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     The effects of hydrostatic pressure on the cloud point of aqueous solution of polyoxy-
 ethylene nonylphenyl ether were examined in the range up to 5000 atm. A maximum appears 
 at about 1000-2000 atm in the cloud point vs. pressure curve. This fact shows that the low 

 pressure below 1000-2000 atm is favorable to disperse the solute molecules and the high 
 pressure above 1000-2000 atm is favorable to assemble the solute molecules. This suggests 

 to us that the low pressure below 1000-2000 atm enhances to form hydrogen bonds between 
 surface active agent and water molecules, and then tends to disrupt the assembly of hy-

 drocarbon moiety, so-called "hydrophobic bonds". The high pressure above 1000-2000 atm 
 works on the opposite direction. 

1. INTRODUCTION 

   There are several evidences that the effects of hydrostatic pressure on some 

proteins in the range 1-2000 atm are inverted at the pressure above about 2000 
atm." In order to clarify this curious inversion it is necessary to get the in-
formations about the effects of pressure on some model systems. Surface-active 
agents may be regarded as the model of proteins in viewpoint of having hydro-

philic and hydrophobic groups in a molecule. Some investigations of pressure 
effect on the critical micelle concentration (c.m.c.) of ionic surface-active agents 
have been performed recently.21 The results show that the c.m.c. initially in-
creases with increasing of pressure and then this positive trend inverts at about 
1000 atm. This unusual effect of pressure in the simple chemical system has 

not been explained explicitly, yet. This curious inversion seems to be related 
to that found in proteins. 

   In this report some results of the effect of pressure on the cloud point of 
nonionic surface-active agent will be presented, and the influences of pressure 
on hydrogen bonds and hydrophobic bonds will be discussed. Any investigation 
on cloud point under high pressure has not been found in literatures. 

                         II. EXPERIMENTAL 

1. Material 
   Polyoxyethylene nonylphenyl ether (C9H19C61-14O(CH2CH2O)8.2H, PNE) was 

taken as a sample, which was donated by Daiichi Pharmaceutical Company. 

  * A part of the results in this report was presented at the 20th Annual Meeting of Chemical 
    Society of Japan, Tokyo (1967), and in Rev. Phys. Chem. Japan, 38, 63 (1968). 

  ** P-°R , ±kl 1T : Department of Chemistry, Faculty of Science and Engineering, 
    Ritsumeikan University, Kyoto. 

(270 )



        Effects of Hydrostatic Pressure on the Cloud Point of Surface-Active Agent 

The c.m.c. observed from surface tension was 5 x  10-5 moles/liter at 25°C. This 

value is comparable with the data of Hsiao et al.3' 

2. Apparatus and Procedure 

   The detail of high pressure vessel with optical windows was reported else-

where.4' The cloud points were decided by observing the appearance and disap-

pearance of turbidity in the course of increasing and decreasing the temperature 
at a given pressure, and in the course of increasing and decreasing the pressure 
at a given temperature. The errors of experiments were within ±1.0°C in tem-

perature, and +100 atm in pressure. 

                    III. RESULTS AND DISCUSSION 

   Figure 1 is the phase diagram obtained at atmospheric pressure. It is in-

teresting to note that Fig. 1 resembles the partial miscible solbility curve which 
has a lower critical solution temperature (LCST). Every organic compound hav-

ing the LCST, for example, pyridine, piperidine, imine, glycol, amine, ketone, 

etc. and their derivatives,5' contains both hydrophilic group and hydrophobic 

group in the molecule as well as surface active agents have. 
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                 Fig. 1. Phase diagram of PNE-water system at 1 atm. 

   Figure 2 shows the results of the effect of pressure on the cloud point at 

various concentrations. Each curve has a maximum at about 1000-2000 atm. 

As the concentration of surface-active agent increases, the cloud point vs. pres-

sure curve shifts towards the higher temperature and the maximum becomes 

broad. The similar patterns to Fig. 2 have been also found in the c.m.c. vs. 

pressure curve') and the LCST vs. pressure curve.6' All these results are 
consistent with each other in the fact that the low pressure below 1000-2000 atm 
is favorable to the dispersion of solute molecules in water, but the high pres-

sure above 1000-2000 atm is unfavorable to the dispersion. 

   The volume change in the transfer of hydrocarbons from nonpolar solvents 

to water is negative (about —20 ml/mole).7' This indicates that hydrostatic 

                           (271)
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          Fig. 2. Effect of pressure on the cloud point of PNE-water system. 
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compression favors the disruption of the assembly of hydrocarbon molecules, 

so-called "hydrophobic bonds". On the other hand, it has been confirmed from 

the spectrophotometric investigations under high pressure that the formation of 

hydrogen bonds is enhanced by increasing the pressure (association of alcohols 

in nonpolar solvents ;8) hydrogen bond between phenol and dioxane in n-hexane9'). 

That is, the effects of pressure on the formation of hydrogen bond are quite op-

posite with those on the formation of hydrophobic bonds. The increase of cloud 

point may be assumed to be caused by the disruption of hydrophobic bonds be-
tween the solute molecules and the formation of hydrogen bonds between solute 
and solvent molecules by the application of pressure. 

   The inversion above 1000-2000 atm seems to reflect the change of water 
structure under high pressure.10' The decrease of solubility above 1000-2000 atm 

will be plausibly explained by supposing the formation of hydrophobic bonds 

and the disruption of hydrogen bonds between solute and solvent molecules, 

because the hydrogen bonds between water molecules are strengthened owing 

to the change of water structure. It will be reasonable to assume that the 

inversion of the pressure effects on proteins may be ascribed to the same reason. 
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