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A calorimetric method was applied at 25 ~ to measure the enthalpies of dissolution of 
cyclohexane, heptane, and deeane in the methanol--n-butanol mixed solvent and hexadecane 
in mixtures of methanol with n-, iso-, and tert-butyl alcohols. The standard cnthalpies of 
dissolution of alkanes were determined. It was shown that the equation proposed in the 
literature for calculation of the enthalpies of dissolution of alkanes in mixtures with 
nonspecific intermoiecular solvent--solvent interactions describes satisfactorily the enthal- 
pies of dissolution of aikanes in mixtures of methanol with n- and iso-butyl alcohols. It was 
suggested that there is no preferential solvation of alkanes by one of the mixed solvent 
components in the MeOH--BunOH and MeOH--BuiOH mixtures; in the MeOH--ButOH 
system, the composition of alkane solvation shell differs slightly from the solvent composi- 
tion in the bulk. 
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alkanes, methanol, butyl alcohol isomers, mixed solvent. 

I somer ic  butyl a lcohols  have vir tually equal  mola r  
volumes ,  en tha lp ies  o f  vapor iza t ion ,  and refract ion in- 
dices. S ince  the degrees  o f  associat ion o f  butyl a lcohols  
differ  by no more  than  10%, it can be assumed that  the 
bond energies  in the  i somer ic  self-associates  are also 
similar.  I However ,  the empir ica l  parameters  charac ter -  
izing the solvent  polar i ty  of  the isomers differ apprecia-  
bly. 2,3 Thus  B u a O H  is a s t ronger  p ro ton  donor  but  a 
weaker  p ro ton  a c c e p t o r  than  ButOH.  3 Thus ,  i somer iza-  
t ion has a substant ia l  inf luence  on in t e rmolecu la r  in- 
teract ions  in so lu t ions  in these alcohols .  Previously,  4 
var ious excess p rope r t i e s  o f  M e O H  mix tures  with 
BunOH,  Bu iOH,  and Bu tOH have been  measured.  
A m o n g  the series o f  excess propert ies ,  excess enthalpy 
o f  mix ing  of  a lcohols  (HE) is of  interest .  Since the 
dispers ion forces in these  systems are vir tual ly ident i -  
cal,  the  di f ferences  be tween  their  excess propert ies  are 
related 4 most ly  to di f ferent  strengths and numbers  o f  
the  H - b o n d s  fo rmed  be tween  the  a l coho l  molecules .  
S ince  the p r o t o n - a c c e p t o r  capaci ty  o f  a lcohols  in-  
creases in the s e q u e n c e  B u n O H - - B u i O H  <<ButOH, it 
can be assumed that  the  format ion  o f  a mixed  associate 
o f  M e O H  with B u t O H  is energet ical ly  m o r e  favorable 
than that  of  M e O H  wi th  BuaOH.  This  is conf i rmed  by 
the magni tudes  o f  the  excess enthalpies  o f  mixing of  
these  systems. In the  M e O H - - B u n O H  and M e O H - -  
Bu iOH systems,  the  crucial  role is p layed by the de-  

struction o f  hydrogen bonds be tween  the molecu les ,  as 
indicated by posit ive H E values. The  negat ive H E values 
found for the M e O H - - B u t O H  system are apparent ly  4 
due to the fact that in this system, the fo rmat ion  of  
H-bonds  predominates .  

Table 1. Coefficients of the polynomials describing the enthal- 
pies of dis~solutioI~ (AsolH~ of alkanes in mixtures of MeOH 
with BunOH, Bu*OH, and ButOH and excess enthalpies of 
mixing (H E) for these systems at 25 ~ 

Mixture, alkane a 0 a t a 2 a 3 R 2 S 
(enthalpy) 

MeOH--BunOH 0.06 0.81 -0.52 -- 0.999 0.005 
(HE) 

cyclo-CsHI2 4.91 -9.90 
(~o~H ~ 
C7H16 (AsoIe~) 
C10H22 (AsotH ~ 
CI6H3a (Asot/'/~ 

MeOH--Bu~OH 
(H E ) 

Ct6H34 (AsoiH*) 13.30--21.20 22.40--7.80 0.999 0.300 
MeOH--ButOH -0.01 -1.46 -0.87 2.28 0.999 0.006 
(H E) 

C16H34 (6solH ~ 13.6 -19.90 24.40-8.75 0.998 0.160 

11.90 -5.20 0.999 0.030 

5.77-11.90 12.40-4.57 0.999 0.020 
8.15 -16.80 19.60 -8.12 0.998 0.240 

13.30-34.90 26.90-10.05 0.999 0.210 
0.02 0.76 -0.51 --  0.999 0.006 

Note. R is the correlation coefficient; S is tile error of  approxi- 
mation. The AH and H values are expressed in kJ tool - i .  
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Table 2. Enthatpies of dissolution of alkanes in mixtures of 
methanol with isomeric butyl alcohols at 25 ~ 

Mixture, X~ ~2 AsoIH~ mol-I 

alkane exp a app b ealc c 

MeOH--But~OH 
cyclo-C6H 12 

MeOH--Bu'~OH 
CTHI6 

MeOH--Bu"OH 
CloH2~. 

