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BASES AND
SALTS
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Theory Acid Definition Base Definition
Arrhenius Any substance which Any substance which
, releases H* ions in releases OH" ions in
Theory water solution. water solution
Bransted- Any substance which | Any substance which

Lowry Theory

donates a proton.

accepts a proton.

Lewis Theory

Any substance which
can accept an
electron pair.

Any substance which can
donate an electron pair.
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Properties of Acidic solutions

An Acid is a substance that produces hydrogen ions (H* or Hydronium ion, H,0*)

1) Taste sour or tart (g>V gi oo > pb)

2) Cause a pricking sensation (,>>9JU ywlau=>YI) on the skin

3) Turn blue litmus to red Loyl ilaal e (q/
4) React with several metals (e.g., Zn and Mg) rgleasing H, ¢ = acids corrode metals.
5) Corrosive: burn your skin (<l ww 9= :aJS| 65bo)

6) Acids can be oxidizing agent such as HNO; and H,SO,BUT HCI and and H;PO, not )((
oxidizing agent.

7) Act as electrolytes in solution ® conduct electricity due to the free ions
8) React with carbonates releasing CO,,,

react with base to form salt and water (HCl + NaOH - NaCl + H,0)

Uses of acids oaeall clelaaial

H,PO, H,SO, HCI or

HC,H,0,
soft drinks, fertilizer, car gastric juice, Vinger
fertilizer, batteries Stomach acid

detergents



100% dissociation in water, good proton donors < 5% dissociation in water, poor proton donors

Sulfuric acid, H,SO,
Hydrochloric acid, HCl
Nitric acid, HNO;

Perchloric acid, HCLO,

Acetic acid, CH:COOH or HC,H,0,

Citric acid, CsHsO7

oY ClI3S acf gall g



Properties of Bases

Produce or cause an increase in hydroxide ions (OH-) in H,O
1) Taste bitter (Lo pxb)

2) Have a slippery touch (\9V il ymolo), ‘soapy’ feel

3) Turn red litmus blue

4) Destroy body tissue/ dissolve fatty (lipid) material

5) Strong bases are caustic (wgls)

6) Act as electrolytes in solution

7) Neutralise solutions containing hydrogen ions (H*)

8) Most of hand soaps, detegents and drain cleaners are bases

Uses of bases .ol o lolsail

lye (Js~2), drain laxative, antacid cleaners, fertilizer
and oven cleaner,

preparation of

soaps and

detergents



Acidic aqueous solutions result from the reaction of a

Jio el o8 Leslisdy pabea¥l Jelis ole A
1-Nometallic hydride with water Loy g Ciaiall Gagandly wuulSYI

HCI (g) + H,O = H;0" (aq) + Cl(aq) Check i
ecK |

2-Nometallic oxide with water
SO;(g) + 2H,0 = H;0%(aq) + HSO, (aq)
CO,(g) + 2H,0 = H;07(aq) + HCO; (aq)

3- molecular species with water such as citric acid, ascorbic acid (vitamin C) and acetic
acid found in vinegar,

CH;COOH(aq) + H,0 = H;0"(aq) + CH;COO(aq)

Authors: Dr. Rakan AlTarawneh and Prof. Kamal Momani 11-Apr-21 5
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Check it

Basic aqueous solutions can result from

1- action of water on a soluble oxides (e.g., CaO ) or hydroxides (e.g., NaOH)
0% (aq, from CaO) + H,0 = 20H(aq)

2-Anion that reacts with water
CO,*(aq, from Na,CO;) + H,0 = HCO;(aq) + OH (aq)

3- molecular species that reacts with water

NH;(aq) + H,O = OH (aq) + NH,"(aq)

Authors: Dr. Rakan AlTarawneh and Prof. Kamal Momani 11-Apr-21 6



pH:
a measure of the

acidic neutral basic

{ % \‘f 7 \

concentrationof H;0° o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ions in solution

pH less than 7

Lower pH value
indicates a
stronger acid.

Battcry Lemon Tomato Milk Eggs Soap Bleach Drain
x = Cleaner

<

INCREASING  \eutral  INCREASING
ACIDITY BASICITY

pH = -log [H*] = -log [H;0]

4

pH greater than 7

Higher pH value
indicates a
stronger base.




