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Colloidal Dispersion: Gel and Magma
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Colloidal Dispersion

- A colloidal dispersionzis a sgste in which particles of

colloidal size of any natiire (e.g. solid, liquid or gas) are
AN/ A 5
dispersed in a continuous phase of a different composition
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- Dispersion cont% ing particles in the colloidal range (falling
between 1.0 nm and 0.5 yum), are termed colloidal
dispersions QMM%agmas and gel e alsa) ran

colloida | dispcrsion

- If the disperse phase 1ntercgte_tds QB}}fejcﬁcglythe dispersion
medium, it 1s salf fo be lyophzllc meaning solvent loving. If
the degree 0£ attraction 1s small, the colloid 1s termed
lyophoblc or solvent hating.
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Colloidal Dispersion

Lyophoblg collolds are generally composed of
norgamc fga rticles. When these are added to the
w<dispersing phase, there is little if any interaction

between the two phases.
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- Unlike lyophilic colloids, lyophobic materials do not—"

spontaneously disperse but must be encouraged to do

so by special individualized procedures. Their addition
to the dispersion medium does not greatly affect the
viscosity of the vehicle
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Colloidal Dispersion vz o s
- Terms such asaydrophilic and hydrophobic, which are
more descriptive of the nature of the colloidal propert
have therefore been d?{/eigﬁed@ refer to the attraction

or lack of attraction of the substance specifically to
water




Class1f1%§trcn of colloidal system

Hydrophrhc c01101d I

- Molecules have affinity for water and hydrated
when they are d1spersed n water
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- Hydrated colloids swell and increase the viscosity of

the system
f\.b»h_)}n-u” W—*‘ . | .
improve stability by reducing interaction between

particles and the1r tendency to settle |

@hey possess a net surface electr1cal charge (that
. aPlpdopl -
depend on chemical | prop perties & pH “of the system)

they will repel othejj éﬁa’fﬁ‘é&‘ﬁé{?ﬁcles and thus
ces the likelihood that particles will adhere to

one another and settle




Classification of colloidal system -

Hydrophilic colloid

- Examples:

- acacia ( =¥ &7]
- Methylcellulose ~ »%'d**

- Proteins (gelatin & albumin)
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Hydrophobic colloid
- Has little or no affinity for Watermolecules
- Produces no change in system viscosity

- The particles may carry a charge
In 512

po
- They maintain their dispersion in the medium as a
result of mutual repulsion of like charges and
Brownian movement

- E.g. of hydrophobic colloids:
- Silver iodide =~ =iz

- Sulfur =24

- Gold )




Negative charge
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Hydrophoinc colloids -

Charged particles . .

- Charged particles may be neutrahzed@ adding 1ons of

the opposite charges to the dispersion medium
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- The neutralized particles cling together [ larger

particles aggregate [| may precipitate
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® Tynclall effect > ‘\
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Propertiés of Colloids  zuwegngiss
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@ Scattering of a light beam directed through the medium
(Tyndall effect):
its magnitude is a result of the size and number of particles present
» > 2" AU I (N (@ it (5wl
Can be used to determine the molecular welght, size, and shape of
the colloids
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Brownian movement: result from bombardment of the
colloidal particles by molecules of the dispersion medium
(< 5 microns)

The pres?f}zgfﬁpf on the colloidal particles gives
them clcctfnt-aﬁ)ropcrtics: thus when exposed to an
electrical potential colloids can be forced to migrate
toward the electrode orélf)”l?fi%ite charge USAEST
(electro‘[ghoresis)-) can be used to sepame a mixture of
colloida ms/u_’”sdt:n( es protgms
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The Tyndall effect, also known as Tyndall scattering, is light scattering by
particles in a colloid or particles in a fine suspension. It is named after the 19th-

century physicist John Tyndall
(fj_l;;'ell[;dlmﬂlfw [N oo

colloid solution

light

A beam of light shining toward the solution and the colloid. The light particles are
suspended when passing through the colloid's large particles, but not when passing
through the solution's smaller particles.

