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Figure 6.27 Elongation of a spherical micelle to form a cylindrical micelle at high concentration.
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Factors Affecting CMC and Micellar Size

» Structure of hydrophobic group: Anincrease in the hydrocarbon chain length causes a logarithmic
decrease in the CMC.

* Nature of hydrophilic gmupl An increase in chain length increases hydrophilicity and the CMC I In
general, nonionic surfactants have very low CMC values and high aggregation numbers compared
with their ionic counterparts with similar hydrocarbon chains.

* Nature of counterions: Note that CI" < Br < for cationic surfactants, and Na* < K™ for anionic
surfactants.

* Electrolytes: The addition of electrolytes to ionic surfactants decreases the CMC and increases the
micellar size] In contrast, micellar properties of nonionic surfactants are affected only minimally by
the addition 0T TIeCTTOIVTES:

* Temperature: At temperatures up to the cloud point, an increase in micellar size and a decrease in
C MClis noted for many nonionic surfactants but has little eftect on that of 10nic surfactants.

. AIcohoI:IC MCs are increased by the addition of alcoholsl
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»  Whilst examples in this|category are inexpensive{they are
comparatively{more toxic than for other categories|of surface-

active agent. This limits their use to external formulations,
e.g. Creams.
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®  They are primarily used pharmaceutically as preservativeslof
topical formulations; however, they may be used to form o/w
emulsions (when combined with a second non-ionic
surfactant of low HLB, i.e. < 6).

25 2 cla¥asall ) jie -y galill drals

Ll Ladas Aladl) Jal gl -3
Aabla Jal 28 i el g 13g1 4,58 Cle gana g dpdas Cile gara
pH 2 dad Cuwa Mg dela )
(Lsall g3, (andl gra b 5 g3 gal) bl ) Lgba Caned shoadl]

Flgure 3 11 Structural formula for
lecithi , and R, refer to either
“ mentmdl or d\f erent 1 fatty acids).

Betaines <Ll

R—C(%NI—F(CI—%)S—RKCHZ—COé K 9 Gl s Gaax S =R
N (Lead 1 8-12 (e ilpa ) i
ChHs

26 2 SV aall ) e -y galill drals

10/04/2018

13



10/04/2018

¢ Lecithin is used in emulsions | for intravenous and
inframuscular administration]]and creams, in which it
acts as an o/w emulsifying pgent,
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» Generally combinations of two non-ionic surfactants [one
water-soluble and the other oil-soluble) are employed to
ensure the formation of a stable interfacial film around the
surface of the droplets of the disperse phase. In certain
circumstances 4 single non-onic surfactant may be used fthat
is of intermediate HLB value.
»  Non-ionic surface-active|agents are more stable than ionic
surfactants in the presence of electrolyte and/or changes in
pH.
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POE =2 Cetyl ether (Brij 52) S37]| | poE=140
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POE = 10 Stearyl ether (Brij 76) 12.4
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POE = 100 Stearyl ether (Brij 700)
POE =2 Oleyl ether (Brij 92) Cao |
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R! = R? = OH, R? = R (see below) for sorbitan monoesters
R' = OH, R? = R? = R for sorbitan diesters

R' = R? = R? = R for sorbitan triesters
where R = (C;7H35)COOQO for isostearate (C;;H>3)COO for
laurate

(C]';'H_g_;)COO for oleate
(C,5H3,)COO for palmitate

(C,7H35)COO for stearate
The sesquiesters are equimolar mixtures of monoesters and diesters.
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Table 6.7 HLB values of sorbitan esters

TTLLLL L

QQ....."....

Chemical name

Commercial name

HLB

Sorbitan laurate
Sorbitan palmitate
Sorbitan stearate
Sorbitan tristearate
Sorbitan oleate
Sorbitan tricleate

Span 20
Span 40
Span 60
Span 65
Span 80
Span 85

35 2 Cla¥apall ) e 0y sl Rncls
20 oy 12 Lauric acid 6/ jae>
40 op,s 16 Palmitic acid ysu jaes
60 opss 18 Stearic acid pmidl e
80 C= 3518 Oleic acid <y jaos
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Table IV} Uses of sorbitan esters.

