0 ‘ U PN L}&J‘&g\

~

| by adle ;La\ \um\tej\u

L 4

~ .'




Applied Inorganic chemistry 1
183 Ch

Prepared by

Dr. Ehab Saleh




Definition of inorganic
Acids and bases
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Types of Acids



Completely dissociated acids Partially dissociated acids
(very strong Acids) example HCI its strength depend on pKa
| |
Pol ti
| Monoprotic | oyprotie

CH:COOTI(aq) +H;0(L)—H:0 (aq)+CICOO (aq)
Ka= [ H;0°] [CH:COO)/[ CH;COOH]=1.75E-5

H:POyaq) +H:0 (L) —HsO0 (aq)+H: POy (aq)
Kai=T.11E-3

H:POg(aq) +H20 (L) « H¥D" (aq) +HPO:s(aq)
Ka:=6.32E-8

HPO . Haq)+ H:0 (L) «» HyO" (aq) +PO«ag)
Ka:=4.5FE-13

Since Kar»Ka>Ka:

H:POs > H:POg> HPOs? according to acklity power




Types of base



Completely dissociated base ‘ Partially dissociated base
(very strong base ) example NaOH its strength depend on pKb

——

Mono hydroxy __

| 5

Khb= [NH] [OF}/[ NHOH =1.8E-5




O o
Perchloric acid H ( : IO4 H/ \Cif’ pKa=-15.2
Z X
O O
I Hydroiodic acid HI pKa= -9.3 |
|Hydrobromic acid HBr pKa= -8.7 |
Hydrochloric acid HCI pKa=-6.3 |
O O
- N
Sulfuric acid S H
2 4 o o~ pKal=-3, pKa2=1.99
| _
H
o)
Nitric acid =] [N] 03 _N_u  pKa= -1.4
T pKal=2.148

I H
Phosphoric acid H3 PO4 H\O/Pv'\"u-ro-" pKa2=7.198
O—H  pKa3=12.319

o

7
Acetic acid CH;COOH H,c—C~
“OH

pKa =4.76
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HF

HCl
HBr

Atomic number increase
Atomic radius increase
Bond length increase

Bond easly broken
Acidity increase

LiOH

NaOH
KOH

RbOH

CsOH

Atomic number increase
Atomic radius increase
Bond length increase

Bond easly broken
Basicity increase
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Br

Atomic radius increase O O

. Acidity decrease
Electronegativity decrease

Acidity decrease (Hydrogen not directly attached to halogen atom)



Definition of Inorganic Salt
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Basic radical (Cation other than H")
And

Acidic radical (Anion other than OH")
- Jia
NaOH + HCl—NacCl (salt) + H.O

1.Neutralized salt (pH neutral 7)
Example: NaCl
NaCl+H-,O—NaOH (Strong base) +HC1 (Strong acid)
2. Acidic salt (pH less than 7)
Example: NH,4,CL
NHUClIHH-O—NHLyOH (weak base) +HC1 (Strong acid)
3.Basic salt (pH more 7)
Example: Na,CO;

NaCO3;+Z2ZH-0O—2NaOH (Strong base) +H-CO;
(Weak acid degrade to CO,.+H-,O)




Definition of inorganic oxide



Metals (< 3il)), Nonmetals(< 13))
and Metalloids (<&l oludil)
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Metalloid
I

Nonmetal

Ne

GEL

18

Ar

36
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Xe
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The metals share several common properties, including:

« solid at room temperature (with the exception of
IMmercury)

« musually shinw

= hich melting point

« good conductor of heat

= good conductor of electricity

« low iomnization energies

= low electronegativities

« malleable — able to be pounded into sheets

- A Chilaaa JSO L3 dad O 0 eSS O e B ald

« ductile — can be pulled into wire

« high density (exceptions: lithinm, potassiunm and
sodimim)

« corrodes in air or seawater

« loses electrons in reactions (Electropositive elements)



A nonmetal (or non-metal) is a chemical element that mostly
lacks metallic attributes. The nonmetals share several

common properties, including:

« Low melting point than the metals

. Brittle solids  4da 4ula 3l ga

- Poor conductor of heat

« Poor conductor of electricity

- large ionization energies

- Large electronegativities

« Not malleable or ductile

. Little or no metallic luster (Sxall Gl dagira gl dluis

- Gain electrons easily (Electronegative elements)



Metalloids, or semi-metals, are a group of elements

that possess both properties of metals and non-metals.

