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, IRTRODUCTIO

This study was undertaken to investigate the ability
of surface active agents to promote the @ispersion, in
aqueous media, of certain water insoluble powders. The
detemination of the suspendabllity of solid powders in
liquids is useful in studying the factors responsidle for
aggregation and defloocculation, the mechanimm of dispersion
and suspension, and the relationship of the surfuse active
properties of a solution to its ability to deflooculate
and suspend solid powders,

Understanding of these phenocmena is of dasie importe
ance in the preparation of phammsceutisal products, From
the standpoint of pharmaceutioal teshnology, the defloge
culation of particles into individual units is important
in the preparation of suspensions, magmas, emulsions and
similar mixtures, Through & detailed study of the factors
involving the edsorption of selected anionie surface active
agents onto the surface of common phammaceutical povders
1% might be possidble to establish teohniques which would
rosult in the formation of more stable and moXre elegant
pharmaceutiocal dispersion, By oorrelating udm&um
data with adsorption data it vas felt that an insighs
might be gained into some of the fastors causing instability
&nd floosulation in pharmaseutical suspensions,
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2s REVIEW OP THE PAS?T LITERATURE

Active Agents | .
Although there have been several studies of the

ability of surface sctive agents to disperse pigments and

Similay mrterials in organic media (1-3) few studies of a
similar nature have deen made with respect to dispersion
in cquoouaﬁ media, Those few studies whioh have appsared
in the 1literature have been primarily concerned with
evaluating the efficiency of soaps and ayntheties surfeasce
sotive agents as detergents, | _

- Schwarts and Perry (4) state that surface sctive
agents may be elassified on the basis of uses to which they
are put, on the basis of physieal properties, or on the
basis of ohemical structure, The latter system is the one
most eémanly employed and using this system wurfase sctive
agents may be elassified ass (1) anionie, (2) cationte and
(3) non-fonie, ?This elassification is based on the
- observation that most mruo active agents are shareacter-
ised by a hydrophilis and a hydrophobie portion in theiyr
molecule, If the hydrophodie portion 18 included in the
anion the sompound is termed anionie, Oationie surface
aotive agents form a eation eontaining the hydrophobdbie
portion of the molecule upon ionisation, The non-ionie
8roup are shareoterised by the presence of many hydrophilie
groups in l non~ionising sonfiguration, Since this study




18 concerned with anionis surfase mctive agents as
dispersing agents the investigations reported here are
Felated entirely to the behaviour of this group of agents,
In 1909 8pring (5) observed that a solution of

"medieinal scap™ had the ability to suspend lamp blaock,
This investigator found thas there was an optimm effect
with a one per cent solution, He also noted that &ilute
aqueocus soap solutions had the power of sarrying a oertain
portion of the lsmp black through a filt ¥ paper without
blaskening the paper, | |

| McBaln and coe-workers (6) by utilising Spring's (S)
observations of the effects on i1t er paper proposed the
first quantitative method for measuring the detergent
power of soaps, Thelr investigations showed that only thas
portion of the ocarbon black which was stably mpondod
would be earried through the fil er paper, This cbservation
was used to designate a "urbon_ muber” which was employed
to designate the effisiency of soaps as detergents, The
"oarbon number” was stated to be the mumber of grams of
carbon sarried through the filte» paper by one kilogrsm of
soap solution under standard conditions, They noted in
their investigations that there was & sharp maximm "carbon
 mumber” at & particular eohcentration of scap and thas
higher concentrations of the soap caused & lowering of She
"earbon mmber”, | "

‘Pall (7) undertook a study of the same problem scme-




Le
what later, He oriticu“ McBain's method (6) on the basis
that the results were erratis and at the best none toe
acocurate, Pall succeeded in developing & method of
measuring the suspending ability of detergents by a study
of the extent of stabilisatiom of suspensions of manganese
dioxide in soap solutions, The method utilised a specially
sonstructed sedimentation apparatus and consequently was
free from many of the disturbing factors encountered by
MoBain (6)s Pall's investigations indicated, as had
MoBain's, that the stabilising power of any soap inoreases
with memd:ng soncentration up to a maximum, Inoreasing
this conocentration was found to cause & 10ss in stabilising
power, BSimilar observations were made by Vincent (8) who
attempted to correlate the studies of MeBain (6) and Pall
AT)e R

Vold and eo-workers (9, 10) have carried out an
extensive and thorough investigation of the suspension of
manganese dioxide in detergent solutions, Their investigae
tions were restrioted $o synthetic detergents with the
exception of sodium oleate and p-tolusnesulfonic scid, These
investigators found tha$ sharecteristically the curves of
amount suspended versus concentration of dispersing agens
passed through & maximum a$ low concentration of the agent,
Griensr and Vold (9) also examined the sedinmentation volume
- of mAnganess dioxide in the various detergent solutions and
15 water, They cbserved that the sedimentaticm volime for
Mu dioxide falling through water reached & maxiazum




| | Se
and then deoreased, uhoﬁu the sedimentation volume for

the same material falling through an Aerosol OT solution

| ‘was smaller than that in water dut inoreased steadily with
time, They attributed this phenomenon to the faos that the
anionis surface active nsintl aid suspendability by defloce
sulating the powder particles whioh are assosiated with
water into secondary aggregates of larger sise than the
primery particles in the dry powder, '

In a more recent investigetion Mankowioh (11) has
 eontinued the examination of the ability of synthetle
surface mfmn agents to suspend and disperse insolubdble
powders in aqueous media,  He sonsidered the four houpr
“ttung period employed by Griener and Vold (9) priocyr to
the analysis of the suspension to be a serious dissdvantage
| and modified the prosedure to employ & two hour settling
period, The method also utilised the Andreason sedimente
ation apparetus instead of the spoohl equipmens employed
by the previous inveatigators (9)¢ Mankowieh found that as
0.4 per eent concentration alkylaryl sulfonates with alkyl
groups greater than 010, and sodium lauryl mltat;. wore
substantially equivalent in their ability to suspend none
polay eardon powder, He further noted that sulfated alcohoh
decreased sharply in Sheir suspending ability a$ 0.2 per sent
sonsentration,s At 0.1 per cent concentration all types of
anionie surfactants wers found to have little earbon
suspending powers In the case of manganese dioxide, 0.l
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per cent alecohol sulfate and alkylaryl :ulronatet'with‘

alkyl group greater than C1p Were also found to possess
equal activity,



3¢ THEORETICAL CONSIDERATIONS

The cbservation that socaps and synthetie surface
| active agents of the anionic type are sapadbls of forming
. &table suspensions of solid particles has led to many
. investigations in an attempt to gather some insight into
. the mechanism of this protective actiom (9«13)¢ In partice
- ulap investigators have been oconserned with the reasons foy
the suspension maximum which ocours in the use of these
'mte:-hla. | |
One of the earliest explanations was given by Vincent |

(8) who concluded that sosp soluticns will suspend solid
material because the solid particles beoome charged by
adsorption of negative fons from soluticn. He believed that
the existence of an optimam value of socap concentration for
this stabilisation was dus to the fast that positive Lons
Are also adsorbed from the solution, Vincent theorised that
the soap concentration in whioh the ions are adsorbed $0 the
same extent as the soap will not produce stadilisation, The
optimum stabilization, he believed, ocourred at that soncen~
tration in which thers is strong adsorption of the positive
ions, |

| The formation of stable suspensions of solid particles
has been attriduted by Vold and so~workers (9, 10) to the
change in the seta potential on the insoluble partioless
They concluded that even in solutions of solloidal elestro=
lytes the dominant faotor in detemining the farmatiom of a
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stable suspension was the magnitude of the seta potential
en the suspended particles, This shange in the seta poten=

tial was theorised as being effected primarily through the
adsorption of simple fons from the soluticn, They sonsluded
on this basis that lyophilie properties or the ability of a
dispersing agent t'é lower surface snsion were not essential
requirements for the farmation of a stable suspension,

Griener and Vold (9) further explained the existense
of & maximum in the suspension isotherm as being explieable
in terms of the initial preferential adsorption of one of
the fons, This was eonsidered to be the factor promoting
stability of the dispersed particles by inoreasing their
Beta potentials The loss of stadility with highey concene
trations was considered to be due to the antagonistie effect
of the ion of opposite charge teo that first adsorbved,

Vold and Koneony (10) further expanded on this Sheory
bY applying the same techniques to the study of am oleophilic
powder, oarbon, These investigators odbtained results which
they folt agreed with those obtained by Griener and Vold
(9) using the hydrophilie powder, manganese dioxide, They
felt that these observations confirmed the previously
proposed mechanism and also demonstrated the necessity of
oonsidering the chemical natureof both the powder and the
surfactant, Vold and Koneesny (10) do nos feel that there
should bde 'nn entire reliance on physico-chemiocal properties
and eolloidal nature of the solutions as a eriteris of

effectivencss,



Gooth (13) 4in an extensive lmiluptim of the

fastors influenoing the activity of surfase active agents
as detergents has supported the thearies of Vold et al (9,
10)s He attridutes the removal of solids from fibers to the
action of the surface aotive agent in simultanescusly reising
the seta potential of both the soil and the fiber, Goestte
 reasoned that the faot that eationie surfece active sgents
are not good detsrgents may be explained on the dasis thas
these materials are not adsorbed by fibers and mm:lr
do not ohnnso thely seta potential, '

| Doscher (12) has tSaken mopuou to these explanations
of the suspending action of anionie surface aotive agents,
He obtaimed evidence to show thas the suspension isothemm
for the positive carbon was similar to thas for the negative
powder, manganese dioxide, This, Doscher olaimed, indicated
that the decrease in the suspension isotherm beyond the |
maximm goncentration sannot be attributed to neutralisation
ofthnchnrg.outounynhuyhoplnthouﬂpotmﬁi&lu

suggested by Vold and eo-workers (9, 10),
| Doscher's altermative explanation for the flosculation
offoots of excess soncentretions of dispersing agents is
related to the Senisnay of surface active agents o fomm
mioslles above a certain eritical soncentrations Corrin and
o-workers (13) had previously shown that above & sertain
eritical concentration surface active agents are adsorbed en
the surface of materials as charged sggregates or micelles
and not as simpls ions, Since MoBain end Buff (1) hed
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shown that the charges on these aggregates are distributed

