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[Conmse Dispeesion]

® A (owse dispersion .S Q Hype of helerngeneous system i
which the dispersed phase partices are larger tan 0S5
microns ( S0onm) In  diameter:

® These putices are clearly Viable undsr an opfical mitrosCope
and tend fo Sele under the influence oF grauty dus 1o

ther size

CuarecterisTics OF Corrse  DiSPERSION

PropeRTY DESCRIPTION

Particle size Gireater than 0-§ 4m (micrometers)

Visibility Vrsible undor a hight microscope ;
somelimes +0 the naked eye.

SeHIing Readily seffles under gravity

Sepaation Requires ~ agigating (shaking 0¥
S}f‘m‘nﬁ) to  redigperse-

Stabilty Thennod(,namfcan(, unstable ;
requires stabilizers

Example Suspensions, Emulsions , Foams,

aerosols (solid in Gas) , and
some dusts -



® An Emulsions s a thermodynamicully Unstable system (onsishhg

of at least two Iimmiscible hquids , where one h’qw‘d (the
dispersed phase) Is dispersed in the form of small droplets
within the other( the cntinuous phase) with the hep of an
emulsifying agem‘-

Cormponents Orf Emuisions

Dispersed Phase (Intemna) phase) :

The phase that s Present in small droplets:
Also known Gs DBfspersion Medum-

(ontinuous Phase ( External Phage) :

The medium in which the droplets are dispersed-

Emu!sfﬁ;u’ng Agent ( Emulsifier | Surfactant) ¢

A surfoce - achive agem' that stabilizes the emulsion b\{ reduding
intexfacial tenson and Rﬁsmmg a fim around the disperced
dmplets.
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Cuassirication OF EmMutsions

Emulsions @n be Classiffed into the (bl!owmg mayoy fypes based on
the phase nature  droplet size and  struciure :

Ol in woter (0/w) Emulsion
Watey in ol (W/0) Emulsion
Muttiple Emulsion
Mcroemulsion

Oil in Water (OJw) Emulsion

Oil droplets are dispersed in @ (ontinuaus  water phase:

Dl'spersed phase: 0il
Cortinuous phase: Water

o Emulsifier: Hydrphillic (HLB ¥ 10) , €g Tween 30

Properties : Can be diluted with water
* (onducts electnty-
* Non- greay and washable:
Exomple: ¢ Mik (natural 0/w) emulsion
* Oral emulsions (eq- castor oil emulsion)
. Mou’smizing lotione.



@ Water - in - 0l (/o) Emulsions
Water droplefs are dl'5persed in a Cnhnuous oil ph(]se-

o Dispersed phase: Woater
o (ontinuos phase: Oil
® Emulsifier = Lipophilic ( HLB < 10) , eg- Span 80
@ Properties : ¢ (on be diled with oil
o Doesnt (ondudt electncity-
* Gireasy . Occlusive, provides  maktonzing effect-

® Exomples: e (old (reams

o Waler- resistant Sunscreens
* Ointment For dry skin

@ Multige Emulsions
These are emulsions of emulsions — i-e, droplets within droplets:

o Types: (@ w/ojw - Water droplefs inside oil produds, Rurther
dispersed in water-
(b) O/W/0- Oil droplets inside woter droplets, Furher
dispefsed in oil-

° Purpose: o (ontrolled o¥ Sustained drug selease -
e Protection of active ingredients:
o Tonte masking-



® Emulsflers: Requires a mbynation o lipophilic - and  hydrophilic
surfactants-

o Properties: ¢ Themnodynamically unstable-
Requires high fovmulation  precision:

o Examples: * Aduanced topical drug delivexy system-
(osmetic fovmulations fov long - lating - effects:

® Micoemulsions

(lear, thermodynamically Stable emulsions with nanometer- sized
droplets-

e Droplet size: 10 - 100 nm

® Appearance : Transparent or translucent

® Stabilty * Thermodynamically stable

o Types: * Olw microemulsion
o W0 microemulsion

o Uses: * Enhanced bioavailability oF poorly soluble drugs:
» Transdemal and oral drug delivesy Sy stem-
e (osmefic serums and  perfumes.

o Examples: (yclosporine ophthalmic - emulsion (Restasrs).
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Olw Emulsion wjo Emulsion



