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[Connse Dispession

® A (owse dispersion .is @ Hype of helerngencous gystem in
which the dispersed phase particles are larger than 05
micons ( Soonm) in  diumetes:

® These puttices are clearly visble under an optical microCope
and tend fo Setle under the influence oF gravity due to
their  size:

ChArecTerisTics OF Corrse  DispERSION

ProperTY DESCRIPTION

Particte size Gireater than 0§ 4m (micrometers)

Visibility Visible undor @ light microscope ;
somelimes to the naked eye.

Settling Readily settles under gravity

Separation Requires  agigating (shaking 0¥
Stirring) fo  redigperse-

Stabilry Themmodynamially  unstable ;
requres stabilizers

Example Suspensions, Emulsions , Foams,
aerosols (solid i Gas) , and
some  dusts -
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E"IULSIONS]

® An Emusions is a themodynamically Unstable system Consisting
of ot least two immiscible liguids , where one [iqud (the
dispersed phase) [s dispersed in the form of small droplets
within the Other( the cntinuous phase) with the hep of an
emulsifying  agent

Components Or Eruisions

@ Dispersed Phase (Tntesnal Phase) :
The phase that is Present in small droplefs.
® Also known s Dispersion Medium-

@ (ontinuous Phase (External Phace) :.
The medium in which the droplets are dispersed-

® Emulsifying Agent ( Emutsifier | Surfactont) :

A surface - acive agent that stabilizes the emulsion by redudng
intexfacial tengon and fosming a fim around the dispersed
doplets.
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Cuassieication OF EMutsions

Emulsions @n be Classified info the Rllowing major Hypes based on
the phase nature | droplet size and  sfrudiure :

Oil in woter (0/w) Emulsion
Water in oil (W/0) Emulsion
Muttiple Emulsion
Microemulsion

Qil in Water (OJw) Emulsion

Oil droplets are dispersed in @ Continuous water phase:

Dl'spemed phase : il
Cortinuous phase: Water

e Emulsifier: Hydrophilic (HLB ¥ 10) , €4 Tween 20

Pmperﬁeg: e (on be diluted with water.
* (onduds electnaty-
* Non- greay and washable:
Example: ¢ Mik ( natural 0/w) emulsion
* Oral emulsions (eg- castor oil emulsion)
. l"lm‘s’mm'zing otione-
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@  Water-in- 0l (W/0) Emulsions
Water dmplets are dl'spefsed in a Continuous oil phase-

o Dispersed phase: Water
o (ontinuos phase: Oil
® Emulsifier = Lipophilic ( HLB < 10) , eq- Spun 80
@ Properties = » (on be dilued with oil-
e Doesnt conduct  electncity-
* Gireasy . Occlusive, provides  mostonizing effect-

L Exump|es: e (0ld (reams

o Water- resistant Sunscreens
* Oiptment for dry skin

©) Mutiple Emulsions
These are emulsions of emulsions — f-e, droplets within droplets:

o Tipes: () w/ofw - Water droplefs inside oil produds furthey
dispersed in w afer
() OfWI0 - il droplets inside woter dmplets, further
dispersed in oil-

o Purpose: o (ontrolled oy Sustained drug selease-

e Puotection of active ingredients:
o Tarte mw,king.
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o Emulsfers: Requires combn‘nah‘t;n of lipaphilic and hydrophilic
surfactants

o Properties : ¢ Themodynamically unstuble-
Requires high fovmulation  precision.

o Exomples: * Advanced topical drug delivevy system.
(osmetic fovmulations [y long - lurting  effects:

@ Miwemulsions

Clear, thermodynamically  Stable emulsions with nanometer- sized
droplefs-

e Droplet size: 10 - 100 nm
® Appearance : Transparent or translycent
Stability :  Thermodynamically stable
Types: * 0w microemulgon
o W0 microemulsion
o Uses: ¢ Enhanced bioavailability oF poorly soluble drugs:
» Transdemnal and oOrol drug delivesy  cystem-
« (osmefic serums and  perfumes-
o Examples: (ydosporine ophthalmic ~ emulsion (Restasrs)-

[ ]

o )
o T
O|w Emulgion wfo Emulsion
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EMuLsiIFyING AGENTS

Emolsifying agents are those chemical compounds which reduces
the interfacial tension between two |mmiscible hquids  (oil and waler)
and moke them miscible o fom q stoble emulsion
Emulsiﬁ;ing Rgents are also known as “Emulsifiers '

Classification
EMULSIFYING AGIENT
I
. | | J
Notural Semi- Synthelic | | Synthetic| | Tnoranic | | Alwhols
Vegeloble Source Methyl Cellulose [ Anionic Mik of Cholestro)
L Gum Acocia Sodium Carboxy  ~Caokionic Magnesia  -lecithin
- Agar —Non- Jonic
~ Togaconth
— Storch
Animol Source
Egg Yalk
Grelotin

Properties of EmuisifiingAgents
Tt should be chemicolly Stable.

