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ASTRACT 

The g e l s  of Mg-stearate (2 ,5-20%) in apolar  liquid paraffin 

media have been prepared with heating the binary mix tu re  t o  

120-130 C , to r e a c h  the critical solution t e m p e r a t u r e  (CST),and 

subsequently slowly (spontaneously) cooled t o  room t empera tu re .  

0 

The pa r t i cu la r  components ( i  .e. Mg-stearate,  liquid paraff in)  , 
the  binary mix tu re  (suspension)  and the  p repa red  g e l s  and 

colloidal d i spe r s ions  respect ively w e r e  studied by means  of DSC , 
281 
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282 SRCIC ET AL. 

to get  the wiev into the  system formation c o u r s e  and a l so  t o  get 

the information about the i r  thermal  charac te r i s t ics .  

These r e s u l t s ,  in connection with those obtained through 

rheological investigation, determination of oil number and TEM 

micrographs,  have given the  following conception : on heating the 

metallic soap  in liquid paraffin is dissolved in the range  of CST 

and gives on cooling a gel o r  a colloidal dispers isn 

the Mg-stearate concentration) with spherical  and planar ( l a m e l a r  ) 

s t ruc tures  of inverted type. 

(considering 

From rheological standpoint the  ge ls  represent  plastic 

sys tems with well recognised yield value and thixotropy . 
The r e w a r m  of formed gels  doesn’t  give s table  ones any- 

m o r e ;  the i r  instability is the  consequence of the  lost  water 

t r a c e s  what confirms the TG curve .  

INTRODUCTION 

A soap ,  as the t e r m  is commonly used,  i s  the sodium, 

potassium o r  ammonium salt of the higher molecular weight a c i d s ,  

e.g . sodium s t e a r a t e ,  potassium oleate,  etc. These soaps  are 

soluble in water and have been used as detergents  for centur ies .  

The so-called metallic soaps are the  salts with metals  

other than alkali ,  e .g . calcium s t e a r a t e ,  magnesium oleate, alu- 

minium s t e a r a t e ,  etc . , and are unlike t h e  ordinary soaps  

insoluble in water  , a t  the most  d i spersable ,  if they are wet. 

The both s o r t s  of soaps  have an  extremely low solubility 

in organic solvents at room tempera ture .  The s a m e  is t r u e  in 

polar and nonpolar solvents,  even at moderately high (7 50 C ) 

t empera tures .  I t  was found that the length of alkyl chain is an 

important factor  in the  solubility charac te r i s t ics  of the respecti- 

ve soaps2. Metallic alcaline - e a r t h  soaps  (Mg, C a ,  Ba) are 

1 

0 
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STRUCTURE INVESTIGATION OF MAGNESIUM SOAP 28 3 

about as soluble in organic solvents as alkali  s o a p s ,  but the i r  

solubilities a r e  great ly  reduced in the presence of water .  The 

solubility d e c r e a s e s  in the following o r d e r  Mg> Ca’r Ba . The low 

solubility of soaps  and metallic soaps in organic solvents at 

room tempera ture  is attained at elevated tempera tures .  Probably 

the most  significant effect of increasing tempera ture  on the 

soaps solution is the critical solution tempera ture  (CST) , at 

which a grea t  i n c r e a s e  in solubility over  a smal l  t empera ture  

range is observed. The appearance of CST may be in s o m e  ca-  

ses explained through swelling of the  s o a p  la t t ice  because of the  

penetrating solvent,  which 

2 

on heating t o  CST, causes  the  soap  t o  
n L 

disintegrate . The s t rong van d e r  Waals forces  in t h e  hydrophobic 

par t  of the acid prevent the formation of solutions in organic 

vehicles.  The solubilisation resu l t  of such substances,  are 

associates  ( m i c e l l e s )  with t h r e e  of m o r e  molecules . 3 

The low dielectric constant of non-polar solvent prevents  

the dissociation of ionic surfactant (e .g . soaps  and metall ic 

soaps)  what was confirmed through conductivity and NMR mea- 

surements  . So the association of soap  and metallic soap mole- 

cules can b e  ascr ibed  only to  dipole-dipole a t t ract ion between 

polar groups,  hydrogen bonds between them and in s o m e  c a s e s ,  

a l so  t o  coordination of the end groups around a cent ra l  metallic 

atom . 

