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ABSTRACT 

Mass t r a n s f e r  from so lu t ions  of m-acetotoluide, phenacetin 

and salicylamide i n t o  a s t a t iona ry  so lvent ,  water, was studied. A 

sharp concentration j u m p  was found a t  t he  leading so lu t e  f r o n t  f o r  

a l l  th ree  l iqu id- l iqu id  systmes. A comparison was made between the 

mass t ransfer red  i n  so l id- l iqu id  and l iqu id- l iqu id  systems. 

d i sso lu t ion  o f  m-acetotoluide, phenacetin and salicylamide was 

compared w i t h  mass t r a n s f e r  of so lu t e  from so lu t ions  w i t h  concen- 

t r a t i o n s  C i ,  2 C i  and C, i n t o  the  pure solvent.  In a l l  cases,  t he  

amount dissolved from the so l id  was approximatdd by t h e  Ci  o r  the 

Xi - so lven t  system w i t h  t he  amount t ransfer red  i n  the C,-solvent 
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294 CHAO ET AL. 

system approximately 100 fold greater than was dissolved from the 

solid. I t  was concluded that  a concentration much less  t h a n  sa t -  

uration exis ts  a t  the solid-liquid interface and that  dissolution 

of the three compounds studied i s  controlled by the rate  of solvent 

interaction a t  the solid surface. 

INTRODUCTION 

When two miscible liquids are in contact, as when dissolving 

solute molecules mix with the pure solvent, there can be no equi- 

librium except that  of one phase distributed uniformly in the other. 

This process of distributing one phase (solution) into another 

(solvent) may be termed hydrodynamic dispersion . 
dispersion can be considered as the resul t  of the movement of the 

individual solute molecules within the medium and the physical- 

chemical phenomena which take place in the medium. 

1 Hydrodynamic 

In a ser ies  o f  papers, treated the problem of dis- 

persion between two miscible phases and developed the concept of 

a dispersion coefficient t o  replace the diffusion coefficient.  

His original treatment of miscible fluid flow has been used by 

numerous investigators in studying f luid flow in porous media. 

Wooding5, for example, expanded on Taylor's work by using a porous 

media as  a model for  flow between two miscible liquids. 

Rosenberg6 has successfully employed Taylor's resul t  while studying 

the physical process of a f luid displaced from a porous medium by 

another fluid of the same density and viscosity under conditions of 

compl e te  mi sci b i  1 i t y  of these two f l  ui ds . 
as a resul t  o f  combined convective and diffusional mixing. 

Von 
2 

The di spl acement occurred 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MASS TRANSFER 295 

The descending d isso lu t ion  model used previously in th i s  

labor at or^^'^ represents  a physical system where two miscible 

l i qu ids  a r e  i n  contac t .  These two misc 

vated so lu te  so lu t ion  and the  pure bulk 

so lu t ion  i s  obviously supplied by the  d 

previous have indicated t h a t  

ble l i qu ids  a r e  the so l -  

so lu t ion  where the sol vated 

ssolving so l id .  These 

a concentration, much l e s s  

than sa tu ra t ion ,  may e x i s t  a t  t h e  so l id - l iqu id  in t e r f ace .  

l e s s  of what concentration e x i s t s  a t  t he  so l id- l iqu id  in t e r f ace ,  

i t  should be possible t o  dupl ica te  the  so l id- l iqu id  system using 

a 1 iquid-liquid system with appropriate so lu te  concentration. 

work was therefore  designed t o  study t h e  r e l a t ionsh ip  between l iqu id -  

l i qu id  mass t r ans fe r  in a ve r t i ca l  column and so l id - l iqu id  mass 

t r a n s f e r  from a horizontal surface in a ve r t i ca l  column. 

Regard- 

This 

EXPERIMENTAL 

Materials 

The mater ia l s  used i n  this study were m-acetotoluidide ( I ) ,  

The water used i n  phenacetin NF (11) and salicylamide NF (111).  

th i s  study was double d i s t i l l e d .  

Spectrophotometric Method 

The compounds I ,  I1 and I11 have intense spectra in the UV 

region. A Cary Model 17 recording spectrophotometer was used f o r  

the  UV analys is .  In water, I has an absorption maxima a t  240 nm, 

I1 a t  243 n ,  and I11 a t  297 nm. 