Use Concentration (%)
Emulsifying agent
Used alone in water-in-oil emulsions 1-15

Used in combination with hydrophilic emulsifiersin  1-10
oikin-water emulsions
Used to increase the water-holding properties of ~ 1-10
ointments
Solubilizing agent
For poorly soluble, active constituents in lipophilic  1-10
bases
Wetting agent
For insoluble, active constituents in lipophilic bases 0.1-3
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Table 6.8 HLB and cmc values of polysorbates

Chemical name Commercial name HLB cmc®

{g dm™?)
Polyoxyethylene (20) sorbitan laurate Polysorbate (Tween) 20 16.7 0.060
Polyoxyethylene (20) sorbitan palmitate Polysorbate (Tween) 40 15.6 0.031
Polyoxyethylene (20) sorbitan stearate Polysorbate (Tween) 60 14.9 0.028
Polyoxyethylene (20) sorbitan tristearate Polysorbate (Tween) 65 10.5 0.050
Polyoxyethylene (20) sorbitan oleate Polysorbate (Tween) 80 15.0 0.014
Polyoxyethylene (20) sorbitan tricleate Polysorbate (Tween) 85 11.0 0.023
*Data from L. 5. Wan and P. F. . Lee., J. Pharm. Sci,, 63, 136 (1974). I sla [ &u) I

39 Z SEInal ) Ae -0 el A

v~ MY
N Tween

Polyoxyethylane sorbitan triester

w + x + y + z =20 (Polysorbates 20, 40, 60, 65, 80, and 85)
w+ x + vy + z=75 (Polysorbates 81)
w+ x +y+ z =4 (Polysorbates 21 and 61)
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Table IV: Uses of polysorbates.

Use

Concentration (%)

Emulsifying agent

oitinrwater emulsions

ointments
Solubilizing agent

bases
Wetting agent

Used alone in oilinwater emulsions
Used in combination with hydrophilic emulsifiers in
Used to increase the waterholding properties of

For poorly soluble active constituents in lipophilic

For insoluble active constituents in lipophilic bases

1-15
1-10

2 sl e -0 salil dxala
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Table 6.10  Solubilising capacity of polysorbates for the barbiturates ot 30°C

Drug Surfactant Solubility
(mg drug per g surfactant]
Phenobarbital Polysorbate 20 55
Polysorbate 40 6l
Polysorbate 60 63
Polysorbate 80 66
Amobarbital Polysorbate 20 k)
Polysorbate 40 38
Polysorbate 80 40
Secobarbital Polysorbate 20 11
Polysorbate 80 144

* Reproduced from A. A. lsmail, M. W. Gouda and M. M. Molowi, J. Pharm. Sci, 59, 220 (1970).
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[[ Emulsifying Agents 4zdaiu) Jal gl ]] ‘ Emulsions oLss.dl

Wetting agents il Jolse

Cetrimide sy i~ f( + ) G} Soaps yulsal!
Cetavlon ;4! - Zigdls g (3/3) monovalent (sl dl>i
o) sl _ .
230985l sy 9lS Cationic Anionic Sodium oleate 18.0
Benzalkonium chloride Potassium oleate 20.0
Glp) polyvalent sl sousis

pH=3-7 Calcium oleate

(¢/3) OrgaNic isae
@ Triethanolamine oleate 12.0

Sodium lauryl sulfate  40.0

Adail) dagas

Nonionic

Structural Formula Poloxamer

CH,
o | o
HO o H
< a
h

Liquid, Paste, Or Flakes (Solid)
Table V: Nonpropridary name and corresponding commercidl grode.