An element with properties intermediate between those of

a metal and nonmetal.

The metalloids share several common properties,

including:
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I Types of oxides I

IAcidic oxidesl IBasic oxidesl IAmphoteric oxides I

||Acidic oxides]

Oxides that react with water forming an acid
or

Oxides that react with a base forming a salt

e CO-s+ H0— HCO3z Carbonic acid
CO-, + 2NaOH—= NaCOz+H-0

e SO, which does not react with water
but does react with bases forming sulfites
SOs + 2 NaOH — MNa>S03 sodium sulfite + H>O

e SOz+ HO— H>SO0,
SO3 + 2NaOH — NaxS0,4 + H0

e Si0O; which does not react with water
but does react with bases forming silicates
SiOs + 2 NaOH — MNasSi0Os sodium silicate + H>O

e MNNO; (Manganese heptoxide or Manganese(VIl) oxide)
+ H>0 = 2ZHMnNO, (Permanganic acid)
MnoO- + 2 NaOH — 2 NaMnO, (sodium permanganate) + H,O
e P,05 (Phosphorus pentoxide) or Phosphorus(V) oxide) +3H,O —2H3PO,4
P-Os + 6 NaOH = 2 NasPO, + 3 HO



| IBﬂSiC oxides Il

Oxides that reacts with water to form a base
or
Oxides that reacts with an acid to form a salt

e Na,O (Sodium oxide) + H,O— 2NaOH Sodium hydroxide
Na,O + 2HClI—> 2NEC|+H20

e MgO (Magnesium oxide) which does not react with water

but does react with acids
MgO + H;SO, > MgS0,4 (magnesium sulfate) + H>O
MgO+ 2HCI - MgCl, (magnesium chloride) + H,O

e CuO (Cupric oxide or Copper(l) oxide) does not react with water
but does react with acids
CuO + 2 HNO3 = Cu (NO3)> (cupric nitrate) + H,O
CuO + 2 HCl — CucCl; + H>0
CuO + H>50, - CuS0O4 + H,0O



Amphoteric oxides

Metal oxides which react with both acids as well as bases to produce salts

e AlL,O; (aluminum oxide) + 6 HCl— 2 AICIl; (aluminum chloride)+ 3 H,O
AlLO;+2 NaOH + 3 H,O — 2 Na[Al(OH)4] (sodium tetrahydroxoaluminate)
e /nO (Zinc oxide) + H,SO4 — ZnS0,4 + H,O
ZnO + 2 NaOH + H,0O — Na,[Zn(OH)4]
e PO (Lead oxide) + 2 HCI — PbCl, (Lead chloride) + H,O
PbO + 2 NaOH + H,O — Na,[Pb(OH),]

e SnO( Stannous oxide or Tin(Il) oxide) +2 HCI1 — SnCl, + H,O

SnO +4 NaOH + H,O > Na,[Sn(OH)]



Extractive metallurgy of copper
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Copper sulfide ores such as Chalcocite (Cu:S)

A
W/ Copper ore

Q Copper iron sulfide ores such as
: % Chalcopyrite (CuFeS:) and bornite(CusFeSy
 a
-
8
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: Second molten slag
First molten} L g o e 2Fe0.Si0;
slag FeO Reverberatory Furnace o< od —
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I Collectors I

* Substances that create the water repellent surfaces on copper minerals
* They have a polar (charged) end and non-polar(hydrocarbon) end

* They attach their polar (charged) end to the mineral surface (which is
itself polar) leaving the non-polar hvdrocarbon end extended outwards

Example Potassium amvI xanthate S H H H H
F Examp : -

Sketch of attachment of amy! xanthate icns to covellite. There is a hydrogen
atom bidden behing cach carbon of the hydrocarbon chain

=)=



Reactions occured in reverberatory furnace|| Smelting Process

13 1350 °C 1
2uFeS: + —0; — CuS.—FeS + %FEO + 250,
| Molten matte  First molten slag Gas