4 

4 

Systems formed by dissolving of metallic soaps  in organic 

solvents appear  in a var ie ty  of physical states, s o m e  hetero- 

geneous, other  apparently homogenous. The behavior of such 

binary s y s t e m s  was widely investigated. A number of hypotheses 
2 

have been advanced depending on na ture  of solute ( soap)  and 

solvent (oil  vehicles , on tempera ture ,  and on impurit ies presen  - 
ce . Homogenous binary s y s t e m s  of soaps and organic solvents 294 
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284 S R C I C  ET AL. 

range from t r u e  thermodinamically s table  solutions t o  a var ie ty  

of colloidal dispers ions,  ge ls  and liquid-crystaline phases  . 2 9 4  

The physical propert ies  of these  s y s t e m s  can b e  interpreted 
5 

in the t e r m s  of micel lar  theory . In the water - surfactant system 

the CMC is well established ( the change of s o m e  physical pro-  

per t ies  e .g . conductivity, viscosity,  etc . ) what is not the c a s e  

in apolar media - surfacant system . 2 7 5  

The formed micelles are of r e v e r s e d  o r  inverted type with 

a c o r e  of non - hydrated o r  hydrated polar groups ,  sorrounded 

with hydrocarbon chains .  In many sys tems as the  concentration 

of surfactant is increased ,  a transit ion from these  reversed 

micel lar  solution t o  mesophases of the r e v e r s e d  type occurs  . 
It is well known, that enthalpic and entropic contributions t o  

formation and t o  stability of micel les  in apolar media are 

qualitatively and quantitatively different f rom those in aqueous 

294 

+ +  
systems7.  It w a s  found that the solubilised ions (e .g .  H , Li  , 

+ 
N a  , etc) and polar  liquids (e.g . water ,  glycerol ,  etc . ) in  the 

polar c o r e  of micel les  increased the i r  stabi1it.y . 8 

The stabil i ty (e.g . with w a t e r  inclusion) is followed by 

reducing the  free energy of the  aggregate  probably by decreasing 
798 the mutual repulsion between the polar  groups . 

The solubilisation phenomena of the  respect ive micel les  have 

a l so  been the subject of many investigations with respec t  t o  

both - fundamental and tehnical aspects  . 7 

The investigated Magnesium s t e a r a t e  is widely used in 

different industrial  production; in pharmacy and cosmetics  in 

powdery preparat ions,  in tablets ,  as ( c o )  emulsifying agent in 

c r e a m s  and as the f r a m e r  of oil vehicles 1 , 9 , 1 0  

In the  previous investigations we w e r e  trying to determine 

the factors  regulating the formation of s table  Magnesium s t e a r a t e  
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STRUCTURE INVESTIGATION OF MAGNESIUM SOAP 2 85 

. Nowadays we are trying to  gels  in  apolar  liquid paraffine 

elucidate the gel formation and i t s  ’ charac te r i s t ics  by means of 

thermal  analysis and with determination of some rheological 

proper t ies ,  fur ther  using the TEM technicyue t o  get the visual 

picture  of the formed gel  s t r u c t u r e .  

11,12 

EXPERIMENTAL 

Materials 

Mg-stearate,  a product of Lek, Pharmaceutical  and Chemical 

Work, Ljubljana, meets  the requirements  of USP XX regarding 

the physical p roper t ies  - bulk volume, moisture  content, melting 

point and chemical propert ies  - Mg in form of M y 0  content,  acid 

number.  Liquid paraffin meets  the requirements  of Ph. Jug .III. 

Preparation of s y s t e m s  (colloidal dispers ions and ge ls  ) 

The white suspension of Mg-stearate ( in  different concen- 

t ra t ions)  in liquid paraffin was heated on oil bath to  130-130 C .  