Tt should be Compokible with other l'ngredfenfs of the emulsion

Tt should be Non- toxic

Tt must be cpoble of redudng interfacial fension .
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PRePARATION OF EmuLsions |

Emulsions are usvally prepared by Using three methods
Dry Gom Method

Wet Gum Method

Botle Method

Dn! Glum Method

The rako of Oil * water: Gum (s 4:2:1

It fequites Mortor Ond  Peste

First Oil s mixed with Gum and ‘nturoted

Litle amount of woter is added and +ritumdion continued Hl

a ‘clicking' sound Is heard and thick cream is {formed.

Once primary  emulsion [s formed ,remolm‘nfd wofer s added to fom
the 4inol emulsion .

Wet Gum Method

The Roko of Oil : Woler : Gum s 4: 21

Tt olso fequires mortar and pesHe

First woler s mixed with Gum ond tnturoted

Requifed amount of oil fs added ond tritrakion continves to form
the Pn‘mon{ emu\sion

One  primary  emulsion is formed |, femaining water (s added 1o
fom the finol emulsion .
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Botle Method

e The mho of OIl : waker: Gom (s 2:92:1

e The method |s basically used for volakile and Non - viscous 0ils

* First oil is mixed wih qum and  Shaken throughly

* Kequed amount of water is added ond shaking Continved to
form a primary  emuision |

® Once the prt'marq emulsion has been formed remaim'ng quan%ih/
of woler is 0dded Sl(lﬂ'(f fo form 4he final emulsion .
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StasiuTy OF EMuLsions

The following changes usuolly Occurs which affects he stabitty
of emulsions .

. Cmcking

. Cffaming

Phase Tnuersion

o (oalescence

Crockin%

(racking means the separation of two loyers [ phases of 4he
emulsion (dispersed phase and  continuous phase
Cracking may be Ocwr dve fo -

e Addiion of wrong emulsiﬁfl'ns agent

* Glowth of microoraanism

. Chanae in Temperalﬂre

V%,

(ontinvovs Ph-—l- 0. @ — B
Drspersed Phase—1 =02 o b - "
o° °0

Creumina
(reaming on be defined as Upward or downward Movement of
dispelsed Phase (dispersed alobules) fo fom a thick }aqe,r
at suiface or bohHom of the emulsion.

e O/lw Emulsion — Upword (reaming

e W/o Emulsion — Downward Creamfna
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l2 " ' I l
(Olw Emulsion) (Wlo Emlsion’)

Phase Tnversion

Phase 1nversion s sfmp\q defined as conversion of Olw Emulsion
into Wlo Emulsion , or vice versq ( [0 Emulsion fnto Ojw )

©0eofl @ ©
(Olw Emulsion) (wlo Emulsion)

(oalescence

(oolesence. Is he process i which two or more droplets
Merge fogether Yo fosm a single lcuﬂe droplet .

- © 6
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Methods To Overcome the Stobility Problems

o

Selecion of Proper emu\siqunra o%en%.

By |'ncreu51‘n% the viswsity of P{N’. emulsion
By puoper storqe of the emulsion
Mm'n'roim'na apppsiote temperature

Bq mm‘n’(m‘ning minimym densi'q difference,
By reducing Size of dispersed globules .
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Tueories O EmuLsiFicATION

Monomolecular Theory
Mulimolecul ar Theorg
Solid  Adsorption  Theosy

e

@ MonomoLecutar Fitm Theory

® Tn this theosy, swfuctants molecules (emulsifiers) form a  Single-
molecule - Hhick film amund ol droplets-

® This thin film poevents +he drplels from coming ogether (coales-

cing)

Mechanism :
® Suwfuctas have two parss = ¢ Hydrophilic head ( Water- loving)
e Lipophilc fail C0il- loving).

