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e Emulsion is a thermodynamically
unstable system of at least two
immiscible liquids.

® One liquid is dispersed as globules
(internal or dispersed phase) in
another liquid (external or
continuous phase).

e Stability is maintained by an
emulsifying agent or emulgent.

e Emulsions are coarse dispersions
with globule size about 0.1-100 pm.

e Qil-water oral liquids that must
be shaken before use are
common emulsions.

e Emulgent forms a protective film
around dispersed globules.

e Examples: oral emulsion, cosmetic
emulsion, parenteral emulsion,

diagnostic emulsion.
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e.g, Castoroil, i e.g, Vanishing | Fat-soluble vitamins,g Radio-opaque
Cod liver oil i cream i AD,EK,etc. | emulsion for X-ray

dispersed globules.
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e J3riaRe®/faaRa axor = dispersed
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continuous phase|l
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e JqQIgUl: oral, cosmetic, parenteral

dT diagnostic emulsion|
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@) English Explanation

e O/W emulsion: oil is dispersed
phase and water is continuous phase.

Preferred for internal use; common
example: vanishing cream and
many oral emulsions.

W/0 emulsion: water is dispersed
phase and oil is continuous phase.

Mainly used externally; common
example: cold cream.

Multiple emulsions contain more
than two phases.

W/O/W = water globule inside oil
droplet dispersed in water; O/W/0 =
oil globule inside water droplet
dispersed in oil.

Multiple emulsions are also called
liquid membrane systems.

Micro/nanoemulsion: 10-200 nm,
transparent or translucent,
thermodynamically stable.

Fine emulsion: 0.25-25 pm,
milky appearance.

N

TYPES OF EMULSION
O— AR b YbR —

{

CLASSIFICATION OF EMULSIONS

-

O/W

Oil in Water
(Oil dispersed
in water)

@ Oil (dispersed)
@ Water (continuous)

® Water (dispersed)
@ Oil (continuous)

w/0 W/0/W
Water in Oil Water in Oil in Water
(Water dispersed (Water globule in oil
in oil) droplet dispersed
in water)

. Water (external continuous)
@ Oil (dispersed)
@ Water (internal globule)

e
0O/W/0

Oil in Water in Oil
(Oil globule in water
droplet dispersed
in oil)

@ Oil (external continuous)
@ Water (dispersed)

@ Oil (internal globule)

~~ .
ey [ SIZE SPECTRUM: EMULSION SYSTEMS } """ =
: : =7
200 nm 0.25 pm 25 um
N ™
MICRO/NANOEMULSION FINE EMULSION
10-200 nm 0.25-25 pm
Transparent or translucent, '
thermodynamically stable. Milky appearance.
#F % Y

e O/W 39ceM ¥ dd dispersed phase

@AT S continuous phase gidT g1

Ig HiaRS I7ANT & fefy Iuged
gIdT §; 3TEIT: vanishing cream
a1 &3 oral emulsions|

W/0 38e3M ¥ Sfe dispersed phase
@AT At continuous phase BIdT g

Ig Y&Id: Te 394N H B 7T §;
JGI8¥0T: cold cream|

& ¥ 31 T Il SHEYA B
multiple emulsion &&d &1
W/O/W = Siei-Tellegel aTel del B0l
od #; 0/W/0 = dd-Teligel drel
ST BT ded H |

Multiple emulsions @T liquid

membrane systems t &gd 2 |

Micro/nanoemulsion: 10-200 nm,

yREeff/3reureeft,

thermodynamically stable |

Fine emulsion: 0.25-25 pm,
g=Ia: milky fEaar g1




English Explanation

e Surface active agents or
surfactants act as important
emulsifying agents.

e A surfactant has a hydrophilic
polar head and a hydrophobic
non-polar tail.

® Anionic agents (negative charge):
sodium lauryl sulphate,
sodium oleate,
sodium cetyl sulphate.

e (Cationic agents (positive charge):
cetrimide,
benzalkonium chloride.

® Non-ionic agents (no charge):
Spans, Tweens, Myrj 45,
Brij 35, Pluronics.

e Ampholytic agents (charge
depends on pH): lecithin.

® These agents reduce interfacial
tension and stabilize dispersed

globules.