A s  Mg-stearate was dissolved and a c l e a r  oil solution was 

formed,  the s a m p l e  was left to  cool together with 

t o  room tempera ture .  On cooiing the  c learness  was los t  and the  

formed sys tems w e r e  opaque white. 

0 

the oil bath 

The preparation is connected with foaming which stops not 

until Mg-stearate is completely dessolved and t ransparency is 

attained. Foaming is the consequence of in Mg-stearate bound air 

and w a t e r  ( in form of moisture  and crys ta l  w a t e r ) .  

Differential Scanning Calor imet ry  

Samples  (20-60 mg)  were  weighed in platinum pans with 

holed l ids .  The samples  w e r e  heated in air atmosphere (flow 

of 20 ml/min.)  and thermograms were  obtained on a Mettler 

TA 2000 System Differential Scanning Calor imeter .  Thermograms 

were  obtained by heating at  a constant heating rate of 4 K p e r  
0 
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286 S R C I C  ET AL. 

minute, thermogravimetr ical  (TG) range 10 mg and 1 mg 

respect ively,  DSC range  2 0 p V  and recorded at a constant char t  

speed of 60 cm/h. A r e a s  under the differential scanning calo- 

r i m e t e r  heating curves  w e r e  determined by means of weighing. 

Rheological measurements  

The rheograms w e r e  obtained using the "cone and plate" 

system of rotational viscometer  Rheotest 2 (VEB MLW Priifgerzte,  

Medingen, GDR) . 
Oil number determination 

The oil number showing the degree  of liquid phase fixation 

in t h e  ge l  (on solid o r  other  type of s t ruc ture  i.e. liquid 

crystal l ine phases  ) was established gravimetr ical ly  using t h e  

modified method according t o  Voigt (modification concerning 

t i m e ) .  The oil absorbtion into the filter paper  (Schleicher-Schiill 

N 589, Weissband) was  determined after 24  hours .  

TEM technique (Freeze - f r a c t u r e  method) 

8 

0 

The specimens were  prepared  in  t h e  Bakers BSV 202 freeze-  

etching unit, according to  the  method of ? \ \ ;00r~~.  The 12,5% 

Mg-stearate gels w e r e  mounted between complementary specimen 

holders.  Each pa i r  was held together with tweezers ,  while the  

samples  were  frozen in  liquid freon 22,  cooled with liquid nitro- 

gen. The fracturing of the specimen was carried out in the 

liquid nitrogen container by separating the  two p a i r s  of the 

holders.  Platinum carbon replicas were  made on cleaved sur faces  
-6 0 

at 2 x 10 t o r r  and at -100 C and cleaned by modified tehniques 
1 4  

of Bosch and Jacob . The rep l icas  were  examined in Jeol 100 CX 

Electron microscope. 

The direction of shadowing is indicated with the a r r o w  at 

the bottom left c o r n e r  of t h e  figure.  
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STRUCTURE INVESTIGATION OF MAGNESIUM SOAP 287 

RESULTS AND DISCUSSION 

A g e l  is f o r m e d  only when the  so lubi l i sa t ion  of Mg-s t ea ra t e  

is p e r f o r m e d  in  apolar ( l iquid pa ra f f in )  but not i n  polar (hydro-  

genated t r i g l y c e r i d e s )  oil veh ic l e s  

Mg-s teara te  s m a l l  polarity only about  2 - 4 D2 ' 3 .  Additionally it 

w a s  stated tha t  only t h e  r egu la t ed ,  but not t h e  "shock" col l ing 

(on  t h e  salt - ice m i x t u r e  at 4 - 1 5  C ) enab les  t h e  fo rma t ion  of 

s t a b l e  g e l s  . For t h e  elucidat ion of g e l  format ion  it is t h e r e -  

f o r e  impor t an t  t o  s tudy  t h e  t h e r m a l  beliaviour of p a r t i c u l a r  

components  i n  t h e  b ina ry  s y s t e m  at first and of t h e  suspens ion  

and g e l  r e spec t ive ly  a f t e r w a r d s .  

