Acids, Bageg & Salts (Part 1)

Learning Objectives:

Acids and Bases

® describe the meanin
gs of the t '
solution and their effects on Un?&g]rz:lcllgd?nci o I ot forg they produce in aqueous
® describe how to test hyd i il
. rogen - y - ,
|dndlcatorand the pH Sca)I/e gen ion concentration and hence relative acidity using Universal
® describe qualitatively t i
bhisalion Yy the difference between strong and weak acids in terms of the extent of
e describe the characteristi i i i : -
e state the uses of sulfurictl:cri)éo'petrrtles - a(f:ld? s Inf B Hina s i, asas g HBONEles
® describe the reaction betwIn ] annu s femléjse: Snd o Sl ek
" een hydrogen ions an ydroxide ions to prod
H" + OH~— H,0, as neutralisation PrOCHEe: Waef,
° desgrlbe the importance of controlling the pH in soils and how excess acidity can be treated using
calcium hydroxide
° descr_ibe the characteristic properties of bases in reactions with acids and with ammonium salts
e classify oxides as acidic, basic, amphoteric or neutral based on metallic/non-metallic character
Salts

e describe the techniques used in the preparation, separation and purification of salts as examples
of some of the separation techniques learnt previously (methods for preparation should include
precipitation and titration together with reactions of acids with metals, insoluble bases and
insoluble carbonates)

e describe the general rules of solubility for common salts to include nitrates, chlorides (including
silver and lead), sulfates (including barium, calcium and lead), carbonates, hydroxides, group 1
cations and ammonium salts

e suggest a method of preparing a given salt from suitable starting materials, given appropriate
information

e construct chemical equations, with state symbols, including ionic equations

1. Acids

1.1 Classes of Acids

Classes of Acids

| - |
Inorganic acids - prepared in the laboratory Organic Acids - obtained from plants and
from mineral elements or inorganic matter animals
66 (g a¥; 0 3
Hydrochloric acid HC! ( Ethanoic acid, CH;COOH - in vinegar
Nitric acid HNO3 Citric acid — in citrus fruits and vegetables
Sulfuric acid H2SO4 Ascorbic acid — vitamin C
Phosphoric acid H3sPO4 Tartaric acid - in grapes, baking powders
Carbonic acid H.CO3

Lactic acid — in sour milk, yogurt and cottage
cheese; produced in the muscles during vigorous
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activities
Tannic acid - in tea and oak leaves

Formig/methanoic acid - in bodies of red ants
and stingers of bees, in textile dyeing

El




1.2 What are Acids?

* Definition: # break up
An acid is a subst " 4
ance wh ! )
ol _h‘{lelqu - ich _diwbtiosey 5, warer / Aqueaus S0MMtim o
[N \Oh§ . All acids contain H_* 100 - M
e P id (wi . .
MOM' water) exists as _Jimpl¢ lovaitne wolew\ey . These acid molecules
PT=Tr with water to produce __jons (ie. acid molecules _ionises |
010y In presence of WKy )
° ; bYEOK u alov 9 pofe PDIGV
Equation to show the mn | ionisation of acid molecules: . MOIEMm(E
add water
o HCig) - HCli(a + = oo s My
) Q) — H'(ag) + Ci-(ag) (§)&"° e fc
led molecules \ ' J ) vigud ‘H =
N\“\( “(‘0\ Hﬁi 0 _ions ((g) ?:S Wk 0us
o HNOsaq) — ’ (aq) + NV3 (aq) a5} 0%

Swifuric agig

o HSOsaq) — _aN'  (aq) + 504" (ay -
ALALINOTE * 7- @
o HxCOs(aq) = M (aq) +_ CO3__(6"1)

Na 0H

Vot be 1omsatid Note™: Note? _
g . ‘\ ; — implies complete dissociation = is known as reversible
0¥ Ust dissouiation = implies partial dissociation reaction arrow

e An acid only exhibits acid properties when dissolved in water. The presence of hydrogen ions
cause the acidity.

Compare hydrogen chloride when dissolved in (i) water and (ii) methylbenzene

Solutions Nature of Reason
solution \

Hydrogen chloride In absence of water,

dissolved in Newtral hydrogen chloride still exists

methylbenzene solution as Jimplf muitwies

[an organic solvent] '
This means that _no
hydio g ew 1ons are
formed.

Hydrogen chloride Hydrogen chloride ]

dissolved in water Atidic S0l ates in water

solution to produce " jow ()
and _(h10nde ions. W E__wm
The hydwatw  ions h &
are responsible for the @ H*
dcigic property. L v 6 8
7
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1.3 Basicity of Acids
* Basicity of an acid is the muiwwh Wty of

Mt Molk g of the acid when the acid mola

‘C C(,Hg D?
3o adig

Weak agig
9 AWasig

Wavciotlon equonion oy G, g0y

C()H? 1 - SH(aq)"ﬁCbo}mﬁﬁ qcbﬂg()}

® Table showing the basicity of some common acids: 3}1 mq) 1 (L H50 The ¥y
Mue gyt
o 2 m Examples Equation H. (= ¢O 0N ;
1
Rg\g" \(;I‘\Covn hgdrochloric acid | HC/(aq) il
3 1 |
(ﬁwm\\ ald) (monobasic) mtng\:&cnd HNOs(aq) et w g oH
= ethanoic acid CHsCOOH(aq) = (W5 (00- (aq) TH (99) [
Y Partiay R . L
AER AT W (din 5 sulfuric acid H2SO4(aq) — 2H'(aq) + SO4*(aq)
: asic 9
NEQK atig) cav{t()(?knic acid H:COs(aq) = gH'(0q) + (03°" (aq)
3-
3 L HiPOsaq) = 3H' (aq) 1 P04 (ag)
L (tribasic) pI&c‘:sphonc acid
WR

1.4 Strength of acids

e Strength of an acid depends on the ¢xtent

of Mmm\w/mmmm

of

the acid molecules in water / aqueous solution.

A strong acid is

ﬁnethat WND\WM At ated

eq. K4, "'2504 3

L

1000 HCI molecules 1

9

Equation: HCI(aq)

U5, (HyCOUH

e A weak acid is one that is

H'(aq) + Ci(aq)

in water to give M (m) % N ions.

> (@

000 H* jons and 1000 Cl-ions

hydrogen ions.

.Qr:>

1000 CH;COOH molecuyles

® Equation:

CH;COOH (aq) = CHsCOO- (aq)
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@

to give

H* ions, 4 CHsCOO - ions and 996 CH3COOH molecyles

+ H*(aq)

A




e T i
able Comparing strong acigs and weak acids:

CWm.(?t‘ronq_ac:ds [P Weak acids
E.g. Hydrochlonc%‘\““wﬁ éq" é”fh wypgv_)mrof
Sulfuric acid H.S0, ¥ Garbonlo ackd Heon
Nitrio pmy HN03 Carbonic acid H,CO,
All a nions. |
cid Molecules form ions. Most acid molecules remain unchanged
few ions are formed.
Complete dissociation Partial dissociation j

Ht A- . B-

L Strong acid

Comparing strong and weak acids with concentrated and dilute acid:

® Note: “Strong” does not have the same meaning as “concentrated”.
of _dliggouiation of the acid in water.

of &MlWfe Cad MUCwmI¢ )

e “Strong” and “‘weak” refer to the gytejt

e “Concentrated” and “dilute” refer to the qmovnt
in the solution.