A solution A colloid ' Torch
' Tyndall Effect
oy T True solution Colloidal sol
9725 Lplo (Noscattering  (Scattering of
of light) light)
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Properties of C01101ds i

. Colloids do not pass through a semi-permeable
membrane: t:"mg

when an (albumm) dlspersmn 1S placed into a
Sig % slie gl ole Ll |
(cellophane)sac and submergef*f intd water, water

molecules will enter the sac to dilute the albumin

dispersion that cannot diffuse out

This prn?:lp'cdfﬁ“lbé\é&xplams the role of human serum

@ 22t xp
albumin in maintaining the osmotic pressure of blood

This principle is in the kidriey too: ions and small
molecules are filtered while serum protein are
retained




Gels
Bl 3.8

o Gels are dg[med as semisolid systems consisting of dlspchlons
made up of either small inorganic particles ©y large organic
molecules cnc]osmg and/interpenetrated b_\ a llqmd.

¢ Gels are also defined as semi-rigid systems in which the
movement of the dispersing medium is restricted by an
mtcrlacmg three-dimensional network of partlcles o/_\) Asndpdy
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solvated macromolecules of the dispersed phase £ Lial ez

. ‘]so are defined as a substantially dilute cross-
linked system, which exhibits no flow when in the steady-

state. (W*—E““ﬂ-ﬂél)yw_u ["l}»”l.& &
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Gels

o are useful as liquid formulations in oral, opthalmic,
nasal, topical, vaginal, and rectal administration

- Are made by using substances called gelling agent

| Rl
- Gelling aggnt undergo extensive cross-linking ©r)
e T iPY : :
enlargement when dissolved ©r)dispersed in the
dispersing medium ZEec i

- This cross linking increases the viscosity of the

dispersing medium and also restricts its movement
sl 515 [l 51l ez (o
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{(Movement of the dispersing medium) "¢ 3sl) & a" sias Lo

L3S crest Lisie (Gels) pdlells sl il g -

it ol Lgudall S Lasall oF olidigull Jie) 8 uiall ol jall of olaswall ##(Dispersed phase) ¢ 3stl skl -
[yl

(ATL L 6T 51 e U Jia) Sloseundl s igs laaats S B0U o1 JSLed | **:(Dispersing medium) ¢ jsd| lacygll -
ol £ 3l 3
o alaill JAls deysll o lasuad s baaat (31 Sol 5T Jileadl @5 -
(oS (o8 oW Ji0) L yms oyt Sl Bpnladf Ll | Lala ) o8 -
il olysadl of olaswall o 3k dsag s Faganse 51 Sue®* ()G Sl 138 S oMl (o8 -
e JBs
(L dat s W) Gole sl o8 dBala eyt Jglat b Juas -
(Al s Bagans adlell Jals il 5a L) ohaadl Laliall Jio adla (o @alll el ol Joas ¥ -
RIPSYEN
lascndl $ging @31 bl ol il 35a = ¢ 351 Sa

olascanll o B Ja ks "Lasana L Bugane o< Eoall s adlell o -



\_

Gels

- By weight, gels are mostly liquid, yet they behave like
solids due to a three-dimensional cross-linked network
within the liquid.

+ It is thecross-linking)within the fluid that give a gel its

structure (hardness) and contribute to the adhesive
stick). «kesalie wpaddip A Sl aupld

- So gels are actually mixtures containing a solid skeletal

structure which completely ensnares liquid inside its
3D Strllctllre/\_/7 Yypws (@blo Us plas Sl SBIL 20 Ge) I B Bl —:},.«47 (e,
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GU o Sl ﬁ_]Hydrophoblc interactions are favored al higher temperatures, thus forming
alﬁ’jj‘g'lo;.ZadLAJ'eb unction zones, which produces a gel
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Gel’s classification

TABLE 14.4 GENERAL CLASSIFICATION AND DESCRIPTION OF GELS

CLASS DESCRIPTION EXAMPLES
Inorganic Usually two-phase systems Aluminum hydroxide gel
Bentonite magma
Organic Usually single-phase systems Carbopol
Tragacanth
Hydrogels Organic hydrogels Pectin paste, Tragacanth jelly
Natural and synthetic gums Methykellulose, sodium carbaxymethylcellulose, Pluronic
Inorganic hydrogels Bentonite gel (10%-25%), Veegum, silica
Organogels Hydrocarbon type Petrolatum, mineral oil/ polyethylene gel (Plastibase)
Animal, vegetable fats Lard, cocoa butter
Soap base greases Aluminum stearate with heavy mineral oil gl
Hydrophilic organogels Carbowax bases (PEG ointment)
Polar

