Student Leamlng Outcomes

: After studymg thls chapter, studentﬁ wnll beab Ie to

(g Deflne Bronsted Lowryaods as proton donors and Bronsted Lowry bases as proton
; acceptors s i e : &

e Recognlze that aqueous solutlons of aods contam H* |ons and aqueous solutlons of -
_ alkails contam OH’ions. .. : : :

-Defme a. strong acid and base as an ac1d or b_ase that completely d|sso::|ates in
aqueOUS solution ‘and weak acnd and base hat partially dsssooates'm aqu:aousf

P T

so!utlon (Some e‘xamples mclude Student wntmg symho! equat As o show these _

':_soiub[e bases, & : A
(e b inhé'cLaracterlstlc ropemes ofac1ds intermsofthelr re
o bfdses and carbonates oA

e Identify the characterl
. and ammomum sal'{s

e '-D-efne aod rain. : i
i _-_'-5. . D|scuss effects of aC[d raln and relatethem w:th propertles ofac1ds

_"7 1 Acnds and Bases

Acids and bases have been known to mankind since centuries. Acids have
been known for their sour taste like the taste of lemon and ability to change the
colour of litmus paper from blue to red. There are many substances which
contain acids and hence taste sour, such as curd, tamarind, lemon and lime, etc.

Common examples of acids include acetic acid, hydrochlorlc amd nitric
acid, sulphuric acid and tartaric acid. Most of these acids; we come’across in
everyday life, are available in the form of aqueous SolutIOns asthey can be easily
dissolved in water. / )




acids and mm?nal a|cids Acids which are obtained from natural sources are called
1

natural or/organic acids. Mineral or man-made acids are prepared from minerals

like sodium chloride or sodium nitrate. Common examples of mineral acids are

hydrochloric acid, sulphuric acid and nitric acid.
Some commaon orgamc auds and the|r natural sources are gwen |n tabfe (? 1)

Organic acid Natura! Source
Acetic acid Vinegar
Ascorbic acid Amla, Guava
Citric acid Lemon, Orange
Lactic acid Sour milk, Curd
Formic acid Ant sting
Oxalic acid Tomato-\ (C (
Tartaricacid . o \ \ """-‘\ Taman ndf“’

In comparison g acids; alkahs or\ base,s are known for their bitter taste,
slippery touch and almhﬁy’q@ change‘the colour of litmus paper from red to blue.
An alkaliis kq $e\‘th£t dissolves in water. Some common examples of alkalis are
sodium h#droxrde (caustic soda), potassium hydroxide (caustic potash) calcium
hydroxide (lime water) and aqueous ammonia (NH,OH). Both sodium hydroxide
and potassium hydroxide are extremely corrosive and can burn your skin away.

Metals oxides are also basic in nature because they react with acids to
form salt and water. Na,O is basic oxide because it contains oxide ion, 0%, which
is a very strong base with a strong tendency to react with water to produce

hydroxideions. 5 ,0, + H,0, ——> 2NaOH

Other examples of basic oxides are calc:um oxide (CaQ), zine Oxide (ZnO) and
magnesium oxide (MgQO).

Both acids and alkalis are known to cancel the properties of each other
when mixed together in equal amounts. The reaction is called neu’cral:zation
reaction. A salt and water are formed as a result of thIS reactlcm. \0

{ag)

‘\\‘I

=, l lnterestm

Oxahcagd (H2C104) is the s:mplest organic diprotic acid. Its commercial uses
:ncludeb{lahchmg straw and leather and remaving rustand ink stains from fabrics.

ACIdS are dmded.,mto two_types on-the basis of the|r occurrence: natura!




The fo”ow:ng compounds are provided in the form of ilqmd orin the
form of their agueous solutions. Use blue and red litmus paper stripes to
_ show whether’chese substances are amd[c or basm in their agueous solutions

Tap water

Battery water

Rain water

Soap solution

Tooth paste

Shampao
Bleach

Although the earlier definitions of acids and bases describe some
distinctive features of these substances, yet new and broader definitions were
needed to explain their chemical behavior on the molecular level.