SURFACTANT
EMULSIFYING AGENTS

-——aﬁa—:ézguﬂﬁm@z—-

N
S
POLAR HEAD (Water fearing /

(Water loving) \ ' / Qil loving)

STRUCTURE OF A SURFACTANT MOLECULE

\ .
e X
CLASSIFICATION OF SURFACTANT EMULSIFYING AGENTS
ANIONIC CATIONIC i NON-IONIC AMPHOLYTIC | FUNCTION
AGENTS AGENTS AGENTS ; AGENTS
(Negative { (Positive i (NoCharge) i (Charge depends
Charge) Charge) ; on pH) @
sodium lauryl cetrimide, Spans, 5 lecithin. Reduce interfacial
sulphate, | benzalkonium |  Tweens, ! : tension and
sodium oleate, chloride. Myrj 45, stabilize
sodium cetyl Brij 35, dispersed
sulphate. Pluronics. globules.
e Y,

® Surface active agents IT surfactants
HEaul emulsifying agents &1 & |

e Surfactant & hydrophilic polar head
dAT hydrophobic non-polar tail

giaT gl

® Anionic agents (negative charge):
sodium lauryl sulphate,
sodium oleate,
sodium cetyl sulphate|

® (Cationic agents (positive charge):
cetrimide,
benzalkonium chloridel

® Non-ionic agents (no charge):
Spans, Tweens, Myrj 45,
Brij 35, Pluronics|

e Ampholytic agents (pH W
charge SgadT 8): lecithin|

® I agents interfacial tension &9
&P dispersed globules i
f@R #d B
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(@é) English Explanation

e Hydrophilic colloids are

useful emulsifying agents.

Natural plant origin: acacia,
tragacanth, agar, starch,
pectin, Irish moss.

Natural animal origin: gelatin,
egg yolk, wool fat (lanolin).

Semisynthetic agents: methyl
cellulose, sodium CMC,
hydroxypropyl cellulose.

Finely divided solids can also
stabilize emulsions.

Colloiidal clays: bentonite

and veegum.

Metallic hydroxides: magnesium
hydroxide, aluminium hydroxide,
magnesium ftrisilicate.

Such agents form protective
films or rigid interfacial barriers

around globules.

OTHER EMULSIFYING AGENTS /

— 31T SHCIIBIET Toie —

/—C CLASSIFICATION OF EMULSIFYING AGENTS ) —,

HYDROPHILIC COLLOIDS

—
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v
([ NATURAL [ NATURAL ) ( SEMISYNTHETIC )
PLANT ORIGIN ANIMAL ORIGIN ~ AGENTS
g 2 a 1l (7}
Te aA;aagﬁ i Gelatin Methy! Cellulose
Agar Egg Yolk Sodium CMC
Is,g‘c't‘l:;‘ Wool Fat Hydroxypropyl
| Irish Moss (Lanolin) Cellulose )

9 N Z N
(" FINELY DIVIDED SOLIDS )
{ - 1

COLLOIDAL CLAYS

Bentonite Veegum

METALLIC HYDROXIDES

Magnesium  Aluminium  Magnesium

J

L Hydroxide Hydroxide Trisilicate 4

Such agents form protective films or rigid
interfacial barriers around globules.

® Hydrophilic colloids ¥ 3uarft
emulsifying agents &I &1

Natural plant origin: acacia,
tragacanth, agar, starch,
pectin, Irish moss|

Natural animal origin: gelatin,
egg yolk, wool fat (lanolin)I

Semisynthetic agents: methyl
cellulose, sodium CMC,
hydroxypropyl cellulosel

Finely divided solids % emulsions

&I fRR N g&d ¢l

Colloidal clays: bentonite
T veegum|
Metallic hydroxides: magnesium

hydroxide, aluminium hydroxide,
magnesium trisilicate |

¥ ol globules & TR 3R
protective film 3T rigid

interfacial barrier S99 € |
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@ English Explanation

e Method selection depends on the
nature of ingredients and
available equipment.

Dry gum method (continental
method, 4:2:1):
Oil + Gum + Water.

A characteristic clicking sound
indicates primary emulsion
formation; all apparatus must
be dry; suitable for most
fixed oils.

Wet gum method (English
method): Gum + Water + Oil; used
when gum is available as
mucilage or must be dissolved
first.

Bottle method (shaking or
Forbes bottle method): Gum +
Oil, then Water; suitable for
volatile and non-viscous oils.

