrides of this group behave as weak diprotic acids and
ionise as : H,R 2 H* + HR- HR- 2 H' + R*

Acid strength increase in the order : H,O < H.S <H,Se <H.Te

This order is supported by the successive increase of their dissociationdeonstants as
shown:

H,O (=1.3x10°%) < H,S (=1.1x107) < H,Se (=2x10) < HiTe(22.3% 10%)

The increasing acidic character reflects decreasing trend'in the electroft donor ability of
OH-, HS-, HSe" or HTe" ions. The increasing acidic charagter is explained by saying that
as the charge density on the conjugate base decreases from©H" to HTe", the proton is
less tightly held in higher members and therefote, acidic character increases.

(iii) Hydracids of VIIA group elements (HF, HCI,HBr,HI) :

The aqueous solutionsfofithese hydrides show acidic character which increases in the

order: HF < HCI < HBr < HI

This order is explained by: As we pass from HF to HI, there is a gradual decrease in
the bond energigs. This increases the tendency of HX molecules to split up into H* and
X" ions ig‘aqieousisolution and thus the acidic character increases from HF to HI.

(C) Oxyacids:

(i) “The acidic character of oxyacids of the same element which is in different
oxidation states increases with the increase of its oxidation state”. This is called
oxidation number or oxidation state rule.

Example : (a) HCI'O < HCI3*O, < HCI’*O3 < HC17"O4
(b) H2S*"03 <H,S"0y4 (¢) HN3"O, < HN>'O3

Explanation: According to the oxidation rule of oxyacid of halogen that the stronger
the acid, the weaker will be its conjugate base and vice versa. For the first series the
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conjugate bases of the acids are : C1O~,ClO,",CIO;3" respectively. In these oxyanions the
central atom (ie.chlorine) has larger oxidation number has the larger number of lone
oxygen atoms for participation in extension of -bond. Thereby the charge on the ion 1.
delocalised which greatly stabilises the ion and thus decreases its tendency to accept
proton i.e., causes the ion to be a very weak base with the result that the strength of the

acid increases. _ o
- - ? i
[0=2ci] Co=ci=0] [0,24".__",{‘ ouﬂ;..—..o
oxidation o

Charge delocalisation imcreasing
Ac‘:ditn increasing 2 Basicity alecreqsima

(if) According to oxidation state rules expected acidieg®eharacter of oxyacids of
phosphorus should be in order :  H3P*O, < H3P3" < HzP3"Oq4

But experiment suggest the reverse order : H3POx@= H3;PO3> H5PO4

Explanation: The structures of these oxyacid§ as“given below. The oxygen atom

attached with a proton is called protonatedgoxygen while that attached directly with
phosphorus (central atom) is known as unprotonated oxygen.

- 0—H 0—H

AR A N H-0

P P No—
O// \H o// \O—H O// o—H

H3 P02 H3PO, H3POy

Protomated TOMO basic dibasie 1vibasic
o -atoms il ) 3
Unprotonated , 4 s N

&= atom
The proton attached to an oxygen atom has a far greater chance of dissociation than that
linked ditectlydwith is the P central atom. Thus in this series, since the number of
protonated oxygen atoms and consequently the number of dissociable protons increases
from H3PO, — H3POs — H3PO4. The acidic character of these acids decreases in the
order : H3PO, = H3POs; > H3POq4

(iii) The acidic character of the oxyacids of different elements which are in the same
oxidation state decreases with the increase in the atomic number of the central atom.
The following series follow this rule.

Example: (a) HOCI* > HOBr3*>HODP*  (b) HCI™ 04> HI™*O,4
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(C) HQS4+O3 > ste4+03

Explanation:As the atomic number of the central atom increases, its electronegativity
decreases and its size increases. As a result of this the tendency of the acid to lose a
proton to water decreases. This makes the acid a weaker acid.

(D) Hydrated metal ions:

Under favourable conditions one or more protons may dissociate from the coordinated
aquo groups. Thus hydrated metal ions also develop acidity.

[M(H20)6]™" + H,O — [M(H20)s(OH)]™-D* + H30"

Acidity increases with the increase of positive charge and basicity incteases With the
increase of negative charge. Thus [Fe(H20)¢]** ion is a stronger a€id than [Fe(H30)¢]**
ion and [Ni(OH)4]* is a stronger base than [Ni(OH)4]" ion.