Acid-base indicators

S. Indicator Smell/Colourin  Smell/Colour in

-
No. acidic solution basic W

Litmus Red Blue

Phenolphthalein Colourless Pink => e € \. R

3. Universal indicator : is a mixture of several indicators. It shows different
colours at different concentrations of H* ions in the solution.

pH = 7 — neutral solution Neutral salts: NaCl and Na,SO,
pH less than 7 — acidic solution reCl;, AlCL; and M&l\

pH more than 7 — basic solution —> \
CaCO0;, Na,CO; and Na;PO, "
O pH meter: give a precise value of pH /\

Ligand Loy Lulidl 20 SV (/1/7 \
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. . . K Potassium /\
Reactions of acids with metals Na Sodium most
Ca Calcium. reactive
When acids react with metals, the products are a salt and hydrogen. In - Mg Magnesium
. Al Aluminium
general: .
, C Carbon
Acid + metal — salt + hydrogen E\// . Zh Zinc
Fe Iron
For example: Zn and Fe also react with hydrochloric acid [S)E Ii" .
N ea
2HCl(aq) + Mg(s) — MgCly(aq) + Hy(g) b oo
] . ) Cu Copper
Mg, Zn and Fe also react with sulfuric acid. Ag Silver least
The products are a salt and hydrogen gas. For example: Au Gold reactive
H,S04(aq) + Fe(s) — FeS0,(aq) + Hy(g) FL Patiam N

{added for comparisor)

- Categorizing the metals according to ~>

their reactivity:
. : Note : Copper (Cu) is a very unreactive
\/ .
v \éerydrapld {.eac.tlcon.le, Na metal, and it does not react with
/ api reac.10|.1. a, Mg hydrochloric acid. It is above copper in a
Slow reaction: Al, Zn, Fe, Sn metal reactivity series, so copper cannot

v" No reaction: Pb, Cu, Ag, Au replace the hydrogen in HClI to form CuCl, .




SN 13 aelsilly Gagandl ae Jalaill sie jdall cay
Caution: Ll LseY ] s alall Gaym s e Ll

= Be very careful in handling dilute and concentrated acids and bases = cause severe skin burns
and irritation to mucous membranes (Qublxoll aicVl).

lisa S 25 IS clas pabloo selsilly Gasandl Juut
= (Clean up acid and base spills directly with excess water, and baking soda, NaHCO;. sl

= Refer to the Laboratory Safety section at the beginning of this manual.



oelandl (il

Cu
6 M HClL Fast Medium NR
6 M H;PO, NR
6 M CH;COOH slow slow NR

Ll oIS caline metal o 5Kl Gudss (ages Sue Lilels

1) Making salts by reacting acids with metals

Used for reactive metals, but DANGEROUS if the metal is too reactive (e.q. Na or K) because
reaction is exothermic.

General equation: METAL+ ACID - SALT + HYDROGEN
e.g. Zny + H,50,,, 2> ZnSO g + Hy

E.g., 2HCl + Zn — ZnCl, + H,

dailaass ddales (uiSS ago




Effect of Acid Concentration on Reaction Rate

dalisae jasyi (e 8ylae (IS (galall gl
gyl 58,409 de peadl (s WAl ) Liyas
3M then 0.1M then 0.01M

|3 M CH; COOH
0.1 M CHy COOH
| F0.01 M CH, COOH

[|~—3 M Hel
[|=—0.1 M Hel
(|~—001 M Hel

@ = == —
N /

Figure 6.7 A setup for testing the effect of different acids and acid strengths on their

reactivity with a metal.

-The reaction rate 1s greatest with 3 M HCI and lowest with 0.10 M HCI.
-The reaction of the Mg in the HCI solutions (strong acid) 1s more rapid than 1n acetic
acid (weak acid) solutions of like concentrations.

er=,k[- T = -ar 7

: /2

the chemical reaction rate C-" “o rote lquw" t")z: rate constant
is directly proportional to the

n= order of 4+he reactant and can be

concentration of reactants ®, a Sraction, or o whole #.




Reaction of Acids and Bases With Each Other
Acid + Base — Salt+ H,0 Jaladdl dalaa Sl oyl

Neutralisation Reaction : Reaction of acid with base is called as
neutralization reaction.