1.5 Concentration of acids

° Concentratlon of a solution is a measure of how much % /uit has _disgolyea in
10m} of the solution.

° Mol / d M3 is the unit for concentration.

Examples:

® A 10 mol/dm® solution of hydrochloric acid is a INRNVOTL df solution of a gmgg acid.

® A 10 mol/dm® solution of ethanoic acid is a _(Anwnrrared solution of a _wWenk acid.

¢ A 0.100 mol/dm? solution of hydrochloric acid is a  dilwt solution of a ny_\ﬂg acid.

® A 0.100 mol/dm? solution of ethanoic acid is a AR, solution of a WOk acid.

Chemistrv / Aride Racac 0 c_t1i



Vet moiing thovged  parsigy

(e9.10ns eiectrons) (4N LONctvet Blervicity,
Quick Check:
1. Explain why aqueous acids can conduct electricity.

In the presence of water, acid molecules are able to _difs0ciate

These__ 100§ can _MIW_ fely in water to conduct electricity.

to form_ions

Why must blue litmus paper be moist to test for acidic gases such as sulfur dioxide?

o SOug) + HO() — 1h¥0s (5

Sulfur dioxide molecules react with véas= WORI 0 form gulfurvs atid
. “Jwb (aq) = &W (aq) + (mlz-

(aq)

Sulfurous acid ___ Ajddviat (/f_? artinhy in water to form hydwgm NELE;
turn_bue litmus paper [Q . \

which

ND WORV I V@M QS 08 Moleiyye

3. Citric acid, a white solid, dissolves in water or propanone (an organic solvent) to form solutions.
a) The solution of citric acid in water turns litmus from blue to red.

b) The solution of citric acid in propanone has no effect on litmus paper.

Explain each of the observation. '
a) In water, citric acid molecules 90\H\m\\~|

"'39!@ gen ions which turn blue litmus to red.

A§3 0 Ui orte to produce

b) In propanone, citric acid still exists as MR MOIR M) ey

. The acid molecules o1

nit  dissodor to produce hmvo%ew ions. Since there is no h}(d Ngen ions, there is

no effect on litmus paper.

4. For the same concentration of acids, su

ggest why the reaction of
hydrochloric acid is much faster than that b

_ magnesium with dilute
etween magnesium and dilut

e ethanoic acid.
HCi(agq) — H*(aq) + C/~ (aq)

Hydrochloric acid is a __Jtrono o4 o which _(pletely aiss uj o .
s |

wgm to form  hydrogen  jons. Thus, there is

h\%\f\ nwnantrayion o hxjo\nw 10ns in solution to react with magnesium.

a

CH;COOH(aq) = H'(aq) + CH;Cc00- (aq)
However, aqueous ethanoic acid is a _weak o Wl

which  DOVHIAN dlissociote, in -

Thus there ijs g | — to form h

OWtr NG nirorion ¢ hydvogen ions
magnesium,

ydrogen ions.
In" solution to react with
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Physicaj -
sour

turn blue litmus paper red
PH<7?

Can conduct electricity (are

1.6 Properties of acids

Before looking at the ch
the reaction is soluble

Solubili Table
Solubili

Salts

emical properties of acids, how do we determine if the salt formed from

Properties of acids

Chemical -
Acids react with:
Metals above hydrogen in the reactivity series
Metal carbonates / metal hydrogen carbonates
Bases (metal oxides / metal hydroxides)

or insoluble in water? (aq) or (s)?

of Salts in water

All sodigm (Na*), potassium (K%,
ammonium (NH,*) [“S.P.A.” salts]
and salts of other Group 1 metals

Solubility in water

are 391MY%  (no exception)

All nitrates (NO;7) salts

are VYR (o exception)

All sulfate (SO42) salts

' suifare
are soluble except bariun Suifutt , Caltve 2 _Leag (I)Sultdte,

Jilvey SuIEaR (sparingly soluble)

All chloride (Ci-) salts

(b lgvide
are soluble except {1 \\ty (hI\vid%, Lead (1) A

(soluble in hot water)

All carbonates (CO3?)

salts

are _InS01ub except J0diuem , _Potogsium |

AmwmOViVMY

[‘S.P.A.” carbonates]
and other carbonates of Group 1 metals

Solubility of Bases in water

Bases

Solubility in water

All oxides

(Note: CaO is slightly soluble)

are insoluble except Na;O, KzO, oxides of other Group 1 metals, BaO and CaO

All hydroxides

and Ca(OH).. (Note: Ca(OH); is slightly soluble)

are insoluble except NaOH, KOH, hydroxides of other Group 1 metals, Ba(OH)-

Write the chemical formula of the compounds and state whether they are soluble or insoluble

in water.

Chemistry / Acids, Bases & Salts

Compound Chemical | Solubility Name Chemical | Solubility
Formula Formula

copper(1l) oxide tvQ No iron(11T) chloride Fo 0 Lg. 1
sodium carbonate | Ng, (0, | g Zinc carbonate (s No
iron(Il) sulfate FC SOq \1 U ammonium chloride NH4 ({ \{ Y
lead(1l) sulfate Ppd0y N ¢ lithium sulfate Lh& 04 A
potassium hydroxide | "\ o | Yey iron(1I) hydroxide Fe (0M), | No
Zinc nitrate u UWB)) 104 ] barium chioride Ba(L, Yes




Chemical Properties of Acids

(A) Acid reacts with metals above hydrogen in the reactivity series to form salt and hydro en

gas only.
acid + metal — salt + hydrogen
Eg. zinc + sulfuric acid = zinc sulfate + hydrogen

Zn(s) + HSO4(aq) — ZnSO4(aq)  + H2(9)

DN
_pop
s\

] AY

What would you observe when the metal is added to the acid?

e Effervescence of colourless, odourless gas 'observed,.
e Gas extinguishes a lighted/ burning splint with a ‘pop’ sound.
e The gasis hydrogen.

Reactivity Reaction
Series

Ve, F K Acids (HC/ &
s I W H,S0%4) react with
Ca some metals
A Jv"’% \3 (Mg (above hydrogen
Al in the reactivity
Solnble (o ) Zn series) to form salt
DLl 2 i Fe and liberate
whil ¢5) " i\/j Sn hydrogen gas.