Fusion method: oil and water
are heated separately, then
mixed; used for ointments,
creams, and lotions.

| PREPARATION OF EMULSIONS

SHH B Ry ———

( METHODS OF PREPAR_ATION

. .
)
g

(

( PROCEDURE )
@ DRY GUM Tkirstien
METHOD dn uration |
ry mortar
(Continental » ‘ ‘ ‘ i until primary
L Method, 4:2:1) oil Water &=  emulsion
J (clicking sound). v
( —
Gum is mixed
h':EETI:?‘D -’ ‘ * é + ‘ > % with water
nglis first, then oil
L Method) J Waiter Ol L & isadded.
s 3
" PROCEDURE
( BOTTLE
METHOD & Gum and oil
-> ‘ - are shaken
(Shaking or first, then
Forbes Bottle Qil Water water is added
Method) L gradually.
5 N £ -
04) 09) /,0 PROCEDURE
FUSION S e B —> <=7> ’ Oil and water
N - 4 L e
L oil Water Mixed @  then mixe('i.
Heated Heated Together
\Separately Separately J & 4
s - e e 5
] . GENERAL | e Use clean, dry apparatus e Add liquids slowly e Avoid air entrapment
.w/ POINTS | e Stir/titrate continuously e Store emulsion in well-closed containers

e

A

@) T emen

o faf¥ &1 9g7 gedl @I Upfd 3R
Uy JYBRUN W R e g |
Gry gum method (continental

method, 4:2:1):
Oil + Gum + Water|

Primary emulsion &9 WX
characteristic clicking sound

31TaT 8; T4t apparatus T
g1 91fgy; Ig fixed oils &
ferg Sugh 21

Gum + Water + Oil; ST§ gum
mucilage & ¥9 § 3 &1
7 Ygel ofc | "l 8, a9
g |

Bottle method (shaking/Forbes
bottle method): Gum + Oil, ftR
Water; volatile T non-viscous
oils & fery IugA |

Fusion method: oil 31k water
DI -3 TR HIh [HeATdT

STdT &; ointments, creams

3R lotions & IgAf|

\

Wet gum method (English method):
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e These tests help identify whether - < | 3 gtequr Ig ygaEA # Hee Hd

the emulsion is O/W or W/O. O/W W/0 ¢ {5 TR O/W g ITW/0|
(Oil-in-Water) i (Water-in-0il)

® Dilution test: an emulsion mixes ,- R — - e Dilution test: 37 304

with its continuous phase. @ s’ b s continuous phase & 1Y fiel ST ¢ |
DILUTION ¢

e O/W emulsion dilutes with water TEST * O/W 5[ 5 ¥ dilute gl

and remains stable; W/O does not Before After Before After fBR | g; W/0 a9 dilute
" . Dilutes & Does not dilute . g

dilute with water and separates. remains stable ; & separates Hé’f Eﬂ?ﬂ 3R R 31T ?f gebal! % |

* Dye solubility test: water-soluble b L é i el - e Dye solubility test: O/W #
dye stains the continuous water @ water-soluble dye Tdd STl TR0
phase in O/W; oil-soluble dye DYE ¢ &I &1 <t 8; W/0 # oil-soluble
stains the oil phase in W/O. SOIi'lljggl'lrJTY dye e =0T Bl {1 AT B |

® In O/W, oil-soluble dye colors < ... | Ho et o e * O/W # oil-soluble dye fe&R g¥
the scattered globules. || globules S S globules &I T 7 |

e Conductivity test: O/W conducts @ e Conductivity test: O/W fag[d &
electricity and the bulb glows. E gaTe® gidl 8, $97erg bulb glow

CONDUCTIVITY ¢ 4 AL

e W/O does not conduct current, TEST R .

so/the bulb does not g|0W. (i(;ducts electricity Doenduct electricity M & : :rE?[ a?",
L Bulb glows Bulb does not glow J quﬁm bulb glow :ﬁ’& YT
N . P




® Fluorescence test: certain oils

~

-
@ English Explanation

fluoresce under UV light.

O/W shows dot-pattern fluorescence,
while W/O shows fluorescence
throughout the emulsion.

CoCl,/filter paper test: cobalt
chloride paper turns from blue
to pink in the presence of water.
In O/W, the paper changes blue
to pink; in W/O, there is no
color change.