Compartmental Column 

The compartmental d i sso lu t ion  column previously used i n  this 

cons is t ing  of a s e r i e s  of 14 p lex ig lass  compartments, was 
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296 CHAO ET AL. 

employed in the liquid-liquid mass t ransfer  studies,  a s  was the 

environmental chamber for  maintaining column temperature a t  30 2 
0 .01~ .  The column was rinsed by continuouslyadding d i s t i l l ed  water 

and allowing the water t o  seep o u t  of the syringe needles for  15 t o  

20 minutes. The column was then rinsed two additional times before 

being p u t  into the environmental chamber. The column, together 

with the solutions and tab le t  preparations t o  be studied, were kept 

in the environmental chamber for  a t  least  s ix  hours before s tar t ing 

the column f i l l i n g  procedure in order for  equilibrium t o  be established. 

Solid-Liquid Mass Transfer 

Tablet preparation: 

1. The solid was melted in a casserole and poured onto a highly 

polished s ta inless  steel  punch in a die  previously warmed t o  5OoC 

and having a diameter o f  1.111 cm. 

2. After a thin layer of the solid has sol idif ied on the punch 

This procedure surface the melt was removed from the punch and die.  

served t o  condition the punch surface. 

3.  The punch surface was wiped clean and the melt immediately 

poured again into the punch and die assembly. 

4. The mass was allowed t o  sol idify completely and the tab le t  

removed. 

The dissolution column described previously was f i l l ed  with 

d is t i l l ed  water and the water was allowed t o  drip o u t  of the syringe 

needles. This procedure avoided bubble formation and eliminated the 

a i r  in the needles. 

Corks were then inserted into the needles. The tab le t  containing 

s l ide  was mounted on the t o p  of the column and the end-cap bolted 
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MASS TRANSFER 297 

into place. 

where inside the f i l l ed  column. 

Extreme care was required t o  assure no a i r  bubble any- 

The f i l l e d  column was positioned on a stand, checked with a 

leveling bar  and allowed a two-hour period t o  insure f luid s t a t i c  

equilibrium inside the column. 

and the dissolution was ini t ia ted.  

r u n ,  the compartments were closed simultaneously by pushing the 

draw-rod t o  the closed position and the tablet  was pushed out of 

posi t i  on. 

The tablet  was pushed into position 

A t  the end of the experimental 

The column was then removed from i t s  stand and the solution 

in each compartment was pipetted from the syringes and transferred 

into appropriate volumetric flasks.  

tents were assayed spectrophotometrically. 

Liquid-Liquid Mass Transfer 

Following di lut ion,  the con- 

The same dissolution column described ear l ie r  was also employed 

in the liquid-liquid mass transfer studies. 

partments of the column were f i l l ed  with d i s t i l l ed  water which was 

allowed t o  drip o u t  of the syringe needles as before, and the corks 

were inserted into the needles. The number s ix  s l ide between the 

6th and 7 t h  compartments was pushed into the closed position t o  

isolate  the d i s t i l l ed  water from the solution above i t .  

t h i s ,  extreme care was needed to  avoid bubble formation around the 

number six s l ide in the column. 

The lower eight com- 

In doing 

The solution under study was then poured into the upper six 

compartments. 

needles as was the d is t i l l ed  water in the solid-liquid mass transfer 

studies. 

The solution was allowed to  drip out of the syringe 

The corks were inserted,  the top s l ide was mounted, an 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



298 CHAO ET AL. 

SOLUTION 

SOL V EMT 

SOL 1 D 

SO LV E NT 

FIGURE 1 

The in i t i a l  configuration o f  the 1 iquid-1 iquid system (a )  as compared 
t o  the solid-liquid system ( b ) .  

end-cap was bolted into place and the column was wiped dry. 

no bubbles were allowed anywhere inside the f i l l ed  column. 

configuration of the l iquid-liquid system as compared t o  the solid- 

l iquid system i s  shown in Figure 1. 

Again, 

The 

The solutions used in th i s  study were C i ,  2Ci and Cs f o r  each 

of the three solids.  The C i  values were determined by the descending 
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MASS TRANSFER 

TABLE I 

299 

Concentrat ions o f  the  So lu t ions  Used i n  the  L iqu id -L iqu id  Mass 
Transfer Studies 

Sol u t  i on Concentrat ion 
(mg/ml) 

m-Acetotoluide Ci 

m-Acetotoluide 2Ci 

m-Acetotoluide C s  

Phenacetin Ci 

Phenacetin 2Ci 

Phenacetin C s  

Sal icy lamide Ci 

Sal icylamide 2Ci 

Sal icylamide Cs  

0.26 

0.53 

6.2 

0.058 

0.12 

1.03 

0.15 

0.29 

3.1 

d i s s o l u t i o n  method i n  previous 

these so lu t i ons  are  shown i n  Table I .  

The concentrat ions of 

Again, the  column was checked w i t h  a l e v e l i n g  bar and two hours 

were al lowed i n  o rder  t h a t  s t a t i c  equ i l i b r i um would be reached. 