Pb

H
Cu not | (No reaction with
Ag |rauiyg copper and metals

Au below it.)
Pt

Write balanced chemical equations, with state symbols, for the following reactions:

_‘man\s MOV VO MW OY vu\w\oj
1) iron + hydrochloric acid

e Some reactive metals have no apparent reaction with acids.

o Lead metal appears not to react with hydrochloric acid or sulfuric acid
o The initial reaction produces a la .

yer of lead(II) chloride or lead(ll) sulfate. Thi ;
i i . This la
insoluble in water and forms a layer around the metal, which prevents from furth yeris ‘
between the metal and the acid. €f reaction

Insoluble layer of
PbCl, or PbSO,

prevents further
reaction,

dilute acid —=
—
lead — |

Py,

lead

t ZHL((Qq) - Pb({l“’

Chemistry / Acids, Bases & Salts
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(Enrichment)

® Nitric acig will not
: produce hyq i
Insteaq, oxides of nitrogen \Ayillrl())g ?(';rngmzzwnh Bt
E.g. Zn(s) +
(s) 4HNOs(aq) —» Zn(N03)2(aq) + 2NOy(g) + 2H,0(1)
o

Some unreactive metals (
concentrated nitric acid to

E.g. Cu(s) + 4HNO,(

like si i
e silver and copper) will undergo a different type of reaction with
Produce a salt, nitrogen dioxide and water.

aq) — Cu(NOa)y(aq) + 2NOx(g) + 2H,0(/)

(B)  Acid reacts wi
%rmtal carbonates (and hydrogen carbonates) to form salt, carbon

mﬂetal carbonate — salt + carbon dioxide + water

acid + metal hydrogen carbonate — salt + carbon dioxide + water

E.g.
Jait
® hydrochloric acid + calcium carbonate < calcium chloride + carbon dioxide + water
2HCl(aq) + CaCOs(s) 2 CaCl(aq) + COx(g) + H20())

Jait
e nitric acid + sodium hydrogen carbonate 2 sodium nitrate + carbon dioxide + water

HNOs(aq) + NaHCOs(s) 2 NaNOs(aq) + CO2(g) + H20())

What would you observe when a metal carbonate is added to-an acid?

dilute
hydrochioric
acid

a white precipitate is formed

calcium carbonate (due to carbon dioxide gas)

\

e Effervescence of colourless, odourless gas observed. .
Gas forms white precipitate when passed into limewater (aqueous calcium hydroxide).

e The gas is carbon dioxide.

Why is a white precipitate seen when carbon dioxide gas is passed into limewater?
codg) + L0y qag) - GUW; g+ M0

Carbon dioxide gas (_40a\¢ gas) reacts with limewater (4G u0us_Caluvwm hydn xigle ,an
alkali ) to give _(aluvw Carb o4 g ,an MS9l46l¢  salt which appears

as wh upitate.

Chemistry / Acids, Bases & Salts E8
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.........................................

(C) Acids react with bases (metal oxides/hydroxides) to form salt and water only -
(neutralisation)

,:cid + bases — salt + wateq

E.g. hydrochloric acid + magnesium oxide — magnesium chloride + water
2HCl(ag) + MgO(s) > MgClx(aq) + H,O()

Write balanced chemical equations, with state symbols, for the following reactions:

1) copper(Il) oxide + sulfuric acid



® Uses of acids

E Uses ]
carbonic apid vitamin C found in health supplements
hydrochlorlc acid W
ascorbic acig Dfezydike _———— —————
nitric aciq used in car batteries, for making fertilizers
sulfuric acig Produced by stomach glands, helps to kill bacteria

and activate enzymes

o

Chemistry / Acids, Bases & Salts

——

Manufacture of fertilizers — Sulfuric acig and nitric acid are important starting materials for
the production of 3

mmonium sulfate ang ammonium nitrate, which are active ingredients in
fertilisers.

Battery acid in cars —

Dilute sulfuric acid reacts with lead plates and lead(IV) oxide plates
in the battery to release

electrical energy.

Pickling of metals —

Hydrochloric acid is used to remove rust which consists mainly of
iron(I11) oxide, Fe,05 (a

base). Hydrochloric acid will react with rust to form iron(III) chloride.

i our
Food production - Phosphoric acid is added to food and beverages to give them a s

i i tive
taste. Carbonic acid is used to make fizzy drinks. Ethanoic acid acts as a food preserva
and flavour enhancer.

E10



Acids, Bases & Salts (Part 2)

~

2. Bases / Alkalis

PINsolvbe 2 S0vble boase
21  Whatis a base? What is an alkali?
® Abaseis a substance that reacts with an a4 toform _ 21T and__ wihtv only.

*_Bases are usually _mcttn) 0ides or_metol hydnxid es
Exception: _Agvv\gm” qmmm%’ NH, (q q) is also a base.

® Examples of bases: magnesium oxide, copper(Il) oxide), sodium oxid(eja)and zinc hydroxide.
) (s

(s)

® Most metal oxides and metal hydroxides are insoluble in water but there are those that are

soluble in water.

® Examples of metal oxides which are soluble in water include Group 1 metal oxides (e.g.
sodium oxide and potassium oxide), barium oxide and calcium oxide.

e If a metal Oxide dissolves and reacts with water, a S Utim of
Mefol hydnside (an__alka ) is formed.

Jodium Wig
Equation:  Na,O (s)+‘H20(l) — aNgonR lag)

soluble base

Wl 0X\d%

CaO(s) + HO() — (q(w)l( ,
slightly soluble base i

Note: CaO is only slightly soluble in water. Hence, only some CaO reacts with water.

e Alkalis are bases that __di5iv Ga+t in water to produce _hvdyoxiot ions, 04" 99}

e Alkalis are usually _ mtta] hydnxide §olumo with the exception of
aqueom! qmwonig.” I
7

The table below shows some common alkalis:

Name of alkali Chemical Formula | lons Produced in aqueous solution
Aqueous sodium hydroxide NaOH (aq) Nq“‘

Aqueous potassium hydroxide KOH (aq) K

Aqueous calcium hydroxide Ca(OH); (aq)

Aqueous ammonia

NHs (aq)

Bases
€.9. CuO, MgO, Ca0,
Mg(OH),, Cu(OH), , Zn(OH)

Alkalis
€.g. NaOH (ag),
KOH (aq),
Ca(OH), (aq),
Ba(OH), (aq)

Chemistry / Acids, Bases & Salts
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@ ﬁNo\wﬂmﬂm Yalag Place// N

2.2 Strength of Alkalis

® A strong alkalj ;
strong alkali _wompletery
to give hydroxidW In water
Eg. KOH (aa) — k*(ag) + DM (aq)

NaOH (@a) » Na'tag) ¥ O™ (ag)
Ca(OH)Z (aQ) -

2 -
o Cq 1((](]) 120“((”1)
ote: Calcium i ; :
will COmp/eterZ}I{ggggdf (slaked lime) IS not very soluble in water. However, those that dissolve
ions. Hence. aqy ate in water to give calcium fons, Ca** (aq), and hydroxide ions, OH- (aq)
» aqueous calcium hydroxide s still considered a strong alkali.

* Aweakalkali _artiully AidCatiorey :
to give hydroxide ions. | o in water
/m

Eg. NH;(ag)+ HO0 () = Nigt + oH-

Why does ammonia gas form a weak alkali when dissolved in water?

e When ammonia gas dissolves in water, only a small fraction of ammonia Mol [y

react  with water  to produce MM v N NHL,’ «9) and
ydrvidions 0™ () ’
e Most ammonia still remains as JIV"‘IP't Mol iy (€ in the solution.
N
2.3  Properties of Alkalis Yer Yes!