Blotting paper test: W/O wets
blotting paper, O/W usually
does not.

Feel on skin: O/W feels non-greasy,
whereas W/O feels greasy.

Color depends on the external phase:
O/W is usually white, W/O takes
the color of oil.

Direction of creaming: O/W generally
shows upward movement; W/O
shows downward movement.

IDENTIFICATION TESTS - 1|
— g gdteror - || ——

' A
o (st =
(Oil in Water) TEST (Water in Oil)
o FLUORESCENCE
Dot-pattern TEST Fluorescence
fluorescence .@f uv \fh- throughout
FTLVN
€) CoCl,/FILTER
- O | - .
Blue — Pink g No color change
BLOTTING
Does: not wet 9 PAPER TEST Wets blotting
(blotting paper
: paper
® remains dry) ' @
@) FEEL ON SKIN :
Non-greasy Greasy
feel feel
Usually 9 Takes color
white of oil

N

= i =

Ly}

Upward
movement
(cream rises)

:

DIRECTION OF
CREAMING

Tl

Downward
movement
(cream sinks)

|

/

Fluorescence test: $& ddl UV
U1 # fluorescence fe@md g1

O/W # dot-pattern fluorescence

fearg &ar 8, Stafes W/0 § @@
YA H fluorescence fa@ar g1

CoCl,/filter paper test: cobalt
chloride paper 5@ @t JufRafd &

blue & pink g STaT 81

O/W o paper blue 9 pink RESIGIES
W/0 # &1 uRad & gia|
Blotting paper test: W/O blotting
paper @ el &l g, Safe O/W
GHRIA: T8l Bl |

Feel on skin: O/W non-greasy Tdl g,
STafes W/O greasy Hggd BidT 8
Color continuous phase TR {7 &xar

2: O/W 9H=d: white BIdT g,
W/O A &1 37 oidT 2

Direction of creaming: O/W & S &1
31X movement, W/O & - &t 3R
movement gid! g1

e
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@ English Explanation

e Emulsions may become unstable
during storage.

e Flocculation: dispersed globules
aggregate into loose clusters
called flocs, but individual
identity remains.

® Flocculation is usually reversible
by gentle shaking.

e Creaming is upward movement and
sedimentation is downward
movement of dispersed globules
due to density difference.

e Creaming/sedimentation causes
layer concentration but the
emulsion can usually be
redispersed,; it is a reversible
process.

® Coalescence is the fusion of
smaller globules into larger
globules.

® Coalescence disrupts the
emulsifying film and may lead

to complete phase separation.
ol

INSTABILITY OF EMULSIONS -1

—— A i AfRRar-| ——

FLOCCULATION

(Clustering)

Globules form loose
clusters (flocs).
Individual identity
remains.

I/ Usually reversible
) by gentle
shaking.

PROGRESSION OF INSTABILITY

—

CREAMING /
SEDIMENTATION
(Layer Formation)

CREAMING
(Upward movement)

SEDIMENTATION
' (Downward movement)

Causes layer concentration.
Emulsion can usually be redispersed.
It is a reversible process.

I Usually reversible by
!- ! redispersion (gently
"A «2+2%| shaking or stirring).

5 e

COALESCENCE
(Fusion)

Small globules
fuse to form
larger globules.

'| @ > @ Irreversible and may

. lead to phase

separation.
|

[

X

o wsm%a‘\msn—smma
gpd gl

e Flocculation & dispersed globules
@It Wg 31 flocs 1A &, W
3 individual identity &t gt &1

® Flocculation HMHIIC: gentle
shaking ¥ reversible gidT 81

® Creaming W & 3R qAT
sedimentation 1d &t 3iR globules
&I movement g, ST density
difference % ®RUT BT & |

® Creaming/sedimentation ® T3d
I HehgUT BIdT 8, TR $HeM
qETIa: g: disperse fasam
Pl g; TE reversible process g

® Coalescence H BIC globules
e @12 globules ¥9Td &1

® Coalescence emulsifying film @I
Y AT g 3R phase separation
I 3R A ST gbaT 8

J

L’ Key Point: Flocculation and creaming/sedimentation are generally reversible; coalescence is irreversible and leads to separatlon \




English Explanation

Breaking or cracking is the most
severe instability of an emulsion.

It is an advanced form of coalescence
in which complete and irreversible
separation occurs.