Amphiprotic substances:

H>O can act as an acid in the presence of bases stronger than itself such as NHj,
amine, CoHsO" ion, OH- and CO32"ions.
o+

~ + -
H;O ¥ NH3ﬁ NHy + OH

H-'-

> - -
H20 + €03 == WOz + OW

Water can act as a base an the presence of acids stronger than itself such as HC104, HCI,

CH3;CQOOH and phenol.
3 and pheno Protom

Iy | + -
H,0 + HC|l == W30 + Cl

Amphiprotic nature of H>O is well illustrated by extremely slight dissociation or self-

ionisation : h
Weakep —  Stren3eh stroveh

weglkep 5
Iqqcfd. + base <~ acl base

H,O + HaoO = H33 + OH

-4
CKw=1X%I10 )
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The levelling effect, levelling and differentiating solvents :

The apparent strength of a protonic acid is dependent on the solvent in which the acid
is dissolved. When all the acids in the acid chart (Table: 1) which are stronger than H;O"
ion such as HCIO4, H>SO4, HCI, and HNOj3 are added to H»O, they donate a proton to H
»0 to form H3O™" 1on and appear to have equal strength, since all these acids are levelled
to the strength of H3O" ion which is left in solution and is common to all such solutions.
This phenomenon “The strength of all the acids becomes equal to that of H3O0" ion is
called the levelling effect of the solvent, water. Here water is called a levelling solvent
for all these acids.

In aqueous solution all very strong bases like NaH,NaNH,,NaOC,H4 are‘levelled to
the strength of OH- ions, they react completely with H>O to produce OH 1ens.

The solvent in which complete proton-transfer occurs isgealled’ levellifig solvent. In
other words, the solvent in which the solute is ~100% ionised, are" called levelling
solvents. Since HF and HCI both are ~100% ionised in [iquid NHz'to give ~100% NH4*
ions, these appear to be of equal strength and ligh NH3 acts‘asdevelling solvent for HF
and HCI. In H,O, HF is only partially ionised, whereas HC1 and HBr are ~100% 1onised.
Thus H>O is a differentiating solvent for HF, but lexelling solvent for HCI and HBr.

Several mineral acids are partially ioniséd in glacial CH;COOH medium because CH3
COOH is a poor proton-acceptor but rathéx a better proton donor. CH;COOQOH, therefore,
acts as a differentiating solvent tewards thedmineral acids. But, for bases, CH;COOH
acts as a levelling solvent,

Utility of Bronsted Concept:

(i) It defines acids and bases in terms of the substances themselves and not in terms of
their ions in aquedus solution. Thus HCl is an acid because it gives a H" ion.

HET =\H"W CI

(if) Thisjhconcept recognises that acid-base behaviour is neither restricted to, nor
depends on,any particular solvent.

(ii)is concept is useful in accounting for the hydrolysis of salt solution.e.g. aqueous
solution of FeCls is acidic, since the proton-donor ability of the hydrated ferric ion,
[Fe(H20)x]*"exceeds the proton-acceptor ability of CI- ion and a considerable excess of
H30" ion is produced in this solution, making FeCls acidic.

FeClz + xH,O =2 [Fe(H.0)]*" + 3CI
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Aqueous solution of a Na>COs is alkaline in character, because the proton acceptor
ability of COs?- ion exceeds the proton-donor ability of hydrated sodium ion, [Na(H,O)*

1"
2xH,O + Na,CO; 2 2[Na(H20)]" +CO;z*

Limitations:

(i) This concept lays excessive emphasis on the proton-transfer. There are many acids
which are protonic in nature. No proton transfer takes place in many acid-base
reactions. E.g.,

SO, + SO, 2 SO2" + SO;?

(if) This concept can not be used to explain acid-base reaction ocguringyin non protonic
solvent such as SO,, COCl,, N,O4 and BrFs.

3. GENERAL THEORY OF SOLVENT SYSTEM:

Bronsted concepts can be extended to the reactions occurring in non-aqueous solvents
containing hydrogen such as NHs, N3H4, HF, H3SO40CH3COOH, HCN, and alcohols
by Cady and Elsey (1928).

According to him an acid is a solute that, €ither by direct dissociation or by reaction
with the solvent gives the anion chagacteristic ofithe solvent and a base is a solute that,
either by direct dissociation ©r byWreaction with the solvent, gives the cation
characteristic of the solvehnt.