EMuLsiFyiNG AGENTS I

Emolsifying agents are thase chemical compounds which reduces
the fnferfacial tension behween two immiscible liquids (Coil and water)
and moke them miscible o fom q stable emulsion
Emolsifying Agents are also known as “Emulsifiers °

Classification
EMuLSIFYING AGIEENT
Natvral Semi - Synthetic Synthetic| | Tnoranic | | Alwohols
Vegetoble Soure Methyl (ellulose [ Anionic - Mik of -Cholestro)
| Gum Acacia Sodium Carboxy  ~Cakonic ~Magnesia  |-lecithin
- Aaor —NOD—Ionfc
—ngamnh
— Storeh
—Animal Source
Egg Yalk
Glelodn

Properties of Emulslﬁ;inGLAg,eMS :

It should be chemically stoble .

T should be Compatible with other t'ngredl‘enrs of +the emulsion

Tt should be Non- Hoxic

Tt must be @poble of feducing interfacial tension .



[PREPARAT\ON OF EmuLsions ]

Emulsions are vsually prepared by Using three methods '
Ory Gom Method

Wet Glum Metnod

Bottle. Method

Dr\! Glum Method

The roko of Ol * water: Gum (s 4:2:1

Tt fequites  Mortor ond  Pestle

First Oil s mixed with Gum and nturaked

Likle amount of woter is added and driturdion Continued I

a ‘ch'c\’q‘ng‘ sound s heard and 4hick creom is {ormed.

* One primory emulsion is fomed , Temalning woter {s added to form
the +inol emulsion .

Wet Gum Method

e The Rokio of Oil : Woler - Gum (s 4291

o It olso fequires mortar ond  pestle

o Frst woler (s mixed with Gum and tnturated

. Required amount of oil s added and triturodion conkinves to form
the pn‘m(m{ emu\sion

* Once Pn'man, emulsion 1s formed | remm‘m'ncj water s added tfo
form tne final emulsion .




Botle Method

e The mho of Ol : waker: Gum is 2:9:1

* The method 1s basicall3 used for volalile and Non - wviscous oils

* First 0il 1s mixed with qum and Shaken thioughly

* Requied amount of woter Vs added and shaking continued o
form a primary  emuision |

®* (Once the Pn‘man, emulsion hos been formed remafm'ng o,uanh'h{
of woler is added s\omh/ fo form 4he final emulsion.




BTABILITV OF EMULsmm

The 1C0“0Wl'ng changes usually  Occurs  which affeds the S’rabih'!y
of emulsions .

. Cmcking

. Creaming

o Phase Tnuersion

e (oalescence

Cracking _
Crackina means the sepaion of two loﬁers/ phoses of the
emulsion (dispersed phase ond  continuous, phase
Cracking may be Ocor dve to -
e Addition of wrong emulsiﬁ,ing agent
* (rowth of Micraorgonism
» Chonae fn Temperalﬁre

(ontinvous Ph-a———@.,eo@ — —— Separdion
Dispersed Phase‘__@@oo ° @9

Creaming
(ream\‘ng con be defined as Upward or downward \movement of
dispersed Phase (dispersed alobules) fo foom a hick layer
ot suiface or boktom of the emulsion.

e O/lw Emulsion — Upward Creqm\‘ng

e w/o Emulsion — Downward Crequna
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Olw Emulsion)

Phase Inversion

it

(Wlo Emulsion )

Phase nuersion s S\‘mpl\, defined 0s conversion of Olw Emulsion
ito Wlo Emulsion , or vice versq ( W[0 Emulsbn Into Ofw )
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(OJw Emulsion)

(oalescence
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(wlo Emulsion)

(oolescence. is the process i which two or more droplets
Merge together Yo fom a single larae droplet .

© 6




Methods To Overcome +he S’cabih‘h! Problems

Selection of Poper emu\siﬁ;fn% G(dent.

By \‘ncreosing the Vu'sms‘m{ of the emulsion

By poper storage of the emulsion

Mm‘n%m‘m'na apppsiate  temperature
mm‘n%on‘m‘ns minimym dens'\k{ difference,

By feducing  Size of dispersed globules.



DIOYS

Tueories OF EmuLsicicATION

Monomolecular Theoxy
MuHlimolecular Theon,

Solid  Adsorption Theowy

MonoMotecutar Fitm THeoRY

In this theosy, surfactants molecules (emulsifiers) form a  single-
molecule - Hhick film amund oil dropiels-
This 4hin film prevents the dmplels fiom coming ogether (coales-

cing)-

Mechanism
Swactans have fwo paris : o Hydrophilic Nead ( Water- loving)
e Lipophihc fail Coi- |ovm9).

