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INTRMUCT ION 

The v a s t  majority o f  work on p h e m c e u f i c a l  suspensions is 

concerned w i t h  t he  electrical s t a b i l i z a t i o n  of such systems, 

i n c o r p o r a t i n g  t h e  OLVO theory o f  colloid s c i e n c e  t o  account for 

t h e  suspension8 c h a r a c t e r i s t i c s  observedL1'. S t a b i l i z a t i o n  o f  

p a r t i c l e s ,  produced by t h e  adsorp t ion  of polymers a t  t h e  sol id-  

l i q u i d  i n t e r f a c e ,  has not  been e x t e n s i v e l y  i n v e s t i g a t e d  i n  t he  

area of  pharmaceutical  SuSpenSiOnS. I t  is Only r e c e n t l y  t h a t  

theories d e s c r i b i n g  t h i s  'steric s t a b i l i z a t i o n '  have been 

introduced") and these may be used only w i t h  c e r t a i n  r e s t r i c t i o n s  

Ster ic  s t a b i l i z a t i o n  has one major advantage over  

electrostatic s t a b i l i z a t i o n  i n  t ha t  it is r e l a t i v e l y  i n s e n s i t i v e  

t o  t h e  presence o f  added e l e c t r o l y t e s .  

e x c i p i e n t s  such as colour ings ,  f l a v o u r i n g s ,  buf fers  and 

p r e s e r v a t i v e s  must be taken i n t o  account when formula t ing  a 

The a d d i t i o n  of i o n i c  
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4 2a BAWLINS AND KAYES 

dispersion where stabilization is by electrostatic means alone. 

Possible leaching of ionic species from glass containers may 

also cause unwanted changes in suspension appearance and 

redispersibility. Stabilization of particles through the 

adsorption O F  polymers avoids this problem es the rteric effect 

is Independent of added electrolyte and high ionic strengths are 

usually required before the solution properties of nonimic 

polymers ore affected. 

It should be recognized that polymers or surfactants added 

as thickening or wetting agents wlll tend to adsorb at the drug- 

solution interface and that 8s a result a steric stabilizing effect 

will operate. 

PlATERIALS AN0 METHODS 

Nonianic Pluronic surfactants L61. L62, L64 and F68 were 

used a5 received from the suppliers. Each molecule poasesses 

two statistically equal ethylene oxide chains comprising 10, 2 0 ,  

40 and 80% by weight of the total molecule respectively. Sample 

purity 1,489 checked by an extraction procedure and NFlR spectroscopy 

analysis, as roported and indicated substantial 

qumtitites o f  free palyoxyethylene compounds - particularly in 
Pluronic F68. The second group of nonlonic surfactants used 

were the nonylphenylethoxylates (NPE) which are stated to possess 

8 ,  13. 20, 30 and 35 ethylene oxide units per molecule. NPR 

analysis of the surfactants together with their critical micelfe 

concentrations is given in Table 1. 
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STERIC STABILIZATION OF SUSPENSIONS 429 

T M E  1 

P r o p e r t i e s  of Nonylphenylethoxylatlas 

S u r f e c t a n t  Msnufecturer Ethylene Oxide C m t o n t  

NPE 0 I .C.I .  8.4 

NPE 20 I.C.I. 20.1 
NPE 30 I.C.I. 31.7 
NPE 35 Lankro 35.6 

NPE 13 I.C.I. 12.8 

CmC 
run01 es 

51 
71 
66 
100 
114 

1-1 

Adsorption i S O t h e n 5  wera determinod by shaking drug powder 

with t h e  r e q u i r e d  m o u n t  of a known concent ra t ion  o f  s u r f a c t a n t  

s o l u t i o n  for  24 hours  a t  2S°C. This was found t o  be ampla t i m e  

fo r  e q u i l i b r i u n  t o  be established. 

prepared by p lac ing  glasp v i a l s  conta in ing  t h e  d i s p e r s i o n s  in a 

S O n I C  bath [Kerry Ltcl.1 fo r  two minutea. 

f u r t h e r  minute followed by t h e  o q u i l i b r a t i o n  period gave 

suspensions which were completely d ispersed  when viewed under 

a microscope. F i l t r a t i o n  through well soaked 0.45 um membrane 

f i l ters  allowed the equi l ibr ium concent ra t ion  to  be determined 

us ing  an iodine s o l u b i l i z a t i o n  t e c h n i q ~ a ' ~ '  . Dissolved drug d id  

n o t  interfere w i t h  the  assay  procedure and adsorp t ion  onto  the 

g l a s s  v i a l s  and f i l t r a t i o n  assembly could not  be detected. 

