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Calorimetry and Macromolecular Interaction Arising from

Translational Motion of Solvent Molecules
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We give comments on the interaction between macromolecules such as proteins immersed

in aqueous solution. The translational motion of solvent molecules makes a large contribution

to the dimerization free energy of macromolecules. The conventional theory of osmotic pressure

for discussing the cosolute effect is applicable only to limited phenomena. We suggest

phenomenological equations which incorporate the contribution from the translational motion of

solvent molecules. At the same time, the problems of those equations are pointed out on the

basis of the results from an elaborate statistical-mechanical theory. A calorimetrical approach

for molecular recognition and structure formation of nano-materials is also discussed.
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(b) intermediate state
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(¢) final state (d) the potential of metal force
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The reversible process (a) to (c¢). (a),(b),(c): A
cylinder and a wall immersed in a dilute solution.
The gray boards whose area is A are permeable
walls. The osmotic pressure is II. (d): The
potential of mean force W(x) between the cylinder
and the wall.
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Fig.2 The reversible process (a) to (c). (a),(b),(c): Two

walls immersed in a dilute solution. The gray
boards whose area is A are permeable walls
and the osmotic pressure is I1. The dark-gray
spheres are cosolute molecules (diameter dy). (d):
The potential of mean force W(x) between the
walls.
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Fig.3 The reversible process (a) to (b). (a),(b): Two

large permeable spheres (diameter di) immersed
in a dilute solution and the osmotic pressure is
II. IT=p,ksT. The small black spheres are
cosolute molecule (diameter dy). The deep gray
area is the intrinsic volume of a large sphere,
and the excluded volume of V. is inside of the
thick black circle. (c¢): The potential of mean

force W(r) between the large spheres.
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Fig.4 The radial distribution function gij(r) for a hard-

sphere fluid calculated by the OZ-HNC theory.
The size ratio is ds:dL=1:10, and the packing
fraction of small spheres ¢ is 0.38. The large
sphere L is immersed in the fluid of small spheres
at infinite dilution. Solid line: gss(r). Long-
dash line: grs(r). d; is the diameter of hard sphere
and ¢; is the packing fraction. The subscripts
S and L denote small and large spheres,
respectively. Note: The variable r is shifted in
each curve.
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Fig.5 Potential of mean force between large spheres

calculated by the OZ-HNC theory for the size
ratio ds:dv:dr. = 1:5:10. Solid line: (¢ m, ¢ s)=(0.00,
0.38). Long-dash line: (¢ wm,¢s)=(0.04, 0.34).
Short-dash line is the potential of mean force
calculated by Eq.(4) for (¢wm,¢s)=(0.00, 0.38).
The subscripts S, M, and L denote small, medium,

and large spheres, respectively.
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Fig.6 Dimerization free energy £(¢wm) and relative

value of dimerization free energy &€°%(¢@wm)
calculated for ¢s=0.38 and ds:dm:dL=1:5:10.
Thick solid line:€ (¢ m) obtained using the OZ-
HNC theory. Thick long-dash line:e (¢ m) from
Eq.(7). Thin solid line: €%¢wm) using the OZ-
HNC theory. Thin short-dash line:e%(¢n) from
Eq.(7) and € (¢m) from Eq.(6) for ¢s=0.
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