Properties of alkalis

I
| ]

Physical - Chemical -
Bitter Alkalis react with:
Soapy Acids
! Turns red litmus paper blue Ammonium salts
pH>7 some metal cations to form precipitate
Can conduct electricity (are electrolytes)

(A) Bases react with acids to form salt and water only - the process is known as
nevtvoalifation

base + acid — salt + water

5
CuO(s) + H,SOsaq)— ¥l 1 Tl 04
insoluble base -
Na.O(s) + _°Q HNOs(aq) — My FNaNOR ()
soluble base
Q NaOH(ag) + HCI(ag) — H.P () 1 Na({ €5
alkali
Ba(OH)(aq) + L HNOs@q)— W. 0,
alkali i 3 Hep s [M (Noj)l (5)

Chemistry / Acids, Bases & Salts E12




On warming, alkalis react with ammonium salt to form salit aMMonia ga ang

alkali + ammonium salt — salt + ammonia gas + wate,

NHCI(s) + NaOH(@q) — No(f + N3 + HaD
—2 NH.NOs(ag) + Ca(OH)z(aq) — (olND,) 4 t NHy + H, 0
What would you observe when an ammonium salt is warmed with an alkalj?

e Colourless and pungent gas is produced.
® Gas turns moist red litmus paper blue.

e The gas is ammonia. N0 \'WVQX(/{MDC

Gas turns moist red
litmus paper to blue

e

Ammoniumsalt + alkali

Note:

e Warming is necessary 55
ammonia is

doluble  inwater

* Solubility of gas
decreqses with
increase in temperature,

Equation: N”““‘NTHWM) .................. NH‘l(qﬂ“ QH w9 )
Explanation: Ammonia pegotd WM Wy to produce 1’\\1 Amjde jurd
which turn the red litmus paper blue. U

© Test for cations

The reaction produces insoluble metal hydroxide, which appears as P!@?V\TM’C :

The reaction is called a Dm/(/\ \‘T MT WW reaction.

solution containing metal ion + alkali — insoluble metal hydroxide (precipitate) + salt 7

Note:
¢ Precipitation is a chemical reaction between which an insoluble product
(precipitate) is formed when two aqueous solutions are mixed.

CuS0q4(aq) +&N80H(aq)—> NQ;5qu€qrﬂ+C\AmH)1 (§)
4
FeCls(agq) +_% KOH(ag) — SKULegt  Fe (M), (g
/

Ca(NOs)x(aq) + 2 NaOH(ag) — INg N“swp" Ca (OH) )
/)

In the laboratory, alkalis such as a ueous sodium hydroxide and aqueous ammonia are
often used to test for cations.

PrUpitntjon 14 o Chtmita)  regetieg i
Chemistry / Acids, Bases & Salts W\I\\KM Gn ”\SD\\,{M& PYW‘V\V' [PY‘Q(A?WO\T/{) l'\g
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Uses of bases

(i) To neutralise acids
® Toothpaste (

(i) To dissolve dirt and grease
Soap and detergents are mild alkalis
. iloor clgapers oftgn contain sodium hydroxide.
mmonia is used in liquids for cleaning glass windows.

2.5 Neutralisation

W@ 20H (ag) 24" g

Chemistry / Acids, Bases & Salts

What happens during neutralisation process between an acid and an alkali?

The word equation for neutralisation between an acid and an alkali:

acid + alkali — salt + water
) _ K OH™ . ' .
lonic equations show only the reacting species that are taking part |n.the reaction. .
lons that do not undergo chemical changes are known as spectator ions. These ions remain
in the solution.

Example 1:

Step 1: Write a balanced chemical equation with state symbols.

NaOH (aq) + HCI(aq) — Na(«L ., H,0 . Natcaq) + 01y *me” (4

Step 2: Write the ions for substances in the aqueous state. - N h) 1} ,(,’E(qq) 5 ’H:{J .
ot +ont ) + HY 4 e a0 Gy wednmy jows

[Na* (aq) and CI (aq) are the spec‘tator ions; OHl(aq) + H*(aq) are the reacting particles]

Yo't UV gt cal WA €/
Step 3: Remove spectator ions on both sides.

+ AY (aqy 2 N0
|

The ionic equation for the reaction is OH (9 C% )

ple 2:
EEB:?arzceeci chemical equation: &/_KOH (aq) + HSO4(aq) — \(250“ (ag) + ZHJU 0

Lo i Tn - AV,
b 50y pap 7 LETLamd S04 ragy 4+ M2 )

QOH\W‘H t lH* (agq) ~ 2\120 (1)

The ionic equation for the reaction is

For all neutralisation reactions between an acid and an alkali, the ionic equation is:

OH tap+ {5 T

E14



3.1

more acidic

Indicators and the pH Scale

pH Scale
pH is a measure of _ntiy 1\ or _m\xw My in agueous solution.
N
PH measures the concentration of nydvogen ions in the agueous solution.

pH scale is numbered between - )4

neutral More alkajing

(increasing H* (concentration of H*= (lncreasmg OH-
C ration of OH" concentratig,
con‘ entration) concent ) 1)

hydroxide ion (OH")

d ion (H*
%eoo yekogenon ] hydrogen ion (H*)

Qo

hydroxide ion (OH)

An aqueous solution with:

pH < 7is _ atjdit cpH=7is _ntwtvo) ; pH >than 7 is __0ika!ln?
Note:
(1) In a neutral solution, the concentration of H*(aq) is _¢414  to the Acid Alkali

concentration of OH (aq).

(2) In an acidic solution, the concentration of H*(aq) is Movt than
concentration of OH(aq).

(3) In an alkaline solution, the concentration of H*(aq) is __ | tJ! than
concentration of OH (aq).

The smaller the pH, the more _ui9'y  the solution, the Nf; ht”  the concentration of

%\no\m o 10 ¢ (H*). 1
£ A solutlon with pH 5 has a_|owty concentration of ” (49| than a solution with
pH 1.
TRe larger the pH, the more _Alkali ~ the solution, the M;‘W the concentration of
V\\m\ ANTETRN (OH).

o
E.g. A solution with pH 8 has a MW‘U’ concentration of U7 )
pH 14.

than a solution with

pH of some common substances:

pH Type Examples ]
range
0-2 Strongly acidic hydrochloric acid, nitric acid, sulfuric acid
4-6 Weakly acidic carbonic acid, ethanoic acid, phosphoric acid
7 Neutral water, aqueous sodium chloride
8-10 Weakly alkaline

E2-14

Strongly alkaline

aqueous sodium carbonate, aqueous sodium bicarbonate,
aqueous ammonia

Chemistry / Acids, Bases & Salts

aqueous sodium hydroxide, aqueous potassium hydroxide
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3.2 Indicators

‘ e An indicator is an organic com i i
| 5H of the:solition. pound which changes in colour in accordance with the

e |ndicators:

| o are substances that have different colours in aci

o can be made from natural living ot dic and alkaline solution.

anisms, e.g. parts of plants such as leaves, flowers.