The i n i t i a l  d i s p e r s i o n s  were 

limd shaking fo r  a 

The e l e c t r o p h o r e t i c  mobilities o f  drug suspensions were 

detennined on a Rank Mk I1 microe lec t rophores i s  appara tus  (Rank 

Bms., Bottisham, Cambridge, W).  P a r t i c l e s  were viewed i n  a 

f l a t  cel l  v i a  a t e l e v i s i o n  monitor. M o b i l i t i e s  were measured at 
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4 30 RAULINS AND KAYes 

c o n s t a n t  i o n i c  s t r e n g t h  i n  

uhere mentioned i n  t h e  t e x t .  

Ir the Debye-Huckel reciprocal l e n g t h  parameter, a t h e  par t ic le  

d i s m e t e r )  the Smoluchowskl equatfm ( r = c c / ~ )  (c t h e  p e r m i t t i v i t y  

and 0 t he  v i s c o s i t y  of t h e  aqueoua m e d i m ) ,  may be used t o  

conve r t  observed mobilities, U ,  t o  zeta p o t e n t i a l s  C.  Where 

necessa ry  the ptt was a d j u s t e d  u s i n g  sodium hydroxide or 

hydroch lo r i c  acid s o l u t i o n s  and i n  subsequent  expe r imen t s  where 

s u r f a c t a n t s  were adsorbed on the p a r t i c l e s ,  m o b i l i t y  measurements 

were made a t  pH 8.0 f 0.5 corresponding t o  t h e  p l a t e a u  r eg ion  of 

t h e  mobllity-pH c u r v e s ,  Fig .  1. 

fl sod iun  chloride s o l u t i a n  except  

As t h e  particles are l a r g e  IKa>1001 

Suspensiorts fo r  s t a b i l i t y  e v a l u a t i o n  were p repa red  as f o r  

I n  a l l  cases 1 g o f  d N g  was used and t h e  adsorption isotherms. 

25 ml of S u r f a c t a n t  s o l u t l m  made up i n  II NaCl  added. A t  

t h i s  ionic s t r e n g t h  t h e  maximan zeta p o t e n t i a l  is -7  mV which  is 

i n s u f f i c i e n t  t o  provide a s i g n i f i c a n t  s t a b i l i z i n g  f o r c e .  

D i f f e r e n t  suspens ion  types  therefore reflect the effect that  

s u r f a c t a n t  a d s o r p t i o n  has on suspension s t a b i l i t y .  

days of s t a n d i n g  a t  2S0C t h e  appearance and sed imen ta t ion  volume 

of the samples were recorded. 

After three 

Tho Hawker c o n s t a n t s  of t h e  pure s u r f a c t a n t s  were measured 

us ing  the d i s p e r s i o n  t echn lque  of Gregory(51. 

index. n of t he  compounds was determined using an Abbe 60 

r e f r s c t o m e t e r  from which t h e  compensating knici prism had been 

The r e f r a c t i v e  D
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STERIC STABILIZATION OF SUSPENSIONS 431 

FIGURE 1 

The pH m o b i l i t y  p l o t  of Diloxanide Furoa te  
B.P. i n  lo’* n vl and fl (B 1 sodium 
chloride so 1 u t  i o n  

removed t o  allow IneaSurement a t  s e v e r a l  wavelengths. Where t h e  

samples were s o l i d  or semi-solid a t  room temperature  measurement 

was made a t  6OoC. fleasuremonts were made a t  f i v e  wavelengths: 

589. 546, 436, 644 and 480 nm, isolated f r o m  l i g h t  emit ted by 

sodium, mercury and cadmium discharge  lamps. Linear  p l o t s  were 

obtained by  p l o t t i n g  (n2+21/(n -1) a g a i n s t  (frequency)’ and from 2 

these t h e  Hamaker cons tan t  A33 was obtained.  

