
Ti = temperature a t  inner boundary 
To = temperature a t  outer boundary 
dA = r a t i o  of area of complete sphere to that  of sphere minus 

area intersected by s tem 
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Heat of Mixing of n-Amyl Alcohol and Benzene 

DANIEL ALJURE CHALELA', HARRY H. STEINHAUSER, AND JOEL 0.  HOUGEN' 
Rensselaer Polytechnic Institute, Troy, N.Y 

T h e  objec t ive  of t h i s  work w a s  t o  determine experi- 
mentally t h e  hea t  of mixing of n-amyl a lcohol  in benzene  
over  a range  of composi t ions.  Such information is useful  
i n  predict ing thermodynamic proper t ies  of t h i s  binary mix- 
ture ,  par t icular ly  in connect ion with devia t ions  from idea l  
behavior  of vapor-liquid equilibrium re la t ionships .  

B e c a u s e  n-amyl a lcohol  i n  pure form t e n d s  to a s s o c i a t e  
through hydrogen bonding to  g i v e  l inear  polymers, i t s  hea t  
of mixing with a n  iner t  so lvent ,  s u c h  a s  benzene,  i s  endo- 
thermic. T h i s  corresponds t o  t h e  rupture of hydrogen bonds 
during di lut ion.  

T a b l e  I. Heat of Mixing of n-Amyl Alcohol in  Benzene 

Mole Fraction 
Benzene 

AHa of Mixing a t  2OoC., 
Cal./Gram Mole 

0.158 91 
0 .260  126 
0.325 183 
0.331 177 
0.4 73 214 
0.483 219 
0.485 213 
0.497 212 
0.650 223 
0.758 208 
0.837 177 

a A H  = enthalpy of mixture -enthalpy of pure components. 

'Present address,  National University,  Bogota, Colombia, S.A. 
+Present address ,  Research and Engineering Division, Monsanto 

Chemical Co., St. Louis ,  Mo. 
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Figure 1 .  Heat of mixing of n-amyl alcohol in benzene 
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In conduct ing  microcalorimetric determinat ions i t  i s  of 
utmost importance t o  obtain t h e  per t inent  measurements  in  
s u c h  a way tha t  s y s t e m a t i c  and acc identa l  e r rors  a r e  elimi- 
na ted  or  reduced  t o  a minimum. Sources  of error may f a l l  
in  o n e  of three  groups: inadequate  measurement of tempera-  
ture, uncontrol led hea t  t ransfer ,  and undes i rab le  s i d e  re- 
a c t i o n s  occurr ing in  t h e  s y s t e m  being s tudied .  T h e  u s e  of 
comparat ive calor imetr ic  t e c h n i q u e s  makes  i t  p o s s i b l e  to  
avoid or minimize t h e  e f f e c t s  of t h e s e  secondary  phenomena. 

EXPERIMENTAL METHOD 
T h e  calor imeter  w a s  almost ident ica l  to  that  u s e d  by 

Zel lhoefer  and Copley  (5) and by McLeod and  Wilson (2). 
T h e  method h a s  b e e n  used  by Audrieth and Steinmann (1) 
and by S p e n c e  (3) for measuring exothermic h e a t s  of 
solut ion.  

T h e  method of s u c c e s s i v e  comparat ive measurements  
w a s  adapted  in  t h i s  work t o  endothermic h e a t s  of solut ion.  
T h e  temperature  c h a n g e  from 2OoC. which occurred upon 
mixing of t h e  two components  w a s  f i rs t  measured.  Then  
t h e  measurements  were  repea ted  following t h e  introduct ion 
of a known quant i ty  of e lec t r ica l  energy.  T h e  energy  in- 
troduced in  t h e  l a t t e r  case w a s  s u c h  a s  t o  produce a tem- 
perature  i n c r e a s e  approximately equal  t o  t h e  temperature  
d e c r e a s e  which occurred following t h e  mixing react ion.  
T h u s ,  when appropriate  ad jus tments  a r e  made for h e a t  l e a k s ,  
for s t i r r ing,  and for inequal i ty  of t h e  temperature  c h a n g e s  

during mixing and heat ing,  t h e  e lec t r ica l  energy input i s  
equal  t o  t h e  h e a t  of mixing. 

Thiophene-free b e n z e n e  and n-amyl a icohol  were dis- 
t i l l ed  in  a Podbie ln iak  column us ing  a 100 t o  1 reflux 
ratio. T h e  re f rac t ive  index at 25OC. of b e n z e n e  differed 
by no more than  0.00005 from 1.49800 during t h e  d is t i l l a -  
t ion (4). T h e  v a l u e  for amyl a lcohol  w a s  1.40815. 

A Beckmann thermometer w a s  used  for t h e  temperature  
measurements .  

RESULTS 
T h e  experimental  r e s u l t s  a r e  summarized in  T a b l e  I and 

Figure  1. T h e  d a t a  a r e  s e e n  t o  b e  reproducible  within i 5%. 
T h e  r e s u l t s  ob ta ined  are typica l  of s u c h  s y s t e m s  and show, 
in  t h i s  c a s e ,  a maximum molal heat  of mixing of about 225 
c a l o r i e s  a t  60 mole % of benzene .  
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