® They align at the oil-water interfuce : Head in water, fail in oil-
o This foms a stable monolayer that protects each droplet-

Exumple of Emukifiers : * Tween 90
. Span 20
* Sodium Lanryl Sulphate (SLS)

Key Points ¢ Film = Only one molecule thick
o Works well with low molecular un‘ginL surfactanis

* Helps in redua‘nﬂ surface fension
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&,

Oil — Single layer Of

2=

MuttimoLecutAR Fim THEORY

Uses natural coloids ox polymers +hat fom a thick film (which
many molecules) around each droplet:
Ths Film acts as a physical barrier f5 prevent droplet fuson:

Mechanism :
Emulsifiers like gum acacia, gelotin O Casein adsorb on the droplet

Surfuce:

® “Fhey foym o shong muiiloyered  coating.

Also increage Ufscosﬂq of the emulson, slowing down droplet
movement-

Example of Emuisifiers : * Gum acacia
* (telatin
. Tragacmﬂh
* Sodium alginate

Wey poinks z * Film = thick and visaaus
* Provides goud stability
o Tncreases viscosity oF dhe System
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Multlayer Of
Surfectants

® Soup ParTicte AbsorpTion THEORY
® Usses very fine solid parh‘cles 10 stabilizes emulsions.
® These partides adsoxb on the oil- wates Interface and oym a 3‘9“

pyotective film around droplets.

Mechanism:
Solid particles collect ot +he intesface of ol £ water
“They form a machenical bamer to prevent (oalgscence:
Oepends on whether particles are mare wettable by watey
oy off: e [More weltable by water- 0/w Emulsion

* More weftoble by oil = W/0 Emulsion

Heq points: * No chemical surfactant vequired
* film - wigid and Sfmng
. Lon(q— ferm phqsfcal Gfabilr'}{,

Examples of Solid Emulgfiers:
Bentunite

Kaolin

Magnesium hydeoxide
Aluminium hydroxide
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PreservaTion O EMuLsions

Emulsions contain water , 0l and emulsifers — all of which can Support:
= Microbial growth (ecpecially in aqueous phage)

= Oxidation (especiatly in oil phase)

To prevent s;poﬂage,. discoloration, ranadity and loss of potency ,
preservatives and antioxidants afe added-

PReSERVATION From MicROORGIANISMS

Microbes like badtesia, molds, fungi can grow in emulsions ( especially
in - watey).

This leads to contamination , odox, degradation, and even infection in
phamaceutical [ emulsion producis:

Solution :  Add preservatives ( Antimicrobial agems)

Tdeal propesties of Preservatives :

Effective in low Conceniration.

Non -toxic , non -irrtant.

Broad spectuum ( adive against bactesia, ﬁzngf etc)

Chemically Stable in  emulsion

Soluble in phase  where  microbial growth oaurs (usuan{, water).

&)mmon pre5ervaﬁves:
Me|hq|pw‘c&b9n
Pmpqlpamben

Pheno| backesq

Renzox  Acid
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@ Prevenmion From OxibATION
® Qils used in emulsions ( like unsaturgted fatty acds) are prone o
oxidaton.
®  (Oxidation leads {0 :
= Randdity
= OFF- smell
= Distloration

loss of drug poteny

® Soluton : Aad ankoxidants

Ideal properties of Antioxidants :
Chemically stable

Non - toxic

Effective at low Concentrations
Soluble in the 0il phase

Should not aHex emulsion stability.

(ommon Antioxidants used :
Bulqla’réd Hydroxyanisole
Butylated Hydroxytoluene
Tocopherol

Ascosbic aad

L ﬂm' ofen used in ol - soluble phase as oxidation  mosty affects
oils-
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|RuEoLosicAL PRoPERTIES OF Emutsion

® Rheology is the study of fiow and deformation of matier-
basically , how a liquwd behaves when fore 15 applied-
® For emulsions, wheology fell us about *
= Viscosity ( thickness)
= Flow fype (Newtonian o Non - Newtonian)
= How the emulsion will pour, spread or apply on the skin.

[upes Of Frow In EMuLsions

Fow is directly Pproportional to applied force

@ Neuwtonian Fiow

®

®  (onstant Viscostty

®  Seen ip dilute emulsions

Exomples-. S'rmple ligwid emulsions With ow oi] confent.