Reactions occured at convertor ||Blister copper production process

2FeS + 30; +8i0; — 2Fe0Si102 +  250; + heat

In Second molten slag
molten

matte

Cw:S + O —» 2Cu + SO, + heat

In Copper blister
molten

matte



Uses of Ammonia gas NH3



(NH:)  (oSLa3) Liisa¥) Si& Silaasio)
Solvey 43k a sl sall Gl ga S Acliva =9
CO>+H>O0+NaCl+NHsz—>NaHCOs+NH:zCl
2NaHCO3—>NaCO3+CO>+H-0O
Organic Fertilizer s s« JNacsS 233535 Sl Urea Lissal) z 65 =X
2NH3+CO5—> NHCOONH,; (ammonium carbamate)
NHCOONH+ heat—> NH>CONH, (urea) + H,O
AAEASLS Al Ammonium nitrate NHiJNO3 asaisaV) O 5SS IS5 e
Inorganic Fertilizer ssas o dlacs
NH:+HNOs;—NH;NO3;
AAAISLS Al Ammonium sulphate (NH,),SO, asaisaV) Ol oS #7153 ¢
Inorganic Fertilizer ssas = Jdlaos
2NHs+H-SO,—> (NH4)2S04
s Ammonium phosphate (NH4)3PO,s assisa) Clac g3 z 155 -2
Inorganic Fertilizer ss«as & MacsS 23355
3NHs+H-PO.—> (NH.)sPO.
3laall Andlea 2 2235 .5 5 chloramine 33la juiaas 7
Cl+2NHz:—NH-CI1+-NH4C1



Preparation of Schweizer's reagent  [Cu (NH3)4(H20)2] (OH)2 Tetraamminediaquacopper (II) dihydroxide - 77

It is notable for its ability to dissolve cellulose

Cellulose Molecule

CuSO4+ 2NH;OH —3=Cu (OH) ; + (NH4)2S04

Cu (OH), +4 NHs0H —3» [Cu (NH3)s(H,0) 2] (OH) ; + 2H,0



Preparation of Tollens' reagent
Alkaline solution of [Ag (NH3)2] NO3; Diammine silver (I) nitrate

2AgNO; + 2 NaOH —p» A220 (brown ppt) + 2NaNO; + H:20

Ag:0 (brown ppt) + 2NaNO3 + H20 + 4NH; —3m= 2[Ag (NH3)2] NOs + 2NaOH

It is used for Qualitative detection of aldehyde compounds

2[Ag (NH3)2] NO3 + RCHO + H20—3» 2Ag (silver mirror) + 4NH3 + RCOOH + 2HNO3




Properties of NH3 gas
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ammonium hvdroxide ¢ s UgSa slall 2 gy 43
NH;+ HOH —— NH,OH
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Does not burn and does not help-flammable
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Colorless and has a pungent odor
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chloride

NH; + HCl— NH,(CI



Forms brown ppt with Nessler's reagent -5

Nessler's reagent | 19.
Alkaline solution of K; [Hgls| Potassium tetraiodomercurate(II) \
/ |

HqCl, + 2KI > Hl, + 2KCl |
Hgl, + 2KI > Ko[Hgly]

0.09 M solution of (K2[Hgly]) in 2.5 M solution of KOH forms Nessler's reagent

Used to detect ammonia

2KoHgly + 3KOH+ NH3 - NH>-Hg-o-Hg-I (Millon’s base) (brown ppt) + 7KI+ 2H20



Synthesis of ammonia gas NH3



b |NH3 yuan’ (§ |

e ) A A,
Reaction between
| Haber Bosch | NH4 Cl1 & Ca(OH)»
| I
200 atm 2NH4Cl+Ca(OH):
500 °C Heat
N> + 3H> . 2NH3 l ca

Catalyst such as Fe or Mo 2NHs + 2H>0O +CacClz
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Cyanamide method

1000°C
(a0 + 3C—— (aC; (calcrum carbide) + CO

3000°C | |
CaCN;— CaCN; (calerum cyanamide) +C
3-4 atm
CaCN2+3H,0—— CaCO3+2NH;

Ao 1y )
Nitride method

ALOst 3C+ Ny— 2 AIN (aluminum nitride) +3CO
AN#3H0 —  Al(OH)3t NH;