“rather than being soncentrated at a single point, Doscher
{12) reasoned that the interestion of the hydrophodbie
surfaces on one particle with thoss on another may ocsour,
This, he theorised, would result in ths fommation of bonds
and the eonsequent re-presipitation of the dispersion,
Adsorption of Surface Active Agents

Pouney and Foad (15) have stated thas the protective
action of léng shain surface sompounds such as soaps,
probadbly arises not only from shanges in electriocal echarges
but also from the formation of organized surfase films upon
- the particles, These films are abls to modify eonsideradly
the adhesional mm at the interface of the solid partisles
with the fluid medium resulting in & stable suspension,
Lomas (16) in a eonsideration of the funotions of dispersing
agents has also been led to the sonclusion that & stable
mono=layer is adsorbed at the sclid « liquid interface. The
adsorption of surface sotive material, oleis meid, from
solution by titanium dioxide was studied by Harkins and
Gans (17)e The oleie scid deflosculated the suspensiom of
the powder iu hensens, and ths quantity required was that
samount required $o fcam A unimolesular film at the solid «
liquid interface, . |

An investigation of the role of surface active agents
in pignent dispersion was also undertaken by Pischer and
Jercme (18), Representative surface active agents were
seleoted from each of the several classes of the sammeroial
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types available, Theiy results indicated that the quantity
of dispersant estimated $0 form a monomoleoular film on the
pignent may be eonsidered the minimm to register a desided
shange in the properties of a dispersion, While these
investigators 414 not refer to any decreass in the degree
of dispersion with excess of surface astive agent they did
somment on the fast that excess soncentrations of surface
active agents are of 1ittle sdvantage, No explanation for
this statemsnt was given, . e

Mankowich (11) has defined the d-noemung o»
ds.upoﬂing power of any uaont a8 & meamure or the ocrruumr
with which agglomerates of solid particles are broken up and
suspended in & 1iquid, Ee stated that deflosculation
consists of separating the pniéha so that the residual
forces no longer act detween them, This, hs eoncluded, ean
be udo. permanent by adsorption of the agent on the surface
of the particle to form & monomolesulay layer,

It 18 now generally delieved that when insoluble solids
are wetted by, or stirred into an aquecus fluid, they either
uriv no electrostatie charge or are in elsotrostatie equile
1briu. When the solid particles sollids they have the
tondmy t0 eling togother $o0 form rlou. The addition of
& dispersing agent to the suspension has been showm (19) e
be of assistance in o'urom.l.ng' thu tendency, The
dispersing agent, on introduction into this suspension, 18
preferantially adsorbed on the surfaces of the individual
particles in the floos so that the exterior layers of the
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adsorbed molesules of the dispersing agent sarry the same
sharacter of charges, either sll positive or all negative,
As like charges repel, the floos are ruptured and broken
down into separate, individual partioles.

The quantitative measurement of the adsorptiom of
anionie surface active agents from agqueous solutions onte
8clids has been the subject of bus little experimental
investigation, Held and Samochevalov {20) meazured the
&dsorption of sodium laurete on bariim sulfate, The adsorpe
tion of sodium oleats and sodium nonylate upon einnibary was
studied by Held and Khainsky (21), Oorrin, Lind, Roginsiy
and Harkins (22) studied the adsorption of long ehainm
electrolytes from aquecus solution on grephite and poly=
styrens, With both sodium lauryl sulfate and potassium
myristate they got a definite break in the adsorption
isotherm, These investigators observed that fsotherms at
less than the oritical micelle concentration for both of
Shese reagents wers not of the Freundlioch oy Langmuiyr Sype
and ocould not be represented by equations shareoteristie
of gaseocus or oondensed surface films, They were unable to
~ advance any explanation for the discontimuity in the sodium
lauryl sulfate surve, They postulated, however, that the
break in the adsorption isotherm may de indiocative of the
fast that the nature of the adsorption is altered in the
presence of micelles, '

A series of investigations on the adsorptions of soaps
and synthetle surface active agents has been performed by
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wuthubum and co-workers (23-26), In determinations en

adsorption of soaps by earbon dlack they observed that a .
marked redustion in the adsorption of soap oscurred from
an alscholie solution., They also noted that an excess of
fres alkall eaused a deorease in the adsorption of rnt_ty
ao1d (25), - .

Weatherbum et al (23) also noted that the aa-oi-ptioa
of syntheties swrface active agents by sarbon dlack does nos
sonform to the Preundlich adsorption isotherm over the whole
of the eoncentration range they atudied, They observed
further that with most of the agents studied there was an
abrupt shange in slope of the curve at concentrations which
appeared to correspond to the eritical micelle concentrations
of the sampounds deing studied, These investigators further
noted that the adsorption of sodium alkyl sulfates inoreased
with inoreasing shain length of the alkyl group at eonstant
Semperature, Adsorption was found to deorease with increase
ing temperature at constans shain length,

Weatherburn and sowworkers (25) alse noted thas the |
filtering characteristics of the suspensions dopoﬁdod upon
the soncentration of the synthetie surface aotive agens
present, Suspensions prepared from solutions below the
eritical micelle soncentration filtered repidly and gave
filtrates which were perfectly clear and fres of sarbon,

AS higher oconsentrations, however, the filtration was much
Slower, snd many of the filtrates were dark colored during
the earlier stages of filtration, They concluded that the
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surface charasteristics of the sarbon puﬂuelu_ are modified

by the adsorption of micelles of the surfece active

sompounds, Under these conditions the finer sardon partisles
were snabled to pass thmsh the filter paper,

 Although this review is primarily concerned with the
adsorption of surface active agents from aguecus media on
the 80114 partisles it might be interesting at this time to
note the similarity between this type of adsorption and the
adsorption of surface active agents on $0 other materials
and from other than aquecus medis,

Damerell and Urbanis (1) investigated the effects of
twenty-four surface active agents upon saloium carbonate-
xylens systems and sarried out adsorption snd sedimentation
studies, They obtained data to indicate that the surface
aoctive agents were positively adsorbed by the ealcium eardone
ate, _!‘huo investigators eoncluded that the surface active
agents aided the dispersion by going %o the xylens-caloium
ocarbonate interface and foming a protective eoating, This
was assmuned to have an effect on the bdreaking up of calsium
sarbonate aggregates by giving the disperse phase a positive
sharge, |

Garner and oollaborators (2) have investigated the
detergensy of oarbon dlack in orgenis liquid media and have
eonoluded that the detergency of the added surfece active
agent 1s correlated with its degree of adsorption om the
oarbon particles. Thay also noted that while detergency o»
dispersion in an organie solution is not related to dﬁ.a-
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genoy in an aqueous solution many liquids of high dispersing
power may also possess high dielectris eonstants, In a -
Seoond investigation (3) they noted that the systems of
carbon black dispersed in organis liquids exhibited the
- phencmencn of electrophoresis, electro-osmoxis and sedimente
ation potential in a manner anslagous to an aquecus system,
They attributed this to the presence of an elestriscal doudle
“layer at the surface of the particles of the oarbon blacks
This ohotriui double layer was assuned to be present due
to adsormption fm solution and was largely nlponnbh oy
the stabllity of the dispersion,

In addition to studies on the adsorption of surface
sctive agents from aquecus and organie media onto the surfase
of solid particles studies have also been made of the
adsorption of these agents by textile fabrics, Adams (27)
determined the adsorption of severel types of soaps and
detergents on wool and cotton, Neville and Jeansom (28)
m the adsorption of Gardinol O A and Igepon T on wool,
Steinhardt and so-workers (29) measured the sombining of
wool with lauryl sulfurie and lauryl sulfonic acids, Aloken
(30) made & comprehensive study of the adsorption of _
secondary alkyl sulfates on ecotton and wool, Rose and
Bayley (31) eondusted an extensive investigation of the
adsorption of the sodium soaps of several fatty acids on
different textile fabrios. ' They eoncluded that the
adsorption of soep is a oauph: process involving more or
less independent adsorption of neutral soap, hydrolytie
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fatty ““. or acid soap, and hydrolytie alkali, Weatherbum
and eo~workers (23) were of the opinion that whereas the
adsorption of soap fram sclution by eardon black is prodbably
due entirely to physical adsorption, in the case of textile
fabrics the phenomenon more readily resembles chemical
reaction than physical adsorptione Meader and Pries (32) '
have studied the adsorption of soap on cotton and wool by
 means of a redio-active tracer technique, They observed '
disoontimuities in the isotherms which agreed very slosely
vwith the oritical miocells concentrations although the maxima
in the curves ocourred at eonsideradly higher concentrations,
These investigators noted that these breaks were similar to
those reported by Harkins and eo-workers (17) in the adsorp-
tion of sodium dodecyl and potassium ﬂﬂthto on graphite,

o0 6 0 | ,‘

- Measurement of adsorption from solution onto a solid
surface is usually carried out by observing the difference
between the concentration of the solution befare the addition
. of the absorbent and after equilibrium has been established,
Cassidy (33) states that this type of indireot measurement
- involves two assumptionst (1) that the somponents of the
1iquid phase do not dissolve in the nbuorbohtj and (2) that
he solvent 1s not adsorbed to an extent which vitiates the

| The data obtained by the procedure cutlined may be
Fovorded In ¥aricus ways but the most ocemon method is in
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the form of an adsorption isotherm in which the amount of
the substance adsorbed is plotted sgainst the equilibrium
concentration of the solution, The term "isotherm” follows
from the fact that these data are Saken at constant