Nonpreprietary nome Commercial grode

Poloxamer 124 144

Poloxamer 188 F68

Poloxamer 237 F.87

Poloxamer 338 F108

Poloxamer 407 r127 44
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Calculation of HLB of a polysorbate

Polysorbate 20 has a molecular weight of
approximately 1300 and contains 20 oxy-
ethylene groups and two sorbitan rings. Thus,

20 x 44
_20x44x100 _ oo
1300
182 x 100
= =14
1300
Hence,
HLB =82/5=16.4 (CH,CH,0, mol. wt. = 44)
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Table 6.8 HLB and cmc values of polysorbates

Chemical name Commercial name HLB cmc®
lg dm™)
Polyoxyethylene (20) sorbitan laurate Polysorbate (Tween) 20 16.7 0.060
Polyoxyethylene (20) sorbitan palmitate Polysorbate (Tween) 40 15.6 0.031
Polyoxyethylene (20) sorbitan stearate Polysorbate (Tween) 60 14.9 0.028
Polyoxyethylene (20) sorbitan tristearate Polysorbate (Tween) 65 10.5 0.050
Polyoxyethylene (20) sorbitan oleate Polysorbate (Tween) 80 15.0 0.014
Polyoxyethylene (20) sorbitan trioleate Polysorbate (Tween) 85 11.0 0.023
% Dota from L. 5. Wan and P. F. 5. Lee., J. Phorm. Sci., 63, 136 (1974). I sla [ &u) I
49 2 ORIl 8 (el axal
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HLB = ¥ (hydrophobic group numbers)

- 2 (lyophilic group numbers) + 7 ('
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-0.475x 12=5.7
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g:\j, .5 Group contributions to HLB values J:tztll
Grou; Contributicn Group Contribution
SO.Na +38.7 COOK +21.1
COONa +19.1 SO;Na +11.0
N +9.4 Ester (sorbitan +6.8
(tertiary amine) ring)

Ester (free) +2.4 COOH +2.1

OH (free) +1.9 -O-(ether) +1.3

OH (sorbitan) +0.5 CH, CH; etc

CF,, CF, -0.870 (alkyl) -0.475

OCH,CH, +0.33 OCH(CH;)CH, —0.15
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Tobla 7.3 Groly conmibutions 1o HB Eintbers Table 7.2 Typical HLB numbers of some surfactants
Compound HLB
Group Group number
Glyceryl monostearate 38
Hydrophilic groups Sorbitan monooleate (Span 80) 43
COO™Na* 19.1 Sorbitan monolaurate (Span 20) 8.6
Ester 24 Triethanolamine oleate 12.0
Hydroxyl 1.9 Polyoxyethylene sorbitan monooleate 15.0
. (Tween 80) _
i (L] e Polyoxyethylene sorbitan monolaurate 16.7
Lipophilic groups (Tween 20)
~CH— Sodium oleate 18.0
—CH,— Sodium lauryl sultate® 40.0
:E:3 ° Although applied mainly fo nonionic surfacianls it is possible to
== oblain numbers for ionic surfoctants.
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For reasons mentioned earlier, mixtures of
surface-active agents give more stable emulsions
than when used singly. The HLB of a mixture of sur-
factants, consisting of fraction x of A and (1 - x) of
B, is assumed to be an algebraic mean of the two

HLB numbers:
HLB, = x HLB, + (1 - x) HLB; (6.36)
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Example Routes HLB no.
Nonionic surfactants
Glyceryl monooleate TO 4.1
Sorbitan trioleate (Span 85) TO 1.8
Sorbitan monooleate (Span 80) TO 4.3
Sorbitan monolaurate (Span 20) TO 8.6
Polyoxyethylene lauryl ether (Brij 30) 1" 9.5
Polyoxyethylene sorbitan monooleate (Tween 80) TOP 15.0
Polyoxyethylene sorbitan monolaurate (Tween 20) TOP 16.7
Polyoxyl 8 stearate T 111
Polyoxyl 40 stearate TOP 169
Polyoxyl 50 stearate i 179
Polyoxyl 35 castor oil (Cremophor EL) TOP 12-14
Polyoxyl 40 Hydrogenated castor oil (Cremophor RH 40) TOP 14-16
Polaxamer 181 (Pluronic) TOP 1-7
Polaxamer 124 (Pluronic) TOP 12-18
Polaxamer 407 (Pluronic) TOP 18-23
Anionic surfactants
Sodium lauryl sulfate T 40
Sodium oleate TO 18
Cationic surfactants
Cetyltrimethylammonium bromide T 40
Zwitterionic surfactants
Triethanolamine oleate T 12
Lecithin TOP 7-10
Hydrophillic colloids (film forming polymers)
Methylcellulose TO 105
Acacia T0 8.0
Gelatin TO 9.8
Tragacanth TO 132
(continues)
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Example Routes HLB no.