To o b t a i n  the Hamaker cons tan t  f o r  d i l o x a n i d e  f u r o a t e  t h e  

powder was first r e c r y s t a l l i z e d  from chloroform to produce larger 
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432 RAWLINS AND KAYES 

c r y s t a l s  and the r e f r a c t i v e  index o f  these c r y s t a l s  determined 

us ing  t h e  b e c k e l i n e  method[6).  T h i s  procedure i n v o l v e s  imnersing 

t h e  c r y s t a l s  i n  a f l u i d  and a l t e r i n g  t h e  r e f r a c t i v e  index of t h e  

f l u i d  u n t i l  i t  matches t h a t  of t h e  c r y s t a l s .  A t  t h i s  p o i n t  no 

d i f f e m n c e s  are found i n  t h e  o p t i c a l  behav iour  between t h e  two 

m a t e r i a l s .  No ev idence  o f  a n i s o t r o p y  cou ld  be found w i t h  t h e  

drug w i t h i n  t h e  range of r e f r a c t i v e  index s t u d i e d .  

Programnes were w r i t t e n  t o  e v a l u a t e  t h e  p o t e n t i a l  energy o f  

i n t e r a c t i o n  between p a r t i c l e s  u s ing  the ICL 1904s computer a t  t h  

U n i v e r s i t y  o f  Aston I n  Birmingham. For the drug t h e  a t t r a c t l o n  

between s e m i - i n f i n i t e  f l a t  p l a t e s  covered w i t h  an adsorbed l a y e r  

of  polymer were used. These e q u a t i o n s  t a k e  i n t o  account  t h e  

effect  of e l e c t r o m a g n e t i c  r e t a r d a t i o n  upon VA ( 7 1  . 

RESULTS AN0 OISCUSSIW 

Adsorption i so the rms  of both the  P l u m n i c s  and t h e  nonyl- 

pheny le thoxy la t e s  were s i m i l a r  i n  shape t o  those observed f o r  

t h e  a d s o r p t i o n  o n t o  p o l y s t y r e n e  latex ‘ 3 a a ’  and could be f i t t e d  

t o  t h e  Langmuir equa t ion  f o r  monolayer s u r f a c e  coverage. The 

maximum m o u n t  o f  s u r f a c t a n t  adsorbed was however approximately 

h a l f  o f  t h a t  found on t h e  l a t e x .  I t  has been shown t h e t  t h e  

hydrophobici ty  of CI s i l i ca  s u r f a c e  hae  a g r e a t  effect on t h e  

mount of po lyv iny la l coho l  adso rbed(g1  and a similar v a r i a b i l i t y  

is  found for  t h e  a d s o r p t i o n  of PVA o n t o  t h e  t w o  s u r f a c e s  used 
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STEBIC STABILIZATION OF SUSPENSIONS 433 

i n  the  c u r r e n t  work‘”. 

a p p l i c a b l e  t o  the s u r f a c t a n t s  used hura. 

The sane is t h e r e f o r e  probably 

The e l e c t r o p h o r e t l c  m a b i l i t y  of  t he  drug shown i n  Fig. 1 

shows a s l i g h t  n e t  p o s i t i v e  charge below pti 3 due to  p ro tona t ion  

o f  the  s u b s t i t u t e d  mid0 groups w i t h i n  the  molecule. Above 

pH 3 a r a p i d  r e v e r s a l  of charge occur s  u n t i l  a c o n s t a n t  n e g a t i v e  

m o b i l i t y  i s  a t t a i n e d  above pH 7.5. llydroxyl i on  adso rp t ion  

o n t o  the s u r f a c e  can give r l n e  t o  t h i s  effect or a l t e r n a t i v e l y  

it may be due t o  t h e  fact t h a t  the c e n t r e s  of t h e  smaller 

a n i o n s  may approach closer t o  the s u r f a c e  than t h e  hydrated 

c a t i o n s  i n  t he  manner proposed by tiaydon . (10) 

The effect on tho electrophoretic m o b i l i t y  o f  adsorhing the  

non ion lc  s u r f a c t a n t s  o n t o  the drug s u r f a c e  is bhown i n  Fig.  2 anc 

demonstrates  t h a t  the n u b i l i t y  fa i ls  u n t i l  a p l a t e a u  FeglOn I s  

reached. 