temporature,
" Brunauer and so-workers {3}) have slassified adsorpe
tion isothemms cobtained m the adsorption of gases oF vapors
on solids into five types, In the case of surface active
agents the Type 1 isotherm shown below 1; the one sommonly
obtained {33), Brunauer and collaboretors (34) state

| 0 equilibrium
that this type isotherm represents adsorption in whioch the
surface of the adsorbert eventually beocomes covered with a
~ monomolocular layer of adsorbent, When this point is
reached no furthey idlorptian oocurs since the surface is
aoyurod.' -
- .~ Both Preundlich (35) and Langmilr (35) have developed
‘squations which may be used to interpred the data obtained
by means of an adsorption isotherm, The Preundlich squation
describes the relationship betwsen the amount of solute
adsorbed and its aomentﬁntiom and may be written a3
followss o
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x/a = ko"
vhere x = the amount of solid adsorbed
R = the weight of the adsorbent in greams
¢ » the equilibrium concentration |
and k and n are constants, The equation may alse de written
in logarithmie farmi ' N
log (x/m) = log k ¢ a (log ¢)
If Preundlich's equation is obeyed the plot of log x/m
against log 0 lhduldginl straight line, The interceps
is log k eand the slope is n,
| in goneral this equation fits the data of an adsorption
over & reasonable range, bust it does not reduce to & lineay
- equation at very low concentration, nor does it approach a
constant valus for the adsorption a$ higher concentrations,
- Type 1 isotherms are best represented by Langmuir's
equation and for this reason it is sometimes Sermed a
~ Langmiir isotherm, The equation describes the adsorption
of molecules on fixed sites upon & muTase and may be written
asg _
x/a = kjkp (1 ¢ ky0)
where X ®= the mmount of solute adsorbed
m = the weight of the adsorbertin grems |
¢ = ths equilibrium concentration of the solute
and k, and k, are gonstants, AS low ecncentrations the
_ equation reduces tot

X/ = kko0
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A% higher equilibrium eonsentrations the value of
x/m approashes that of the eonstant k, and we can writes
: x/a = X,
Tharefore, the value of the eonstant k; is & good measure
of the adsorptive capacity of the particular adsorbent
being employed for the adsarbate present im the solutions
If o/x/m is plotted against e, the equilibrium
soncentration, & straight line should de obtained if
Langmuipts equation fits the data odbtained, The slope of
this line 1s 1/k, while the intercept 1s 1/ink..
celle Pormati R
| Aquecus solutions of most scaps and other surface
active agents exhibis a more or less abrupt shange in
physieal properties over a relatively shors soncentration .
rangse In particular surface tension curves exhibit well
defined breaks at ocertain oritical concentrations, Other
- physioal properties of eolloidal elestrolytes also show
similar abrups changes (37=49)e Aéeording to Bury and
‘sollaborators (38, 39) much breaks pwobably eorrespond %o
& sharp transition in bulk solution from single ions o
| ixu_uu. The eoncentrations at which these breaks ocour
have conveniently been termed "Oritical Concentretions for
Micelles®, o | |
Micelles are oonolm particles formed by the progres~
sive assoclation of surface aotive ions and ion paire, 7Two
distinot types have been suggested, Hartley's spherical |
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nicelle (43) 1s visualised as two ions in diemeter, oriented
with polar heads outward in water and the long shains fomming
a -h:dmphébu interior, McBain (Ll;) has postulated she
l.ml.h_.r micells, consisting of two layers of surface active
molecules arvanged side by side, the adjacent leng ehains
forming & hydrophobie layers Hess (hg) proposed & modifie
sation of the latter type by combining two or more MoBain
micelles separated Dy water layers, _

Preston (41) has presented data showing that a great
inorease in the detergent action of soaps oocurs as abous
'tho soncentration at which micelles farmation becomes appar-
ent, As mentioned previcusly Weatherbumm and co-worikers
(23«26) found most of the adsorption curves of surface
active materials om earbon black exhidbited a more or less
abrup$ change in slope at soncentretions which appeared to
sorrespond, &% least approximmtely, So the oritical micelle
| soncentrations of the scmpounds, These investigators
eonfirmed their observations on different earbons, While
the magnitude of the adsorption of any one surface active
sompound varied with the different scarbons the breaks in
the surves ocourred at virtually the same equilibrium
econsentration, This concentration was again found to
sorrespond to the oritical micelle eoncentration, They
eonsidered this to be conolusive evidence that a shange
ocours in the adsorption characteristios at or near the
oritical micelle concentration, These cbservations would .
&ppear to be related to Preston's {37) findings on detergent
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elffioclency,

Solubllisation has also been shown to be a property
of the micelles in solutions of eolloidal electrolyes (S50
53)s This micellar solubilisation is stated $o be the
sclution of an otherwise insoluble material by adsorption
onto or inscorporation into micelles (50), The actiom has
been attributed o three types of actionst adsorption onte
external polar groupsi interlayering within the lamellay |
micells between hydrophobie layersj and interpenetration
between the molecules of the miselle (Li)s MeBain and
Green (5l) have obtained data to show that in suffiociently
dilute solutions there is no sclubllization, They presunmed
this was because there are no colloidal miocelles in which
the inscluble material can be insorporated, These investe
igators found that as suitable micelles formed in the
solution upon insrease in concentration, the smount of dye
Solubiliszed by each mole of soap ross to a constant value,

MoBain and Green (54) also noted thas in all concens
trations salts greatly inorease the smount of solubilisasion
of & given smount of soap, They found this effect o be
particularly striking in the lower concentrations where no
solubilization was observed until the salt was added, Thelr
investigations confimed the observations of Hartley (L2)
that the £irst addition of salt has a much greater effect
than later additions although the effect sontimued to
inorease as more salt was added, Lambert and Busse (56)
as well as other workers in this rield (57, 58) have alse
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observed mt t; solubilisation characteristios of surface
active agents are influenced considerably by the presence
of electrolytes, '

In his investigations Prestom (41) further observed
that any material which lowers the minimum concentration
negessary for micelle formation in a sodp sclution would
then likely doaro;u the soncentrations necessary for good
detergency, Weatherburn (2,) in addition noted that the
addition of sodium sulfate to anionie sompounds resulted
in an inorease in the adsorption of the latter on the
surface of sarbon black particles, |

Although slectrolytes do alter the oritical micelle
concentration Merrill and Getty (57) found that the soncenw
tration at which micelle fomation osours is not entirely
dependent on the smount of salt added or ths total ionis
strength of the solutions, These findings have been
' supported by Corrin snd Hawking (58) who state thas the
extent of lowering of the oritical eoncentration by & sals
exhibits independence of the mmber of charges on the iom
of the salt which has the same sign of charge as the ion
~ aggregate of the micelle,

In addition to noting the effects of elestrolytes
Klevens (59) observed shat the eritical consentretion for
" miocelle formation inoreases with inoreasing temperature, He
atated the inorease was due $0 a lesser tendensy of the
" molecules %o aggregate at elevated texperatures dus o
inoreased thermal agitation of the coalesoing units,
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ke PLAN OP STUDY

- By performing adsorption studies with scertain selected
anionie surface agents and several insoludble powders sommonly
employed in pharmaceutical prcpantionl 1% would bde possidble
%0 determine whether adsorption 4id occur $o & measurable
extent, Purther, it might e detemined whether the
anomalies reported for the adsorption of this elass of agent
ocn earbon black would also ocour in the adsorption of shese
sommonly employed phammaceutiecal) powders, In additionm, by
detoemining the suspension isotherms of these insoludle
powders 1% ocould be observed whether a suspension isothems.
peak ccocurs at one partisula® soncentration of aurr#ctm
as 18 the case with manganese dioxide, The effects of
electrolytes on both the adsorption and mp.m.tqn isotherms
would also be of interest considering ths effects of these
agents on micelle formation of anionio surface active agents,
Pinally, by eorrelating all the data obtained 1% may be that
some further inalght might be gained into the mechanism by
vhich anionie surface active agents exert their effect as
dispersing agents, Thig study i8 concerned Wi th these
deteminations,

The powders chosen in this ttﬁdq were bimmuth subcare

bonate, calelum oarbonate, tisanium dloxide, sine oxide and
siroonium o:ido.} Anionie surface active agents selected

vere Aerosol 0‘1'1. sodium lauryl sulfate and Daxad u".
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The slectrolytes investigated were sodium ehloride, monosodium
sitrate, sodium dihydrogen phosphate and sodium sulfate,

The results obtained from these investigations are
presented in the form of two papers, immediately following,
one presenting the adsorption data and the second the
sedimentation data,

ls Diocotyl sodiumsulfosuccinate « Ameriecan Cyanamid,

2+ A polymerized sodium salt of a sulfonie acid of the
alkylaryl . type = Dewey and Almay,
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ADSORPTION OF SELECTHED ANIONIC SURPACE ACTIVE AGENTS
BY S8OME PHARMAGEUTICAL POWDSRS"

A, P, Lemberger, L, ¥, Busse and 6. A, Gmu‘

ABSTRA

The adsorption of three types of anionie surface
active agents on five eommon phamaceutical powders has
been measured, The effect of elestrolytes on the adsorption
pettern have been determined, The agreement of the '
adsorption surves with the Langmuir equation have been
determined and the Langmuir oonstant, k,, calculated, The
data obtained are found to obey the ulr equations The
adsorption of the anionie surface active agents is shown
to vary widely with the gwdora investigated and does not
appear to be solely related to the surface area of the
powder, The addition of electrolytes 1is found to ecause
a shange in the adsorption pattern in most inatances,

. Recelived - from the 8chool of
Pharmacy, University of Wisconsin, Madison,

$ Prosent address, the Paculty of Pharmacy, University
of British Columbia, Vansouver, Canada