Nonionic




Gel’s classification:
1. Two Phase system

- When the gel mass consists of(floccules)of small,
distinct particles, the gel 1s classified as a two-phase

system and frequently called a m agma ma or) a_milk (e.g.

milk of n magnesm alum1nun’r1°)flu§7rclirox1de gel, bentonite

magma)

94 S bats gl
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- Two phase systems are thixotropic (semi solid on
standing but liquefy when shaken)




Gel’s classification:
2. Single Phase system

If the gel does not appear to have discrete particles it is called a

Za:_,,@_,', As o
Single phase s_\'stems@ﬁ’f@ linear ©r) branched polymer
macromolecules that dissolve in water and haveno apparent
boundary with the dispensing medium ol ge dL;L‘j-,’L;—J": ¢
@/Tacromolec@are classified as natural polymers (e.g.
tragacanth), semisynthetic cellulose derivatives (e.g.

methvlcellulose), or synthetic polymers (e.g. carbomer polymers)

Single phase gels(made fromysynthetic or natural macromolecules
are called mucilages




mucilage




Bentonite Magma, NF

Bentonite magma 1s a preparation of 5% bentonite, a_ .
native colloidal hydrated aluminum silicate, in purified
water. It may be prepared mechanically in a blender 2~
with the bentonite added directly to the purified water

__while the machine is running, or it may be prepared by

2 ’q@rinkling the bentonite, in portions, upon hot purified

water, allowing each portion to become thoroughly

wetted without stirring before another portion 1s added.

“By the latter method, the mixture must be allowed to
stand for 24 hours before it may be stirred. The
standmg period ensures complete hydration and
swelling of the bentonite.
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Aluminum Hydroxide Gel, USP

A gelatinous precipitate composed of insoluble aluminum hydroxide(and )
the hvdrated aluminum oxide

To the gel, the USP permits the ¢dditioB of peppermint oil, glycerin,
sorbitol, sucrose, saccharin, or other flavorants and sweeteners as well as
suitable antimicrobial agents.

This antacid preparation is white and viscous. 27 cpl L iezall fos

It is effective In ncutrahzmg a pornon of the gastric hydrochloric acid
and by virtue of its gelatinous, viscous, and insoluble character, coats the
inflamed and perhaps ulcerated gastnc surface, and is useful in the
treatment of hyperacidity and peptic ulcers. The main disadvantage to its
use is its constipating effects. The usual dose is(10 mL{four or more

)b\ 7\”J::\ times a dav, that is, after meals and at bedtime. The analogous Lol SLs2|
\ 02

commercial product (Amphojel, Wyeth-Ayerst) at 10 mL has the
capacnt\ to neutralize about 13 mEq of acid.The preparation should be
stored in a tight container, and freezing should be avoided.

Refer to USP Monographs Aluminum Hydroxide Gel
http: //www.pharmacopeia.cn/v29240/usp29nf24s0_m2100.html
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Fluocinonide Gel, USP, an anti-inflammatory corticosteroid,
AABerm gUR) ebm s Lale L e

Tretinoin Gel, USP, stimulates epldermﬁl cell turnover,
causes peeling, and is effective in the treatment of acne.
Erythromycin and benzoyl peroxide topical gel (Benzamycin

Topical Gel, Dermik Laboratories)
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Common gelling agents:

common properties

If the gelling agent 1s added to the dlspersmg
LT
C\gnedmm too rapidly the agents tend to clump B ?ayer
5% y\wnh a gelled surface that is more difficult for the

‘9)@ medium to hydrate

\

Some compounding techniques to minimize the
problem: ~ Qéﬁ\‘ i;”(;ij
Sift the powders into the vortex of the rapidly
stirring medium
Levigate the powder with a water miscible non-
solvent such as absolute alcohol or propylene glycol

Use a blender to mix the powder and solvent
homogenously




- Common gelling agents:

common properties

2. Some gelling agents are more soluble 1n cold water
than in hot water

e.g.
- methylcellulose and poloxamers have better solubility

in€old watey
- Bentonite, gelatin, and sodium carboxymethylcellulose
are more soluble@n hot wafep
- Carbomers, tragacanth, and alginic acid gels are made
Guith tepid watep-—» w75
W1 sWally lpudy smeal 2
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Common gelling agents:

common properties .

