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THE MOLAL ENTHALPY OF SOLUTION OF ACETOPHENONE
IN THE ALIPHATIC ALCOHOLS AT 286.16 K

The values of the enthalpy of aolutlon of acetophe-
none in methanol, butanol-1, 2-methylpropanol-1 and bu-
tanol-2 within the concentration range from ca. 0.003 mole/
/kg to ca. 0.043 mole/kg at 286.16 K have been determined.
It has been found that the heat of solution of acetophe-
none in the Investigated alcohols is independent of con-

centration. The enthalpy of solution of acetophenone in
the investigated alcohols at infinite dilutions has been
obtained »

Much place in the literature has been devoted to the pheno-
menon of association of some substances in solutions. Benzoic
acid solutions in the non-polar solvents belong to the most
investigated ones. The concentration-dependence of the enthalpy
of solution AH of benzoic acid in the non-polar solvents

D
enables determination of the molal enthalpy of self-association
[1-4].
The concentration-dependence of the enthalpy of solution of
benzoic acid AHOl- f(m) In the aliphatic alcohols, unlike of
its solutions in the non-polar solvents, is linear [56-7]. In

the aliphatic alcohols benzoic acid forms mixed associates, pro-
bably of the AB2 type (A - benzoic acid, B - alcohol) [5]. A
similar course of the AH~ e« f(m) function in the aliphatic
alcohols has been observed with benzamide [7].

The results of the works cited above have stimulated me to
investigate the enthalpy of solution of acetophenone in the
aliphatic alcohols because unlike benzoic acid, acetophenone
itself does not form associates, and the size of its molecules



is similar to that of benzoic acid and benzamide molecules. To
determine the concentration-dependence of the enthalpy of solu-
tion of the solid acetophenom* in the investigated alcohols and
eventually, to compare this dependence with the course of the
A m f(m) function for benzoic acid, the measurements of the
heat of solution had to be made at 286.16 K in view of the fact
that the melting point of acetophenone is 2*92.66 K.

Experimental

Pure acetophenone, obtained from USSR Reachlm was distilled
under vacuum. A fraction boiling within the temperature range
from 84.5°C to 86°C at 14 mmHg was collected. Methanol, analy-
tical grade,., was dried by the Lund-BJerrum method [8], butanol-
-1, 2-methylpropanol-2 and butanol-2 were dried using calcium
oxide and calcium hydride and then distilled in a high separat-
ing-power distillation column. The measurements of the solution
heat were performed in a non-isothermlc, non-adiabatlc glass ca-
lorimeter. The calorimeter included NTC-type high-resistance
thermistors. The volume of the calorimeter was ca. 300 m Tlme-
-variations of the voltage in a V/heatstone bridge were measured
using a digital voltmeter type V 534 Meratronik. Under the con-
ditions of the measurement, the voltage variations proved to
be a function of the calorimeter temperature. The precision of
the calorimetry measurements was +20 cal*mole-1 (I cal m 4.184 J).

Results of the measurements

The measured values of the enthalpy of solution of aceto-
phenone in tne investigated alcohols are given in Table 1.

Because of the linear course of the realtion between the
solution enthalpy and the concentration in the investigated al-
cohols, the first heat of solution AH®"was determined by graphi-

cal extrapolation. ,



Table

The values of the enthalpy of solution of acetophenone In
the aliphatic alcohols at 236.16 K

Butanol-1
nemanox
serle 1 serie 2
m AHm m AHm m m
" -l @l « -1 »
mole*kg"1l cal*mole mole*kg cal*mole“1l moleekg = cal*mole
0,0000 4625 0.0000 5450 0.0000 5428
0.0032 4619 0.0059 5448 0.0054 5434
0.0095 4625 0.0118 5450 0.0114 5122
0.0170 4627 0.0179 5462 0.0174 5429
0.0204 4622 0.0242 5450 0.0234 5423
0.0301 4620 0.0306 5452 0.0289 5411
0.0370 4625 0.0368 5448
0.0436 5440
Butanol-2
2-methylpropanol-1 .
serie 1 serie 2
m AHrn m ahm m Ahm

r— —

- -
mole*kg  cal* "noie"l mole* kg“1 cal* mole“1 mole*kg  cal*mole

0.0000 6005 v 0.0000 6420 0.0000 6390
0.0053 6000 0.0053 6408 0.0061 6420
0.0129 5990 0.0113 6415 0.0128 6391
0.0196 6003 0.0160 6425 0.0175 6395
0.0254 6010 0.0241 6422 0.0226 6386
0.0323 6008 0.0306 6420 0.0286 6356