Supported in part by funds supplied by the Sshool of
Pharmacy, University of Wisconsin, through the Holllister
tallwnh.{p.
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ADSORPTION OP SELECTED ANIONIC SURPACE ACTIVE AGENTS
o BY SOME PHARMACEUTIOAL POWDERS

Insoludle solids when wetted by, or stirrved into, an
aqueocus fluld, either earry no elestrostatis sharge or are
in elsotrostatie equilibrium, When the solid particles
collide they have the tendenoy to stick together and form
floose The addition of a dispersing agent, such as an
anionis surface active agent, $o the suspension will help
in overcoming this tendensy,

In phamsaceutical iuapmum the stability and
slegance of the preparation are dependent upom the particle
sise of the suspended particles, Thus, the addition of an
agent which will prevent the tendsnoy towards flocoulation
should be an accepted procedure in the manufacture of these
pharmaceutiocal preparations, '

The adsorption of om anionic surface active agents
by graphite and polystyrens (1) and by carbon black (2) has
shoun that there is a definite bLreak in the adsorption
pattern at a concentration corresponding approximately to
the oritiocal micelle soncentration of the particular agent
employed, It 1a of interest to determine whether & similay
anomaly will oecur in the adsorption of three structurally .
different anionio surface aotive agents by insoluble

pharmaceutisal powders,



PERIMENT.

teri
Amwlorlmmrmormmomtwnpolhu
" was used a8 received, Sodlum lauryl lulrntoz was & speoial
high purity sample prepared from middles-cut sosocanut
aloohols and was also used without further purification,
Daxad 113, & polymeriszed sodium sals of a sulfenie seid of
the alkylaryl' type, was slso used as received,
 The insoluble powders used throughout these experie

ments were bismuth mboubmh.. ealsium sardonate, titanium
dioxide, sine oxide and sirconiwm oxide, All were of
analytiocal grade and were uM without further purification,

The eleotrolytes employed were sodiwm chloride, monoe
sodium eitrate, sodium dihydrogen phosphate and io_ﬁiul
sulfate and were of analytical grade, -

Oarbon dioxide~free distilled water was used in the |
preparation of all solutions, |
- Heasurement of Adsorption __ _ _

Adsorption isotherms were determined at a temperature
of 30°0, | | |

Stook solutions of the surface active tgonti over A
soncentration range of 0.1 to 10 ngs por ml, were u-opgﬂd

1; American Cyanamid
2, Prooter and Gamble
3+ Devey and Almay
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and the ooiutiont were assayed to detemuine thely exach
strength, The alkyleryl. derivative was assayed spectroe
photometrically using the Besimen Model Du spestrophotoe
meter at & wavelength of 288 mu, A eolorimetrie method of
assay whioch was a modification of the method of Jones (3)
was nplogod for the sodium lauryl sulfate and the diootyl
sodium sulfosuscinate, The modification eonsisted essene
tially of using the methylene blue ehloride solutiom of
Epworth (L) whioh eontained anhydrous sodium sulfate, and
sulfuriec aoid instead of the atraight 0.1 per cent methylens
blus chloride solution as employed by Jones (3), Utilising
this solution 1t was found to be unnscessary to adjust the
pH of the solution before extrestion as required in the
Jones! procedure (3), In addition emulsification of the
chloroform and aquecus phases 4id not oocour in the modified
procedure, The revised procedure was thus more rapid than
the original prosedure suggested by Jones (3)s The final
shlorafom extracts were assayed using the Beckman Model

Du speetrophotometer a$ a wavelength of 625 wmu.

o detemine the smount of adsorption of She surfasce
utiéo agent by the powder a 10 ml, volume of the standard
-solution was added to a 1 g, sample of the insoluble powder
in a 25 ml, Erlemmeyer flask, The sontents were then
agitated for twenty minutes at 30°C, IS was determined
initially that adsorption was complete in this time, AS
the end of the agitation period the sontents of the flask
were sentrifuged until the supernatant fluid was elear,
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With the finer powders this was observed to take at least
two hours at approximately 3000 spme This progsedure was
adopted for all powderss Pollowing sentrifugation a § ml,
portion of the olear supernatant solution was diluted for
analysis, The quantity of surface active agent adsorbed by
the powder was ealsulated by difference,

. Solutions sontaining the eleotrolytes in addition to
the surface active agent were prepared in the manner
‘indicated above, In each solution the soncentration of the
electrolyte was kept eonatant at O.1 M in terms of sodium
ion while the amount of surface active agent was varied,

Isotherms were detemined for sodium lauryl sulfate
with concentrations of surface active agent ranging from
0.l to 10 mg, per ml, For diocctyl sodium sulfosuscinate
the range determined was between 0,1 and 2.5 mge per ml, and
for the alkylaryl derivative between 0.1 and 1 mge per ml,

Pigure 1 to 7 show the isothemus obtained with the
surface sotive agents and with the surface active agent in
the presence of electrolytes. |

RESULTS AND DISCUSSIOR
The eurves show that the adsorption of the surfase
active sgents by the five insoluble powders follows the
gensral pattern of the Olass One Langmuiy isothem, In

every isotherm the surves indicate that the adsorption
reaches & saturetion point as high equilibrium concentrations,
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J Further analysis of the adsorption isotherms shows
that whils the adsorption eurve is of the same general
pattern with each agent the amount of surfastant adsorbed
is not the same on every powder examined, The maximum
adsorption obtained on the sins oxide sample was 8.9 mge
per g, of sodium lauryl sulfate, 5.9 mg, per g of Aerosol
0T and 3.4 mge por go of Daxad 11, Two explanations for
this oscurrence might be given, First, i$ might be theorised
that the difference in the degree of adsorption is dus to &
difference in ths tendensy of the surfase active agent
involved to be adsorbed by the sine oxide, Thus, Aeroscl 0F
is not 80 readily adsorbed by the 5ins oxide as is sodium
lauryl sulfate and again Daxad 11 has less affinity than
either of these agents for the surface of the sine oxide,
However, 1f this were true it would de expected that both
Aeroscl OT and Daxad 1l would be poorey dispervsing agents
for sinc oxide than sodiums lauryl sulfate, This was not
observed during the adsorption studies. In every instance
both Aerveol OT and Daxad 11 appeared to more readily
disperse the powder than did the sodium lamuryl sulfate
indiocating eomplete wetting of all ths particles, Purther, |
1f 1t were solely & question of affinity to the powder whieh
scoounted for the differences in the extens of adsorption i$
would be exposted that some of the powders would show &
higher amount of adsorption in some instances for one of the
other agents than for sodium lauryl sulfate, This did not
ocour with any of the powders investigated, - On this basis
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a second explanation for the different degrees of sadsorption
by the three surface aoctive ngontl might be given, It has
been estadlished (5) that surface active agents are adsorbed
by the surface of insoluble powders in such & manns» &8 $o
form & moncmolecular film, Knowing this i% is possible %o
examine the chemiscal structure of sodium lauryl sulfate and
Aerosol OT for a possibls explanation for the different
dogrees of adsorption, BSodium lauryl sulfate is an aliphatis
sulfate with the hydrophilie portion at one end of the shain,
Thus, it would be expected that it would occoupy less area
per moleculs than would Aerosol 0T where the hydrophilie
group is in the center of ths moleculs giving two branches
which may be spread cut $o cover a given surfacs area,
Consequently 1% might be theorised that the sines oxide is
able to adsorb more sodium lauryl sulfate than Aerosol OF
as it can hold more molecules per given surface area of the
powder, |

Further support to this theory might be given by

tonlidormg Langmuir's sconstants, S5ince the type of Lisotherm
obtained with all of the powders is of the Class One Langmiy
type the isotherm may be represented by Langmuir's equation
(8)e |

 xas kikzoltl ¢ ko)

mn:/-llng. of swface active agent adaorbodma. ot -
adsorbent :

0 = equilidriua oommtntim of suyfase active
agent in mge per mle
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ky and k; = sonstants

At higher eoncentrations the equation approaches
x/n = kg

and thus the valus of the constant ky is & good indisation
of the smount of surface active agent which would saturate
a unit surface area with a moncmolscular film, |

The application of the Langmuiy equation to the iso-
therm ean be determined by plotting ¢/(x/m) against e, A
straight 1ine will be obtained if the isotherm fits the
equation, This 1ine will have & slope of 1k, and an
intereept of 1k koe |

A sample plot of ¢/(x/m) versus 0 is shown in Pigure
4e Similay plots were obtained with all other adsorbdent =
‘surface active agent scwbinations indicating that the
1sotherms obtained were of the Langmiy types

The eonstant k, which is an indication of the adsorpe
tive capacity of the powder for the specifie surface aotive
agent was calsulated for all sambinations, These values
are shown in Table I, In most instances it will be noted
that the saturation level is elose to the ealoulated kjp
" walue indioating that the surface of the solid 1s eovered
ai'th a monomoleculayr layer of the surface aotive agent,

~ In the adsorption studies performed on sins oxide and

bismmth suboarbonate the studies were sarried out on powders
whose surface areas had previously been determined by the
nitrogen adsarption method (7). The surface area of the
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Typical plot of the data fitted by the Langmuir
isotherm, Plot is the adsorption of Aerosol OT
on zinc oxide,