These r e s u l t s  p a r a l l e l  t h e  adso rp t ion  lsot twnns.  A t  low 

s u r f a c e  coverage t h e  adsorbed m l e c u l e s  l i e  i n  an extendod 

c o n f i g u r a t i o n  upon the su r face  and displacement  of  t h e  shear 

p l a n e  away from t h e  s u r f a c e  is n o t  very g r e a t .  F u r t h e r  

adso rp t ion  crowds t h e  molecules  t o g e t h e r  and pushes them o u t  

from t h e  s u r f a c e  u n t i l  et maximum coverage there is maximum 

displacement from the s u r f a c e  and l i t t l e  change i n  m o b i l i t y  is 

apparent .  The decrease observed a t  h igh  c o n c e n t r a t i o n s  is due 

t o  v i s c o s i t y  effects rather than  m u l t i l a y e r  formation. 
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4 34 RAWLINS AND KAYES 

FIGURE 2 

The effect of surfactant  concentrat ion on 
drug mobi l i ty  

Attewts to obta in  the th ickness  of the  adsorbed l a y e r  from 

(111 the results i n  F i g .  2 us ing  a prev ious ly  descr ibed  method 

w e r e  unsuccessful .  Adsorbed l a y e r  t h i c k n e s s e s  detennined on 

polystyrene  l a t e x  ware there fore  employed. 
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STERIC STABILIUTION OP SUSPENSIONS 435 

From a l l  cases. when c a l c u l a t i n g  the f o r c e s  of  a t t r a c t i o n  

between drug p a r t l c l e s ,  equa t ions  f o r  s e m i - i n f t n i t e  f l a t  p l a t e s  

have been used. Due to  t h e  non-spher ic i ty  of the particles 

and the l a r g e  s u r f a c a  i r r e g u l a r i t i e s ,  equa t ions  for  s p h e r i c a l  

p a r t i c l e s  were considered inappropr ia to .  

p a r t i c l e  equat ions  would also lead t o  very l a r g e  envrgy minimum 

v a l u e s  whlch cannot be rxtconclled w i t t i  t h e  experimimtal evidence 

that i n  some cases def loccula tod  susptm%Ictic are formed. 

I n  s tudying  t h e  mechanisms of particle aggregat ion.  Evans 

and Napper concluded t h a t  a s r o g a t i o n  I s  probably induced 

as a r e s u l t  o f  t he  a t t r a c t i o n  butween t h e  s t a b i l i z i n g  adsorbed 

layer sheaths rather than  t h e  a t t r a c t i o n  between t h e  core 

p a r t i c l e s .  This  a p p l i e s  w h e n  the core and shea th  a t t r a c t i o n s  

are o f  the  same magnitude. T h i s  procedure is adopted i n  t h O  

p r e s e n t  work and c a l c u l a t i o n s  of the  a t t r a c t i v e  p o t e n t i a l  V,, are 

performed which take i n t o  account ttie presence o f  adsorbed 

layers. 

IJse o f  S p h e r i c a l  

The presence of these layers p r e s e n t s  c e r t a i n  d i f f i cu l t i e s  

i n  c a l c u l a t i n g  t h e  depth o f  t h e  energy minimum a5 these e q u a t i o n s  

f o r  V 

t o  --. In  t h i s  event  a l l  s ter ical ly  s t a b i l i z e d  d i s p e r s i o n s  

would aggregate .  To overcome t h i s  problem a few layers o f  

SOlVent molecules are envisaged bound t o  the e t h y l e n e  oxide 

cha ins  and t h i s  provides  a cu t -of f  p o i n t  a t  which Vs, the s te r ic  

p red ic t  t h a t  upon contac t  o f  t h e  &orbed layers V,, t ends  A 
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RAWLINS AND KAYES 436 

t e r n  increases rap id ly .  Thls c u t - o f f  p o i n t  is taken t o  be 0.S nm 

which corresponds t o  4 m l e c u l e s  o f  water ssndwiched between the 

i n t e r a c t i n g  polymer layers. (13) 

energy min ima  obviates the need t o  ca l cu la te  V s  exac t l y  from 

the equatlans of O t t e w l l l  and Walker. 

chains I n  water the polymer-SOlvent l n t e r a c t i m  Is Strong. 

Under such circumstances the s t e r l c  t e n  Vs, w i l l  be very strong 

and hence I t  Is j u s t i f i a b l e  t o  represent Vs by a s t r a i g h t  ' l ine 

r i s i n g  near ly  v e r t i c a l l y  from the VA curve a t  a polymer l aye r  

separation of 0.6 m. 

Thls method o f  ob ta in ing  the 

For polyoxyethylene 

114) 

Values of the Hamaker constants o f  the pure ma te r ia l s  used 

are l i s t e d  In Table 2 w i t h  tho type o f  suspension t h a t  each 

adsorbed polymer produced and the  depth o f  the p o t e n t i a l  energy 

m l n  lma . 