Litmus

Phenolphthalein

Methylorange |88

: T i
Bromothymol blue [T

Indicator _Cplour iq Colour in pH at which colour
T acidic solution | alkaline solution changes
red blue 7
Phenolphthalein colourless pink 9
Methyl orange red yellow 4 (turns orange)
Screened methyl orange purple green 4 (tumns grey) |
Bromothymol blue yellow blue 7 (tums green) |

e Universal Indicator

o The Universal Indicator contains a mixture of UNIVERSAL INDICATOR CHART
dyes and can come in the form of a solution or
pH paper. - ‘

o Itis able to give a spectrum of different colours H30 pHSO pHSS pH6O pHES pHTO
across pH values. T

o The pH of the substance can be ascertained ‘ -.
by comparing the colour obtained against a . -
aelour shart pH7.5 pHSS pH90 pHOS pHI0  pH I

e

3.3 pH meter

e An electrical method of measuring the pH of a solution. It consists of a pH
electrode connected to a meter. The pH electrode is dipped into solution
and pH value is then shown on the meter.

e Advantages of using a pH meter over indicators: . {
1 o More reliable and accurate.

0! Q}\
o Can be used in data logging to record rapid changes in pH. \

|
! e Variation of pH during a neutralisation reaction can be studied using a data logger and a

i computer.
o E.g. A sensor measures the ”
pH of the mixture as an burette 7 W
alkali is added to an acid in ] complete
the beaker. . 0 kel added
0.1 mol/dm? NaOH
data logger

0.1
mol/dm?
HCl

computer

magnetic stirrer
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3.4 pH and agriculture

e Most plants grow best at a specific soil pH.

e Problem: Soils tend to become acidic
(e.g. ammonium sulfate).

e Solution: Adding of slaked lime
also known as ‘liming the soil’.

from acid rain and extensive use of chemical fertiligerg

(calcium hydroxide) to the soil to neutralise the acids, which ig

Question:

A farmer added slaked lime (calcium hydroxide) and chemical fertiliser (e.g. ammonium nitrate)
to the soil at the same time.

Suggest why it is not advisable for the farmer to add these two compounds at the same time.

1) \ 11
Chemical equation: C“w‘r\'\": ¥ :\‘N\—\“\N\“3 - (G(M;)l T% ﬁ‘N’ﬂ'j J"C?‘}jlb

WE U e 3t Londgu | G«;
4 Types of Oxides

e An oxide is a compound of oxygen with one other element.
e Depending on their ability to react with acids and/or alkalis, there are

four categories of oxides:
acidic, basic, amphoteric and neutral.
Oxides
compounds of oxygen
v N
Metallic oxides

Non-metallic oxides
* covalent compound
* molecule formed between

* jonic compound
» metal ion and oxide ion

l non-metal and oxygen
¥
Basic ~ Acidic
~ oxides oxides
Amphoteric ~ Neutral

Fharmictes / Arids. Bases & Salts




2 wmpownas ok oxygen
4.1 Acidic Oxides

= are oxides of non-metals. E.g. CO,, SO, SO3, NO,. P,O
! ! 3 2, a0,

<

(pHR __7)
Eg COg) +HO() — H)(03 Cay)  corbunc hiid

SOxg) + H0() — Ml th80, Lag) Mifuens acid
SOs(g) + H0() — nlsgq () Swiban ¢ a6 d-

= usually dissolve and react water to produce “titS

su!fuﬁ\tcﬁlg:i:dce)xide Foggula Acid produced with water
for 3 sulfuric acid, H,SO4
z:lrfgjr dldqmd_e SO, sulfurous acid, H,SO3
X onh ioxide ' CO, carbonic acid, H,CO4
osphorus(V) oxide P4O1o phosphoric acid, HsPO4

= react with alkali to produce Su and _W0™"  only

acidic oxide + alkali — salt + water

E.g. CO2(g)+ Ca(OH)x(ag) — H,0W t (gl )
SOx(g) + 2 NaOH(aq) — Na,00 ug) + H,0 ()

4.2 Basic Oxides

= are oxides of metals. E.g. Na,O, MgO, CuO, Fez0s. @”th.} §8> 7
' (pH X 7).

- if soluble, dissolve and react with water to produce W

MR RARAR:

Eg NaO(s) + HO@ — ANaOH gl b
cao(s) + H00) — (al0H), (an)

Note: most basic oxides are insoluble in water.

. react with acid to produce a salt and water only

basic oxide + acid — salt + water

E.g. MgO(s) +§_ch(aq) — Mj(,(’,1 (ag) 1 0 w)

CuO (s) +% HNOsag) — v INDy)yqag o 4,0

4.3 Amphoteric Oxides

e are oxides of metals. E.g. ZnO, Az0s, PbO.

e do not d DN\H in water.
e can behave as hudic oxides or as bwic oxides, i.e. it can react with
Aid or M\\Cfal\ to produce a salt and water only.
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3
1
|

amphoteric oxide + acid — salt + water
(roleasa 0%t )

Eg. ZnO(s) + QX HCaq) — W (4 MW 1 My )
Al,O4(s) +\3_H2804(8CI) =3 /f(z(f@q/; (Q‘ﬂ T 5/7} ) (1)
PbO(s) + 2 HNOs(agq) — Ph W05) g+ Hy0 0

amphoteric oxide + alkali — salt + water
(role as an 9Ud. )

E.g. ZnO(s) +_Z NaOH(agq) — NaxZnOi(aq) + H.O())
) sodium zincate
(L ()/
AOs(s) + ___ NaOH(aq) — _+~ NaAlOz(aq) + H20()
sodium aluminate
PbO(s) +/]’_ NaOH(aq) — Na;PbOx(aq) + H,O())

sodium plumbate

4.4 Neutral Oxides

e are oxides of non-metals. E.g. H,O, CO, NO, N.O.
e do notdissolve in YaHr

e do not react with ol & or q“C(Ali

Summary table to compare the characteristics of the four types of oxides:

Types of oxides Characteristics Examples
e Usually oxides of non-metals sulfur dioxide, SO, (g)
e React with water to form acids carbon dioxide, CO; (g)
Acidic e React with alkalis to produce salts nitrogen dioxide, NO, ()]
and water only phosphorus(V) oxide, P4O1o (s)
e Usually oxide of metals sodium oxide, Na,O(s)

® Ifsoluble, will react with water to form | calcium oxide, CaO(s)

Basic alkalis copper(Il) oxide, CuO(s)
® React with acids to produce salts and
water only
® Usually oxide of metals zinc oxide, ZnO(s)
. ® Do not dissolve in water aluminium oxide, ALOs(s)
Amphoteric ® React with acids to produce salts lead(11) oxide, PbO(s)
® React with alkalis to produce salts
¢ Oxides of non-metals Water, H20(7)
Neutral ® Do not react with acids or alkalis

carbon monoxide, CO(g)
dinitrogen monoxide, N.O(g)

nitrogen monoxide, NOgg}

® Do not dissolve in water

istry / Acids, Bases & Salts
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Quick Check:

1. Classify the following oxides:

Oxide Type of oxide
potassium oxide Rasi ¢ |
water Newtyo )
nitrogen dioxide NU;y | Newtepd AcidiC :
zinc oxide Ampnoteyit
magnesium oxide Bagit
iron(1l) oxide Bash ¢
sulfur dioxide PAKE Atid
aluminium oxide AW\M\H e
carbon monoxide Newry 0\
lead(11) oxide AVV\pM Ry

2. Element L burns in oxygen giving a product that dissolves in water producing an alkaline
solution. What is element L?

)

A carbon B lead C  sodium D sulfur L¢)y v

3. Element R reacts with air to form a gas, T. T changes the colour of damp litmus paper from
blue to red. What is R? Addic gos

A  potassium B lead o hydrogen D  sulfur ( N )
AGdiL A XA\QR R
4. Excess nitrogen dioxide gas is bubbled through two different beakers, A and B, both
containing pure water. Then, Universal Indicator is added into beaker A and solid zinc oxide
is added into beaker B. What observation will be made?