Svante Arrhenius, a Swedish Chemist,
suggested that acids and bases may be classified in
terms of their behavior in water. According to him;

An acid is that substance which dissociates in
water to give proton(H") or hydroxonium ion (HO),
Some typical Arrkenius acids are HCI, HNO,, H,SO, and
HCN. S

Slmilarly base \is' that substance which Svante Arrhenius
dissociates in Water fo give hydroxyl ions (OHY". (1858-1927)
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H,0

NaOH Na*

+ QHg

(aq) (aq)

Water has an essentlal role to play in Arrhenius concept of acids and
bases. Whenever an acid or a base dissociates in water, its molecules participate
in reaction by surrounding the resultant proton (H*) and hydroxyl ion(OH).
Since proton is very small in size and its charge density is very high, it forms a
strong bond W|th the lone palr ofwater molecule to gwe hydroxoniumion, H,0".

Hao W Hf‘cl':)*_,—_:-,_—H

SLRE

. H* H
According to some reports upto \

four water molecules may surround the
proton. Similarly, hydroxyl ion are a{so 1'-._'_"
surrounded by water molecules. as shbwh ()
inthefigure (7.1). ’ ' ‘-. "-“-\'- =3 9

Arrhenips| \agso _X-plamed the
process: qﬂ ‘Weutralization. According to
him when a strong acid and a strong base
are dissolved in water, they compietely
dissociate intoions.

:95-_ HE " s OF e Hﬁ*f
= L | T ora |
1\ i [

Arrangement of water molecules

around H* .
_' g S+ HS+ I-l|s
: :HCI{aq] \ .‘ / dae HS+
: NaOH .!“- ":‘.
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. the evolution of heat A

lf_lliﬁlac)" : H—{aq) —_— 2HEOG A+ Heat. :

The salt NaCl that is formed with water does not exist as solid crystals. It
remains present in the solution as hydrated spectator sodium ions (Na") and
chlorideions {CI).

Mineral acids are generally very strong acids. The strength of an acid
depends upon the extent to which it is ionized in water. Hydrochloric acid ionizes
inwater completely giving a large amount of hydronium ionsin water.

C%Hic}é'ry“to mineral acids, organic auds ionize upto a very limited extent
and hence they are weak acids. -
Glacialaceticacid has a percent ionization ofonly 0.132%.

HO* 5

(aq)

CH COOH .+ CH COO'M |

(aq)

It means that out of 100 molecules of acetic acid, only 1.32 molecules
dissociate and the rest remain undissociated.

Similarly, the percent ionization of formic acid having cocentration 1.50M
is 1.06%. Which means 987 molecules out of 1000 remain undissociated.

HCOOH + HO",— H,O0'.. + HCOO"

{aq) {ag}

NaOH and KOH are the examples of strong basesbecause theyalso ionize
completely in water.




NH4OH and AI(OHh aire the. examples of weak bases because they only

partiallyi |onl|ze mw‘g’ﬂer.
. (N A R
AVAS T e = F—

NH OH(,,, LHD vl - 0

(aq .

Stomach Acidity - ~

* Stomach acidity or hyperacidity conditions are a common, probiénf Mcétb
often the problem arises when a person takes fatty; apd éptt;d f’o@ds which ¢ cause
more acid to produceinthe stomac t}‘ténfreqdlred \\ ) :

Our stomagﬁ p[QdUCes h #Qchln hc, acidto drgest the food that we eat
Whenever we eat,| dells mfg‘ﬁhm tﬁe ﬁnmg of the stomach produce acid. Problemi _
occurs wh se| cells produce more acid than your stomach needs. When it

t}ﬁn th son suffers from stomach acidity. The comman indication ofsuch a
cond‘ ’tlon is the feeling of burning sensation right below our breast bone. A person
may also feel sour taste in mouth and heart burn or pain near the heart area. The
uneasy condition may easily be cured by taking weak bases fike calcium hydromde
and magnesium hydroxide commonly known as antacids. These antacids remove
minor stomach dlsorders by neutralizing the stomach acid, but the concentratlon of b
hydroxylions in them is too lowto harm thethroat or stomach i

7.3 Bronsted - Lowry concepts of Acids and Bases
Arrhenius concept of acids and bases is very simple and easily

understandable but it has got its limitations. For example, Na,CO3, K,CO; and

NH; do hot contain any hydroxyl group which will get ionized by water: but all

these compounds behave as bases and yield OH"in water/ Arrhemus definitions

also require that water must be presenbas-a solvent in order fora compound to
behaveasanacidora, base Itwas reahmd that abroader definition for acids and
bases is needed to covm all the aspects of the concept.