@  Non- Newtonian Fow
This type of flow shows by oncentrated  emulsion-
Uph'mum ViscosHy is desirable for Sood 51-ubi|'rr({ ofF Emulsion-

Examples: lotions , (reams efc:
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“Factors ArrecTing RueologcaL Properties OF Emuisions

T‘ipe of Emulsion - Olw € W/0 behave differenty.

Phase watio - More disperced phase — highey VisCosity.

Emulsifier used - Some incrense  viscwsity.

®
@
© Droplet size ~Smaller doplets — smoother £ thicker
@
6] Tempemhue- Higher Temperature — lower viscosity
®

Additives - Thickeners or polymers  an affed- fiow

TmporTANCE OF Rueowo6i(AL PRoperTiEs In EruLsions

S

Physica) Stability - High viscosity vedutes Creaming | sedimentation

@ Spreadability ~ Affect patient compliance:

©) Packaaing £ Dispensing- Flow must suit ontainex ( fube , bottle,
pump)

@ Product perRerance- Controls how the dﬂ{q ls geleared-
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Emucsion FormuraTion By HLB MeThoD

@ HLB (hydrophobic Lipophilic Balance Syctem) of Erulsifyjing
agents

® An HB number (1-20) vepresents the velative proposhons of he
lipophilic und  hydrophilic parts of the molecule-

® High numbers (1-16) indicafe a hydmphillic malecule, and produce
an O/w emulsions.

® |ow rumbers (3-6) indicate a lipophilic  molecule and prduce @
Wlo emulsiong.

® Oils and waxy maferials have @ ‘required HLB numbey’ which
helps in the selechon of oppropriote emulsifying agent when
Formulah‘ng emulsions.

® Lliqwd parafinn , fos example, has a vequired HLB valee oF 4
4o obtain a W/0 emulsjon-

HLB values of selecied Emulsifiers

(HEMICAL DESIGNATION HB VALUES
Ethylene Gilycol  Distearate 1§
Sorbitan  Sesquioleate 37
Diethylene gyl monostearate 47
Sucrose FA
Polyoxyethylene (4) laury ether (R
Polyony ethylene (6) laryl ether o3
Polyoxy ethylene (20) sorbrtan tnistearate 10§
Poiqoxqeﬂqlene (9) nonyl phenol 13:0
Sodium Oleate 13-0
Polyxy ethylene  (100) stearute 188
Potassium Oleate 200
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e A Suspension Is a biphasic lWquid dosaae_ fosm 1 which
ﬁ'ne\q- divided  solid particles ~dispersed Into the liquid .
* Tn suspensions, Oispersed phase —  Solid particles
Continuous phose Liguid

* The size of solid pwﬁc\es in +he Suspension ‘ranaes from 05 wm
10 5 uUm.

Classifiohon 0F Suspensions
Suspensions cn be classified on the basis of 3 cal?aon‘es

® On e bosis of Qqeneral classes
@ On the basis of Proporh‘on of solid porticles
® On ihe basis of electokinetic nature of solid PorHcles

On the Basis of General classes
Oral Suepemsions

Topical Suspensions
Parentrol  Suspensions

OP{-halmic Suspensions

Oml Susgensions .
These suspensions are  administered Of(l\\\, (by mouth)

_examgle * Paracetamol Suspensians

VIDEOS : () IMPERFECT PHARMACY




Topicol Sugpensionéi o
These are suspensions that are used for external pUTPOSes. Tb&f
are mcu'nllf apph‘ed on. the skin.

Porentrol _Suspensions

These suspensions are administered Via intfavanous or - intramuscular
fovtes through injections . Paride size of solid particles in these
suspensions should e very less .

OP’rhalmic Suspensionsi
These are the suspensions In the form of eye drops. Tis parkicle
Size should be very fine , nor iftating | stesile and isotonic.

__On the basis of pmporHon of solid Porticles

e Dilvte SusPensionS
o (pncentrated Suspensions

Dilyte Suspensions -
The sie of sohd fonge of solid pasticles 1 dilute Suspensions
ls 2-107. per volume . example - (oisone Acetate Suspension .

(oncentroted Suspensions :
The ron%e of solid Porh'des n Concentroded suspensn'ons |x 507 per

volome . €xample. - Zinc oxide Suspensions.
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On the basis of elechokinetic noture of <olid Pagicles

Flocculoded Suspension
Defiocculated Suspension

Aduan’cuges of Suspensions

Suspension (mproves the chemical stobility of cestain dm%g such
s procaine  penicilin 6

Easq masking of unpleasant faste .

