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ég% — Pectune 16 Solids shork notes, ;é
SOLID STATE / NUMS/NEET
1. TYPES OF SOLIDS B

CRYSTALLINE AMORPHOUS

* Regular Arrangement * Irregular arrangement
nacl[| | ® Sharp Melting Point * Softens over temp. range
¢ Definite Cleavage Planes * No definite cleavage
* Anisotropic * Isotropic
¢ Pseudo-Solids
Examples: Rubber, Glass

2. CRYSTALLINE SOLID PROPERTIES

"% GEOMETRIC SHAPE Q@ MELTING POINT [
.! Definite Geometry % - Sharp M.P. §
istinct habit Specific temp.

~
CLEAVAGE PLANES <7
Breaks along deﬁmte

CRYSSOY}BIEI NE planes, often inclined
Repetitive element: elements ANISOTROPY

Center Direction-dependent properties
Plane |- Refractive Index
Axis [~ Thermal Conductivity

I= E|ectr|ca| Conductivity

(— Co-eff. of Thermal Expansion

Examples: NaCl, Ice, Sucrose

3. KEY CRYSTAL PHENOMENA L Cleavage
* HABIT 4. LATTICE STRUCTURE
* Normal %rowth shape
ISOMORPHISM oty o pils T e
+2 compounds —> same form; e sglsri‘ttiso{gr it
identical atomic ratio - 3D
ex: KNO3, NaNO; Py

* POLYMORPHISM
«1 compound - multiple forms

CRYSTAL STRUCTURE

ex: AgNO;

« ALLOTROPY External FACTORS
« 1 element - multiple forms « Depends on « Uhit Cell Shape

conditions, e.g., NaCl

ex:Carbon =5 is cubic, but octahedral * Uhit Cell

Graphite

« TRANSITION TEMP,  "°™ | | withurea Contents
« Equilibrium temperature, Internal
where 2 furms co-exist * Basic unit,

E.g., Grey tin = White tin @ 13.2°C repeating in system
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%2 UNIT CELL & IONIC SOLIDS (Nacl) /

@ UNIT CELL (GENERAL) ;é: (2) CLASSIFICATION OF SOLIDS

Smallest repeating structural unit —> IONIC SOLIDS ﬁ
showing crystal pattern.

Electrostatic
Crystallographic [Forces / Ionic] 3D Arrangement
/) Elements Bonds
S PROPERTIES
g2 !! [n?:—xr:gl‘:’] Structure based on
a d,bc By Radius Ratio (%)
Cubic Unit Cell

& CONDUCTIVITY SOLUBILITY
ATOM CONTRIBUTIONS [:

Position | Contribution | Visual (x ,ﬁ:ﬂ;tm)
Corner | 8x1/8=1 =]
Face 6x1/2=3

Edgel | 12/4=3 = /Conductor due
Center 1x1=1 o] to free ions

 SODIUM CHLORIDE (NaCl) STRUCTURE <= @

v ¥
Polar Non-Polar
Moltenl{ Solution :L/

(e.9. H;0)  Non-Polar
(X e.g. Benzene)

—> 6:6 coordination
] o Na*) - Anions (CI”)
)

e Total CI™ ions : 8 x % (Corners) + 6 x % (Faces) =1+3=4CI"
o Total Na* ions : (similarly) 12 x % (Edges) +1x 1 (Body Center) =3 +1=4 Na*

© KEY CONCEPTS == ff

‘CRITICAL THINKING’ } based on Q.3
CATION SIZE TREND (Isoelectronic Series)

Isoelectronic ions (same electrons) size
decreases as positive charge increases.

Order : Na* > Mg?* > AI** (charge ™, 2,4 1)
@® Option A Option B
© Option C @ Option D o a

KED-DRDIVNAT_ID_N NUMBER (C.N.)
Number of oppositely charged ions
surrounding a particular ion.
For NaCl : C.N. of Na*=6

CN.of CI"=6

8
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‘FACTORS AFFECTING THE SHAPE OF
IONIC SOLIDS & LATTICE ENERGY’

®
®
®

There are three main factors
affecting an ionic crystal’s
shape:

@ (i) Radius Ratio
The structure and shape depend on
the radius ratio of cations and anions.

— FORMATION OF Na* IONS
A Na (2,81) = Na* (2,8) § sotion COMBNEDLE _ No(g) + CI() —[BH =787 omor
ELECTROSTATIC (EXOTHERMIC)
FORMATION OF CI IONS TR
> 1 (287) > O (288) Kromen

Electrostatic Force of Attractions @47@
Radius Ratio O © Zk
Poor Conductivity E:l‘}

@ ' Electrostatic Force of Attractions 5
Tonic solids are composed of cations (+) and anions (=), held by strong

electrostatic force, forming a well-defined geometric shape e.g. NaCl formation.