Two separate layers are formed and
the emulsion cannot be restored.

Phase inversion means change of
emulsion type: O/W changes to
W/O or W/0O changes to O/W.

Phase inversion can be caused by
electrolytes, change in phase-volume
ratio, or temperature change.

PIT (Phase Inversion Temperature)
is the temperature at which the
hydrophilic and lipophilic properties
of a surfactant are balanced.

Phase inversion is generally
considered irreversible in

INSTABILITY OF EMULSIONS - I
sn—em G| aaﬁaw -1

BREAKING / CRACKING

Two separate
layers formed

Emulsion
— cannot be
restored

(Oil in Water)

( PHASE INVERSION (CHANGE OF EMULSION TYPE) )
o/W W/0
(Water in Oil)

o/W — W/O >

<iW/o > o/W

Phase inversion

this context.

= PIT
(Phase Inversion
Temperature)

The temperature at which the
hydrophilic and lipophilic properties
of a surfactant are balanced.

4 . : &

® Breaking 3T cracking SHeRM I
ey 1R 3ifeerar g1

e g coalescence & I9d ¥U g,
fSred guf 3iR irreversible
separation gl SITdT g1

® G -3 W & STt & 3R
SHGYH T restore &1 faam 1T Wahd |

® Phase inversion &7 371ef g sHeR
YHR &7 Rad+: O/W I W/0
a1 W/0 ¥ O/W 1

e Phase inversion electrolytes,
phase-volume ratio ® ufkad,
g1 temperature change & ®RUT
RE GRS

® PIT (Phase Inversion Temperature)
9g d199H &, Sial surfactant &
hydrophilic 3R lipophilic T[or
Tqferd g1a &1

e 3g dayf # phase inversion @t

ST irreversible HFT ST 2l ]
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@ English Explanation

® Smaller globule size obtained by

homogenization increases stability
by reducing the creaming rate.

Uniform particle-size distribution
improves stability and helps prevent
Ostwald ripening.

Higher viscosity of the continuous
phase slows globule movement and
reduces creaming and flocculation.

Phase-volume ratio = volume of
dispersed phase / total volume
of emulsion.

Optimum phase-volume ratio for a
stable emulsion is generally 30-60%.

If dispersed phase rises above about
74%, phase inversion may occur.

Flow behavior: 5% = Newtonian,
50% = Pseudoplastic, 74% = Plastic.

Extreme temperature can reduce
stability, decrease viscosity, and
promote creaming, cracking, or
phase inversion.

~N

FACTORS AFFECTING
PHYSICAL STABILITY

— dfdsf@Rarewm

PARTICLE SIZE |  VISCOSITY  : PHASE-VOLUME ;| TEMPERATURE
Smaller size Higher viscosity RATIO Extreme temp.
— higher stability : - slower movement Optimum i | stability, | viscosity

(! creaming rate) i — less creaming & {  30-60% for i — more creaming,

flocculation i stable emulsion i cracking, or phase
: ' inversion
FLOW BEHAVIOR (BASED ON DISPERSED PHASE VOLUME %)
D\ Dispersed 0 0 0
‘ Phase Volume (%) 5% 50% 74%
2 FlowBehavior | Newtonian | Pseudoplastic Plastic
b a Viscosity remains | \/iscosity decreases | High yield value
i=) Characteristics constant with with inycrease in required to start
change in shear shear rate flow; behaves
rate. ' like a solid.
\ J

@) Ro=mem

e Homogenization ¥ T BieT globule

size creaming rate & @R stability
CrAR I

Uniform particle-size distribution
stability SeTar & 3R Ostwald
ripening @I A H HEE BT & |
Continuous phase @ 31f8@ viscosity
globules @Y 71fd &7 &l § 3R
creaming g flocculation geTedt g1

Phase-volume ratio = dispersed
phase T 3TIAT / FHERIT I el
SIdA |

f@R sHeM & T optimum
phase-volume ratio 9HT=Id: 30-60%
HHT STTaT g

afe dispersed phase & 13T 74% @
FWR Bl S, dY phase inversion &
ghdar g |

Flow behavior: 5% = Newtonian,
50% = Pseudoplastic, 74% = Plastic|

3Tcferes ATIHT stability €eTdT &,
viscosity & &dT g 3R creaming,
cracking a1 phase inversion S@I
gl g

\
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