Beaker A Beaker B
\ |A | Red solution A (ja | Effervescence, solid decreases in size
L B | Redsoluton Aud | No effervescence, solid decreases in size |
(o4 Purple solution A\l | Effervescence, solid decreases in size (B) ‘
D | Purple solution Abell No effervescence, solid decreases in size ) ) -+

5. Construct chemical equations and ionic equations (with state symbols) for the following
reactions:

a) Reaction of zinc with dilute sulfuric acid
b) Reaction of ethanoic acid with aqueous potassium hydroxide
g) Reaction of aqueous sodium carbonate with dilute hydrochloric acid b b
) Warming of a mixture of aqueous ammonium chloride and a i i
al ; queous sodium h
e) M!x!ng of aqueous copper(ll) sulfate with aqueous potassium hydroxide .
f) Mixing of silver nitrate solution with sodium chloride solution

AR

Chemistry / Acids, Bases & Salts ‘
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Acids, Bases & Salts (Part 3)

5 Salts
5.1 Whatis a salt?

1 4
i &
e Asaltis formed when the \«\whwen ions, H , of the acid js Javial
or W plftely replacedbya. MRW  jonoran.  awwodt)u -
‘ — e N

Ion,

® Some examples of salts formed from different acids:

Acids Examples of salts that can be formed
Hydrochloric acid (HC/) sodium chloride, NaC/

ammonium chloride, NH4C/

copper(ll) chloride, CuCl, !
Sulfuric acid (H,SO4) sodium sulfate, Na;SO,

sodium hydrogen sulfate, NaHSO,
copper(Il) sulfate, CuSQ,

ammonium sulfate, (NH,).SO,

Nitric acid (HNOs) sodium nitrate, NaNO,

zinc nitrate, Zn(NO;),

ammonium nitrate, NH;NO;

Carbonic acid (H2CO3) sodium carbonate, Na,CO,

sodium hydrogen carbonate, NaHCO;
copper(Il) carbonate, CuCO,
ammonium carbonate, (NH4).COs

(Enrichment)
® An acid salt is formed due to incom
¢ Examples of acid salts:
o sodium hydrogen sulfate, NaHSOQ,
o sodium hydrogen carbonate, NaHCO,

o sodium dihydrogen phosphate, NaH,PQ, and sodium hydrogen phosphate, Na,HPO,

plete replacement of the hydrogen ion of an acid.

5.2 Water of crystallisation

® Many salts have water molecules loosely associated with them. These water molecules are
known as water of crystallisation.

o Salts that do not contain water of crystallisation are

. called anhydrous salts.
o Salts that contain water of crystallisation are calleq

hydrated salts.

[ Name of sait
Copper(ll) sulfate
Cobalt(Il) chloride

chlqride Paper used to test fort
to pink in th
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5.3 Recap: Solubility of salts

water)

Salts Solubility in water
All salts of group 1 metals (e.g. Na*, K*) are soluble (no exception)
and ammonium (NH4*) salts
All nitrates (NOs~) salts are soluble (no exception)
All sulfate (SO.?) salts are soluble  except BaSO4, CaSOy, PbSO,,
Ag28S04 (sparingly soluble)
All chloride (C/-) salts are soluble except AgC/, PbC/, (soluble in hot

All carbonates (CO3?) salts

are insoluble except carbonates of group 1 metals
(e.g. Na>COs3, K2CO3) and (NH4).CO5

6 Preparation of salts

e When deciding on how to prepare salt, you must consider two factors:
1. Is the salt soluble in water?
2. Are the reactants soluble in water?

e There are three methods used in the preparation of salts:

Method 1 2 3
Precipitation Reaction of acids with Titration
excess insoluble
carbonates, bases or
: metals
Solubility of Insoluble Soluble Soluble
salt to be (Except group 1 salts or (Group 1 salts or ammonium
prepared ammonium salts) salts)
Examples Barium sulfate, BaSOs (s) Copper(Il) sulfate, CuSO4 (aq) Sodium chloride, NaCl (aq)
a Silver chloride, AgC! (s) Zinc nitrate, Zn(NOg)2 (aq) Potassium nitrate, KNOs (aq)
Lead(II) iodide, PbI: (s) Magnesium chloride, MgC/, (aq) | Ammonium sulfate, (NH4)2SO4 (aq)
Reaction Precipitation Acid + Insoluble carbonate Acid + Alkali
Acid + Insoluble base Acid + Soluble carbonate
Acid + Metal
State of Solution + Solution Solution + Solid Solution + Solution
reactants
Salt obtained Precipitate Solution Solution
as/from ...




gopss

6.1 Preparation of insoluble salts - Precipitation
¢ This method involves mixing two aqueous sol_utions to obtain an insoluble salt.
¢ Precipitation is a chemical reaction where an insoluble product (precipitate) is formeq
when two aqueous solutions are mixed.

AB(aq) + XY (aq) —  AY(s) + XB(aq)

solution containing cation + solution containing anion — precipitate + solution

(soluble salt) (soluble salt/ acid)
Example:
Preparation of barium sulfate
: (ke
Reagent 1: qUROUS bgnunm ity Chemical equation with state symbols:
17

. LN £ UMQ K *’ZN"J?\"M\»},Z
Reagent 2: 4queotly_ gt fulfate ba (NG, (ag) $Na 80, tag 7 Badly -
Vall cpd uw

§alts vk 5D\l
1. Mix the two aqueous solutions in a
beaker. m
2. Stir well. A white precipitate foatoes sodium
(insoluble salt) would be formed. aifrate sulfate
solution solution

3. Filter the mixture to obtain barium
sulfate as the residue.

sodium nitrate

balr}utm 3 solution +
Eu aui ) excess sodium
HODIE sulfate solution
4, Wa:[sh the residue with deionised i barium sulfate
water. paper -
5. Dry the residue between sheets of balr;um )
filter paper. SUlEe
impure
(impure)

Quick Check:

Name two reagents you would use to prepare the following insoluble salts.
Write chemical equation and ionic equation (including state symbols) for each of the preparation.