Acid Base Acid Base

H,.O + H,O, =2 H;0" + OH-

NH; #NH3;% = NH;* + NH»

N2Os %t NOs =2 2NO" + 2NOs-

Neutralisation reaction in some non-aqueous solvent are given :
NH4Cl + NaNH, = NaCl + 2NH; Inliquid NH3
NOCl + NaNOs 2 NaCl + N;Os InNyH4

HCI +CH3;COONa= NaCl + CH;COOH InCH3;COOH
Solvolytic behavior :

AlICI; + NHs 2 [AI(NH2)]>*"+ H" + 3CIl- Inliq.NH;
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AlICl; + H,O 2 [AI(OH)]**+ H* + 3CIl- In H,O
Ampbhoteric behavior :

Zn(NHz), + 2NHy 2  [Zn(NH2)4]*> Inliq.NHj;
Zn(OH), + 20H- = [Zn(OH)4]> InH>O

Utility: This concept of solvent system can be used to explain the acid-base reactions
occurring in aqueous and non-aqueous solvents (protonic and non-protonic both)

Limitations:

(i) This theory does not consider a number of acid-base reactions“included, in the
protonic definition.

(ii) It does not explain the acid-base reactions occur in thefabsenee of'solvent.

(iif) cannot explain the neutralisation reactions occurring without the presence of
ions.Thus this theory can simply be said to be aft’extension ‘@f the Arrhenius water-ion
system.

4. THE LEWIS CONCEPT-THE ELECTRON-DONOR-ACCEPTOR SYSTEM:

Theory explains the acid-base phenomena not in terms of 1onic reactions but in terms
of electronic structure of the acidijand base along with the formation of a coordinate
covalent bond. According totkewis (1923), an acid is any species (molecule, radical or
ion) that can accept an electronspair to form a coordinate covalent bond and a base is
any species that can donate an electron-pair to the formation of a coordinate covalent
bond. Thus, in the Lewis system, an acid is an electron pair-acceptor and a base is an
electron/pairdonor.

Thus aecording to Lewis theory, the process of neutralisation is simply the formation
of a coordmaté bond between an acid and a base. The product is termed as complex or
adduct.

Now consider the reaction between a proton (H") and :NH3z molecule :
electron pain
J + +

H+’ + ‘.NH3 — I_-_\-\<—NH,?J =NH‘\-
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In the above reaction proton accepts one electron pair from :NH3; molecule and is,
therefore, Lewis acid, whereas :NH3z molecule donates an electron pair, is therefore
Lewis base.It also accepts proton, is therefore Bronsted base. The adduct is NH4" ion.

Lewis bases and Bronsted-Lowry bases are the same substances, since any molecule or
ion which accepts protons does so because of the presence of an unshared pair of
electrons.

Bronsted and Lewis theories are thus identical as far as bases are concerned except
that the wording used for definition of the bases is different in both theories? Thus NH3s,
H»0O, OH-, CI, CN- etc. are the bases on the Bronsted as well as on the Lewis systems.

But few compounds such as amides, ethers, nitriles, CoHs4, CoH2, CgHe, etey which
have little or no tendency to accept protons but react readily withfLewis-aeids and are
therefore Lewis bases. Thus all Bronsted bases may be Lewis base§ butall the Lewis
bases may not be Bronsted bases.

Classification of Lewis Acids:

Any Lewis acid must contain at least onefempty orbital in the valence shell of one of
its atoms to accept an electron pair fromea Cewis-base. They are classified as:

(i) Molecules containing a central'atom with amwincomplete octet:

Typical examples of this.class ofiacids are electron deficient molecules such as alkyls
and halides of Be, B and Al."Bxamples are shown below :

Lewisacid  Lewis base Adduct
Fs:B 4 O(GsHs), — F3B<—O(C,Hs)
GlLAl + NCsHs —  CI3AI«—NCsHs
Me;B +  Ny;H4 —  MesB«—N;yH4
(if) Molecules containing a central atom with vacant d-orbitals.

The central atom of the halides such as SiX4, GeX4, TiX4, SnX4, PX3, PCls, SF4,
TeCly, etc. have vacant d-orbitals therefore, accept an electron pair from the Lewis base
to accemmodalc in their vacant d-orbital. These substances vigorously hydrolysed by H
»0 to form an oxy acid or oxide of the central atom.

(iii) Simple cations:
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Theoretically all simple cations are potential Lewis acids. Reactions of some cations
as Lewis acids with Lewis Bases are shown below.