To remove the limitations| of
Arrhenius concept, Bronsted and
Lowy gave the folIowmg definitions
of acidsand| bases:

An acid is a substance that
donates a proton.

This definition requires that to
behave as an acid a compound must
have a proton to donate. The
condition of the presence of water
during this donation was, however, -
eliminated. All Arrhenius acids are, thus, Bronsted-Lowry acids as well for
example, HCI. It dissociates in water to give H" and CI". It also donates H* to H,0
forming H,O".

A baseis a substance that accepts a proton.

For example, OH", CN", NH; and CI” are all bases. because they have the
ability to accept a proton. Note. that) except OH' all pther species are not
Arrhenius bases. All Arrhenius bases are, however, Bronsted- Lowry bases as well.

All Bronsted- Lcrwry adds and bases are not Arthenius acids and bases.
NH," is not Arrh?nju$ra¢:1d and NH is not Arrhenius base.

Act;@rdi‘hg to Bronsted-Lowry, an acid base reaction is that reaction in
which a proton is transferred from a proton donor to its acceptor. This reaction
may take place in gas phase or in the presence of any solvent.

Consider the following reaction between hydrogen chloride gas and
liguid water.

Johans N. Bronsted Thomas M. Lowry
(1879-1947) {(1874-1936)

HCI@
Ac:d

_ In this reaction, HCI gas acts as an ac1d because it donates its proton to
waterwhich acts as a base.
Similarly when ammonia gas dissolves in water, a proton is transferred
from water to ammonia and ammoniumion is formed.

NH,y = + HO, s QH + NH, o0 aa
Base Acid Conjuqatebase Conjugateac;qd

Ammonia is a base while wateHs an aC|d m this reactlon Water has the
ability toact both as ah acid or a base dependmg upon the other compound with
which it reacts VALV
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Water is therefore called' an n‘[pho‘terl o compau nd which means a
compound thatcan behave botha as an acid-arid a base.

In the reverse reactlran, OHis a base because it accepts a proton donated
by the aqd jNHL,“4 Inorder to differentiate, OH” is called the conjugate base while
NH, “the conJugate acid.

Some other examples of Bronsted-Lowry acids and bases.

"HCN +  HO, === H,0" +  CN

" e . {aq) ‘ {aq}
Acid Base Conjugate acid Conjugate base

Gwe two exampies of Bransted— Lowry bases whlch are not bases
by Arrhenlus defnltlon : ' '

7.4 Propertles of Acids and Basesf\ \"/cf‘

a. Acidsgivethe fgllowmg tvh»re_lé types uf“ reacﬁons.

\\ AL ()

1. Withalkalis, rm ' om}des, they form saits and water.

The unreactive metals Cu, Ag, Au, and Pt do not evolve hydrogen gas with
acids.




b. Properties of Alkalis

As already mentioned alkalis are those bases which are soluble in water.
Examples of alkalis are NaOH, KOH etc. Ca(OH), is sparingly soluble in water
while Cu(OH);isinsoluble.

Apart from reacting with acids in neutralization reactions, alkalies also
react with ammonium salts and liberate ammonia gas

NaOH(aq) + HCl(aq) ——> NaCl{aq) + H,O() -
Ca(OH), + _H;SO4(aq) | CaS0O,4 (aq) + 2H,0 ()




: 7.5 Amd Ram and its Effects

When rain water has pH less than 5 6’|t rs'ceiled acml rain. Bumlng of fossil
fuels releases harmful’ gases in' a|r These gases, SO; and NO, when mixed with
moisture present inair fvorm \acid drop!ets These droplets then fall on the ground

asacid ramJI RUEE

2502{gJ + O,y — 250,,
SOy + HOy ———> HZISO“N,
2NO,, + HOp——» HNO,,+ HNO,,

Acid rain causes a number of adverse effects on sail, plants, aquatic life
and human-made structures.