0.0389 6015 . 0.0378 6430 0.350 6405
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Fig. 1, The relation between the enthalpy of solution of aceto-
phenohd in: a - methanol, b - butanol-1, c¢ - 2-methyl-propanol-
-1, d - butanol-2 and concentration at 286,16 K



Discussion of the results

In the works cited earlier [5-7] the concentration dependen-
ce of the enthalpy of solution of the benzoic acid and benzamide
in the aliphatic alcohols is linear. In all cases the inclina-
tions of the rectilinear course of the mentioned function are
quite remarkable except for the methanol solutions where the
straight lines are parallel to the concentration axis. Investi-
gations of the solution enthalpies of the methanol solutions of
the benzoic acid, as well as some other data, e. g. vapour
pressure and molal volume, indicate that those solutions behave
like the thermodynamically ideal ones [9]. In the opinion of the
cited authors [5-7]. Both concentration-dependence variations of
the benzoic acid and benzamide solution enthalpy and the
difference in the investigated alcohols are attributable to
non-specific interactions.

From the experimental data obtained in this work and presen-
ted in Table 1 and Fig. 1 it follows that the lines represen-

ting the dependence of the solution enthalpy on acetophenone
concentration in all investigated allpnatlc alcohols are not
only straight but also within the experimental error, parallel

to the concentration axis.
The values of the solution enthalpy of acetophenone -«
in the investigated alcohols are dependent on the values of:
- enthalpy of acetophenone crystal lattice,
- enthalpy of formation of the mixed acetopnenone-alcohol

associates A Ac [a represents molecules of the alcohol (A)
associated with the acetophenone molecula (Ac) in a mixed asso-
ciate],

r.enthalpy of breaking H-bonds between the alcohol molecules,

- enthalpy of non-specific interactions which constitute the
energetically weakest effect.

The process of alcohol associate disintegration and of al-
Cohol-acetophenone associate ‘“formation which occurs in the dilu-
te solutions can be represented disgrammatically as follows:



APARN + o> + + nMAp A pAAN

xAl ¢ Ac I=—* Ax Ac

where :
Al - non-associated alcohol
Ag, ky A" - various types of alcohol associates
Ac - acetophenone
AvAc - mixed alcohol-acetophenone associate
n®, n2, rij, n®, x - stechiometrie coefficients.

The equilibrium of these two processes is given by the alco-
hol dissociation constant (KA) and the alcohol-acetophenone as-
sociate formation constant ( Ac), respectively

a?’
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wh-jre:
n2, ay a" - activity of different - type alcohol associates
a, - activity of non - associated alcohol
aA Ac
Ve LET Ty L@
where:
a, - activity of the mixed alcohol-acetophenone associate
Yy
alr - acetophenone activity
Tne dominating phenomenon in the solution process is the

formation of the mixed acetophenone-aicohol associates.



where:

mA Ac» “I* r@Ac " concentration at equilibrium of the mixed
acetophenone-alcohol associate, non-assoclated alcohol and ace-
tophenone

fA Ac* *Ac " activity coefficients of the mixed associate,

non-assoclated alcohol and of acetophenone

A Ac
Vec-TT— "A '"he M

* V *
where:

KA Ac " concentration constant for the aquilibrium of the
mixed associate formation process

With sufficiently great excess of the alcohol relative to
the solved acetophenone, the values of the activity coefficients
for the associated (f2, ty f~) and non-assoclated (f~ alco-
hol may be assumed to be constant.

The last equation shows that in dilute solutions the acti-
vity coefficient of the mixed associate is a linear function of
acetophenonf activity coefficient

fA Ac

V e 'V« o i rrr 5
X X 21 Ac (5)

|
The thermodynamical equilibrium constant ‘ec, for the
process of the mixed A”c associate formation is a product of
the concentration constant for the equilibrium of the mixf;d
associate formation process characterizing the equilibrium of

the Ideally associated solution and of an expression related to
the activity coefficients. This expression »represents the devia-
tion of the A Ac associate formation process equilibrium from
the equilibrium of that process in the ideally associated solu-
tion. From Eq. 4 it follows that a part of the free enthalpy
of solution of acetophenone attributable to the non-specific
interaction forces is a linear function of acetophenone solu-

tion concentration.



“ANC " c “ al ' aAc (6)

With sufficiently great alcohol excess, the activities of
the non-associated alcohol,. al and of the alcohol associates
(ag, a”, a”) can be assumed to be almost constant (the condi-
tion of the system is close to that of the pure solvent).