Lewis acid + Lewis base — Adduct or Addition compound

Ammomertion : A3++ 2(:NH3)—+E /Ag\
Ha NH3:|

- 51H3 2+

2+ .
Cu + 4(:NH3) — N%—)C{LeNH:;
. NHj
_ 5+

H?_O OH,
3+ . 4

Co “'6(‘0H2) — HZOECo(—OHz_
Hzo/’ &OHZ
e -—

Mcoholation : 2 +

H 3::' retion:

H H
+ % /
Li + = N Li<— O__
\éH3 CHq

The Lewis acid strength of the simple cations increases with :
(a) An increasein the pesitive charge carried by the cation
(b) Aft increase in the nuclear charge of atoms in the same period of the periodic table.
(c) A decrease 1in ionic radius.
(d) a decrease in the number of shielding electrons.

Evidently the acid strength of simple cations increases for the clements on moving from
left to right in a period and from bottom to top in a group of periodic tables.

(iv) Molecule having multiple bonds between atoms of dissimilar electronegativity
Typical examples of Lewis acids are CO,, SO,, and SOs. In these compounds the
oxygen atoms are more electronegative than S or C- atoms. As a result, - electron:
density is displaced away from carbon or sulphur atoms towards the O-atom, making
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the C- or S-atom electron deficient. Therefore they are able to accept an electron pair
from a Lewis base such as OH- ions to form dative bonds.
- OH

. 8+ {- v = |
:0=—C=0. + OH — 4,.6\\0

Lewis cieiel Lewis - -
base -

_ ?H -
F - -

L2008 8 .
1O «—5=0: *+:OH /’5\‘0

b i.swl.?h&ie 1on
(v) Elements with an electron sextant :

Oxygen and sulphur atoms contain six electrons in their svalence shell and can,
therefore, be regarded as Lewis acids. The oxidation of SOs* to SO4% ion by oxygen
and to S;03% ion by sulphur are the acid-base reactions.

Lewis acid <+ Lewiis Base —> Adch.l.ci'.
50, + [o<—so':|

- oo 2-
50, ¥No— s«—so3]=szo

Utility,of Lewis\concept:
(i) This coneépt also includes those reactions in which no protons are involved.

(if) Lewis concept is more general than the Bronsted-Lowry concept in that acid-base
behaviour is not dependent on the presence of one particular element or on the present
or absence of a solvent.

(lixplains the long accepted basic properties of metallic oxides and acidic properties of
non-metallic oxides.
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(iv) This theory includes reactions occurring in the gas phase, at high temperature and in
non aqueous-solvent.

(v) Lewis concept is of great value in cases Where the protonic concept is inapplicable,
for example, in reaction between acidic and basic oxides in the fused state.

Limitation :

(i) Since the strength of Lewis acids and bases is found to depend on the type of
reaction, so it is not possible to arrange them in any order of their relative strength.
Thus, for example, fluoride complex of Be?* ion is more stable than that ofi€u’* ion,
indicating that Be?" ion is more acidic than Cu?* ion. On the other hand amine complex
of Cu?* is more stable than that of Be?" ion indicating that Cu®" is more agidic than Be>*
ion.

(if) According to the criteria, an acid-base reaction shofild bela rapidéreaction. There
are, however, many Lewis acid-base reactions which areislow.

Classification of Lewis Acids and Bases into Hard and SoftAcids and Bases :

Soft and Hard Bases: Soft Lewis bases are those,in which the donor atoms are easily
polarised and have low electronegativity. Hard Eewisbases are those in which the donor
atoms have low polarizability and high.eleetronegativities Table contains some typical
bases which are classified as hard, intermediate and soft bases. Softness of the Lewis
bases increases with the increasegn the size of the donor atom. Thus, among the halide
ions, softness increases indhe ordes: (Hardest base) F- < Cl-< Br <I- (Softest base).

Table: Classification of Lewis bases and Lewis acids :

Hazxd bases Borderline or intermediate Soft bases
bases
H>0, OH-, F,CH;COO-, |CsHsNHa, CsHsN, Br, NO [R4S,RSH,I",SCN-,S,05%" R3P,R3
PO4*S04%4Cl-,CO32%, CIO -, SO3%,N» As,(RO);P,CN-, RNC, CO,C,H4
4',N03',ROH, RO-,NH3, ’C6H6,H-
RNH,, N>Hy
Hard acids Borderline or intermediate Soft acids
acids
H* Li",Na" K" Be?*,Ca?", |Fe?",Co?"Ni*",Ca’",Zn?*, |Cu’,Ag*,Au,Ti", Hg",Pd?>*Cd* Pt*"
Sr?* Mn?*, AI**,Ga**,In?*, |[Pb?",Sn?*,Sb**,Bi*" Rh3*, [Hg?*,I*,Br*,I»,Br.Zero valent metal
La’",Lu’", 17", 1°%,CO, SO2,NO*,GaH3 atoms
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Soft and Hard Acids: A hard acid, like a hard base, is difficult to polarise. A cationic
hard acid, such as AI**, generally has a small size, high positive charge and has a noble
gas electronic configuration.