To i n i t i a t e  the  experiment, the  number s i x  s l i d e  was pushed i n t o  

the open p o s i t i o n  t o  permi t  l i q u i d - l i q u i d  contact .  

each experimental run, the  compartments were c losed simultaneously, 

the column removed from i t s  stand, and the s o l u t i o n  i n  each com- 

partment was withdrawn w i t h  f i v e  m l  syringes. Samples from each 

compartment were p i  pe t ted  from the  syr inges and t rans fe r red  i n t o  

A t  t he  end of 
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300 CHAO ET AL. 

appropriate volumetric flasks.  

were assayed spect rop hotometri ca 1 1 y . 
Following di lut ion,  the contents 

RESULTS AND DISCUSSION 

Liquid-liquid mass transfer studies from solutions o f  m- 

acetotoluide, phenacetin and sal icylamide with concentrations of 

C i ,  2Ci and Cs into water generated concentration profiles similar 

t o  the prof i les  previously obtained for  the solid-liquid systems 

Figure 2 i s  representative of the data obtained for  the three com- 

pounds. 

interface a t  time zero. 

of a sol id  in the descending dissolution model7’* was again found a t  

the leading solute front for  a l l  the l iquid-liquid systems studied. 

As such, the s t a t i s t i ca l  model used t o  analyze the solid- 

7 38 . 

The vertical  dashed l i ne  a t  compartment 6 indicates the 

The sharp cut-off observed during dissolution 

l iquid 

the flow of solute in a l iquid-liquid system. 

two systems i s  real ly  t o  be expected as the concentration prof i le  

developed in the solid-liquid system should  be dependent only on 

appears t o  provide a sat isfactory means of describing 

The s imilar i ty  of the 

the concentration o f  solute a t  the interface and not on the nature 

of the solid.  However, the nature o f  the model describing solute 

flow in the liquid-liquid and solid-liquid system does not, in 

i t s e l f ,  determine the mechanism of solid dissolution. 

importance i s  the determination of total  solute transfer which, 

along with a comparison of dispersion coefficients determined from 

the model, permiis a more conclusive analysis of the dissolution 

mechani sm. 

Of particular 

Table I 1  shows the comparison between the amount dissolved in 

the solid-liquid systems and the amount of solute transferred i n  
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FIGURE 2 

Comparison o f  the  Theoretical (-) and Experimental ( 0 )  concen- 
t r a t i o n  gradients developed i n  the l iqu id- l iqu id  mass t r a n s f e r  
s tud ie s  o f  m-acetotoluidide 2Ci-H20 system a f t e r  5 minutes. 
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MASS TRANSFER. 

the l iqu id- l iqu id  systems. 

solvent l iqu id- l iqu id  system produced so lu t e  mass trans.fer equivalent 

t o  the  dissolving so l id  o r  so l id- l iqu id  system, -it would be i n -  

d i ca t ive  of a sa tura t ion  concentration a t  t he  sol1 id- l iqu id  in t e r f ace  

w i t h  subsequent mass t r a n s f e r  cont ro l .  I f  on the  o ther  hand, the  

so lu te  t r a n s f e r  in the  Xi - so lven t  l iqu id- l iqu id  system was equiva- 

l e n t  t o  t h a t  i n  the so l id- l iqu id  system, i t  would ind ica te  a concen- 

t r a t i o n  much l e s s  than sa tura t ion  a t  the so l id- l iqu id  i i i terface and 

i n t e r f a c i a l  control of so l id  d isso lu t ion .  

For comparison purposes, i f  t he  C s -  

I t  i s  obvious from Table I1 t h a t  a concentration much l e s s  than 

sa tura t ion  must e x i s t  a t  the so l id- l iqu id  in t e r f ace  and t h a t  an 

in t e r f ac i a l  mechanism i s  con t ro l l i ng  t h e  d isso lu t ion  of t h e  three  

so l id s .  I n  a l l  cases ,  the amount dissolved from the  so l id  l i e s  

between the  amount t ransfer red  in the  Ci-so1 vent and 2Ci  -solvent 

s,ystems w i t h  the  amount t ransfer red  in the  C,-solvent systems ap- 

proximately 100 fo ld  grea te r  than was dissolved from the  so l id .  

Experimentally, t he  mass t r a n s f e r  of so lu te  from so lu t ions  w i t h  

cloncentrations of C i ,  2Ci and Cs i n to  the solvent; means t h a t  t he  

e f f ec t ive  in t e r f ac i a l  concentrations between the  solution and the  

s o l v e n t a r e %  C i ,  C i  and 4 C,. 

t h a t  equal amounts of the  so lu t e  and solvent a r e  t ransfer red  in 

opposite d i r ec t ions  across the volume-fixed i n t e r f a c i a l  sec t ions .  

