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INTRODUCTICN 

Cosolvency relates to the enhanced solvent properties of 

mixtures of polar organics in water over that of pure water. 

Characteristically, the organic component of the cosolvent is 

present in concentrations of up to 10 - 20%. This leads to 

the formation of solutions in which the solubility of a 

third, and usually very hydrophobic, component is raised 

significantly. 

investigation over the years, 

on a mechanism, or explanation has been reached, 

The phenomena has been the subject of much 

However, no general agreement 

Recently, Yalkowsky eJ& (1) have proposed the idea 

that a cosolvent system may function by reducing the inter- 

facial tension between the hydrophobic solute and its pre- 

dominately aqueous environment. Their view is that the 

events taking place are analagous to those in a binary, 

solute-single solvent system in which the decrease in free 

energy needed for solutions of the solute, AG, derives from 
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224 LEE AND LINDSTROM 

t h e  e x p r e s s i o n  

A G  = c A ~ / ( H S A )  f c  (1 )  

where A i s  t h e  d e c r e a s e  i n  s o l u t e / s o l v e n t  i n t e r f a c i a l  t e n s i o n ;  

(HSA) i s  t h e  hydrophobic s u r f a c e  a r e a  p r e s e n t e d  by t h e  s o l u t e ;  

and g i s  a term t o  c o r r e c t  A x f o r  t h e  ex t reme c u r v a t u r e  of t h e  

i n t e r f a c e  a t  t h e  s o l u t e  s u r f a c e .  

f r a c t i o n  of p o l a r  o r g a n i c  i n  t h e  c o s o l v e n t  sys tem,  and r e f l e c t s  

t h e  Yalkowsky group c o n t e n t i o n  t h a t  t h e  composi t ion  a t  t h e  

The term, f c ,  i s  t h e  volume 

s o l u t e  i n t e r f a c e  i s  t h e  same as t h a t  i n  t h e  bu lk .  

L inds t rom,  e t  a1 ( 2 , 3 )  have o f f e r e d  ev idence  t h a t  

a l k y l a t e d  amides appea r  t o  be i n  e x c e s s  i n  t h e  r e g i o n  of a 

hydrophobic s o l u t e  when compared t o  t h e i r  expec ted  d i s t r i b u t i o n  

i n  c o s o l v e n t  sys tems w i t h  water. Should t h i s  be  t h e  c a s e ,  one 

would a n t i c i p a t e  (a) t h a t  t h e  amides i n  t h e  aquous c o s o l v e n t s  

would e x h i b i t  s u r f a c e  a c t i v i t y  p r o p o r t i o n a l  t o  t h e i r  own 

amphiph i l i c  c h a r a c t e r ;  and (b )  t h a t  t h e  s o l v e n t  p r o p e r t i e s  of 

t h e s e  aqueous c o s o l v e n t s  should  p a r a l l e l  t h e  s u r f a c e  a c t i v i t y .  

The p r e s e n t  s t u d y  s e e k s  t o  demons t r a t e  t h a t  r e l a t i o n s h i p .  

M P  ERIM lN TAL- RESULTS 

Detai1.s of t h e  expe r imen ta l  work have been g iven  else- 

where ( 4 , 5 ) .  I n  g e n e r a l ,  t h e  work e n t a i l e d  t h e  measurement 

of t h e  s u r f a c e  t e n s i o n s  of 0 .01  mole f r a c t i o n  amide-in-water 

s o l u t i o n s  of t h i r t e e n  amides r a n g i n g  i n  a l k y l a t e d  c o n f i g u r a t i o n  

from formamide through N,N-dipropylacetamide a t  25 C .  Data f o r  

t h e  second p a r t  of t h e  p r e s e n t  a n a l y s i s  are f r e e  ene rgy  c h a r g e s ,  

0 
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AQUEOUS AMIDE COSOLVENTS 225 

0 AGt, accompanying the transfer of methyl p-hydroxybenzoate 

from 0.01 mole fraction formamide-in-water systems to the 

analagous cosolvents containing the various alkylated amides ( 3 ) .  