Used for both internal and extemal preparutions

Dﬂ!gs in the suspension fosm shows higher fofe of biouuojlibf\iw.
(Soluton > Suspension > Capsule > tablet)

Disadvontages of Suspensions

Require shaking befose. vse

Inaa:uractf of dose
Packing, handlincd and s‘mrage is difficult

Sedimentakion of particles .
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[ Floccuraten Anp DEFLLOCCULATED SuSPENSIONS

Flocculated Suspension

e A flocculaked suspensfon (s 0 Suspension In which Parh'c-les of the
suspension has undewqone foculation .

® In flocculoed  suspension  solid particles of dr'spersed phase. (ombine

fogethes and  moke “floccules .
e In floccvlated suspension te of sedimentation is very high due fo

the heauq size of flocules .

& @

€8 @31 Focwles (loose Aqgregates)

Deflocculated Suspension
o A defioculoted suspension Is 0 suspension in which no flocculaton

fakes place
o Tn defiocculated suspension  <olid Parh'cles exist as separate entities.

e Tn defioculaled suspension fle of sedimenfation Is slow due 4o
smoller sue of dt‘spersed solid Pw‘n‘des .

SRR, + Tndivdual  Pagticles
wille (Seporate  Entities)
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Sedimentahion

Sedimentolion 1s 4he SeHJln‘n% down of solid particles of suspension
‘o the bottom of the liquid (suspension)

Difference between Flocculated and Defioccul oted Suspension

FLoccuLATED Suspensions DeFLocculATED SUSPENSIONS

o Parkicles {form loose agyreqates | « Parkicles exist as separate entities
Rate of sedimentation is high | Rate of sedimentation Is Low
Sediment foom rapidly " | o Sediment fomm slowl

Doesn't {owm hord coke = [e Fom hord coke

Sediment easilﬂ redispersed e Sediment difﬁ'culﬂtf redispersed

¢ Unpleasant oppearonce e Pleasant appearnce
e More stoble Pharmaceutical * Very less stoble Pharmacettical
Suspension Suspensl‘on
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(olovring Agents | : Tartarazine , Erythrosine

Flavounng Agents |© Vanila, Strowberry , Orange

Sweetening Agents [+ Sucrose , Saccharin

Method of Pmpamh'on

First onvert the solid particles  in fine powdes fosm

Toke insoluble powder in a mortay

Add- sufficient liquid / vehick fo paoduce smooth th

Now add any non- volokle Solicl ingreclient , I p required.
Add any volakile solid Ingredtient , if fequifed .

Now add Other l'ntdredienfs and mix well

Transfer the mixture 1 a measuring cytinder and make up 4o
the requited Volume by odding suffictent -vehicle.

Packaging | : Thick contanes with wide mouth
Storage | : Store 10 a cool dry place
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StaeiLity OF SusPeEnsion

gﬁe ’r"ollowing stability problems  occurs olun‘nﬂ Sw‘oroge of a Suspension !
° akiﬂg

(ap Locking

(olour Chunge

pH Ch(‘mge_

o Rapid SeHh'ma of Parlicles

Cokin
Cakl'na is e fosmokion of hord sediment in defiocculoted suspensions

Due to small particle. Size of <olid Parh‘c[es , 1‘h€\f Ome very close
Yo each other which leads 10 @ Very hord cake {osmakion .

Prevention | : By adding ﬂocculah‘ng agents which prevents hard coke
formalion by making  Flocules

Cap Locking
Cap locking problem  Occurs when parh‘cles of du‘spersed phose
spreads over the surfae of the boltle ap

Prevention | : By ustng different vehicles contouning sucrose , Qlucose
s0tbital elc.
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Colour Change

Wont sensibive Colour in Solwent (liquid phose) maybe c-honﬂecl
n the presence of hight.

Prevention [: (an be prevented by keeping the boie in a dork

p\ace _

pH Change

E)um‘ng Tonﬂ s’rora%e the acidih’ or bo&'ciltf of susPensu'on can
be increase o decrease Which leads fo the pH change.

Prevention | : By adding bulfesing agents , which  helps to  mantain

pH of the suspension.

Rapid SeMing of Particles
Due to loge particle size of flocculated  suspension , the  partidies
of the Suspension Very rapidly  settte down o} the bottom of

ligud C continuous Phozeﬁ
Prevention |- By 0dding viscosity enhcmcing agents . rpid seHl;‘ng

on be preuenh?d ,
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