They align at the oil -waier interfuce : Head in water, tail in oil-
This foms a stable monolayer that protects each droplet-
Example of Emuifiers = * Tween 90

* Span 20

* Sodium Lauryl Sulphate (sLs)

Key Poinfs : ¢ Film = Only one mofecule #hick
o Works well with fow molecular Lue{gh‘l' surfactants

* Helps in redua‘nﬂ surfuce fension
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MuttimoLtecutAR Fiem THEORY

Uses natural colloids o5 polymers that form a ik film (which
many molecules) around each droplet:
This film ads as a physical barries t5 prevent droplet fusion:

Mechanism :

Emulsifiers like gum acacia, gelatin OF Casein adsorb on the droplet
Surfuce:

They frm a stong , mulitaiyered coating.

Also increase viscosity of the emulson , slowing down  droplet
movement-

Example of Emulsifiers : ¢ Gum acacia
* (relatin
* Tragacafﬁh
* Godium algl‘noﬂe

Key points * ° Film = thick and Vriseus
* Provides good stability
* Tncreases viscosity OF the System



Mullayer OF
Sutfectants

® Souwn ParTIcLE ADSoRrPTION THEORY

Usses Very fine solid particles 10 stabilizes ~ emulsions.
These partides adsoxb on the oil- water inferface and fym a mgd

psotective film oround  drplets:

Mechomsm:
Solid particles collect at the itexface of oil € water:

“They form a machenical bamier fo prevent (oalescence:
Depends on whether particdes are more wettable by watey
or Oil: o More wettabe by waler- 0/w Emulsion

* More wettoble by oil = W/0 Emulsion

I-(eq Poim‘s: e No chemical surfactant vequired
* film = wigid and s’rmng
. Long- term  physical sfabimq

Exarples of Solid Emulgifiers:

Bertunite

Kaolin

Magnesium h({dmxide
Aluminium hydroxide



Preservaion OF EMutsions|

Emulsions onfain water , ol and emulsifiers — all of which can Suppot
= Microbial growth (especially in aqueous phace)

= Oxidation ( especially in 0il phase)

To prevent spoilage, discoloration, funciddy and loss of potency |,
Preservatives and antioxidants are added-

PReSERVATION From MicRoORGIANISMS

Microbes like bactexia, molds, Fungl‘ can grow in emulsmns(espea'anq
in - watey).

This leads to contamination, odor, degradation, and even infection in
phammaceutical [ emulsion psodudts:

Solution : Add  preservatives ( Antimicrobiat agents)

Tdeal propesties of Preservatives :

Effective in low Concenration.

Non -toxic , non -irntant.

Broad specturum  actve against bactevia, Fingi etc)

Chemically Stable in emulsion

Soluble in phase where microbial growth ocwrs (usuany water).

(ommon preservatives :
Me}hq|paraben
Propylparaben

Phenol backq

Renzok  Add



Prevention From OxipATION

Oils used in emulsions ( like unsaturoted fatty acds) are prone 1
oxidation.

Oxidation leads 1o :

- Randdty

= OFF- smell

= Discoloration

- loss of dmg potency

Soluton : Aad antioxidants

Tdeal properties of Antioxidants :
Chemically stable

Non - toxic

Effective at low Concentrations
Soluble in the oil phase

Shoud not aHer emulsion stability.

(ommon Antioxidants used :
Butylated  Hydroxyanisole
Butylated  Hydroxytoluene

Tocopherol
Ascosbic aad

Thet' often used (n oil- soluble phase as oxidation  mosty affects
oils-



|RuEoLosicaL ProPERTIES OF Emutsion|

® Rheology is the study of flow and deformation of mater-
basically , how a lqud behaves when force 15 applied-
® For emulsions, vheology fell us about :
- Viscosty ( thickness)
= Flow 4ype (Newtonian oy Non - Newtonian)
— How the emulsion will pour, spread of apply on the skin.

[upes Of Frow In EMuLsions

Fow is directy proportional to applied force

(onstant vfs,cosx‘i-(,

@ Neuwtonian Fiow

®

°

® Seen ip dilute emulsions

Examples = Simple liguid - emulsions with low ofl ontent.