3.@ gelling agents (e.g. carbomers) require a
“neutralizer” or pH adjusting chemical to create the gel
after the gelling agent has been wetted in the
dispersing medium

4. Most gelling agents require 24 to 48 hours to
completely hydrate and reach maximum viscosity and
clarity

5. Gelling agents commonly are used in concentrations
0f 0.5-2% but some may be used up to 10%

6. It 1s easier to add the active drug before the gel 1s
formed if the drug doesn't interfere with the gel
formation




Common gelling agents:

Carbomers

- Carbomerzis a generlc name\for a family of polymers
known as( |

1950
- They are dry powders with high bulk density

- Form acidic aqueous solutions (pH around 3)

- Thicken at a higher pH (5 or 6)[] swell as much as
1,000 times their original @olume

- A neutralizer (€.g sodium hydroxide, triethanolamine)
1s added to 1ncre%se the pH oo
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Selected|Carbomers: \

Polymer . . .
Name Viscosity* » : Pri)pertles ‘
Qs Lpasimilib; P
Carbopol® 3,000 - Effective@l w_concentrations and will provide a low viscosity
910 7,000 formulation. W_,my;_f\
LowdolsM @
Carbopol® 30,500 - Effective in thick formulations such as emulsions,
934 39,400 suspensions, sustained-release formulations, transdermals,
and topicals.
Forms clear gels with water.
/ 3\";\ P2 de2
ob B Gd% o s
Carbopol® 29,400 - Same properties as 934, but intended for pharmaceutical
934P 39,400 formulations.
"P" = highly purified product
dad gl
1ol ol e G V2 w27 g P
Carbopol® 40,000 - Effective in thick formulations, very good clarity inr

940 60,000 (‘nydroalco olic topical gels;
Forms clear gels with hydroalcoholic systems.

o ary\pazon 7 12z zobs
Carbopol® 4,000 - Produces low viscosity gels, very good clarity.
941 11,000

*0.5% solution, pH 7.5
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Common gelling agents:

/ ?Celluloj derivatives

L & Methylcellulose, hydroxyethylcellulose, hydroxypropyl
ekt cellulose, hydroxypropylmethyl cellulose, and
carboxymethyl cellulose)

;. Al of the cellulose derlvatlves except carboxymethyl
J=llazs) Js-Jos Loz,
e "cellulose maintain the viscosity of the gel over a wide

@\ﬁé*’“@ pH range(3-11).(CMC)can maintain the viscosity

between pH 7-9

- The addition of salts to medium reduces the ability of
cellulose to hydrate




Common gelling agents:
Poloxamers | .

15
-(Pluronic®)———> 7"
c—Jzo-‘Jﬁ))é

- Are copolymers of polyoxyethylene and

polyoxypropylene
- They forms reverse thermal gels in conc. ranging from
s abla S0 02
@ Dy .;‘lj:i:\yis.yﬂﬁm Jz%o:_pf»

- Liquids at cool temp and gels at room or body temp.
- PLO gel: look 1t up
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Packaging iy s
- Gels generally are stored in tight containers at

as RV s\ ma=) w5\

\ '\\4 <
A refrigerated or room temperature

. | ol azplry 20\l
. Patlentﬁ%ofe er gels that appear’pcjlegf, water washable,

sparkle, water soluble, and greaseless A g aLE-
aslyl <l el Z2)| Woﬂﬂ‘ e~
AL SULip el abls o\z )
- Tubes, jars, squeeze bottles, pump dispensers
b Sy aR
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»0bserving formulations for evidence of
instability:

* Gels should be TABLE 11.2: Co
observed for wm;:;‘;ﬁ SE

®shrinkage C%)eparation ;
of liquid, discoloration,
and Shicrobial

contamination

* Preservatives are
recommended for gels

* Carbomer polymers
are quite
hygroscopic-) store

away from moisture