MeOH--Bu'~OH. 
C16H34 

MeOH--Bu iOH 
Ct~,Ft34 

MeOH--ButOH 
C16H34 

0.00 0.00 4.93 4.91 4.91 
0.10 0.20 4.00 4.03 4.02 
0.30 0.49 2.89 2.87 3.00 
0.57 0.75 2.06 2.16 2.27 
1.00 1.00 1.66 1.66 1.66 
0.00 0.00 5.75 5.77 5.77 
0.10 0.20 4.74 4.71 4.60 
0.30 0.49 3.20 3.21 3.47 
0.80 0.90 1.88 1.88 1.97 
1.00 1.00 1.74 i.74 1.74 
0.00 0.00 8.37 8.15 8.15 
0. I 1 0.21 6.33 6.59 6.37 
0.31 0.50 4.72 V,.58 4.76 
0.57 0.75 0.34 3.40 3.47 
1.00 1.00 2.82 2.82 2.82 
0.00 0.00 13.50 13.32 13.32 
0.10 0.20 10.87 11.08 11.30 
0.31 0.50 7.98 7.87 8.03 
0.57 0.75 5.96 5.98 6.20 
1.00 t.00 5.24 5.23 5.23 
0.00 0.00 13.50 13.48 13.48 
0.20 0.36 9.50 9.80 9.20 
0.40 0.60 8.07 7.89 8.20 
0.80 0.90 653  6.67 6.70 
1.00 1.00 6.75 669  6.69 
0.00 0.00 13.50 13.46 13.46 
0.10 0.21 11.74 1t.78 20.88 
0.18 0.34 10.88 10.71 13.41 
0.30 0.50 9.31 9.59 13.35 
0.51 0.70 8.86 8.64 13.14 
0.56 0.75 8.61 8.57 15.31 
0.70 0.84 8.38 8.62 12.53 
0.80 0.90 8.74 8.81 t 1.99 
1.00 1.00 9,19 9.28 9.28 

Note. V / c m  3 mol -I  is the molar volume: eyclohexane, 
108.8: heptane, 147.5; decane, 195.8; hexadecane, 294.1; 
MeOH, 40.7; BunOH, 92.0; BuIOH, 92_9; and ButOH, 94.9. 
a Experimental values. 
b Polynomial approximation. 
c Calculated using Eq. (1). 
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Fig. I. Dependences of AtrH~ -1 o n  HE'X2-r for C6H12 
(l) ,  C7Ht6 (~ ,  C10H22 (3), and C16H34 (S) in the M e O H - -  
BunOH system and CI6H34 (4) in the bcleOH--BuIOH system. 

equal  to its dev ia t ion  from the  add i t iv i ty .  
We were in te res ted  in f ind ing  o u t  w h e t h e r  Eq.  (1) 

can be used to descr ibe  the  e n t h a l p i e s  o f  d i s so lu t ion  o f  
a lkanes  in those  sys tems in w h i c h  speci f ic  s o l v e n t - -  
so lvent  in te rac t ions  are possible a n d ,  h e n c e ,  the  e n t h a l -  
pies of  mixing of  various systems a c q u i r e  di f ferent  charges.  
It was also i m p o r t a n t  to  answer  t he  q u e s t i o n  o f  w h e t h e r  
the  size of  the  a lkane  molecu le  i n f l u e n c e s  the  a c c u r a c y  
of  the  descr ipt ion.  

We measu red  t he  en tha lp ies  o f  d i s s o l u t i o n  o f  cyc lo-  
hexane ,  hep tane ,  decane ,  and  h e x a d e c a n e  in m i x t u r e s  o f  
m e t h a n o l  with  l - b u t a n o l  and  h e x a d e c a n e  in m i x t u r e s  o f  
m e t h a n o l  wi th  the  i somers  o f  butyl  a l coho l .  

E x p e r i m e n t a l  

Previously,  5 so lu t ions  o f  a lkanes  in mixtures  wi th  
nonspec i f ic  s o l v e n t - - s o l v e n t  in t e rac t ions  have been  s tud-  
ied. Based on  a s imple  mix ing  mode l ,  the  fol lowing 
equa t ion  was proposed:  

A~ojlr = *t,~otH~" + *2~o~H~ ~ - (V3h~/(Xt Vt + X2V~_)),(I) 

where  XI, X 2, and  ~ l ,  q~2 are the  mo le  and v o l u m e  
f rac t ions  of  t he  c o m p o n e n t s  of  t he  mixed solvent ,  re- 
spect ively;  AsojHl ~ and  AsolH2 ~ are the  en tha lp ies  of  
d isso lu t ion  o f  a lkanes  in the  c o m p o n e n t s  of  the  mixture ;  
and  VI, V2, a n d  V 3 are the  m o l a r  vo lumes  of  the  so lvent  
c o m p o n e n t s  a n d  the  solute.  