All of the data are assembled in Table 1. 

Incluaed in the Table, as well, are estimates of the 

hydrophobic surface area, HSA, for each of the alkylated amides. 

The values were calculated by summing the surface areas of methyl 

(85A ), ethyl (128A ) and/or propyl (160A ) groups (6) as 

necessary to account for the characteristic alkylation of each 

amide. Thus, the HSA for N,N-diethylacetamide is obtained by 

adding the surface areas of two ethyl groups and one methyl group. 

For the latter case, recall that a methylene group is added to 

the carbonyl carbon in formamide to form acetamide. 

02 02 0 2  

DISCUSSICN 

Surface activity results from the partitioning of an amphi- 

phile to the air/water interface. 

entropic (6) since it is accompanied by a substantial reduction 

in the orderliness of the solution in the vicinity of the hydro- 

carbon, or hydrophobic segments of the amphiphile. 

The process is said to be 

Adsorption of an amphiphile to an oillwater or to a hydro- 
However, carbon solute/water interface is explained similarly. 

a difference in degree is possible since the free energy for 

the reaction is oftentimes further reduced through cooperative 

interactions between the hydrophobic moieties of the solute and 

amphiphile to exclude water. The interaction is commonly re- 
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226 LEE AND LINDSTROM 

TABLE 1: THMODYNAMIC DATA RELATING TO 0.01 MOLE FRACTION 

AMIDE-IN-WATER COSOLVWT SYSTaS AT 25OC 

AMID E 
A GO 

cal /mol ec 

Formamide 

N-Methylformamide 

N -  Ethyl f ormamide 

N-Methylacetamide 

N -  Ethylace tamide 

N-Methylpropionamide 

N ,N -Dimethyl f ormamide 

N ,N-Diethylformamide 

N ,N-Dimethylacetamide 

N ,N-Diethylacetamide 

N ,N -Dimethylpropionamide 

N ,N-Dipropylacetamide 

N .N-DiethylpropiOnami.de 

0 

85 

128 

170 

213 

213 

170 

256 

255 

341 

298 

405 

384 

0 

2.4 

6.4 

3.1 

7.9 

7.2 

5.8 

8.3 

7.3 

18.6 

12.1 

34.5 

24.1 

0 

-100 

-155 

-189 

-219 

-225 

-225 

-390 

-313 

-490 

-399 

d 

d 

a. Total hydrophobic surface area represented by the sum of 
the hydrophobic areas of the methyl, ethyl and propyl 
groups on the amides. See reference 1. 

b. The decrease in surface tension of 0.01 mole fraction amide- 
in-water solutions due to alkylation of the amides. 

fer of methyl p-hydroxybenzoate Eiom a 0.01 mole fraction 
formamide-in-water cosolvent to 0.01 mole fraction amide- 
in-water, cosolvents made using the alkylated amides 
indicated. 

0 c .  Change in system free energy, AhG accompanying the trans- 

d. Phase separation. 
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AQUEOUS AMIDE COSOLVENTS 227 

ferred to as hydrophobic bonding. 

One would anticipate that the extent of surface and 

adsorption for a given amphiphile family would vary with amounts 

of hydrophobic surface which the amphiphile presents to the 

water. This has been demonstrated frequently in the literature. 

Figure 1 shows this to be the case for relatively simple al- 

kylated amides. In that figure, calculated hydrophobic surface, 

HSA, is plotted against the observed decrease in the surface 

tension of 0.01 mole fraction amide-in-water solution, Ar, as 

the degree of amide alkylation is increased. Clearly, there is 

a cause and effect relationship. 

dramatic as it is when surfactants are employed, but it is, 

nevertheless, analagous. Quite interestingly, the plot suggests 

that the surface tension may be lowered rather precipitously. 

with a further bit of alkylation on the amides. 

solubility and crowding of the amide polar function at the surface 

would undoubtedly preclude such an event. 