©—2 In a crystal lattice of NaCl,

i EACH Na* is surrounded by
© 6 CI" ions, and EACH CI" is

© surrounded by 6 Na* ions.

%
_ Radius of cation | -
Radius of anion

Radius Ratio (£1)

Examples of different geometry: NaCl u’n’d CsF have different shapes because their

radius ratio is different.

_No. [ Shape of lonic Solid | Limiting Radius Ratio (r*/r) | Examples |
A Triangular 0.15 t0 0.22 - A
g
VN Tetrohedral 022 to 0.414 ZnS A
& [3 Octahedral 0.414 t0 0732 NaCl |
4| Body-centered cubic 0.732 and above CsCl
@) (ii) Poor Conductivity @ o, 230
SOLID STATE |——> DOES NOT X 5 ®
o @ lons fixed at position, No free ions  CONDUCT NaCl(s) Wy Nq*(og) + CI-(ag)
& MOLTEN OR AQUEOUS |, CONDUCTS Erustal latlice I brokery
SOLUTION ELECTRICITY Ioiid tre Eeivota

Tons are free to move

(@) LATTICE ENERGY

<=The amount of energy released when
gaseous ions combine to form one
mole of crystalline ionic compound.
Nn‘(g?g Cl"(g) — NaCl(s)
7 :

= =787 kJmol™"

=> The amount of energy required to
break one mole crystal lattice into
its gaseous ions.
NaCl(s) — Na*(g) + CI(g)
AH = +787 kimol!

FACTORS AFFECTING LATTICE ENERGY

e

(a) Size of ion (cation or anion)
« Lattice energy o Charge/Size

®e ©e

large ions have
weak bond

Size
increasing

small ions
strong

+ Packing af opposite ions less
tight when size increases.

"
(P4

KBr: -665

o Hundunitton, Netes by

(b) Charge of ion (cation or anion)
Lattice Energy | © Lattice energy increases with

decreasing | | increasing ionic charge.
o @ "
Multiple charges
0o | =2 .
<<~ create more attraction

[ S@P fines.

@o | *Increase in charge increases

®o | clectrostatic force of attraction,

9o | thus lattice energy also increases.

(=] “ﬁ vs. Q?@Q
Prof. Shahgad Mag”
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SOLID STATE: CLASSIFICATION & MOLECULAR SOLIDS
(LECTURE 16 SHORT NOTES)

MOLECULAR SOLIDS
[Definition] ~ Constituent Units:
Solid —> Polar/Non-polar Molecules
(or Noble Gas Atoms)

Held by Intermolecular Forces

1. Van der Waal's
a. London/Dispersion
b. Dipole-Dipole

2. Hydrogen Bonding

<
/ Soft & Compressible i
E@perﬁef’

Volatile (Low Melting/Boiling
Points)

™ Bad Conductors of
Electricity # é
Sublime Easily - x/

(e.g., Dry Ice, I,)

Face CenteLed_.Cu@: : Structure

of Todine (I,)

<> Todine (I) Case Study
Structure]: Face Centered Cubic (FCC)
Units]: Lattice points occupied
by I, molecules.
Bond Distance
I-I (Solid) > I-I (Gaseous)
2715 pm 266.6 pm
Key Property]: Sublime solid.
Form] : Molecular Solid in Layer
Lattice.

Conductance]: Poor conductor.

COMPARATIVE STUDY OF SOLIDS

TYPICAL PROPERTIES | EXAMPLES

« Variable hardness & MP|« Na, Mg, Al,
o Lustrous | Ductile | Fe, Zn, Cu

Malleable A ? W. !
« Excellent Thermal & 9

Electrical conductors
«Hard | Brittle | High MP
 Non-conductors (solid),
but GOOD conductors
(molten/dissolved state)
« Soft | Low MP

« Non-conductors
« Sublime easily

NaCl, NaN0,,
Mg0

*Noble gases,
CHa, CO,, Py,
Sg, I, H;0

SOLID | STRUCTURAL | BONDING/
TYPE UNITS INTERACTION
Metallic | Cations + |+ Mefallic bonds
sea of
@ delocalized &

Hnic «Cations + | Electrostatic
@ + attractions
m Anions (e.g., NaCl)

Molecular | Molecules -Infermz:lecular

o |(or atoms of | Forces (London,

‘D Noble gases) | Dipole-Dipole,

£ H-Bonding)

Covalent |+ Atoms « Covalent

@ Bonds

« Very hard
« Very high MP
« Non-conductors  //
(typically)

\CHEMISTRY TRICKS J

by Shahzad Nazir