15 ,16  . I t  is probably  d u e  to t h e  

0 

15 

Chemica l ly  Mg-s t ea ra t e  r e p r e s e n t s  a hydra t e  with 1 , 5  

w a t e r  m o l e c u l e s ,  which are succes ive ly  r e m o v e d  by  heating up  

to 

A H 

TheAH 

loss of m a s s  is still obse rved  and  in which accord ing  t o  litera- 

t u r e  , t h e  polymorph modif icat ion of monocl ine lattice to hexa- 

gonal  one  is to b e  stated. 'The low heating rate ( 1°K/min. ) 

addi t ional ly  shows ,  t ha t  i n  th i s  t e m p e r a t u r e  in t e rva l  two separate 

hea t  changes ,  among which t h e  first is connected with t h e  loosing 

m a s s ,  r e a l l y  ex i s t17 .  The peak t e m p e r a t u r e  of t he  four th  change  

( A H 4 )  (Fig.  1) however ,  doesn ' t  r e p r e s e n t  t h e  melt ing point 

of Mg-s t ea ra t e ,  what  is usua l ly  men t  i n  the  l i t e r a t u r e  . 

11s0C (Fig.  1 ) .  The entlialpy changes  a H ( f r o m  50-80) and 
2 

0 
( f r o m  80-95 C ) undoubtedly i n t e r f e r e  with t h e  w a t e r  loss. 

4 

3 
change  is loca ted  i n  the  t e m p e r a t u r e  r a n g e  w h e r e  the  

3 

3 

The second step i n  t h e  invest igat ion r e p r e s e n t s  t he  s tudy  of 

liquid paraf f in  t h e r m o g r a m  (Fig. 2 ) .  Three  wel l  r ecogn i scd  endo- 

t h e r m i c  changes  are to  b e  s e e n .  The r e a s o n  of t h e s e  changes ,  

w a s n ' t  identified but it could h e  supposed ,  t ha t  changing of 

hydrocarbon molecu le s  or ientat ion o c c u r s .  
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SRCIC ET AL. 288 

FIGURE 1. Thermogram of  Mg-s t ea ra t e .  

FIGURE 2. Thermogram o f  l i q u i d  p a r a f f i n .  

The next figure (Fig. 3 )  shows the thermogram of Mg- 

stearate/liquid paraffin suspension. There are four enthalpy 

changes, among which the first three  (AH1,  AH2,  AH ) belong 

to  the  vehicle and the  fourth to  Mg-stearate. A s  it was expected, 

by heating of Mg-stearate in liquid paraffin, the foaming begins 

a t  near ly  80 C ,  what is, considering the TG curve (Fig. 31, 

3 

0 
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STRUCTURE INVESTIGATION OF MAGNESIUM SOAP 289 

FIGURE 3 .  Thermogram o f  Mg-s tea ra te / l  i q u i d  p a r a f f i n  (10 w/w%) 
suspension. 

connected with the loss of water .  The fur ther  very  important 

evident information is the CST. 

This tempera ture  ( 115'c , considering a l s o  the  li- 

t e r a t u r e  data , is tightly connected with the loss of water 

and with a l ready  mentioned s t ruc ture  modification . The thermogram 

of 20% Mg-stearate ge l  (Fig. 4 )  is v e r y  resembling t o  that just  

discussed.  Resuming t h e  thermograms informations we are a w a r e  

that the A H  
s t r u c t u r e ,  and the first t h r e e  to the liquid paraffin,  which a l so  

specifically contributes to  the whole s t ruc ture .  