TABLE X

Esmnssi&ea=2!.259&&2&:1&.92&525&&.seﬂ.saa.§s§9££§&en{£szsl

nﬁtu}’ﬁ er ) —L —L‘.;!!L—-
Sodiun Lauryl Bulfate « Zine Oxide = - 10,8 8.9
" . e Caloium cufbonnto llg.l 12,9
" . . « Bisauth Suboarbonate 10. 10.1
" . ® . Titanium Dioxide ﬁ:z L6
» " . e Zirconium Oxide : A 3.7
» .. . e 2inc Oxide-S8odium '
| Chloride 9 847
. " " » Zinc Oxide-Sodium .
; Sulfate 95 8.7
L ® o 2ins Oxide-Sodivm | '
- : - Citrate © 640 S:1 .
Aerosol 07 e Zine Oxide 8.0 5.9
» ® « Caleium Carbonate el 11,1
» ® « Bisauth Subocarbonate e 10,1
. % « Titanium Dioxide - . 3.9
. * » Zirconium Oxide Yo 2,0
» ? » Zine 0Oxide-Sodium Chloride 6.0
ol % « Zins Oxide-Sodium Sulfate 6, 6.6
" ® « Zine Oxide~-Sodium Citrate be 6.1
Daxad 11 « Zine Oxide - o ka2 ﬂhs
" " . Caloium Carbonate ' : ' 9 ol
" % o Bimmuth Suboarbonate 8.1 h.g
% % o Titanium Dioxide B 1,1 0,
® ® . Zirconium Oxide ;. - 0e7 Qe
& ® . Zine Oxide~-Sodium Chloride : he?7 3.
" . % . 2Zins Oxide-Sodium Sulfate g.h 23
® ® _ Zing Oxide-Sodium Citrate 3. 1.9
'@ % o Zine Oxide-Sodium Phosphate - Oy

 The h values and the saturation level are stated in terms
of nigligrma adsorded per gram of material,
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sinc o:idd suployed was 3.98 square meters per g, and of

the bismuth subcarbonate, 4.62 square meters per g. Knowing
the surface area of the powders and the kp values for the
adsorption of the surface active agent 1t is possible to
calosulate the area ooccupied by one molecule of the surface
active agent, These values for xinc oxide were found to be
21 square angstroms for sodium lauryl sulfate adsorption and
37 square angstroms for Aerosol OT adsorption, In the case
of blsmuth subcarbonate these values were calculated to be
18 and }j9 square angstroms respectively, In both instances
the area occcupied by the Aeroscl O'r is two or more times
greater than the area osccupied by the sodium lauryl sulfate
on the same powder, This indicates further that the
presence of the hydrophilic group in the ocenter of the
Aerosol OT molecule giving it two side arms enables it to
occupy & greater surface area than the sodium lauryl sulfate,
Therefors, there is relatively less Aerosol OT adsorbed then
of sodium lauryl sulfate on the same poadoi-.

| Although the chamioﬂ. structure of Daxad 11 has not
been doteminad- it ia known to be a polymerized naphthalene
sulfonate with aliphatic side chains (8) and it is logical
to assume that a molecule of this type would ococupy & much
larger surface area than would a molecule of either sodium
lauryl sulfate or Aerosol 0T, Therefore, the number of
molecules per unit area of the nonmz;looular film would be
leas with Daxad 11 than with either of the other two surface
active agents and therefore its adsorption at the saturation



e e . L

L3
~ point would be less, _ _ .

Purther exanimation of the isotherms will show thas
the smount of surface active sgent adsorbed varies oonsid-
ably from one powder to another, Caloium serbonate showed
the greatess degres of adsorbability for both Aerosol 0T
and sodium lauryl sulfate, The greatest adsordbability to&
Daxad was shown by bismuth subsarbonate, With all three |
surface active agents the least adsorbability was shown by
" sirconium oxide with not mush more deing shown by titanium
diexide, In the ecase of Daxad 11l the mmount adsorbded by
both siroonium oxide and titanium dioxide was so slight as
to be just measurable, | ) .

As indicated above isotherms were detemined in the
sase of bismuth subcarbonate and xinc: oxide using powders
whose surface areas had previously been detemined by the
nitrogen adsorption msthod (7)e The surface area of the
sins oxide employed was 3,98 ‘2 per gs and of ths biamuth
suboarbonate, k.62 nz per g. With 1ts greater surface area
the bismuth subcarbonate would be expected $0 adsorb more of
ths surface aotive agent than the zine oxide and this was
found to ocscowr, However, titanium dioxide which may de
oxpicm to have a higher specifie surfaee area than either
the sins oxide or the bdismuth suboarbonate showed very little
. adub_rbabnity for any of the surface active agents, In the
case of Daxad 1)1 titanium dioxide only adsorbed 0.8 mg, per
8. &t the -ﬁmtim point a8 compared to 4.5 mg. per g, for
bismuth suboarbonate and 3.6 mg, per g. for sins oxids,
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_ mrm. i1t would appear that there 1s not necessarily a
direct relationship between the surface area of the powder
and the degree to which it will adsord the surface aotive
agent, Pactors other than the surface area of the powder
appear to be involved in the adsorption pbenomenon,

Rose and so-workers (2) in studying the adsorption of
synthetie surface active agents by ocarbon blaock observed
that the adsorption did pot conform with the Freundlich
equation over the entire concentration rangs studied. They
noted that most of the curves cbtained exhidbited a change
‘4in slope at concentrations which appeared to correspond
approximately to the critical micelle econcentrations, Rose
ot al (2) found the porticns of the surve above the eritical
micelle soncentration to be linsar by Freundlich's equation,
while below this esoncentration the curves for scme of the
eompounds exhibited eonsideradble deviation from lineality,

Comparing the k, values caloulated with the saturation
levels obtained (Table I) for the adsorption of Daxad 11 it
oan Ye sesn that with the exception of the adscrption omn
caloium sarbonate the two values are practically identical,
This would appear to indicate that the adsorption of Daxad
11 by the powders had proceeded according to Langmuir's
equation, No explanation can be offered for the sxseption
in the case of ealolium ocarbonate, '

Aorosol 0T also gave kp values very closs to the
saturation level in the case of sine oxide, Again, howeves,
in the case of ealoium carbonate the saturation level was
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considerebly lower than the caloulated kp value, With
bimmth subcarbonate & k, value was caloulated which was
lower than the saturation level (9.5 as ecmpared to 10,1),
Again there does not appear $o be any explanation for this
phenomancn, - S3ince the ky values and the saturation level
for Aerosol OT adsorption on all exoeps ealcium earbonate
are identical within the range of sxperimental error it
would apmr tho.f the adsorption surves obeyed Langmiirts
equation, |

In the studies with sodium lauryl sulfate 1% was found
that the caloulated k, values were considerably in excess of
the saturation point cbtained, This would appear to
indioate that scme factor had intervened to prevent complete
adsorption of the sodium lauryl sulfate to the full eapacity
of the powders concemmed, | .

Investigations of the effecs of slectrolytes on the
adsorption of surface active agents were gondusted fop
several reasons, These agents are Lfreduent componsnts of
pharaceutical mixtures and might be amployed in mixtures
in the presence of these surfactants, In addition nodiw.
sulfate is a c'm csontaminant of ecmmereial surfaotants
~ and might influence the adsorption,

~ Result s showsd that sodium dlhydrogen phosphate

prevented the adsorption of both Aercsol 0T and oodh-i
lauryl sulfate on sinc oxide, With Daxad 1l adscrption was
found o oocur but was very slight as compared to the
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ndoorptioh. of Daxad 11 alone (ﬂ.sui'o .7).

Monosodium sitrate was aleo observed $o lower the
amounts of Daxad 11 whioch eould be adsorved by sine oxide
(Pigure 7)e A similar result was obtained with sodium
lauryl sulfate (Pigure 5) but with Aerosol OT no significant
difference in the saturation level was observed,

Bodiwm sulfate alse lowered the adscrption of Daxadll
(Plgure 7)s The adsorption of Aerosol OT (Pigure 6) was
again potentiated while there wus no significant change in
the saturation level for the adsorption of sodium lauryl
sulfate by sins oxide (Pigure 5), Rose e% al (2) observed
that sodium sulfate inoreased the adsorption of sodium
leuryl sulfate by carbon black so these results are not
entirely in agreement, '

Whils the lowering of the saturation level was not as
great for Daxad 1l in the presence of e dium ehloride as
with the other electrolytes some lowering 4id oocur (Pigure
7). However, the saturation level of Aerosol 0T (Pigure 6)
and sodium lauryl sulfate (Pigure 5) were not significantly
altered by the presence of the sodium chloride,

An exsminetion of Pigures 5 to 7 ltill.&:w that the ' -
~ electrolytes d1d have some influence on the shape of the
adsorption surve whether or not there were shanges in the
saturetion level, This is ptrtinuhrly noticeable in the
ocase of sodium lauryl sulfate wheres the utﬁmtion level
was reached at an equilibrium oconcentration between 0,25
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INFLUENCE OF ELECTROLYTES
ON AEROSOL OT ADSORPTION
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- and 0,50 as'- per ml, with the electrolytes present as
campared to approximately 4 mge per mle in the absence of
electrolytes, |

By oomparing the caloulated k, valuss with the satur-
ation levels obtained (Table I) 1% ean be seen that there
. is a much greater variance detween the two values than there
is in the absence of elestrolytes, An exception to this 1s
in the case of the adsorption of Aeroscl OT in the presence
of sodium c¢hlorids and sodium sulfate reapectively, This
would appear to indicate that, with the exception of the
adsorption of Aercsol 0T, there was some interfersnce with
the adsorption in the presence of the electrolytes,

In the cass of Daxad 11 the greater variance might de
dus to preferential adsorption of the eleotrolytes in place |
of the surface active agent, A similar observation might
be made with respect to the adsorption of sodium lauryl.
sulfate, With respect $o Aercsol 0T whare there is little
or no variance it would appear that tho adsorptive eapasity
.of the Aerosol 07 is sufficlently strong to mullify the
effeocts of the elootrolytes, '

SUMMARY

The thres anionie surface sstive agents investigated
all showed an adsorption pattern whish eorresponded to the
normal Langmuir isctherm, Elsctrolytos wers observed teo
alter the adsorption pattern and also to intexrfere with the
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nt\mtion. lovel of the isotherm with the exception of
sodiun chloride, Socdlum mulfate lowered the saturation
lovel for Daxad 1l dut not for Asrosol OT or scdium lauryl
sulfate to a significant extent, Bodium citrate lowered the
saturation level for Daxad 1l and sodium lauryl sulfate but
had little effect on the saturation level of Aerosol 0T,
Sodium phosphate virtually eliminated the adsorption of all
agents, .