Soft acids, like soft bases, are readily polarised, have a large size, low positive or zero
charge and do not have a noble gas electronic configuration.

Pearson’s SHAB principle and stability of the complex A:B (1963)

Consider the typical Lewis acid-base reaction :

A + B —> AR

Lewis Lewds Aaduct
acid baSe on
Cacceptew) CLdom on) com F’l ex

Soft and Hard Acids and Bases (SHAB) principle is very helpful in making a
prediction of the stability of the complexpA “Byproposed by Ralph G. Pearson (1963).
According to this principle the complex A #B 1$most stable when A and B are either
both soft or both hard. The£omplex is least stable when one of the reactants is very hard
and the other one is very/soft.

This principle also means that'if there is a choice of reaction between an acid and two
bases, or between a base and two acids, a hard acid will prefer to combine with a hard
base and a soft@cid will prefer to combine with a soft base and thus a more stable
productwillbe obtained.
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Applications of the SHAB principle: Let us consider some typical examples
(i) Agl, is stable, but AgF, does not exist

It will be seen From Table that Ag' is a soft acid, F is a hard base and I" is a soft
base. Hence Agl, (soft acid + soft base) is a stable complex and AgF, (soft acid +hard

base) does not exist. Similarly It can also be shown that CoF 63‘ (hard acid +hard base)
is more stable than C0163' (hard acid-soft base).

(ii) Consider the case of Hg(OH), and HgS. Hg(OH), dissolves readily*in“acidie

aqueous solution but HgS does not. Because HgS (solt acid+soft base) will be moze
stable than Hg(OH), (soft acid-+hard base).

(iii) The existence of certain metal ores can also be rationalizédiby applying the SHAB
principle. Thus, hard acids such as Mg2+, Ca’", and AI®" occur imynatufe as MgCO;,

CaCO,, and Al,O,, and not as sulphides (MgS, CaS, and Al,S,), sin€e the anions Cco,”

and O are hard bases and S* is a soft base. Sofpacids such'as,@u’, Ag" and Hg”', on

the other hand, occur in nature as sulphides. The borderline acids such Ni2+,Cu2+, Pb*"
occur in nature both as carbonates and sulphides, Theteombination of hard acids and
hard bases occurs mainly through ionic bonding asiin Mg(OH),, and that of soft acids

and soft bases occurs mainly by covalentbondingas in Hgl,.

5. THE USANOVICH CONCEPT-THE POSITIVE NEGATIVE SYSTEM :

The most comprehensive of*allithe acid-base theories is the Usanovich concept
according to which andacid i§ any spe€ies capable of giving cations, combining with
anions or electrons40r meutralising a base to give a salt. In other words an acid is a
cation, a cation donor, an electron pair acceptor.

A base is defined as any spe€ies capable of giving up anions or electrons, combining
with cation or neutralizing an acid to give a salt.

Obviously this cencept includes all the previous acid-base definitions. The acidic
an@d basic character of a molecule depends on the valence of the atoms of which the
molecule1s composed.

The agidic character of the elements increases on moving from left to right in a
periodhit periodic table and basic character increases on passing from top to bottom of
a group of the periodic table. Thus the oxide of alkali and alkaline earth metals are
essentially basic whereas those of N and S are acidic. The acidic character of a
molecule increases with the increase in the oxidation state of the molecule.Specific
examples of Usanovich concept :
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Examples of acid-base reactions

Explanation

Acid + Base — Salt

SO, + Na,0 — Na,SO,

Fe(CN), + 4KCN —
K,4[Fe(CN)g]

2Na + Cl, — 2NaCl

Na,O gives O* ion; SO, combine with

O%*ion: Na,0 — 2Na’" + O*

SO3 + 02- — SO42-

2Na" + SO,> — Na,SO,(salt)

KCN gives CN" ion, Fe(CN),
combined with CN" ion.

L 2

4KCN — 4K* + 4CN-
Fe(CN), + 4CN- — [Fe(CN)]*"
4K" + [Fe(CN)J* — K [ESCN);

2Cl1  + 2¢

Utility : This concept is most general, he

acids and bases.

Limitations : (i) It is extremely general.

G.D.Tuli and

Dr. Trupti Darji (V.P. & R.P.T.P. Science College)

18