Acid rain makes soil more acidic. It dissolves and washes away nutrients
present in the soil which are needed by plants. Many plants cannot live or grow in
an acidic soil. It can damage vegetation and plants. Acid rain can make water of
the water bodies too acidic for aquatic animals to live in. Due tor thlsﬂrﬁamy fakes
rivers, ponds and streams no longer have flsh\Acrd rain and the/dryéepomtlen of
acidic particles damage bu:ldlngs,\ sgatueg autm‘rtqbllesi and other structures
made of stone and me‘tal VAW
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_'iAcuds dre ’qhose compou nds whlch have a sour taste and whlch tu rn blue ||tmus red
-They also glve hydroxonlum |onswhen dissolved in water. - o : :
‘Bases or alkalls are those compounds which are bitter | in taste, have a sllppery touch '_ ]
'and wh|chfchange_red_lltmus blue They also form hydromde ions when dlssolved in

na neutrallzatlon: _ actlon an aqueous solut:on of an ac

' selutlon ofa ba-;e to glve saltandwater

-"rea'c_t.s with 2n aqueous

: 'General Iy
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(ii)

(i)

(iv)

{v)

(vi)

(vii)
(viii)

(ix)

{J

Exercise !

Tick (V) the carre;t anSWer

Which acid isnot usﬂiasa food or mixed with food?

(a) Il‘a rtihc«ac;d (b) Ascorbicacid

(c) Citricacid {d) Formic acid

While baking, which gas is responsible for raising the bread and making it
soft?

(a) Oxygen (b) Carbon dioxide

{(c) Nitrogen (d) Carbon monoxide
Predict the main characteristics of the reactions of metals with acids.
(a) Metals are dissolved

(b) Metals are converted into salts

(c) Hydrogengasis evolved

(d) Allthe above mentioned characteristics are true

How many hydroxide ions, calcium hydroxide will release in water?___,:_____
(a) 1 by 2 (©) Zero ¥ 30) WA
In a neutralization reaction petwéen KOH, am:l. H@P&h how many
molecules of KOH will reactwlth oﬂemqletuieo‘fﬂ ?04

(@) 2 2\ \ B\ T 3 (d) 4
Whlchaadla]usedir\vthepreparatlonofsoap?

(a); Tattaficacid (b) Citricacid

(c) ‘Stearic acid (d) Oxalic acid

Which compound is formed when SO, is dissolved in water?

(a) SO; {(b) H.S0; () HaSO4  (d) H2S20
Which of the following contains oxalic acid?

(a) Tomato (b) Orange (¢) Tamarind  (d) Sourmilk

Which compound in the following reaction is behaving as a conjugate
base?

CH,COOM,, + H0, — CHCOO,, + H,O",,

(a) CH3;COOH (b) H,0 (c) CHsCOO (d) HsO"

When a chemical reaction is carried out with a substance Z; a gas is
produced which turns red litmus paper blue. What is the reaction?

(a) Reaction of an acid with a metal carbonate e g
(b) Reaction of an acid withammoniymsalt
(©) Reacﬂon of an alkali Wlth 3 metal carbonate
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Questlons for Short Answgfs N

Choose Arrhenll]ls Acids ambng the followi ng compounds.
HF,\NH,,\ szsda, soa, H.,S, H,0

How does calcium metal react with dilute H,SO,?

Which salt is formed when HCl reacts with BaCO,?

How will you justify that HSO, is a Bronsted — Lowry acid?
What chemical name will you give to soap as a compound?

Constructed Response Questions
Why is HC! not edible although it is present in the stomach and responsible
for digestion of food?
Inthe presence of a drop of an acid, water is known to ionize as follows:

HiOy === H' # OH
In your opinion, which name will be suitable for water an acid, a base or
both? _ &\ O\
Why does Na,CO, behave like a base in water”? [(Glo~=""
Is NaHCO, a base aran acid?. \ 7\ I -

Whatis the dlfference bétween a strong aC|d and aconcentrated acid?

Dﬁ,qﬂipiivé" Qu estions

Exp!ain Arrhenius concept of acids and bases.

Compare Arrhenius and Bronsted — Lowry concepts of acids and bases.

How does sulphuric acid react with the following compounds?

NH,Cl, NH,NO,, MgO, MgCO,

What happens when a base reacts with a non-metallic oxide. What do you
infer about the nature of non-metallic oxide?

State the reason of showing acidic character by both dry HCl gas and HCI
solution in water.

Differentiate between an acid and its conjugate base.

Investigative Questions o5 7B
Acids play significant roles within by man) body! Ccarh*memt on ’ehrs statement

What is observed when CO, is/ paé$ed\ i;hrcsugh lime water () for a short
duration (n) fora !6ngﬂ'auratqc:h?




