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Cohesive Energy Density
The molar enthal py of vaporisation AvapH* isthe change in enthalpy for

one mole of chemical substance j on going from the liquid to the
(perfect) gaseous state. The properties of agiven liquid-j are determined
by j-j intermolecular forces. By definition, there are no intermolecular

forcesin a perfect gas. Hence AvapH’; (¢) offersaninsight into the

strength of intermolecular forcesin the liquid state. We have to be
careful not to use the word ‘energy’. By definition enthalpy H equals
(U+plV). For phase | at temperature T and pressure p,

Ui =H;H-pv;() @

Similarly for phase Il, U;(Il)=H;(I)-pO/;(Il)  (b)

Hence, U’;(II) - U}(I) = H;(II) - H’;(I) —p[ﬂvj*(ll) —Vj*(l)] (©)

If phase Il is a perfect gas and phase | is the corresponding liquid,

V., (1) >>V/ (1) ; for one mole of chemical substancej,

pB/j* (I =RLT.
Consequently A, U (T)=A, H(T)-RO  (d)

AvapU’; (T) isthe molar thermodynamic energy of vaporisation for liquid
j @ temperature T. Having calculated AvapH; (T) from experimental data

weobtain A, U; (T), ameasure of the strength of inter-molecular
interactions in the liquid.
The differential quantity (0U/dV), definesthe internal pressure 1t (])
of chemical substancej. For liquid j,
Mo (4 0) =[0U (D) 1aV (D] (8)

Theinternal pressure for liquids, of the order 10 Pa, is an indicator of
the strength of intermolecular forces [1]. The structure of thetermsin
equation (e) prompts a slight rewrite using properties that are either

readily measured or calculated, namely AvapU’; (T) and the molar

volume of theliquid at temperature T, V; (T) [2,3]. Theresultisthe



cohesive energy density, c.e.d., ameasure of the cohesion within a
liquid.
By definition, c.ed. = A, U (T)/V, (¢) (f)
Intuitively, A, U’; (T) isameasure of cohesive interactionsin the

liquid whereas volume is a measure of the repulsive interactions, keeping

the moleculesin the liquid apart. At constant AvapU’; (T), c.e.d decreases
with increase in molar volume; c.f. repulsion. But at constant VJ.* (T,
c.ed. increaseswithincrease in A, U (T), the attractive part.
If the vapour is a perfect gas, ced. =[A, H;(0) -RO]/V;(¢) (9)
If the molar mass of the liquid j equals M; and the density equals p’; ),
ced. =[AH;(0)-RIOT]P;(0)/M, (h)
M; is expressed in kg mol™ and p’; (¢)in kgm™, consistent with c.e.d.

being expressed in (Jmol™ m ). At 298.2K, R [T = 2.48kJmol .
Theratio of internal pressure Ti(j) to c.e.d. defines a property n using
equation (i).

n=[0U](1)/aV; (O] 18,5 )V, (0] ()

The dimensionless ratio n has been used to comment on the strength of

intermolecular forcesin aliquid [4].
In the context of the properties of liquid mixtures, using the definition
of enthalpy H (= U + p /) we can write the following equation for a
given phase | containing n; moles of substance 1 and n, moles of
substance 2.
U(l,n, +n,)=H(l;n, +n,)-pB&/(l;n, +n,) ()
We assert that phase | isan idea binary liquid mixture. Then,
U(l;n, +n,; mix;id) = ®)
n, [H, (0) + n, TH>(¢) - pV(I;n, + n,; mix;id)
We assert that phase |1 is a perfect gas comprising n; moles of substance
1 and n, moles of substance 2. Then
U(ll;n, +n,;pfg) =

) . ()
n, [H, (pfg) + n, H,(pfg) —pV/(lI;n, +n,; pfg)



For aperfect gas, p0V/(Il;n, +n,;pfg) =(n, +n,) (RO (M)
We express the thermodynamic energy of vaporisation for (n; + ny)
moles passing from phase | to phase 1.
A U(id,n; +n,) =
n A H; +n, A H, —(n +n,) RO (n)
+pV(I;n, +n,;mix;id)
Therefore for one mole,
AU o (id) =X, [ H; +X, A H, ~ROT +pLV, (I;mix;id) (o)
Suppose however that the thermodynamic properties of the liquid
mixture are not ideal. We rewrite equation (k) in the following form (for

one mole of mixture) where HE and V,© are the excess molar enthalpies

and excess molar volumes of mixing.
U, (I,mix) =
[, TH5 () + X, CHA(0) + HE] = pITX, [V (1) +x, (3 ) + vE] P
OruU, (I,mix) =[x, H (/) +x, H, (/) +HE]—pDV, (mix)  (q)
Therefore the molar thermodynamic energy of vaporisation on going
from the real mixture to the perfect gasin given by equation (r).
DU =[x [ o H (T) + X, D Hy(T) ~HE - R O +p IV, (mix) ()
The cohesive energy density, c.e.d., for areal binary liquid mixtureis
given by equation (s).
ced. ={[x; A H; (T) +x, [ H,(T) -H 1/ V, (mix)}
-{RIOT/V_ ,(mix)} +p
The c.e.d. for agiven binary mixture is given by the molar enthal pies of
vaporisation of the pure components, the excess molar enthal py of
mixing and the molar volume of the mixture. For the corresponding
ideal binary mixture, c.e.d.(id) is given by equation (t).
ced.(id) ={[x, D ,H; (T) +x, A H,(T)]/V,, (mix;id)} '
—-{RO/V, (mix;id)} +p
The difference between A U /V (mix) and A, U /V  (mix;id) is
the excess cohesive energy density, (c.e.d.). Thesign of (c.e.d.)F is

controlled to a significant extent by the excess molar volume V: and the



excess molar enthalpy HE [6]. In fact equations (s) and (t) lead to

equation (u).

~[%, B Hy (T) +%, D Hy(T) -RO]  HE
V. (mix) OV, (mix; id) V.. (mix)

(ced)® = (u)

Recently the cohesive energy density of aliquid has been described as a
‘solvation pressure’ acting on, for example, ethanol in ethanol + water
and ethanol + trichloromethane liquid mixtures[7].
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