(i) Salt to be prepared: silver chloride

Reagent 1: Q\QVQQW\& Silvee nityaw Reagent 2: jq,\/\(“"‘s JOd i K\\W\\M
« v
Chemical equation: f\oj N, (9 4 NV\[K(MQ) i AO\(( () 1 NV\N% \ug )

'onicequaﬁonr\f\g*_mq) 1 C(’taq‘v 5 AU,

Chemistry / Acids, Bases & Salts
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(i) Salt to be prepared: calcium sulfate

Reagent 1: [ jtOus @l Quw_Nitrage Reagent 2: _0ves po Al Iam gy lfgte
Chemical equation: C“(NOB)JM“?) T IK).?Oz,(M) 7 (aS04¢5) + QKNos(a‘{)

2 ) 2~
lonic equation: Ca *(‘W” M\)M (q9) (GSOL,(.C)

Question: Why is insoluble reactant unsuitable for preparing an insoluble salt?

E.g. When calcium carbonate is reacted with sulfuric acid to prepare calcium sulfate, the
effervescence seen initially will stop forming. ; : '

H504 (aq) CaCOs (s) CasOsle) Cacos(s)

e Calcium carbonate reacts with sulfuric z‘a\—cid to form an insoluble salt, (“’(NVUM (Fﬁ L
4 e

which will w0 0t onto the _{4r of the calcium carbonate,
\preventing further reaction between the cali Am Cargonaue and

Ni'(:V\Y\L aid. )

e This means that the calcium sulfate salt formed will be contaminated with unreacted calcium
carbonate. The calcium sulfate salt prepared is not pure.

6.2 Preparation of soluble salts -
Reaction of acid with excess insoluble carbonate, insoluble base or metal

e This method involves the reaction of an acid with excess insoluble carbonate, insoluble base
or moderately reactive metal.

(1) | Acid and insoluble carbonate

acid + insoluble carbonate —  soluble salt + water + carbon dioxide
(in excess)

(2) | Acid and insoluble base (insoluble metal oxide / insoluble metal hydroxide) ’

acid + insoluble base — soluble salt + water
(in excess)

(3) | Acid and moderately reactive metal

acid + metal —  soluble salt + hydrogen

(in excess)
Note:
e Only moderately reactive metals, such as Mg, Zn, Fe, should be used.
e Reactive metals, such as Na, K, will react explosively with acids.
e Metals below hydrogen in the reactivity series, such as Cu, Ag, Au, will not react
with acid.
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Example: .
Preparation of zinc sulfate

Zint VM}G‘\

|~ Chemical equation with state symbos:
Reagent 1: - o : 3
g e, sl wic aug o) + 130wy - 030410
Reagent 2: Dyiutg, & 1l \ 3
LA
1. Heat the acid in a beaker. ¢

Add excess insoluble base /
insoluble carbonate / moderately
reactive metal to the acid.

Stir the mixture well.

Filter the mixture to remove
excess insoluble base / insoluble
carbonate / metal as the residue.
Collect the filtrate which is the
soluble salt solution needed.

Heat the filtrate to obtain a hot,
saturated solution.

Cool the hot, saturated solution to
obtain the crystals.

Filter the mixture to collect
crystals as the residue.

Dry the crystals between sheets
of filter paper.

Wﬂj

zinc powder

(e

dilute
sulfuric
acid

zinc sulfate solution

excess zinc

zinc sulfate
solution

saturated zinc
sulfate solution

=
gl

zine sulfate crystals

zinc sulfate
solution

filter paper

M yﬁ«\w oy
Sty PN

o AR T

9y \\w by Y

zinc sulfate crystals (pure)

Questions about the thinking behind the doing:

(Step 1) Why is dilute acid heated?

To &7} P,(’.q 49 the reaction.

(Step 2) Explain why excess solid reactant is useq.

To ensure that
Carbonate. This will

ol tre 0tid hag oy LIElY o

with the

ensure that the resulting sa|t Solution js et 'nss\lut;ieo\lﬁse  neoluble

(Step 3) Why is stirring necessary? |
To MIX 4} reagt onky w\?”

for Complete reaction,

Chemistry / Acids, Bases & Salts
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(Step 7) Why must the hot solution be cooled to form crystals?

As temperature ARALT® , solubility of salt deweayes

. 1 . Hence, salt will
crystallise from the solution.

(Step 9) Explain why the crystals must be dried between sheets of filter

. paper, instead of using
evaporation to dryness to obtain the crystals.

pon heating, hydrated salt may lose W& Hy (!“W;\SM\\\(SMW”

) and becomes an
(deww sait . Some salts may also __d{\ MPOSL

Quick Check:
Name two reagents you would use to prepare the following soluble salts.
Write chemical equation and ionic equation (including state symbols) for each of the preparation.

(i) Salt to be prepared: zinc chloride

Reagent 1: H\{ dro thiorc ed Reagent 2: Ting g ')bf
Chemical equation: 0 1 Al (aq) :‘LLWWQ (0g) + Ha o 9)
lonic equation: a1 g HT (q q) = zV\Q- ( aq‘) 4 H, (J)

(i) Salt to be prepared: copper(Il) sulfate

Reagent 1: copper(Il) carbonate Reagent 2: QM‘FM e auid

Chemical equation: Collz ) + HISDL)WW = C‘”SOL@ (Ag) "H:Q W f CO) (9)
n 1%
Clﬁcoj(” 1 &H+(QQ) -2 W oy t HZO(\) +(,Q2 £q )

q)mm dolid >
What would you observe when solid reactant is added?

5 [mean% Mf wlour|ess, odourles ges pa—
o The  awowni dfqrp,m flid  dewtases

o Blut golutivn il krofwml,

How do you tell when the reaction has stopped'7

5 H‘Wﬁu%m’r wlowrless, odour e 492 Erope.
> ‘ U f
o Ihertil areen m\dld{ir wehind
]

lonic equation:




6.3 Preparation of soluble salts - Titration

Question: Why do we not prepare sodium sulfate (Na>SO.) the same way as zinc sulfate (znSQ,

)?
i.e. Acid + metal:

H2SO4 (aq) + 2Na (s) — NazS04 (aq) + H, (g)

The reaction between group 1 metals and acids is highly explosive and not experimentally
feasible to carry out safely. (nqg i prl o5)ve)

i.e. Acid + excess carbonate;

H.S04 (aq) + Na2CO;s (s) — NazSO4 (aq) + H,0 (/) + CO, (9)
Acid + excess base:

H2S04 (aq) + 2NaOH (s) — NazSOs (aq) + H,0 (/)

Using the previous method, we are able to tell that the reaction is complete and that all the
acid is used up because the excess unreacted carbonate, base or metal remains insoluble in
water.

However, when excess soluble base or soluble carbonate (e.g. sodium hydroxide, sodium
carbonate) is added to acid, no residue will be observed. This excess soluble reactant cannot

be removed by filtration. Hence, it is important to determine the exact amount of reactant
needed to react with the acid.