@  Non- Newtonian Flow
This type of flow shows by concentrated  emulsion-
° Oph'mum Viscosty is  desitable for good s%ubiliﬁ, oF Emulsion-

Examples: lotions , (reams efc:



_Factors ArrecTing Rueologicar Properies O Emuisions

que of Emuision - Olw € W/0 behave differentiy.

Phase watio - More disperced phase — highey Vis(osit.

Emulsifier used - Some increase  viscosity.

®
®
® Droplet size -Smaller droplets — smoather £ thicker
@
© Temperuiure- Higher Emperaiure — lower viscosity
®

Additives - Thickeners o polymers an  aFfect flow

TrporTANCE OF RueoLo6ncAL PRoperTIEs In EMuLsions

@ Phqsfco) 5+abih‘h,- H]gh v:'scosﬂq vedutes creamingl sedimentation .

@ Spreadabiliy - Affect patient Compliance.

@ Packasn‘ng £ Dl'spensfng- Flow must sutt ©ntainer ( fube , botHe,
purap)

@ Product perR)rmance- Controls how the dmg Is veleared-



ErMusion FormutaTion By HLB MeThoo

@ Hw ( Hydrophobic - Lipophilic  Balance Syctem) of Emulsiﬁ,mg

Ogen’rs

An HLB numbes (1-20) depresents the velative proposhions of he
lipophilic and  hydrophilic parts of the molecule-

High numbers (10-16) indicafe a hqerpbilM'c malecule, and prduce
an O/w emulsions-

low numbers (3-6) indicate a  lipgphilic molecule and prduce
wlo emulsiong.

Oils and waxy watewals have @ 'required  HLB numbes’ which
helps in the selecion of approprite  emulsifying agert when
R)’rmulaﬁng emulsions.

Liqwd parafinn , fv example, has a vequired HLB valee of 4
o obtain a W/[0 emulsion-

HLB values of selected Emulsifiers

(HEMICAL  DESIGNATION HB VALUES
Ethylene Gilycol  Distearate 1§
Sorbitan  Sesquitleate 31
Diethylene glycl monostearate 4-3
Sucrase T
Polyoxyethylene (4) laury ether 4.5
Polyony ethylene (6) laryl ether 103
Polyoxy ethylene (20) Sorbrtan tristearate 108
Polyory ethylene (9) nonyl phenol 130
Sodium Oleate 190
Polyxy ethylene  (100) stearate 18-9
Potassium Oleate 200
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* A suspension s a biphasic liquid dosage fosm 1 which
tinely divided solid particles - dispersed into 4he liquid .
* Tn suspensions, Oispersed phase —~  Solid particles
Continuous phase ~ Liguid

 The size of solid P_arHc\es in the Suspension -ranaes from 0-5 wm
10 5 um,

Classifimhon of Suspensions
Suspensions con be classified on the basis of 3 calfaon‘es
® On ‘e bosis of qeneral classes

@ On the basis of Proporh‘on of solid porticles
@ On ihe basis of electokineic noture of solid Parh'cles

On the Basis of General classes
¢ Oral SusPens(ons
* Topicol Suspensions
* Parentrol Suspensions
J OP’mcxmic Suspensions

Ol Suspens'\ons g
These suspensions are  odministered ora\\\{ ( by mouth)

examgle. * Paracetamol Suspensions




ToPicul SusPensionéI o
These are suspensions that are used for external purposes. Thaf
are mm‘n\x, apph‘ed on. the skin.

Parentrol Suspe'nsions :
These suspens(ons are administered Via {ntavanous of i{nHamuscular

(ovtes Jrhrough injections . Particle size of solid porticles In +hese
suspensions should be Very less .

OP+holmic Suspens\onsl
These are the suspensions In the form of eye drops. Ts particle
size. should be very fine | nar Imtaking | stesile and isofonic.

On +he basis of Emgrh‘on of solid Paricles

e Dilvte Suspensions
e (oncentroted Suspensions

Dilyte  Suspensions -
The ske of sohd ronge of solid porticles 1 dilute Suspensions
Is 2-107. per volume . £mmpl£'~ (ortisone ficetate  Suspension .

(oncentrated Suspensions ;
The fanqe of solid Parh‘des n  concentroted suspensrons |x 507 per

volume . example * Zinc Oxide Suspensions.




On the basis of elechokinetic nolure of solid Paglicles

Flocculoded SusPension
Defiocculated Suspension

Advan’cuges of Suspensiarns

Suspension  (mproves the chemical stabiiity of cestain dm%g such
s procaine, penicilin Gt

EOSL’ masking of unpleasant toste .

