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CHAPTER 10
LIQUIDS AND SOLIDS (IMFs)

Intermolecular Forces [10.1]
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IMF (Intermolecular Forces) vs KE (Kinetic Energy)

INTERMOLECULAR FORCES OF ATTRACTION
+ vehicle through which atoms and molecles interact

+ they are often pulled toward each other (analogous to the moon and the earth)
+ vehicle through which they “feel” the presence of one another

KINETIC ENERGY (KE)

easing KE (temperature)

* provides the energy to overcome attractive forces
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Forces Between Molecules

VAN DER WAALS
« collective term for all attractive forces between neutral species
* there are three “types” of van der Waals forces.

THREE TYPES OF van der WAALS FORCES

* Dispersion Forces (aka London Forces) — these are the weakest
* Dipole-Dipole — these are intermediate in strength

* Hydrogen Bonding — these are the strongest

28 % 1x
Intramolecular force Intermolecular force
(strong) (weak)
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(NOTE: a fourth oft-discussed force is ION-ION, but these are not van der Waals, as the species are not neutral.)



Dispersion Forces
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+ Dispersion forces are fleeting, but nevertheless significant... as soon as the disappear, they
re-appear
* Extremely weak, but ever-present



(EX) ¢ For the halogens shown in the following tabl, explain the BP and FP trends
interms of intermolecular forces (IMF’s)?

Melting and Boiling Points of the Halogens

fluorine, F, 38 g/mol 72 pm 53K 85K
chlorine, Cl, 71 g/mol 99 pm 172K 238K
bromine, Br; 160 g/mol 114 pm 266K 332K

iodine, I, 254 g/mol 133 pm | 387K 457K
astatine, At; 420 g/mol 150 pm | 575K 610K

Table 10.1
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(EX) ¢ Arrange the hydrocarbons: C,, C;, C,, in order in increasing boiling points?
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(EX) ¢ Which has the larger boiling point: n-pentane or neo-pentane?
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So, just how does a Gecko work?

Besides selling insurance, they can walk upside down on a ceiling, despite
gravity. How do they do it?
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Dipole-Dipole Attractions
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Hydrogen Bonds
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Relative Strengths

dispersion < polar < H-bonding < ion




(EX) ¢ Arrange the following in order of increasing BP: HBr, HF, HI, HCI?
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PROPERTIES OF LIQUIDS [10.2]

Viscosity
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Viscosities of Common Substances at 25 °C

Substance Formula Viscosity (mPa-s)
water H.O 0.890
mercury Hg 1526
ethanol CzHsOH 1074
octane CgHig 0.508
ethylene glycol | CHx(OH)CH;(OH) 16.1
honey variable ~2,000-10,000
motor oil variable ~50-500
Table 10.2
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Surface Tension
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Waxing True

Cohesive and Adhesive Forces

— STl i 2 dffeudk sub<lans W coo et y have
C.pra(?w#_.’?“f&s.’ CQHESIWS w, ADHESIVG

(A Ca

T Ef T 7 AR 777
[ | 2on | | RO~
Cohasta (L-UY) < Adharse (W-F) Glase (0) 5 Adhesie (s - o)

Ywds les o pwve fhon ol ” 7 odte Thas Lde kot o Wax 4



Capillary Action
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Calculation: Height of Liquid Rise
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(EX) You want 25°C water to rise 8.4 cm. What diameter capillary tube do you need?
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lonic Strength: Rule of Thumb Det’n

(EX) ¢ Arrange in order of increasing melting point?
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PHASE TRANSITIONS [10.3]

6 Phase Transitions

Vaporization & Condensation

Gas
Equilibrium...
+ occurs when rate(VAP) = rate(COND)
* Lig and Vap are said to be “in equilibrium”
+ dynamic: no net change, but lots of movement & Q
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Melting
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Vapor Pressure

* pressure exerted by a gas on its
liquid surface

Molecules
escape surface
and form vapor
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Affect of Kinetic Energy, KE
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Boiling Points, and their Relation to VP
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(EX) VP vs. BP
¢ Will a compound with a higher VP than another have a (higher | lower | can’t tell) BP?
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Mathematical Relationship among BP —Temp —Pressure
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(EX) ¢ The normal BP(acetone) = 56.5°C and AHv(acetone) = 31.3 kJ/mol. What is ht

eVP at 25.0°C?
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My Problem Solving Approach: “head EAST”
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LECTURE STOP




Enthalpy of Vaporization

+ Vaporization is ENDOthermic
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Sublimation & Deposition
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Calculating Phase Change Energies

Q = m-AH,
Q = m-s-AT



10,9b
(EX)|¢, How much heat is required to evaporate 100.0 g of liquid ammonia (NH3), knowing

AH\/@: 4.8 kJ/mol?
v S

= m-AH,

BEE— = [00.04 ¢ LI l il - lg ]éj/
( | 1y 1"to }

s,
1C14)230)= 17

Dk 43T |‘°°°"| mds 282354 = |23 KT

\ mal | IEXN




Heating & Cooling Curves
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(EX) ¢ Calculate the amount of heat, in kJ, required to convert 180.0 g of water at 10.0 °C
to steam at 105.0 °C? —
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PHASE DIAGRAMS [10.4]
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(EX) Critical Temp Phenomenon

¢ If we shake a carbon dioxide fire extinguisher on a cool day (18 °C), we can hear
liquid CO2 sloshing around inside the cylinder. However, the same cylinder appears
to contain no liquid on a hot summer day (35 °C). Explain these observations.?

1,000,000 —

100,000 — Solid

Liquid ScF
10,000 —

Pressure (kPa)

1000 —

100 €55

10 T T T T T T T T
-100 -50 0 Tc 50 100
Temperature (°C)

Solution

« On the cool day, the temperature of the CO2 is below the critical temperature of
CO2 , 304 K or 31 °C (see Table), so liquid CO2 is present in the cylinder.

+ On the hot day, the temperature of the CO2 is greater than its critical

temperature of 31 °C. Above this temperature no amount of pressure can liquefy
CO2 so no liquid CO2 exists in the fire extinguisher.
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Decaffeinated Caffeine and
beans water

@ (b)

(a) Caffeine molecules have both polar and nonpolar regions, making it soluble in solvents
of varying polarities.

(b) The schematic shows a typical decaffeination process involving supercritical carbon
dioxide.
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