The  sum of  tile first and  second  t e rms  in Eq. (1) 
co r responds  to the  addi t ive  (wi th  respect  to the  vo lume  
f rac t ion)  e n t h a l p y  o f  d i sso lu t ion ,  whi le  the  th i rd  t e rm  is 

Integral heats of dissolution of cyclohexane,  heptane,  de- 
cane, and hexadeeane were measured a t  25 ~ on a variable- 
temperature isotherrnic-shell ampule ca lor imeter  with a vol- 
ume of the reaction vessel of 60 cm 3. The temperature was 
maintained with an accuracy of 0.0002 K; the thermometric  
and heat sensitivities of the setup were  5 �9 10 -6 deg per rnm 
and 5 �9 10 -3 J per mm of the scale of  the  recording device. The 
solvents used in the study were purified by  known procedttres. 6 
"Chemically pure" grade alkanes for chromatography were used 
as received. Mixed solvents were prepared  by the gmvimetric 
method with an accuracy of 0.01 mole fractions.  The enthalp- 
ies of dissolution were measured at solute concentrat ions 
m < 0.5 tool kg - t  of the solvent. The a r i thmet ic  mean values of 
the heat of dissolution (AsoIH ~ were talcen as standard enthal-  
pies of dissolution, because the en tha lpy  of dissolution virtu- 
ally does not depend on the alkane concen t ra t ion  (hexadeeane 
in methanol:  m = 0.1346, Asol//an = 13.48 kJ too l - t ;  
m = 0.3045, A~ol/Pn = 13.44 kJ tool-l) .  The obtained enthalp- 
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Fig. 2. Dependences of AtrH~ -t o n  HE'x2-t for C16H34 
in the MeOH--ButOH system. 

ies of dissolution of heptane in BunOH and cyclohexane in 
MeOH arc in good agreement with the published data, which 
are given in parentheses: heptane 1.74 (1.76 7) kJ real-l; 
cyclohexane 4.93 (4.94 8) kJ real -l. The enthalpies of dissolu- 
tion of decane and hexadecane in BunOH fit well in the linear 
dependence 

Asol/'t~ = a + b/v'c, 

where N c is the number of carbon atoms in the alkane 
molecule (5--7, 7 10, 14, 8 16). 

Resul t s  and Discuss ion 

The experimental results and the published data 4 on 
the excess enthatpies of mixing of the solvent components 
were approximated by polynomials in terms of the powers 
of.,'( (where X is the mole fraction of butyl alcohol). The 
polynomial coefficients are listed in Table 1. 

The results of our experiments and the values calcu- 
lated from various equations demonstrate that Eq. (1) 
adequately describes the experimental data for the 
MeOH--BuaOH and MeOH--BuiOH systems (Table 
2). The average relative difference for the description by 
the polynomial and Eq. (1) is 2.5%, and its maximum 
magnitude is 4%. In the case of dissolution of hexadecane 
in a mixture of methanol with tert-butyl alcohol, Eq. (1) 
gives unsatisfactory results, because the deviation of the 
enthalpy of dissolution of the alkane from additivity is 
negative (the same is true for all the other systems 
studied here), and the H E value is also negative. 

To interpret the processes occurring in solutions at 
the molecular level, various assumptions and model 
representations are used. 9-12 A method proposed previ- 
ously l~ takes into account the contribution of the sol- 
u te -so lvent  interactions and that of the solvent reorga- 
nization. In conformity with this assumption, in the 
absence of selective salvation, the linear dependence 
AtrH~ -I = J(HE'X2 -1) should be observed. In fact, 
this linear dependence holds for most of the systems 
studied (Fig. 1). The correlation coefficients for these 
linear plots are no less than 0.999, and the standard 
deviation does not exceed 0.17. Apparently, in the mix- 
ture of MeOH with ButOH, slight selective salvation 
occurs, because the correlation coefficient is lower 
(0.974), and the standard deviation is 0.92 (Fig. 2). 

Apparently, 9 preferential salvation is not realized if 
the Asol/-P = J(X) plot is linear. It was suggested ~l that in 
this case, Asol/-P =flq~) should also be linear. It was found 
that the latter condition is.fulfilled well for cyclohexane, 
heptane, and decane in the MeOH--BunOH system. The 
correlation coefficients (R) are 0.998, 0.997, and 0.997, 
and the errors of approximation are 0.15, 0.20, and 0.30 
kJ real - l ,  respectively. In the case of hexadecane in 
mixtures of MeOH with BunOH, BuiOH, and Bu~OH, 
the correlation coefficients of the linear dependences are 
0.998, 0.997, and 0.798, and the approximation errors are 
0.68, 0.70, and 0.80 kJ tool - l ,  respectively. 
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