From relations 4 and 6 it follows that also that portion of
the free solution enthalpy which relates to the alcohol H-bond
breaking and acetophenone-alcohol associate formation process
is linearly dependent on acetophenone concentration. The li-
near course of the solution enthalpy and of the free < solution
enthalpy implies linear dependence of the expression TASmM on
acetophenone solution concentration. The expression TASm re-
lates to the change of entropy in the solution process.

With infinitely large value of the equilibrium constant
(K. . ) of the mixed associate formation process and with very

X

small acetophenone concentrations it is possible to assume that
the whole quantity of acetophenone forms the mixed associates
with the alcohol.

Ac + XAl -——--- > AX"c
This solution behaves like an apparently ideal one. W ithin

tne range of very small concentrations the interactions between
the molecules in the mixed associate and between the alcohol

and the molecules of the mixed associate are not preceptlbly
changed. Very large alcohol quantity relative to that of aceto-
phenone causes that the non-associated alcohol concentration
change (Am”) in the process of mixed (AyAc) associate .for-
mation constitutes only a small percentage of its total con-
centration () . The number of li-bonds broken in the alcohol

and the number of H-bonds created in the' process of formation
of one mole of the mixed associate remains constant' and is in-
dependent of tne concentration. The free enthalpy associated
with these processes is constant. Constant within the experi-
mental error values of tne acetophenone solution enthalpy and
of the free enthalpy imply that the energetic expression T

relating to solution entropy change is also constant. Within the



investigated concentration range, the enthalpy of solution of
acetophenone is equal to the enthalpy of solution of acetophe-
none in an anfinitely dilute solution m AH") as can
be seen from Fig. 1 and from the experimental data in Table 1.

The molal enthalpy of solution of acetophenone wunder con-
stant conditions of temperature and pressure may be considered
to consist of the following shares:

AHm " AHE " AKK + AHm(a) + AH.n(n)

where:
- enthalpy of the crystal lattice disordering
AHm(a) ” enthalpy of formation of one mole of the mixed
AHmM(n) - molal enthalpy of the non-specific interactions

If we assume that all investigated aliphatic alcohols form
with acetophenone, associates of similar type (AxAc) and that
the effect of the hydrocarbon cnain length on H-bond energy is
negligible the relative molal enthalpies of the non-specific
interactions would then be determined by the differences bs-
i tween the first molal enthalpies of solution of acetophenone
in those alcohols.

ACAHM W « (AHM1 - (AHM)?2

where:
A(AHn?u - relative molal enthalpy of the non-specific in-

teractions
1, 2 - indexes relating to the two different alcohols.
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Jerzy Mokrzan

MOLOWA ENTALPIA ROZPUSZCZANIA ACETOFENONU W ALKOHOLACH
ALIFATYCZNYCH 4 TEMPLicATURZE 286,16 K

Zmierzono warto$ci .entalpiii rozpuszczania acetofenonu w me-
tanolu, n-butanolu, izobutanolu (2-metylo-propanolu-1) i buta-
nolu-2 w przedziale stezen od ok. 0,003 mol/kg do ok. 0,043 mol/
/kg w temperaturze 286,16 K. Stwierdzono, té entalpia rozpu-
szczania acetofenonu w badanych alkoholach nie zalety od steze-
nia. Okres$lono entalpie rozpuszczania acetofenonu w badanych
alkoholach w rozciefnczeniu nieskonczenie wielkim.



Bkh ItoKxaH

HHTErPAIIbHAIT 3HTAJIbn:ifl PACTBOPEHtfH AUETOSEHOHA
B A-WAIHMECKHa CIT.IPTAX riPtf TENITEPAIyPE 235,16 K

_ HsMepena aHTajibnnfl q_ac‘l_’BopeHH* aueToieHona b weTaHojie, H-OyTa-
Hojje, K306yTaHO0Jie, 2-MeTH.i-nponaHO.ie-l h 6yiaHO0Jie-, b npej;«iax
KOHUeHTpauHK 0,003 moji/kt 5.0 0,043 moji’/kt npa TeMuaepaTxpe
286,16 Oxaaajioch mtd ohtsjilhhh pacTBopeHHH aiieTapeHOHa b ncc”e-
AOBaHHbix cnnpTax He saBttckt ox KOHueHTpauHn. Onpesejjena . »HTaibnaH
pacTBopeHHH aueTOi)eHOHa b acclieAOBaHHux cnapTax npa OecKOH' . HOM
paataBJieHHH.



