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Phase Diagram for CO,
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Phase Diagram for H,O
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Mas [crpiccc in Focus

Soap Bubbles

BY JEAN-SIMEON CHARDIN




The Liquid State

- Density
» Compressibility

+ Diffusion

» Evaporation

» Vapor pressure

» Surface tension

- Viscosity

» Adhesive/cohesive

forces

» Capillary action



£
=
g
=
a

Density of Ice and Water

100D

09900

0.99958

0. 9997

0.9180

0.9170

Supereritical
c fluid

213!

1 Atmospheric
0 pressure *

Normal Normal
0.006 | freezing boiling
point point
Hz0

Pressure (atm)

b

6420 2 46 810 0.01 1003742
Temperature (°C) Temperature (°C)



Compressibilit

Critical point

Violumea

Wholly gaseous




Surface Tension
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Equilibrium Vapor Pressure




Vapor Pressure Curves
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Trouton's Rule

An interesting and useful "approximation:
» Says that the ratio of the heat of vaporization
and the boiling point is (roughly) constant.
AH,qp/ Ty, ~ 88 J/mol

» Boiling point of cyclohexane is 69°C. Therefore,
AH,q, = (69 + 273)(88) ~ 30 kJ/mol
which is within 2-3% of the experimental value.

* Works well for unassociated liquids and gives
useful information about degree of association.



Trouton's Rule

Nonassociated (ideal) liquids, AH,,,/ T, , ~ 88 J/mol
carbon tetrachloride
benzene
cyclohexane
Associated liquids, AH,,,/ T, , > 88 J/mol
water (110)
methanol (112)
ammonia (97)
Association in the vapor state, AH, /T, , < 88 J/mol
acetic acid (62)
hydrogen fluoride (26)



Colligative Properties
- Thought Experiment -
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(a) Sea water (b) Pure water



Colligative Properties
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Raoult's Law

- Nonvolatile solute in volatile solvent:

po: poxsolvenT o

P" - P =4p = p Xeolute

+ Elevation of the boiling point: AT = K, m

+ Depression of the freezing point: AT = K¢,m

+ Osmostic pressure: 1 = cRT



Boiling and Freezing Point
Constants for Some Solvents

Solvent Solvent K;(°C/m)
water water - 1.86
acetic acid -3.90
heficetie chloroform -4.68
s benzene =5.12
naphthalene =7.00
chloroform camphor -40.0

carbon tetrachloride

ethyl alcohol
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Phase Diagram for H,O
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Colligative Properties

* Elevation of the * Lowering of the
normal boiling point normal freezing point
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Super Slurper




Super Slurper

» "Slurper” molecules
are polymers with
hydrophilic ends
that grab onto
water molecules.

+ Sodium salt of
poly(acrylic acid).
« R-COO-, Na*




Osmosis/Osmotic Pressure

Applications:
- Treating industrial wastes
- Pulp and paper manufacture
- Reclamation of brackish/salt water
- Sewage ftreatment
- Electrodialysis
- Many biological/ecological processes
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Osmosis/Osmotic Pressure

Sugar solution —_| I8

. [ |
Semipermeable _ ||
membrane
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Osmosis/Osmotic Pressure

+ DRIED PLUMS... (used to be"prunes”)

- Carrots

* Eggs

- Blood cells



(a) Isotonic solution (b) Hypertonic solution (c) Hypotonic solution



Osmosis/Osmotic Pressure

In dilute solutions:
TV = n,RT = [g,/M,IRT
TT = cRT where ¢ ~ mol/L

Solubility of hemoglobin in water is 5.0 g/L

Strategy/LOGIC?
TM=1.80X 103 atm @ 25°C
C =TI /RT = mol/L
MW = [g/L])/mol/L] = g/mol



Normal and Reverse
Osmotic Systems




Desalting Water on Catalina Island

Reversa osmosis, a popular tachnology for small- and medium-sized desalting plants, will be used on Santa
Catalina Island off Califomia. It s the first seawatar-desalting plant for an American residential community.

H Salt water 5 filterad to ramove
big particles.

A pump pushes tha salt water
Ehmamm&mﬂmm

E Cylinders with membranas rémowva
impurities and sal from the w'atﬂ;
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DRINKING Storage
WATER tank

CO: tank SALT WATER

Chiorinator
Source: Harmiton "at Chemicals are usad to disinfect
Cove ASSOCiElas 5 the walar and make it less acidic. Seawater wells




Example

Estimate the "back pressure” needed to
obtain pure water from sea water by
"reverse” osmosis.

Strategy/LOGIC?



Van't Hoff i-Factor

+ Colligative effects
depend on number
of particles.

+ Tonization and
dissociation
multiply colligative
effects.

» Association acts in
the opposite sense.




Acetic acid (CH; COOH)
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Van't Hoff i-factor
AL

+ _ _electrolyt

| =
A-Ir:onel ectro

AT = IKypm (boiling point elevation)
AT = IK¢psM (freezing point depression)
T = icRT (osmotic pressure)




Natural de-icer means
you’'ll have to shovel less
this win’re
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Another Estimate Problem

* ... the lowest temperature your car
radiator fluid could withstand and
still remain fluid if your car radiator

fluid was... VODKA!

* Strateqgy/LOGIC?
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Simple Distillation

- Mixture of benzene and toluene form a

nearly ideal solution.

- Use Raoult's law to calculate the

composition of the solution.

- Use Dalton's law to calculate the

composition of the vapor above the solution

* Vapor is “richer” in the more volatile
component.



Partial Pressures and Total
Pressure in a Binary Mixture
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Binary mixtures of
Volatile Components

Nearly ideal Positive deviation Megative deviation

Minor differences between intra- and Intramolecular forces favored: Intermolecular forces favored:
intermalecular forces hetween A=A and B-B types A-B and B-A types
malecules




- Fractional distillation...

Distillation

- Simple distillation...

as recorded by Maxfield Parish
in his freshman chemistry
laboratory notebook.

on a laboratory scale of 1000mL/h
- Separation of petroleum

hydrocarbon mixtures on an
industrial scale ~50,000 gal/d




Benzene and Toluene form
an ideal solution
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