Used for both internal and extemal pb'epamh'ons

Drugs in the suspension fosm shows higner fote of bioauailibilify .
( Solution > Suspension > Capsule > foblet )

Disadvontages of Suspensions

Requl‘re shaking befose vse
Tnaccuracy of dose
Pack\‘ng, handling and storage is difficult

Sedimentation of particles .



[FLOCCULATED AND DEFLLOCCULATED SUSPENSIONS |

Floceulated Sus_@sfon

¢ A flocculated suspenS\‘on s 0 Suspension In which Parh‘cles of the
suspension has Under%one Roculakion.

* In flocculoted  suspension  solid . particles of dispersed phase (ombine
fogethes and  moke “foceules .

* In floccwloted suspension (e of sedimentation is very high dve to
the heawy size of floccules .

& &

3 & + Floccwles (Loose Aggregates)

Deflocculoted Suspension

o A defiowloted suspension s O suspension in which no flocculation
fokes place

o In defiocvloted suspension <olid porticles exist as separafe entities.

e Tn defiocculaled suspension mle of sedimentation s slow due o
smaller sze of dispersed solid pasticles .

" - - Tndividual  Pasticles
. (Separote  Entities)




Sedimentakion

Sedimentoton s +he SeHh‘n% down of solid particles of Suspension
‘o the bottom of the liquid Csuspension)

Difference between Flocculoted and Defiocculated  Suspenston

FLOCCULATED SuspeNsioNs DEFLOCCULATED SUSPENSIONS

Particles form loose aggreqotes | o Particles exist s separate entities
Rate of sedimentation is high | Rote of sedimentation Is Low
Sediment {owm rapidly | e Sediment foom slowly

Doesn't fowm hard coke | Form hard coke

e Sediment eaﬁu'la redispersed e Sediment difficultly edispersed

¢ Unpleasont appearance o Pleasont appearance

e More stable Pharmaceutical * Very less stoble Phamacettical
Suspension Suspension




(olouring Agents | . Tartarazine , Erythrosine

Flavouring Agents | I Vonila, Strawberry , dronge

Sweetening Agents | ©  Sucrose , Saccharin

Method of P(Epomh'on

First convert the solid Parh‘cles in fine Powdezr fosm

Toke insolyble powder in a mortay

Add- sufficient liguid / vehice to produce smooth  poste

Now add ony non- volokle Solicl  Ingredient , ' p Tequired.
Add ony  vola: le solid |'n8red|én+, if fequired .

Now add Other |‘n3redien+s and mix well

Transfer the mixture in @ measuning cylinder and make up o
the required volume by add\‘ng suffictent -vehicle .

Packaging | : Thick Contanes with wide mouth
Storage | © Store fn a cool dry place




[STABIUTV OF SusPension |

The Following Stability problems occurs  cluring s’roroge of a suspension :
@ Caking
o (ap locking
o (olour Change
° PH Chcmgc
o Rapid 5€¥H|'ng] of Particles

Caking

(akyn ” is the {fovmokion of hord sediment in deflocculated Suspensions
Dve to smoll particle. size of salid particles , they come very close
Yo each other which leads o a Very hord cake fosmation .

Prevention | : By adding’ flocculating agents which  prevents hard cake
formotion by making  Floccules

(ap locking .
Cap \ockl'ng problem 0ccurs  when Parh'cles of dispersed phose
spreads over the surfaee of the bolile cp

Prevention | : By ustng different vehicles contauning sucrose , Qlucose
sotbital  efc.




Colour Change

Liont sensikive Colour in Solvent (liguid phose) maybe Chomaed
n the presence of hght.

Prevention |: (an be prevented by keeping the bole 1n a dork

p\ace _

pH Change

[‘)um'ng Tong S’foro%e the acio\ih’ or bag\‘cihf of susPensfon can
be increase of decreoge wWhich leads to the pH chonge .

Prevention | : By adding buffeving agents , which helps o mainkain

pH of the suspension.

Rapid SeHl\'ng of Padicles
Due to loge parkicle stz of flocculated  Suspension , the - parHdes
of the Suspension Very rapfdhf setle down of the bottom of

liquid (' continuous Phoae)
: By adding viscosity enhancing agents rpid sefing

Preventon

on be preuenk?d ,
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