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INTRODUCTION

» Partially miscible liquids form two phases at certain temperatures.

Non-miscible

MISCIBLE vs. IMMISCIBLE LIQUIDS
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What Are Partially Miscible Liquids?
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Licguict

\

Temperature

Licguid Liguid
and Solicd A and Solid B

Solid A and Solid B

Mole Fraction of B

Liquids with limited solubility that become fully miscible above CST
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Types of Miscibility
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WWW.SNSEroups.com

Complete Partial No
Miscibility Miscibility Miscibility
two liquids liquids mix liquids do not
mMix uniformly partially forming mix, forming
two phases separate layers
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Critical Solution
Temperature Overview

L

v v
Upper Critical Solution Lower Critical Solution
Temperature (UCST) Temperature (LCST)

UCST - temperature above which LCST - temperature below which
liquids are completely miscible liquids are completely miscible
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Phase Diagram Example: Phenol-Water System
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50 -
— o
*Phenol and water are partially miscible liquids. £
S
*They form two phases below the critical solution =
\% 4 Upper Critical Solution
temperature (66.8°C). = 3 - Tmparaire: 66.8°0
*Above this temperature, they are completely miscible =
1
in all proportions. s

0] 66.8
Temperature (°C)
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Lower Critical Solution Temperature (LCST) o
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Complete Miscibility Temperature 1
%\ (Single Homogeneous Phase)
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g— Partial Miscibility
S (Two Liquid Phases)
Low Temperature: High Temperature:
- Partial Miscibility Complete Miscibility
X
Temperature (°C)
Phase diagram with LCST behavior Miscibility decreases above LCST
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Phase Rule & Partial Miscibility

*Phase rule formula: F=C—-P+2F=C—P+2

»FF: degrees of freedom (variables that can change)

»CC: number of components

»PP: number of phases present
*Partial miscibility shows different phases depending on temperature.
At certain temperatures, two liquid phases coexist (P=2)
*Above or below that temperature range, single phase exists (P=1).
*Number of variables that can be independently changed depends on

phases present.
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F=C-P+2

F (degrees of freedom)
C (components)
P (phase)

n phasees

0} 2 4 6 8 X
Phases vs Temperature

Phases vs. temperature with phase rule equations
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Factors Affecting CST
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Temperature Impurities Pressure

Temperature Impurities Pressure
increase shifts CST

= - =4

Impurities shift the Impurities shift the phase
phase boundary boundary

«/‘
Pressure 7 /-\/

Pressure affects miscibility
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Factors Influencing
Critical Solution

Temperature (CST)
v \4 v
Temperature Impurities Pressure
Increased Impurities Increased
temperature shifts lower or shift  pressure affects
UCST higher CST value miscibility
and CST
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Examples of UCST & LCST

a

At

Phenol-Water Triethylamine- Nicotine-Water

system Water system system

(UCST (LCST (UCST)

~66.8° ~19°C) UCST
°C) ~61°C)
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Applications of Partially Miscible Liquids

a

Extraction Drug Polymer
Formulation Design

Separation of Stable drug Tailored material
components delivery systems properties
in Mixtures
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Practical Uses in Industry & Lab
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Separations Polymer Pharmaceuticals

Liquid-Liquid Solutions Drug Development
Extraction Structures & Material Lab & Medicine
Equipment Processing Manufacturing

Polymer Structures &
Material Processing
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Eftect of Impurities & External Conditions >
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Impurities shifting CST Temperature and impurity effect graphs

Pure System: Impure System:
CST at 30°C CST shifted to 25°C

1 30°C 1 25°C

Temperature and Impurity Effects on
Critical Solution Temperature
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Miscibility & Phase Diagrams WWorrs
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Y Critical Point

*Tie Lines: Connect compositions of two
coexisting liquid phases at the same temperature.
*Phase Boundaries: Curve separating single-

phase region from two-phase region.

@)
<
fb)
S
=
0D
S
D
o
5
I_

O

Critical Point: Highest temperature where two

: phases can coexist.
0 1 2
Composition (mole fraction)
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Use of Phase Diagrams in Industry

100

1000 /
10 S
20
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o 2¢ > 50 s

. Identify Critical
Phase Diagfam ’ Points Regins

Analysis -

200

Design
Separation Separation
Processes Processes

Optimize
Production

Quality

Control

PP-1|PARTIALLY MISCIBLE LIQUIDS | DR. JUSTIN SAJIABRAHAM | AP |SNSCPHS.

Identify Critical
Points and
Phase Regions

Determine
Operating
Conditions

b




Experimental Determination of CST

Observe turbidity and
temperature changes

Cloudy two phases
(intermediate temperature)

Clear again Observe cloudiness
(temperature continues -
to change) disappear
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Summary of Key Concepts
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u
UCST vs LCST

Partially
Miscible Liquids

Factors: T, Impuirities, P

Tactors: T, Impurities, Separ-atiory

a4

.”
I Phase Diagram

Applications: Extraction, Pharma, Polymers Importance
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Assessment

Quert1: Which diagram represents UCST behavior?

e

A

2. What happens to miscibility above the UCST?

A C

-
-

3. Which system shows LCST?

M S

B C
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Key Sources:
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Further Reading:

*Phase diagrams in binary systems

*Critical phenomena in thermodynamics
*Miscibility and solubility in pharmaceuticals
Industrial applications of liquid-liquid extraction
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