The effect is not nearly so 

A limit on amide 

Given the significant alkyl group-related surface activitv 

of the amides in aqueous solution, it is interesting t o  speculate 

on a possible mechanism for the amides as a cosolvent. Since the 

amides partition to the airlwater interface, it is not unreason- 

able to expect that they would adsorb to a hydrocarbon/water 

interface. In so doing, the hydrophobic surface of both the 

solute and the amide would be reduced, thus lowering the energy 

of the system. Alternatively, tension at the hydrophobefwater 
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228 LEE AND LINDSTROM 

interfaces might drop to a lower value as the hydrophobic bond- 

ing at the interface leaves the polar, hydrophilic portions of 

the amide in contact with the water. The ability of the amide 

cosolvent to solubilize would then be some function of its own 

hydrophobicity. In the present work, the calculated hydrophobic 

surface area, HSA, would seem to reflect that property, as seen 

in relationship to surface tension in Figure 1. 

4 1 

3 

10 2 0  3 0  40  
I I t I 

A 4 , D Y N E S  C M  

FIGURE 1 

The effect of the hydrophobic surface area presented by the 
alkyl groups of various amides on the surface tension of their 
respective 0.01 mole fraction arnide-in-water solutions. At 
2 5 O C  the effect is shown as the decrease in surface tension, 
A g, of the alkyl-substituted amide solutions in contrast 
with the surface tension of a 0.01 mole fraction formamide in 
water solution. 
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AQUEOUS AMIDE COSOLVENTS 2 2 9  

Figure 2 relates the calculated HSA of the amides considered 

in this study to the decrease in free energy,~G of a solu- 

tion system as methyl p-hydroxybenzoate is transferred from a co- 

solvent system containing formamide to those containing alkylated 

amides. In line with the speculation, one sees a continuing 

decrease in system energy as the degree of amide alkylation 

increases. 

0 

t’ 

The very strong interactions between amides and water lessen 

the solubilizing effects of the amides in aqueous solution ( 5 ) .  

3 

4 5 
I I 

d G: , C A L  / MOLE x 

F I G U R E  2 

The effect of the hydrophobic surface area presented by the 
alkyl groups of various amides on the free energy of transfer 

GE, of methyl p-hydroxybenzoate from 0.01 mole fraction 
formamide in water to 0.01 mole fraction amide-in-water solutions 
of the respective alkylated amides in water at 25OC. 
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230 LEE AND LINDSTROM 

Never the l e s s ,  t h e  hydrophobic i n t e r a c t i o n  can be s u b s t a n t i a l  a s  

the  degree of a l k y l a t i o n  i n c r e a s e s ,  

t h a t  a s a t u r a t e d  s o l u t i o n  of methyl p-hydroxybenzoate i n  0.01 mole 

f r a c t i o n  c o s o l v e n t s  of e i t h e r  N,N-dipropylacetamide o r  N,N-diethyl- 

propionarnide s e p a r a t e s  i n t o  two phases.  

T h i s  i s  seen i n  t h e  f a c t  

The r e s u l t s  of t h i s  s tudy  suggest  a p o s s i b l e  mechanism f o r  

cosolvency, a t  least  as  i t  a p p l i e s  t o  amides. It i s  one i n  which 

the  amide adso rbs  t o  t h e  s o l u t e  a t  i t s  i n t e r f a c e  w i t h  water, 

thereby e i t h e r  reducing t h e  hydrophobic s u r f a c e  o r  t h e  s o l u t e /  

water i n t e r f a c i a l  t ens ion .  In  so doing,  t h e  v e r y  s o l u b l e ,  hydro- 

p h i l i c  p o r t i o n  of t h e  amide coso lven t  remains p r e f e r e n t i a l l y  

o r i e n t e d  toward t h e  aqueous phase. It w i l l  be of i n t e r e s t  t o  

f u r t h e r  i n v e s t i g a t e  t h i s  p o s s i b i l i t y .  
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