It would appear that the adsorption of an anionis
surface active agent by a phamsoeutical power is specifie,
The am ount of adsorption will depend upon the nature of the
surface active agent, the nature of the powder and the
. presence of other electrolytes in the systam,

Bt
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A STUDY OF ANIONIC SURPACE ACTIVE AGENTS A8
DISPERSI NG AGENTS IN PHARMACEUTIOAL SYSTEMSY

Ge As omu‘, As P Lemberger and L, W, Busse

ABSTRACT

An investigation of the suspension of several
selected phammeceutical powders by three anionie surface
active agents has shoun that the suapension obtalned is
dependent upon the nature of both the inscluble powder
and the surface active agent, In general the amount
suspended has boen shown to pass through & maximm with
& low concentration of the surface active agent, It has
been found that to a large sextent the suspending abllity
of the surface active agent is related to its abllity to
- be adsorbved on the surface of the powder conserned,
Electrolytes have been found to inhibit the suspending
ability of the surface active agents in the majority of
OAROB,y
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A BTUDY OP ANIONIC SURFACE ACTIVE AGENTS AS
DISPERSING AGENTS IN PHARMACEUTICAL SYSTEMS

In the technology of phamaceutical magmas, suspensions,

and simllar preparstions the size of the disparsed particle
is of parsmount importance in controlling the stability and
eleganase of these mixtures, Insoluble particles in the
presence of water oling together to fom sgglomerates or
floos which settle at a much faster rate than would the
individual particles if they were kept separate, The addie
tion of a Aspersing agent to the mth will assist in
overcoming this tendenoy and thus aid in stabilising the
dispersion of the insoludble powders, ‘ |

Previous investigators (1, 2) in evaluating the
efficiency of anionie surface astive sgents have shown that
there 18 a cortain optimum concentration where these agents
exhibit a maximm effectivenesss, Vold andlco-uorkarl (1)
have shown that in the dispersion of manganese dioxide in
soclutions of synthetic surface active agents the curves of
amount suspended versus concentration pass through a maximm
at low esoncentrations, _ |

The purpose of this investigation was to determine
whether such sharacteristic curves would bs obtained with
typiesl pharmaceutiocal powders, Data on the adsorption of

these agents by the sbove powders have previcusly been
A
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presented (3). |

Inssmuch as pharmaceutical suspensions ccmmonly eontain
electrolytes 1t was thought of interest to determine the
effects of elestrolytes upon the dispersing adility of the
surface active agents,

RXPERIMENTAL

Yaterials |
The insoluble powders, swurface active agents and

eleotrolytes were identical with those previcusly employed
in the adscrption studies (3), ‘

tus e _ _

The method employed in evaluating the dispersing
ability of the anionie surface active agents was & modifie
ueim of the procedure ocutlined by Griener and Vold (1),
Briefly, the suspension after thorough mixing was allowed
to stand undisturbed for a two hour period, Pollowing this
sedimentation period all the suspension to & depth of 23,5
om, was withdrewn and analysed for solid ecntent to deter-
mine the amount of powder remaining in suspension,

The apparatus is showna in Pigure 1, The surface
aoctive agent was dissolved in sufficient water to make 250
ml, of solution, Two hundred ml, of this sclution was then
placed in the sedimentation chamber which eonsisted essonw-
" $ially of a twelve inch test tube previously salibrated as
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" the 50 ml, and 250 ml, levels, The distance between these
levels was 23,5 em, in every instance, A 2 g, sample of

the powder to be investigated was added to the solution of
surface aotive agent in the eshamber of the stirring apparetus
and stirred for exastly two mimutes, 7This suspension was
transferred quantitatively to the sedimentation chamber and
the volume was adjusted to the 250 ml, level with the
balance of the sclution of surfase active agent, The
sedimentation chamber was then stoppered and agitated
vigorously for a further eighteen mimites, This brought
the total period of agitation to twanty mimtes, The
suspension was then allowed to stand for %wo hours undise
turbed after which time the suspension down to the 50 ml,
mark was withirewn in such a manner as not to disturdb the
sediment, This was acoomplished by using & withdrawal tube
with an upturned tip and a slow rate of withdrawal (25 ml,
per mimite) as resommended by Grisner and Vold (1)s The
suspension was then assayed to determine the smount of
material remaining in suspension, _ '

Zino oxide was assayed by the U,8,P, X¥ prosedure
Ainvolving the dissolution of the #0lid in standard sulfuris
8014 in the presence of mmonium ehloride and back titmating
vith standard sodium hydroxids solution, _

Calsium ocarbonate was assayed by the procodure stated
in the B.P,, 19324 This procedure consisted of dissolving
the carbonate in sn excess of standard hydrochloris aoid
and detemining the excess of acid by back titrating with
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standard sodium hydroxide solution,

 Bismuth suboarbonate, titanium dioxide and sirecnium
oxide were assayed ascording to & gravimetric Sechnique,
The suspension was eentrifuged until the supermatant liquid
¥as elear, This supernatant liquid was then decanted
sarefully and the residus was sollected, dried and weighed,

Suspension isothsmms were cdbtained by plotting the
anoun$ of scolid remsining in suspension as & function of
the concentretion of the surface active agent in the
dispersion medium,

Suspension isotherms were also obtained in the same
manney for surface active agents plus sleotrolytes, In
each instance the soncentration of the eleotrolyte was kept
sonstant ats 0,]1 gream « ions of sodium fom in the solution
and the eoncentration of the surface active agent only was
varied,

UL ISCUSSIQ

The isotherms obtained are shown in Pigures 2 to 9,

As 1s evident in the curves of Pigures 2 to 9 the
mmm power of the mionto.tm-rm uuﬁ agents varies
both in respect to the nature of the agent smployed and with
the nature of the powder being suspended, In general it
appears M there is an optimm concentration of surace
active agent at which a meaximm in the amount of suspended
material is obtained, However, this maximm is not as
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pronounced in the case of sirconium oxide (Pigure 6).

Data obtained indicate that Daxad 11 is a slightly
better overall dispersant than either sodium lauryl sulfate
or Aercscl 0Ty This statement is based upon Hwo odbserve
ations, Pirst, in most instances the smount of powder
suspended by this agent as the optimm concentration is
found to be slightly greater than the maximm amount
suspended by either sodium lauryl sulfate or Asrosol 0T,
Secondly, the optimm eoncentration of Daxad 11 as &
dispersant is found to be considerably lower than the
optimm concentration for ¢ ither of the other two agents
investigated, This observation is im line with the adsorpe
tion data previously obtained (3)s It was observed in this
study that the saturation level for the adsorption of Daxad
11 by the insoluble powders was reached with a much lower
eoncentyration of Daxad 11 than with either sodium lauryl
sulfate or Aerosol OT, | |

Studies on the dispersing ability of sodium lauryl
sulfate and Aercsol 0T indicate that these agents possess
approximately the same degree of offectivensss with respect
S0 the meximm smount of powdsr remaining in suspension at
the end of thw selimantation pericd, However, it ias again
observed that the maximum effective eoncentration of
Asrosol OT is,4in gensral, less than the maximum effective
concentration of the sodium lsuryl sulfate, This again is
in agreement with $he adsorptiom data (3) where the maxirams
adsorptive capasity is reached with & lowsr consentration

"!

Vo

i
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" of Aercsol 0T than with sodium lauryl sulfate,

Although the relative degree of effectiveness of the
three sgents investigated is in deereasing order Daxad 11 «
Aerocsol 0T e« sodium lauryl sulfate, ons exception must be
noted, In the suspension of salcium sarbonate, Aerosol 02
is found to be & Yetter dispersant with respect to the
maximumm amount suspended than either sodium lauryl sulfate
or Daxad 11, This anomaly would appear to indicate the
possibility of a specifie interaction favoring the adsorpe
tion of the Aerosol OT with caloium oarbonate,

Addition of elsotrolytes to the dispersion medium fer
sins oxide suspensions is found to inhidit the suspending
ability of the three anionie surface active sgents in all
but one instance,

In particular the addition of sodium dihydrogen
phosphate to the solutiom of the surface aotive agent
sampletely inhibits the suspending ability of these agents,
The sins oxide was observed to floooculate lLumoediately, In
no instance was any powder left in suspension at the end of
the two hour period, In these cases it was previously
observed (3) thas adsorption of the surfase agent on the
sine oxide either did not cocur or was sudbstantially
reduced, possidbly through preferential adsorption of the
phosphates, Instability of these suspensions would then
appear $o be dus to the failure of the sine oxide partiocles
to become stabilised through adsorpticn of the surface
_active molecule,
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mw inhibition of the suspension is also obtained
with monosodivm eitrate (Figure 9) whea Daxad 1l is esployed
as the dispersant, In the other cases & reduction in the
effectivensss of the surface active agents is observed,
This i# readily ssen in Pigures 7 and 8, In contrast te
the situation where sodium dihydrogen phosphate wes &dded
as electrolyte, adsorption studies (3) in the presence of
these sleotrolytes have shown that the adsorptiom of the
surface active agent by the sins oxide is not greatly
reduced, In fast with Aerosol OT the adsorption is enhanced
and maximm adsorption is cbserved at & lower concentration
of the surface active agent, _