2 ,3 ,16 

3 

change belongs to Mg-stearate par t  of the gel 
4 

From until now discussed t h e r m a l  proper t i s  of the whole 

system (ge l )  and of the par t icular  components, it is possible to 

conclude: by heating of Mg-stearate in liquid paraffin the f o r m e r  

dissolves  building s o m e  kind of gel  s t r u c t u r e  after cooling. The 

thermal  energy required f o r  Mg-stearate t o  dissolve out of 

suspension is far g r e a t e r  than that required for  Mg-stearate t o  

dissolve out of gel at different concentrations (Fig. 5 ) .  This r e s u l t  

is undoubtedly an evidence that s y s t e m s  do not represent  micro-  
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290 S R C I C  ET AL 

D SC 
I-?--- I50.C 

2 pV, 0.1 mp 

F I G U R E  4 .  Thermogram o f  gel ( 2 0  w / w % )  . 

c rys t a l l i ne  suspens ions .  The TEM m i c r o g r a p h s  d e m o n s t r a t e  t h i s  

s t a t emen t  once  aga in  : t h e  g e l  s t r u c t u r e  is a s c r i b e d  to s p h e r i c a l  

mice l l e s  and to s o m e  kind of p l ana r  ( l a m e l a r  m e s o p h a s e s )  

s t r u c t u r e  (Fig. 6 1. 
A s  t h e  t e m p e r a t u r e s  of& change  of g e l s  are s i tua t ed  at 

4 
lower  t e m p e r a t u r e s  ( compar i son  with p u r e  Mg-s t ea ra t e  and  with 

suspens ion )  it m e a n s ,  tha t  also t h e  en t ropy  g e l s ’  changes  are 

lower .  I t  is however  log ica l ly ,  while  t he  p u r e  Mg-s t ea ra t e  and  

its suspens ion  i n  l iquid paraf f in  p o s s e s  c r y s t a l  s t r u c t u r e s ,  or 

with o the r  w o r d s ,  t h e i r  s t r u c t u r e  o rde r ing  is far g r e a t e r .  

The r e a s o n  o f A H  changes  of Mg-s teara te  in  g e l s  cons ider ing  
4 

the  d i f fe ren t  concent ra t ions  is still unknown, however  they  are p ro -  

bably t h e  r e s u l t  of d i f fe ren t  assoc ia t ion  ( s t r u c t u r e s )  of Mg- 

stearate molecules .  A v e r y  in te res t ing  f ac t  was  unexpectedly 

stated : t h e  r e w a r m  of g e l  to 120-130 C ( i t s  me l t ing )  b r ings  a 

t r anspa ren t  one  with f a r  g r e a t e r  v i scos i ty  on cooling: ge l  shows  

no spreading  p r o p e r t i e s  and is n e a r l y  c rumbly .  The t h e r m a l  

0 
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STRUCTURE INVESTIGATION OF MAGNESIUM SOAP 291 

c 

t 
5 10 15 20 

concentration ( g 1 1 O O g )  of Mg-stearate 

FIGURE 5. Dependence O f  AH4 ( d i s s o l v i n g  energy  o f  M g - s t e a r a t e )  
f r o m  Mg-s tea ra te  c o n c e n t r a t i o n .  

prope r t i e s  are a l s o  different.  In compar ison  with "normal"  ge l s  , 
t h e s e  g e l s  are highlyunstable ( s y n e r e s i s )  . The reasons of such  

behaviour are also unknown; but t he  DSC investigations gave  

however s o m e  indic ies ,  tha t  the  wa te r  traces loosing on r e w a r m  

(TG c u r v e s ,  Fig. 4 )  play a v e r y  impor tan t  r o l e  in  t h e  format ion  

and s tab i l i sa t ion  of g e l s ,  what is in accordance  with the  state- 

ments  i n  l i t e r a tu re  data7 ". A g r e a t  v i scos i ty  and AH change 
4 

(Fig. 7,8) is the  ev idence  of different ge l  s t r u c t u r e .  

17 

Otherwise  the  Fig. 7 and  8 show that between concentration 

of Mg-stearate and v iscos i ty  respec t ive ly  and t h e  ene rgy  needed 

fo r  ge l  des t ruc t ion ,  a sort of connection does  ex is t :  t he  h igher  t h e  

concentration and v iscos i ty  respec t ive ly ,  t he  g r e a t e r  t he  energy .  