E.g, HCl+NaOH— NaCl+H,0 o e
J/ eat
exo-the.
&l el =~ 1
29 geadl il ga s Lyl - - s
§3acld 9l pian oA Ja ! [
gl 43,9 Lioaadicl + = _3
Basld ... puadil Na + HZO ¥+
CO,> +H,0 = HCO, + OH- G .Y
T



C. pH Measurements

Unive

ool Al 25l
rsal indicator J/ ols saizas
Ol oY ddeuly (ods sy

l/

_ Water Approximate pH | Briefly account for the pH if n?t' equa
O</\ij\}</Boiled, deionized ? lack of CO. \_/
Unboiled, le << than Contain COy = maKe if
deionized -+ acidic
Tap % contans A%Cferem{ VAN S
Solution Approximate pH | Balanced equation showing acid ity/basicity
0.010 M HCI £ HC — HW* &+ c©
0.010 M CH3COOH 5 CHz;cooH = CHzcod + H*
0.01 M NaOH X NaOH —> N&© + OH~
0.010 M NH3 _ + -
_ \0 NH3 — N4qt & oH
Vinegar «~ B C\—\S Cool = ctizced Ht
T, Ldgandl Loy laa Fage S¥alall LS

sheall Ll g8 Gaaall Gl 3 oS

red
pink

orange

green
dark green

furquoise

pale blue

blue
dark blue

violet

purple

very acid

slightly acid
neutral

slihtly alkaline

very alkaline



Prelaboratory Assignment: Acids, Bases, and Salts Do it

1. In an aqueous solution,

a. name and write the formula of the ion that makes a solution acidic.

b. name and write the formula of the ion that makes a solution basic.

2. a. Muriatic acid is used to adjust the pH of swimming pools. What is the formula of muriatic
acid? Does the pH of the swimming pool increase or decrease as a result of adding muriatic acid?
Explain.

b. Battery acid is a rather concentrated solution of sulfuric acid. What is the formula of
sulfuric acid?

3. Aqueous salt solutions often are not neutral with respect to pH. Explain.

4. a. Milk of magnesia is used as a laxative and to treat upset stomachs. What is the
formula of milk of magnesia?

b. Washing soda is often added to detergent formulations to make the wash water more
basic. What is the formula of the anhydrous form of washing soda? Does it increase or
decrease the pH of the wash water? Explain.

16



5. Three solutions have the following pH:
e Solution 1: pH 7.4,

Solution 2: pH 10.6,

Solution 3: pH 3.7

a. Which solution contains the highest H;0* ion concentration?

b. Which solution is the most acidic?

c. Which solution is the most basic?

6. Metallic ions with a higher positive charge are more strongly hydrated and tend to be more
acidic in solution. Comparing a 0.12 M FeCl; solution to a 0.12 M FeCl, solution, which
solution would have a lower pH? Explain.

e. What spectator ions remain in solution in the reaction mixture?

f. Write the net ionic reaction that accounts for the appearance of the precipitate.

17



Random questions

DIRECTIONS: Calculate the following.

A solution has an [H'] = 4.3 x 107 M. Find the [OH'], the pH and pOH.
lewl= 10 mo"“/q.axto'?' z 2.3X0°'% = -\og (U2x©e?) = 23%
—

PO 7 —\og (23%1072) = )( Y4

A solution has an [H;0"] = 8.41 x 10" M. Find the [OH], the pH and pOH.
- "“ 1o 9 - ¥ :
Lowl = Lox0™ g wx(o'® = Lﬁf_l_(_)__{_ pH= -log (8 41 107 ‘i_&?f_

otz -log (149 %167%) = 4 S2y
A solution has an [OH ] = 5.5 x 10 M. Find the [H'], the pH and pOH.
Azloxio™ /550103 = 1.8 ¥(p™2 = -log(v&xo~%) = 1.
(u€3 W /ssxi0 8 %0 pHt \Q(L?;::&J?—"Z‘/zc
. i -6 . + Pw X % . k—
A solution has an [OH ] = 3.71 x 10" M. Find the [H"], the pH and pOH.
(1= Loxo/2 Hy (ot = f‘_‘l‘?_ﬂi‘i Pk = -log (z.?oxuo:g f ? :;»\3
| pok = ~log(3H x107¢) = 5.4%)
Lemon juice has a pH of 2.0. Determine the [H;0"] and [OH'] in lemon juice.

[#073 ~ ambiloy (2.) = ©.011

pow=lo-z2.0 = (2.0

Revised: 2018-10-23 Cov3 = M\».N)L— lz0) = |\ Mo""M