Several theories have been advanced (1, 2, 4, 5) in
attempts to explain why one soncentretion of an anionie
surface sotive agent should produce a maximm dispersion
of the insoluble powder, EHarkine and Gans (L) have stated
that the gquantity of dispersant estimated $o form & mONOw
molecular film on the pigment particles may be sonsidered
to be the minimum required to register a decided change in
the properties of the dispersion, It mizht be atated,
therefore, thas the ineffectivencss of consentrations of
the surface active agentas below the maximm effoctive
concentration sould be attributed to the lack of sufficient
dispersing agens to eompletely cover all the particles with
& monomolecular film, Particles mot sufficiently protected
would have a tendency to aggregate and form flocs whioch
would settle to the dottam of the sedimentation echamber at
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& muoh faster rate than would the individual unit partisless
" ¥old and go-workers (1, 2) have theorised thas the
formation of stable dispersions of insoluble powders may de
primarily attributed to & change in the smeta potential on
the solid particles eaused by the adsorption of simple lons
from solution, This, they state, results in & lack of
dependence of suspendability on the lyoephilis properties of
the eolloidal solution or its ability So lower surface
tension, These investigators state that th._cxutomn of
& maximm in the suspension curve may be explained in terms
of the initial preferential adsorption of one of ths ions,
 This initial preferential adsorption would promote stablility
by increasing the seta potential of the insolubls particles.
The loss of stability at higher eoncentretions of the
| surfuce active agent would be dus te the antagonistie effect
of the ion of opposite oharge %o that first adsorbded,

The results cbtained in the suspensions ecntalning the
eloctrolytes (Pigures 7 to 9) are in harmony with this theory,
In general the inhibitory effect approximately parallels
the increase in ionic strength of the solution indicating
that the effect is probebly related to a reduction of the
sota potential, An anomaly ocourred in the suspension of
sino oxide by Aerosol OT in solutions oontainﬂ.na sodium
ehloride, In this case better suspensions of the sins oxide
are obtained than in the absence of the sodium shloride,
| Ko explanation can be offered at this time for this
~ exception to the general pattern,



- 1% therefore appears from this study that the
influence of electrolytes upon & suspension may be
beneficial eor detrimental, Where the elsctrolyte present
deoreases the stability of the suspensions, it usually
does so through its influence on the seta potential, Howe
ever, it 1s also posaidble that the effect may be caused by
inhibition of adsorption at the solid-liquid interface,

At the present time it is necessary to investigate sach case
to determine ths exaot nature of the sffect,
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Suspension of Zinc Oxide by Anionic Surface Active Agents
at 30°C.
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- Suspension of Calcium Carbonata by Anionic Surface Active
Agents at 30°G _
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Suspension of Titanium Dioxide Sulfate by Anioniec Surface
Active Agents at 30°C,
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Suspension of Zinc Oxide by Sodium Lauryl Sulfate
in the Presence of Electrolytes at 30°C,
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TABLE I
Adsorption of Sodius Leuryl Sulfate on Zing Oxide

% . (-s%am Wcﬂ'

0.092 1.02 0.%
0,089 _ 1,04 0.
0.197 1,86 | 0.106
0.211 ls72 0.123
0,307 : 2 0.1
°l359 2.& 0.11.;
04539 020 0,168
0c£2 3017 0,171
0.61.3 3. 0.18%
04635 3-&6& ' 0179
1,000 | 5,00 0.200
1,000 5400 0200
1.9 6. 00298 .
1.9351 6.%3 0.2333 ‘
1,973 6,00 0.
3.368 : Teli5 0.1452
3.385 T+28 0465
«500 6, 0.699
'E..Egg ;-%é g-g?.g
Lelli2 | "85 04565

9! L °|
9.3@ 12.? o.gg
94400 S




TABLE 11

5

Adsorption of Sodium Laury) Sulfate on Csloius Carbonate

ul
Nge,

0.130
0.128

0.2,2
0.223

orasl

o)

0.3

038

0.l57
04700

0,707

0.929
0.922

1.475
.21

(mge/me)

0.64
Q.72

.40
1240
1.68
1.69

2.87
2,01

le36
ﬁ:ﬁg
138

10,14

10421
10,96
12,28
10,72
e
1l.Lh

10.71
11,72

7

0.20
0.1

0.173
0.140
0.135
00133

0.109
0.114

0,097

0103

0,098
0.100

0,092
0093

0,134
0.103
04140

0,344
0350

0.711

0. 60 i

04769




Adsorption of Sodiwm Lauryl Sulfate on Bismuth Suboarbonate

Nge
0,002
0,004

0.03
0.0

0.105

00203 .

055
0.357
04367

0,341
0.339

0.362

0.372

- 04551
0.535

0,710
0,712

1.95
1,90
3.1
3.10

TABLE III

X
mEa/ e

1.92
1493

9453
10407

972
10,10

S

0,001
. 04002

0,010
0,010

_‘00021

0.021

0.036
0,038

0.059
0,061

0,059
0.05
0,061

0.077
0,07k

0,091
0.091

0.2
Oe

0.323
0.307



TABLE IV

Adsorption of Sodlum Lauryl Sulfate on Titenlus Dioxide

e ggi 1, | ¢
g, . mE e/ e : m

'y 1.11 : 0.3
OI%g 1'82 001%
0,678 3.0 o 0,218
1.125 3.7 100300
1,835 6.64 0276
4 55 0.5
473 «08 1,160
h-?xJ; !li.av 1.090

Le57 1,03

Le70
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TABIR V
Adsorption of Sodium Lauryl Sulfate op Zlrconiup oxide
etul 1 . | ¢
e . NEe/ 5le m
0.358 1. 0426
0342 lng% 0:?2&
0.739 2,61 0,26
0.761 . 2.39 003
1,167 2.35 ' 0.496
1,161 2 Ci79
2 2.85 0.776
_20% 1490 0,835
.78 ot 1.3
ﬁ.gsfg _3.32 3
uo97a 3«#3 1.“5
10,08 2,02 4.99
9.9 3.73 65

2,
9.98 ) 3.02 331
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TABLE VI

influence of Sodiug Chloride on the Adsarption of Sodiug

Lawry) Sulfate on Zipg Oxide

C ecuil, A ¢
T 0/ M0k o (mge/Gne X
0.096 121 0,087
0.1 2. | 0.06
0,149 Z.ﬁ o.oei
0,181 L.23 0.
0.18“ L.ao o.%
602’-]-6 5&63 | 0.01'
0.229 5.00 Q»N&%
0.256 1. 0.0
0.292 7.% O-Qﬁ%
0.105 8.55 Oe
04397 8.62 ot&!l
0,669 _ 8.31 0.087

t 1.119 8080 Ot
12113 8,62 Oe
1,598 831 0.192

1.559 8.69 0179
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TABLR VII

Influence of Sodlum Sulfate op the Adsorptiop of Sodium

Lauryl Sulfate by 2ing Oxidg
% og;il. ‘ "]
nge . Big e/ ERe m

0.121 0,68 0,178
0,102 0,88 0,116
0.180 2 Ot
0.176 2:%% o.gg%
0.190 2.75 0,069
0,191 ‘ 2,73 0,070
0.264 563 0,047
0,287 6.52 0,04
0.679 8,20 | 0,082
0.697 3.02 0.086
1,151 8. 0.13
1,154 a.ﬁ Oel
1.637 8.62 0,189

1. 630 8169 0. 187




TABLE VIII

influence of Sodium Citrate op tha Adsorptlon of Sodlum
- Lawry] Sulfate by Z2ing Oxide

? gguil. )4 C

g e/ -) e/ e m

0.128 071 0,161
0s 140 0e59 04237
0.202 2.11 0.096
0e20l 2,08 . 04098
0,225 . 0.
0»213 g.ﬂ o;%g '
02 | . 0.0
9K 387 02003
O «50 ' 0,12
0 g : §t§9 _ . 0.085
1' %.22 0025 I
lel (9 ' 0127
1.500 5,00 04300
1475 | [ 9%~ 1% 04202

2,042 Sl | " 0,203



g,
0,120
0,113

0.151
0.112

0.186
0.222

0,260

0.462
0els53

0.88
097

1.535
1.509
1.523

TLBLE IX

Adsorption of Aerosol OF by Zing Oxide

Lo

%3

o21
24
5eli3

5.79
S5«7%

5.09
589

5489
82

Seb

82,

7

0.031
0,028

0.033
0,077

0.036
0039

0,048

0,080
04079

0.151
04166

0,261

0228
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TABLE X
Adsorption of Aerosol OF by Caloium Carbopate
C, equil, ' o
lige o mZe/ &Me o %
0,088 179 0,050
0,094 : 1,73 0.,055
0. B3 0,040
OQ% g.al 0C053
0.18 bo16 0.030
' 0.192 - 6408 - 0.032
0. 7.92 0.032
0&% 790 ' 0.033
0,509 9.96 Oogﬁ
0-'-&90 10315 O
0.8 11,0 0,081

0.8 1l, - - 0,082



TABLR XI

Adsorption of Aeroso} OT by Bismuth Subcarbonate

Lige, .

0

o:ggg
0,011
0.013

0,085
0,081

0.21,5
it
0.568
o:561

1.07
1407

- X
nge/ Sle

W
s

1

8.01
8.32

9.37
9.5

15:23

0,002
0,001

0.002
0.003

0,012
0,011

0.031
0,026

0,061
0.059

0.11
0.l
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TABLE XII

Adsorption of Aeroscl OT by Titanlug Dioxlde

ng e 1' ‘% . %

0.357 LT | 0,243
0,332 .72 0,193
0.56 1,92 0.29

0051}; 2.16 0. 1
0.6 0 .18 00210
0.613 g.ah 0.204
1,101 3.70 04294

1.713 3.8 0.
1,722 : 3a7 ol%



Page 86 is missing.
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TABLE XIV

znzlaeme:.et”§esaul.ﬂn;ez&éa.snhthn.asaasnsaenlet.aaxengl

OF on Zing 2&‘!!.
il 591 0
NEe . (mg. Hle | m

Oogq . 1099 0.028
0. 1.91 00031.}
i e
02057 2.1 o:%
0,10 <99 0,026
Oel E.% 0,029
0009 .n 0.023

<06 e 0.0
0407 k.01 0.0
0.202 5453 o.g@
0.233 022 Oe
g.gf} g-z; g.ggj
0:172 5.7 o:ais
o.h-sq 6.1 -
0.492 5.16'r g.o 8
o4 £ s

029 6.07 0.070
1,035 «83 .
12007 23 RTL
0934 5.96 0.15
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TABLE XV

Infivence of Sodiup Sulfate op the Adsorption of Aorosol

OF on Zirg Oxide
¢ 1 E;q_

) 1754 Py tm& e %
0 1,91 0,03
02333 | 1.96 0e030
0,072 Le36 0.016
0.178 6.27 0,028
0,101 6425 0.029
0.1425 6,50 0,065
04439 - 6236 04069
0. 6.% 0.129
ol97 5' 0.135
1.322 - 6,78 0.195
1.338 | e 0.202
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TABLR XVI

dnfluence of Sodiup Oitrete on the Adsorption of Aerosol
O ep Zing Oxide

0.083 1.66 | 0’050 -. '.
0.155 .08 0,040
0.139 ol . 04,034
0.&{5 50 0.
00231 5433- oogig
0.460 6.12 0.