The rheological properties study of investigated s y s t e m s  h a s  

shown that g e l s  r e p r e s e n t  plastic m a t e r i a l s  with well recognised  
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FIGURE 6.  TEM micrograph ( a  - s p h e r i c a l  m i c e l l e s ,  b - d i s r u p t e d  
s u r f a c e  o f  1 i q u i d  p a r a f f i n ,  c - p l a n a r  a t r u c t u r e s ) .  
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1 I I ”  I I 

5 10 ” 15 20 
qlo0,-1 (rnpas) . lo3  

FIGURE 7. Dependence o f  A H  ( to ta l  destruction o f  gel s t ructure)  
from gels v i  scos4ty. 

MELTING AND 
COOLING 

I I I I I 
5 10 15 20 

concentration [g/ lOOg) of Mg-stearate in ge l  

FIGURE 8. Dependence o f   AH^ ( to ta l  destruction o f  gel s t ruc ture)  
f rorn Mg-s tearate  concentrat ion. 
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z 
yield 
value 
( Pa) 

500 

100 

I 
0 

5 20 c ("/) 

FTGllRF 9 nonnnrlnnro nf \ i i P l d  t i a l i in  frnm Mn-ctoaratn rnnrpntratinn 

yield value (Fig.  9 ) ,  thixotropy18 and plastic viscosity (Fig.  10) .  

The raise of Mg-stearate concentration is reflected in the raising 

values of plastic viscosity, yield value and hysteresis  loop surface.  

These resul ts  are in accordance with those obtained through 

thermal analysis : the greater the gel strength (yield value, 

plastic viscosity),the g r e a t g r  the thermal  energy ( A H  ) required 

to deform and to destruct it. The nonisothermal rheological inve- 
17 

stigation has  confirmed the resu l t s  presented in  this repor t  :with 

raising Mg-s teara te  concentration the flow activation energy 

increases  and the frequency factor decreases ,  o r  with other words : 

4 
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5 10 20 C (%) 

FIGURE 10. Dependence o f  gel viscosity from Mg-stearate concentration. 

gels with higher Mg-stearate concentration are character ised through 

stronger s t ructure  associate connections. 

The oil number determination resu l t s  give us informations 

about the liquid phase solvation degree in the gel system. How- 

eve r ,  the liquid phase of a gel can be immobilised not only 

through solvatation (physical adsorption, energetically connected 

liquid phase) but a lso through s ter ical  blocade of the s t ruc ture  

forming components . 19 

The oil number resu l t s  (Fig.  11) support the conception, 

that with the raising Mg-stearate concentration more  s t ructural  
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oil 
number 
( %  1 

5 20 c ( Y o )  

FIGURE 11. Connect ion between o i l  number o f  g e l s  and Mg-stearate 
c o n c e n t r a t i o n .  

oil number ( o / o )  

FIGURE 12. Dependence o f  AH1 ( o f  l i q u i d  p a r a f f i n )  f rom g e l s '  o i l  
number. 
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associates  a r e  formed enabling the physical adsorption and 

mechanical blocade of liquid paraffin. The combination of thermo- 

analytical data and oil number  r e s u l t s  gives a v e r y  interesting 

information : A H  of liquid paraffin increases  when the oil 

number d e c r e a s e s  (Fig. 1 2 ) .  Assuming that h H  enthalpy change 

indicates s o m e  kind of hydrocarbon molecules internal orienta- 

tion 

lecules on Mg-stearate associates  causes  also change in AM 
values.  To cause  an equivalent conformational change of adsor-  

bed hydrocarbon molecules some energy is needed for  desorption 

at  first. The fur ther  energy enables the  change of €ree molecules.  

Increasing C H  values are therefore  the consequence of increa-  

sing adsorption of liquid paraffin. 

1 

1 

20 , it is logically, that the  adsorption of liquid paraffin mo- 

1 

1 
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