TABLE 2 

Oepth o f  P o t e n t i a l  
Energy curve kT.nm-2 

Hamaliar 
Constant Suspension Type 
x 10'2@J 

Mater ia l  

Water 3.78 
Olloxanlde Furoato 5.88 
P l u m n i c  L61 6.69 
P l u m n i c  L62 6.74 
P lu ron lc  L64 6.81 
P lu ron lc  F68 6.97 
NPE 0 7.m 
NPE 13 6.91 
NPE 20 6.85 
NPE 30 6.79 
NPE 35 6.78 

- - 
Aggregated 

rn 

.) 

Oeflocculated 
.I 

.I 

8 

I) 

-12.48 x 101; 
-13.15 x 

- 4.80 x - 4.80 x 
- 4.23 x - 3.51 x - 2.65 x - 2.07 x 10 

- 5.94 x lo'3 
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Calculations of VA a t  a polymer surface separation o f  U.6 rm 

are shown i n  Figure 3 f o r  data corresponding to: 

a1 Harnakor constant o f  adsorbed layer -4.5 x 10'20J, Hamaker 

constant o f  core variable. 

b) Haalsker constant o f  core -5.88 x ~o-*'J, timaker constant o f  

adsorbed layer variable. 

A t  any one adaorbod layer thickness the depth o f  the 

minimwn i n  the potent ia l  energy curve i s  more strongly affected 

by the Hamaker constant o f  the adsorbed layer than by that  o f  

the core. These calculat ions aubstantiate the view o f  Evans and 

I 1 nm 

.1u31 
1 2 3 4 6 6 7 8  

B 

2 3 4 6 6 7  

FIGURE 3 

The e f fec t  o f  a) p a r t i c l e  and b l  adsorbed 
layer Hamaker Constant on the depth o f  
the primary minimum. 
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Mapper tha t  i t  i s  the a t t r a c t i o n  between adsorbed laye r  sheaths 

which i s  p r i m a r i l y  responsible for the promotion o f  p a r t i c l e  

eggregat ion. 

The depth of the  p o t e n t i a l  energy minima given i n  Table 2 

Is seen t o  depend on the surfactant used. Tho  values o f  the 

adsorbed laye r  Hemaker constant Is dependent upon the  

proport ion of solvent w i t h i n  t h a t  layer"' and mean surface 

concentrat ions are evaluated f r o m  the maximum amount o f  

surfactant adsorbed and from the adsorbed laye r  thickness. 

The agreement between suspension type and the corresponding 

energy minimum i s  reasonable i f  a value o f  - 5  x 10 kT.nm -3  -2 

i s  taken as the c r i t i c a l  depth above which aggregation w i l l  n o t  

occur. The a t t r s c t i o n  between p a r t i c l e s  is there fore  dependent 

upon the concentrat ion of polymer i n  the adsorbed phase and 

these values are given i n  Table 3. 

Surfactant 

Pluronic L61 
Pluron ic  L62 
P luron ic  L64 
P luron ic  F68 
NPE 8 
NPE 13 
NPE 20 
NPE 30 
NPE 35 

TABLE 3 

n Mean Conc- of sur fac tan t  
i n  Adsorbed Phaae aW/v 

34 
36 
15 

4 
22 
21 
18 
16 
16 

n 
Ethylene Oxide Conc- 

I n  Adsorbed Phase %w/v 

3 
7 
6 
3 

13 
15 
14 
13 
14 
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The c o n c e n t r a t i o n s  a t  the Interface of t h e  P l u r o n l c s  which 

promute p a r t i c l e  aggerga t lan  are h igher  then t h o s e  where 

d e f l o c c u l a t e d  systems are observed (except  P l u r M i c  L641, 1i1 

addition, t h e  concentration of the s t a b i l i z i n g  e t h y l e n e  oxide 

cha ins  are far less In  t h e  P l u r o n i c  series and hence r e p u l s i v e  

f o r w s  due t o  sterlc Interactions w i l l  not be as g r e a t  as t h o s e  

of t h e  nMylphenylefhOXylateS. Aggregatlon of particles coated 

w i t h  adsorbed l a y e r  o f  P l u r o n l c s  L61. L62 and L64 may t h e r e f o r e  

be due t o  a combination of two mfachanlsms: 1) high 

Interparticulate a t t r a c t i o n  due t o  high Interfacial surfai:re. i t  

c o n c e n t r a t i o n r  [ I l l  I n s u f f i c i e n t  sterlc s t a b l l l t a t l o n  t o  prevent  

aggregat ion due t o  low adsorbed l a y e r  e thylene  oxide  

concent ra t ions .  
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