Manufacture of sulphuric acid
H,SO,



Manufacture of sulphuric acid H-.SO
= Frasch process for extraction of sulphur
s SN ("
— L
[ : — -:I T T T

 Combustion of sulphur in oxygen atmosphere

to produce sulphur dioxide (S0O5)
S+0->—=>S0->

o Oxidation of sulphur dioxide (SO.) to sulphur

trioxide (SO53) using lead chamber process or

contact process

SO>+0.5 Ox+ catalyst—>S0Os

= Reaction between sulphur trioxide and water

to produce sulphuric acid (H,50,)
SO;+HO—>HS-S0,



Lead chamber process :
",/

S0, e
r ol jle L

503

; i 0
Nitrogen| [
oxides .

t Wﬂrll ;;;‘-..U / g}’@' I
-

Nitrogen :
gas
? ; o J'a
ey e——

..J ol JI G [ d gl

a0 A T




I Contact process I
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SO, (7%) O, (10%) q"\‘/ ;9)3"‘" fuming :
N, (83%) ek su!phurlc
acid
H,O
Note : SO3+H,S0;—H,S5,0, (oleum or fuming sulphuric acid ) H250,

H2S,0; + H20—2 H,50,




s Jodl Jelid) s 500 °C V05

% 96 % SO
S0, (7%) O, (10%) N, (83%) 0903

700 0 C
V,05

85 % 503
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Manufacture of NaOH
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2s¥) ke chlorine (Cly) s jle xlal ()
Y1 Al Gl (. gall )
2CI —Cl+2e
Sodium hydroxide s sall M55 0m aaath (&)
ibeal i (ol ikl 5 A0 i (NaOH)
- 41y
Na* +H,0 = NaOH +H’
2H +2e S H,
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2NaOH+ Cl,—NaOCl (sodium hypochlorite)(explosive) + NaCl+ H,0
H,+Cl,— 2HC]
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at cathode in first cell 2Na* + 2e- — 2NaHg amalgam

at anode in second cell |2 NaHg amalgam — ZNa™ + 2e’

Na* + OH = NaOH

at cathode in second cell

Na* + H,0O = NaOH + H*

2H" +2e 2> H;




Manufacture of cement



Definition of cement:] Cement is a binder, a substance used in construction that sets,
hardens and adheres to other materials, binding them together.
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[Composition of cement: A oy (lanal) Lgadany e 4GY) LalSY) Gada Aty L

I | 1 | :
S1Q2 ALOs CaO Fe20s

S laidl) sy A jlaii) gy C  ladd) gy F laid) (s,

Ay A& ) gal) Cpa T‘E wudsy) oia &

Limestone ¢ sl 1],

Comnsist of CaCO3 + small amounts of Si0O:2, ALO3, Fe:03 etc.
CacCOs+ heat (at 850 “C) —-CaO+CO-

Cla}' m', -
Consist of 50 % Si02, 14-16 % Al203 + small amounts of CaO, Fe:03, etc.

Sand i
Consist of 70 %0 SiO2 + small amounts of CaO, AhO3 . Fex0O3 etc.

Lgans A SaeulSY) 22l o Ao gha Ao V22 . ol (3 ala =
Clinker phases _S3S3 ) slal (e ba 4S5 9Sa anal)
[

(CZSJ cEBSJ CEIAJ CdAF)
For example C3S means 2 molecule of CaO
associated with 1 molecule of SiO>

' calcium sulphate CaS0;.2H,O0 SYPSUIM .uall 3alka A3l +
StaaN A 5 (Slg mmladl) (s U semall clinker




Siliceous

Calcareous

Portland Slag Silica
Property (ARSTM C618 Class F) (ASTM C618 Class C)
Cement Cement  Fume
Fly Ash Fly Ash
5105 content (%) 219 22 39 Jo| 6597
AlsO content (%) 69 23 18 12 -
Fe,05 content (%) 3 1 b 1 —
Ca0 content (%) 63 J 21 40 <1
MgO content (%) 23 — — — —
504 content (%) 1.7 - - - -
Specific surface? 15,000-
370 420 420 400

(mkg) 30,000