To do so, we will need to use an M0V

to tell us exactly how much alkali or soluble
carbonate is required to neutralise the acid. o
The method to prepare group 1 salts or ammonium salts is called titvotion

N
M(z)

Acid and alkali
acid + alkali —

soluble salt + water

Acid and soluble carbonate
acid + soluble carbonate —

soluble salt + water + carbon dioxide




T n——— T A

Example:
Preparation of sodium sulfate

Reagent 1: ﬁqumm gmd‘\uw\v\wo\m'\d% Chemical ;
. 7 { al equation with state symbols:

- AR Ne oA QNQO\ ( 1 ‘H\ \ ’ | o
Reagent 2. JIMIL 24 H‘EM : o\ L Al N W’P = M0 1y 4 Yw.zSQL\ (0g)
1. Pipette a known volume of alkali /
soluble carbonate into @ conical } i
flask. :
2 Add a few drops of indicator. :
3. Add acid from burette to the alkali / ¥
soluble carbonate until the end- retort 1 burette containing
point. End-point is reached when stand 1 dilute sulfiric acid

the indicator changes colour. :
4. Record the volume of acid needed 4
to neutralise the alkali / soluble
carbonate.
5. Repeat titration until consistent
results are obtained.

(N0 Lot Wi AEYON )
6. Repeat the experiment without

adding indicator by adding the
recorded volume of acid into the
conical flask containing the known

conical flask containing

aqueous sodium hydroxide
)

| "Colour in Colour at
volume of alkali / soluble carbonate.  alkali end point

7. Heat the salt solution to obtain a Methyl oran = M,‘ galn e‘
et e e aoltion Phenolphthalein Pink olourless

8. Allow hot, saturated salt solution to
cool for the salt crystals to form.

9. Filter the mixture to collect the
crystals as residue.

10. Dry the crystals between sheets of
filter paper.

Quick Check:
Name two reagents you would use to prepare the following soluble salts.
Write chemical equation and ionic equation (including state symbols) for each of the preparation.

aund

(i) Salt to be prepared: potassium nitrate Dawig
. NN L .
Reagent 1: Aquetns potassivim Wy dioxide Reagent 2: Nyt € mw\
v J

Chemical equation: KOH Uiq) 1 KNOzcagy = kNog (agq) ¥ HJO (1
Ot caqy + H o) = MO0

lonic equation:

carooviare,
(ii) Salt to be prepared: sodium chloride .

AqUROUS Pivtt
Reagent1;l5%d'\wv\ cavponate Reagent 2: A hydnihione ol

Nolds ooy + 2W0L (agy Baep + Ha 0 + 2N0d (aq)

Chemical equation:

lonic equation:




e Titration can also be carried out using a pH meter
point.

o Inthe titration of a 1.00 mol/dm? of aqueous sodium h
hydrochloric acid, the pH decreases from pH 14 (pH o
more hydrochloric acid is added.

o ltfinally ends at a pH near 0 (pH of hydrochloric acid).

o When the values of pH are plotted against the volume of hydrochloric acid used, a pH
curve is obtained.

(instead of an indicator) to detect the eng-

ydroxide with a 1.00 mol/dm3

of
faqueous sodium hydroxide)

as

W pH pH of aqueous
’ sodium hydroxide
burette 14
—y |
hydrochloric acid
glass 10
rod i
114 [ - -4—— Equivalence point
pH Volume of hydrochloric acid
meter 4r ) needed to completely
. 2L : neutralise the aqueous sodium
aqueous sodium ; hydroxide in the beaker.
I \ , hydroxide 0 ’ o .

) 10 20 30 40

Volume of hydrochloric acid added fem?3

¢ The titration curve above is for a titration involving a strong acid and a strong alkali. The
equivalence point or point of neutralisation is at pH 7.

e However, the titration curves for a strong acid-weak alkali and a weak acid-strong alkali
titration would look different.

strong add - strong base strong add - weak base

pH pH

—_—

-

i

ahal

~
S 6 N O I W B

[N OO T N O 0 I O O )

RSk} S

volume of arid added volume of atid added

Newer o Hiratign

weak and - weak base

weak add - strong base

pH T— pH _
5 e

77 i
; ety B
Rl »
volume of agg added ¥olume of acig added
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IS THE
SALT
SOLUBLE

—

SUMMARY - HOW TO MAKE SALTS

YES - For cases of
salts where the base or
carbonate of the metal
ion of this salt is
insoluble or if the metal
is moderately reactive.

1. Acid + excess insoluble carbonate
2. Acid + excess insoluble metal oxide
3. Acid + excess insoluble metal hydroxide
4. Acid + moderately reactive metal
Note-

* Add excess of insoluble reactant will help to ensure that
all acid has completely reacted so as not to contaminate
the salt solution.

= Filtration needed to remove unreacted solid reactant and
to collect the filtrate which contains the soluble salt
solution.

YES - For cases of

Na®, K" or any Group 1,
or NH4" salts where the
base or carbonate is
soluble

Method Name - TITRATION
1. Acid + Alkali / Soluble carbonate
(Indicator is used to detect point of neutralisation)

Note: Method needs to be done twice, once with indicator to
determine volume of acid/alkali needed for neutralisation
and the second time without indicator as the presence of
indicator will contaminate the resulting sait solution.

NO >

Method Name — PRECIPITATION (Use of two soluble reactants)

Example:

X nitrate solution(aq) + Sodium Y solution(aq) — XY insoluble salt (s) + sodium nitrate solution(aq)

(precipitate)
Collect as residue
after filtration

E30



Description of the 3 methods to prepare salts

Precipitation Acids + excess insoluble base /insoluble
For insoluble salts such as AgCL

CaCO3 etc carbonate / moderately reactive metal
For soluble salts such as CuSOs; MgCl;

Zn(NO3)2

1. Heatsome acidina peaker.

Titration
For soluble Na*; K* and NH,' salts such as
NaCl; (NHa4)2504; KNOs

1. Place aknown volume of one salt
solution in a beaker.

1. Pipettea known volume of alkaliina

2. Add excess of insoluble base [ insoluble conical flask. Add a few drops of
2. Add solution of the other salt. carbonate / moderately reactive metal indicator. (e.g. methyl orange — yellow in
3. Stir well to mix. and stir well to mix. alkali ; phenolphthalein = pink in alkali)
4. Filter mixture. 3. Filter mixture to remove excess insoluble 2. Add acid from burette to the alkali until
5. Collect residue which is the insoluble salt base / insoluble carbonate / unreacted indicator changes colour. (e.g. methyl
needed. moderately reactive metal.
6.

Wash residue with deionised water.
7. Dry residue between sheets of filter
papers.

orange — turns orange at endpoint;
pheno\phtha\e'm —+turns colorless at
endpoint)

3. Record the volume of acid needed to
neutralize the alkali.

4. Repeat experiment by placing same
volume of alkali in conical flask but do
not add indicator.

5. mem
burette as before to produce the soluble
salt solution needed.

6. Heat salt solution until saturation point.

7. Alow Mﬂ

for salt crystals to form.

8. Filter mixture to collect cgsta\s as
residue.

4. Collect filtrate which is the soluble salt
solution needed.

5. Heat filtrate until saturation point.
6. Allow hot saturated filtrate to cool for

salt crystals to form.

7. Filter mixture to collect crystals as
residue.

8. Dry crystals between sheets of filter
papers.

9. Dry cgstals between sheets of filter
papers.