Colloidal solids (solid particulate film formers)

Bentonite (hydrated aluminum silicate) T o/w
Veegum (Mg-Al silicate) T o/w
Magnesium oxide T w/o
Magnesium trisilicate T w/o
Titanium dioxide 1] o/w, w/o
Tale T

nformation from selected reading 3.

HLB = hydrophilic lipophilic balance; T = topical; O = oral; P = parenteral; o/w = oil-in-water; w/o = water-in-oil.

Al

we »

Rheology
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Rheology, the study of flow, addresses the
viscosity characteristics of powders, fluids, and
semisolids.

Materials are divided into two general categories,
Newtonian and non-Newtonian, depending on
their flow characteristics. Newtonian flow is
characterized by constant viscosity, regardless of
the shear rates applied.

Non-Newtonian flow is characterized by a change
in viscosity characteristics with increasing shear
rates.

Non-Newtonian flow includes plastic,
pseudoplastic, and dilatant flow.
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Table 19-1 Absolute Viscosity O{Some Newtonian Liquids at 20°C

Liquid Viscosity (cp)
Castoroil 1000
Chloroform 0.563

Ethyl alcohol 1.19

Glycerin, 93% 400

Olive oil 100
Water 1.0019
63 2 ¥ anall e 0 salill dusls
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PE G el it & ol
IL1] PEG=§ Polyoxyethylene monostearac (Myrj 45) 12 ¢
169 | PEG=40 Polyoxyethykene monostcarac (Myr) 52) ¢ £
179 PEG=S} Polyoxyethylene monostearac (Myr) 53) % ¢
POE + sl ) 29 &l
97| PEGd Laurel cther (Brij 30) 7 3

7
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(a) Newtonian
(b) Plastic

(d) Dilatant

(c) Pseudoplastic

72

10. A pharmacist needs a vehicle that will thin as it is forced through a needle, This
vehide would be described as:
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TABLE 1 Comparison of Emulsions and Microemulsions

Property

Emulsion

Microemulsion

Disperse-phase droplet size  0.2-10um Less than 0.2um

Visual appearance Turbid to milky Transparent to translucent
Stability Thermodynamically unstable ~ Thermodynamically stable
Formation Requires energy input Spontaneous

Source: From ref. 2.
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(a) Micelles when CPP < 1/3

a4

(b) Bilayers when CPP = 1

() Reverse micelles when CPP = 1
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T Volume V

Cross-sectional
area a
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Figure 6.25 Influence of the critical packing parameter, CPP = v/(/.a), on the type of aggregate formed by surfactants i
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Flocculating agent Routes
Film forming polymers
Methylcellulose TO
Acacia TO
Gelatin TO
Tragacanth TO
Aliginate TO
Electrolytes
Sodium acetate TOP
Mono-, di-, trisodium phosphate TP
Mono-, di-, trisodium citrate TOP
Surfactants
Lecithin TOP
T = topical; O = oral; P = parenteral.

4— Plastic

‘4—— Dilatant

Shear stress

4— Newtonian

4— Pseudoplastic

Shear rate

Figure 3.9 Correlation of rate of Newtonian flow with force per unit area. Note that the
slope (viscosity) of the pseudoplastic liquid decreases as force is increased