Ol 7l 5+98 o.g;g
1,000 5-71 0017,5

04943 - 6427 . 0.150




NEe .

0.0212

°0m§9
0,051

0.126
04105
0,143

0,174
04201
0,296
0,263
0279
0.357

0.300
0373

il
0459

0.5
055

TABLE XVI1X

Adsorption of Daxad 1l by 2ing Oxide

(2ge/ 20

_0.75

1.6
1.49

2.91
2.
3.
2,44
3.26

Wi
i:»t
=t

EEE

WL Wit Wl W
£h Lo
&R ELY

90,

0,028

0,030

0.034

0.043

0.
0:05%

0,072

0,061
0.099

0:0%

0.104

00111
0,107

0.135
0.130
010l

0.176
04159



S & T2 *

s
o
0290

. 0,081
0.069
0,025

0.109
0,111
0,124

o.bg )

0615

0,157

0,198
0.202

04263
0.337

0,336
04319

0.384
0,410

0.519
0.523

0,508
0.587

TABLRE XVIIX
Adsorption of Daxad 1) op Celolum Jarbonate

(mge/ e

Oe

Oc;z

O 7l
- 1420

1.31
1,19

- 1492

1.91
202

2,10
2,39
2,52

249
3.0

3.32
2.94

ks

C

0,040

0,041
0039

0,068

04053

0.060
332
Ce060
C.065

065
Ga062

006
0.079
0.115
0008
0118
0,108

0.101
0.118

ounl
3



(mge/cme

0:008
53

0.0
0.0

O
0.0

008

0.066
0.073

0,0

ou00
0,082
0,008

0,105
0.099
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TABLE XX

Adsorption of Daxad 11 on Titanium Dioxide

d 1 | ; | g
e ) | (ngjm.) b7, |

| o.ous - 0.20 | 0.225
0.030 0435 0.087
0.1 - 0.30 0.346
0.11 O.Eg 0.211
0. _ q. 00 257
0.210 | 069 0 0.30l
0.212 0.66 0.321
0.366 0.52 ‘ 0.703
0.341 0.99 0.353

lmo ' ) 0092 . .h.é

0.415 0.95 MJ
0.423 0.86 o.u91
0.534 0493 | 0.57k



e

Adsorption of Dexad AL gn Zirconium Oxide

¢ equil X . L
(g, /iale) (mg./cme 379'

0,086 0.33 -  0.253
0.0‘81 0.3 °.2l3
0,186 0.37  0.502
0.183 0.39 | 0.1469
0.261 0.52 | | 0.501
0,259 0.54 0.479
0.359 0.54 0.664
0.359 0.54 0.66l

0.450 0.60 0.750
Oel44i8 0.70 0.640
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TABLE XXII

" Influence of Sodium Ghloride on the Adsorption of Daxad
1L by Zino Oxide

?m-ﬁ%) {mg./gn. %

0.02 0.75' .0.030

0,02 0.77 0.030
€.030 0.73 0.040
0,028 0.75 0.040
0,055 1,50 €.037
0.062 ' 1-38 OGOLIS
0,107 1.95 ¢.055
0.102 2,00 0.051
0.104 | 2,02 0.052
¢.101 : 2.05 G,050
0.151 : 2. 0.062
c.lgo 2.%2 0.068

, 0.154 _ 2.52 | 0.061
0.205 e ' 2.87 0.072
0.208 _ 2.83 : - 0.074

04209 _ 2.9 . - 0,071
0.264 ' 3.09 0.092
0,293 3.10j' . 0,09
0.348 3.70 0,090
0031}7. ' 3.71 _ ' _ 000%
0.4 3.65 0.119
o'ug% 3.69 oall?

0.520 3, 0.137
0.519 3. 0.137
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TABLE XXIII

Influence of Sodlum Sulfate on the Adsorption of Daxad 1l

by Zing Oxide
¢ equil
Mg e . (mgl E;mi) %
0.045 0.51 0.080
0,043 0.52 0,081
. 0.100 | 1.07 0.
0.1% 1.00 00%
001?0 ltﬁg ) 00126
0.165 1. 0,118
0.229 1.61 0.143
0.232 , 1.58 0.147
0.298 T 2416 0.138
0:300 2.3 oo
0.370 | 2. 0.168

20 .
- 03 ' 2.34h 0,157
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TABLR XXIV

Influence of Sodium Gltrate on the Adsorption of Daxad 11

by Zins Oxide

€ equil
mge . (“330 2 1 ﬁ

.058 0,37 0,157

‘056 0039 O-lil
0,119 0.88 0.135
0.186 1.19 0,155
0,164 | 1.21 0.151
0.263 1.27 0.207
0,262 le2h - 0.213
003)4-1 1'73 03198
04337 1.76 0,191
00&- 1.87 G.221
o2 175 0:5i,2
0,504 _ 1.98 .255
0,513 1.69 . 0,271
0.593 2,00 0.296

0.610 1,83 0.334



. TABLE XXV

' 98n

Influence of Sodium Phosphate on the Adsorption of Daxad 11

Tago/als)

0.211
0.200

0.381
0.361

" 0.561
0:558

0.766
04760

by Zino Oxide

{mg./cme

0.22
0.11

0.38
0.38

0.33
0.35

0.33
0.40

¢

74|
0.959
1.620

1,00
1,00

1.70
1.59

2.32
1.65
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A S8TUDY OF THB REPFECT OF CERTAIR ANIONIC S8URPACE AOTIVE
ACENTS IN SUSPENSIONS OF SELECTED PHARMACEUTICAL POWDERS

by Gordon Arnold Groves
Under the Supervision of Professor A, P, Lemberger

ABSTRACT

" A study of the adsorption of three anionis surface
active agents by some insoluble powders eommonly employed
in pharmmaceutical suspensions has been carried outy The
ability of the surface active agenta to pramcte the
suspension of these powders has been determined, The effect
of the presence of certain eleotrolytes ia the dispersion
medium on both the adsorption and suspension Sendenoies of
the surface active agents has been investiguted,

The adsorption and sedimentation studies were made
with anionio surface active agent concentrations ranging
from 0,1 to 10 mg, per ul.- The electrolytes were employed
in a concentration equivalent to 0,1 grem-ion of sodium Son
per liter of solution, All studies were performed at a
temperature of 30°0, |
| The adsorption of the enionie surface active agents
was found to be of the type represented by the Class One
Langmuiy» Isotherm, This sd-qlrption was found to meet the
requirenents of Langmuirts o%ustion.

(
|
L

13

R



The study has shown thas the degres of sdscrption is,
in general, related to the surface area of the powder
occsupled by & moleculs of the surfase active agents In
particulay it was determined that satureiion of the surface
ocourred with less Aercsol 07 than with sodium lauryl
sulfate, The relative swface areas oocupiod by one
molecule of these agents has deen used to explain this
oosurrence, It has beem postulated shat the lower scnoens
tration of Dexad 11 required to saturate the surfsce of the
powder 18 due to the greater area of the surface ococupled
by one moleculs of this agent, |

Some indication has been shown hat the extent of
adsorption of the anionig surface sctive agents is not
sntirely dependent upon the surface area of the powders
involved, '

The addition of eleotrolytes to the solutions of
. surface sctive agents has been shown to produse changes in
~ the adsorption patterns It has besn determined that sodiwm

dihydrogen phosphate sompletely eliminated adsorption of
all the surface saoctive agents with ths exception of Daxad
11, Other ohotmlmt were found to elther increase o»
decrease the amount of surfase active agent adsorbed ;na/or
$0 cause the saturation level t¢ be reached with a lower
oconocentration of the surface active agent, |

The study bas shoun that the suspending ablility of

the surface active aﬁm does pass through a maximum with
|

I

I



>

a low soncentration of the agent, It has been shoun that
this maximum is quite apparent with all powders except
sipconivum oxide, The adsorption data was compared 'uith.
the suspending data and 1t was observed that the maximm
suspending concentration was in close agroanent with the
oommmtion at whioch the saturation level was reached
in the adsorption studies,

~ In general 1% has been shown that Daxad 11 18 & better
dispe rsant than Aercsol OT or sodlum lauryl sulfate, Daxad
11 has been found to maintain & grester smount of powder in
suspension and to produce its maximm suspending power at a
lower concentration then Aerosol 0T or sodium lauryl sulfate.
An exception has been noted in the suspension of ealoium
earbonate by Daxad 1l,.

The study has shown that in most instances the addition
of electrolytes to the dispersion medium has inhibited the
formation of the suspension, Sodium dihydrogen phosphate
has been found to sompletely inhibit the suspension of zins
oxide by all three anionla surface astive agents, Other
electrolytes have been shown to reduce the smount of gino
oxide remaining im suspension, An exception has been |
observed in the suspension of sino oxide by Aerosol 02 in
the presence of sodium chloride, 7This sclution has been
found to suspend more sine oxide than the solution of
Aerosol 6! alone,
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