Ssolutions having e f f ec t ive  in t e r f ac i a l  concentrations o f  C i  and 

This i s  a consequence o f  the  f a c t  

ing which mechanism, in t e r f ac i a l  o r  

control 1 ing t h e  d isso lu t ion  process. 

ble t o  have a so1ut;ion with i n i t i a l  

simul a t e  an in terfaicl'al concentration 

C s  would be ideal f o r  elucida 

diffusional mass t r ans fe r ,  i s  

Unfortunately, i t  i s  not poss 

concentration 2Cs i n  order t o  

303 
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Ctj * However, even w i t h  t h e  l ower  i n t e r f a c i a l  c o n c e n t r a t i o n ,  4 Cs ,  

t h e  r e s u l t s  a r e  v e r y  c o n c l u s i v e  t h a t  t h e  d i s s o l u t i o n  o f  a s o l i d  i s  

p robab ly  c o n t r o l l e d  by an i n t e r f a c i a l  mechanism. The amount of 

sol i d  phenacet in  d i s s o l v e d  showed p a r t i c u l a r l y  good agreement w i t h  

t h e  2Ci-solvent system, 0.0923 mg compared t o  0.110 mg, w i t h  s a l -  

i c y l a m i d e  and m-ace to to lu ide -wa te r  systems showing somewhat l a r g e r  

d i f f e r e n c e s ,  0.293 mg t o  0.834 mg and 0.516 mg compared t o  0.984 mg. 

These d i f fere i r lces a r e  r e a l l y  v e r y  small  compared t o  t h e  amount t r a n s -  

f e r r e d  i n  t h e  Cs -so l ven t  systems and a r e  most l i k e l y  due t o  a small  

i n i t i a l  m i x i n g  when l i q u i d - l i q u  

wor th  men t ion ing  aga in  t h a t  t h e  

f o r  t h e  Cs -so l ven t  system i s  on 

i n t e r f a c i a l  c o n c e n t r a t i o n  o f  C s  

d t r a n s f e r  i s  i n i t i a t e d .  I t  i s  

e f f e c t i v e  i n t e r f a c i a l  c o n c e n t r a t i o n  

y "2 C s  so t h a t  t r a n s f e r  f rom an 

would he even g r e a t e r .  

Suppor t i ng  t h i s  ev idence o f  t h e  e x i s t e n c e  o f  an i n t e r f a c i a l  

c o n c e n t r a t i o n ,  Ci, a r e  t h e  d i s p e r s i o n  c o e f f i c i e n t  d a t a  determined 

i n  t h e  l i q u i d - l i q u i d  system. T h i s  data i s  compared w i t h  t h e  d i s p e r s i o n  

c o e f f i c i e n t s  determined f o r  t h e  d i s s o l u t i o n  o f  t h e  same s o l i d s  

(Tab le  111). The magnitude o f  t h e  s o l i d - l i q u i d  system d i s p e r s i o n  

c o e f f i c i e n t ,  when compared t o  t h e  l i q u i d - l i q u i d  system o f  t h e  same 

i n t e r f a c i a l  c o n c e n t r a t i o n ,  i n d i c a t e s  t h a t  t h e  d r i v i n g  f o r c e  f o r  

s o l u t e  t r a n s f e r  f o l l o w i n g  d i s s o l u t i o n  i s  t h e  e f f e c t i v e  i n t e r f a c i a l  

c o n c e n t r a t i o n .  

It would appear f rom t h e  d a t a  i n  Tables I 1  and I 1 1  and t h e  

above a n a l y s i s ,  t h a t  t h e  d i s s o l u t i o n  o f  phenacet in ,  s a l i c y l a m i d e  

arid m - a c e t o t o l u i d i d e ,  hav ing  s o l u b i l i t i e s  r e p r e s e n t a t i v e  o f  many 

pharmaceutical1 compounds, i s  c o n t r o l l e d  by t h e  r a t e  o f  i n t e r a c t i o n  

of t h e  s o l v e n t  a t  t h e  s o l i d  s u r f a c e  and n o t  by a d i f f u s i o n a l  mass 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



306 CHAO ET AL. 

t r a n s f e r  mechanism having a sa tu ra t i on  concentrat ion a t  the  s o l i d -  

l i q u i d  i n te r face .  It must be remembered, however, t h a t  there  i s  

considerable evidence support ing the  d i f f u s i o n a l  model and ex- 

tens ive  data, on more than th ree  compounds, w i l l  c e r t a i n l y  be 

requ i red  before general conclusions can be reached. 
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