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The relationship enthalpy of mixing and excess molar volume of mixing versus 
composit ion were studied at 313.15 K for binary systems of 2,4,6-collidine with normal  
aliphatic alcohols. It was found that  at this temperature the values of H E and V E are 
negative and change with the length of the alkyl group of the alcohol. 

As a continuation of our studies on thermodynamic excess functions of  mixing 
for mixtures containing pyridine bases and alcohols, we have used 2,4,6-trimethyl- 
pyridine and propan-l-ol ,  butan-l-ol ,  pentan-l-ol  and hexan-l-ol.  2,4,6-Tri- 
methylpyridine is the most basic (pKa = 7.5 [1] of all the pyridine bases investi- 
gated by us so far. On the other hand, as suggested by Kiefer and Becker [2] and 
Cox [3], the presence of the methyl groups near the basic nitrogen means that 
specific self-association via hydrogen-bonds does not occur in this liquid. It may 
be expected that the H E and V E values for mixtures of2,4,6-collidine + alcohols 
will be more negative compared with systems consisting of other pyridines and 
fixed alcohols. The purpose of the present work is to evaluate the influence of  the 
basicity of  the pyridine base and its structure on the excess functions studied, by 
comparing the results for the present mixtures withthose for an alcohol +pyridine, 
c~-,/% or 7-picoline, 2,4-1utidine or 2,6-1utidine. 

Experimental 

All alcohols were the same as those used previously [4, 5]. After purification 
2,4,6-collidine was checked with an analytical gas-chromatograph. The purity 
was estimated to be 99.9 mole per cent. The H E and V e measurements were made 
at 313.15 K. Excess enthalpies were measured by direct mixing in a Dewar vessel, 
using the method and apparatus described previously [6]. The accuracy of the 
H e results is estimated to be better than -+ 1.5 per cent over most of  the concen- 
tration range. Excess volumes were measured by the pycnometric technique. 
The precision of V E is estimated to be about 0.004 cm a mole -1 for the equimolar 
mixtures. 

Results 

Experimental results for the excess molar enthalpies and the excess molar 
volumes of the present mixtures are summarized in Tables l and 2, respectively. 
The values of  the excess functions were fitted to an equation of the form: 
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Table 1 

Excess enthalpies H e of mixtures containing mole fraction x of alcohol at 313.15 K 

_H e [ _H~ I _H ~ _H E 

x Jmole_l x [ Jmole-* x ] Jmole-* x , Smole_l 

Propan-l-ol+ 2,4,6-collidine 

0.1032 
0.1822 
0.2346 
0.3100 
0.3769 
0.4420 

334.2 
529.9 
635.4 
763.3 
850.7 
889.5 

0.5278 
0.6025 
0.6582 
0.7091 
0.7964 
0.8885 

Pentan-l-ol+2,4,6-collidine 

0.0897 241.8 0.4777 
0.1804 400.3 0.5891 
0.2515 514.3 0.6378 
0.3079 615.5 0.7139 
0.3995 690.2 0.7760 
0.4519 718.0 0.8372 

890.1 
843.4 
772.6 
693.9 
515.4 
301.9 

719.9 
678.0 
651.1 
574.5 
480.2 
357.9 

Butan-l-ol+2,4,6-collidme 

0.0968 
0.1696 
0.2010 
0.2699 
0.3432 
0.4268 

275.6 0.5000 
429.6 0.6014 
487.3 0.6680 
646.3 0.6943 
700.1 0.7985 
778.8 0.9068 

Hexan-l-olW2,4,6-collidine 

0.0889 202.3 0.4797 
0.1580 342.3 0.5662 
0.2069 428.6 0.6454 
0.2719 510.8 0.7139 
0.3457 597.4 0.8010 
0.4040 636.5 0.8968 

809.0 
718.5 
659.6 
610.9 
412.5 
198.9 

669.0 
648.9 
600.3 
541.3 
420.9 
209.3 

k 
yE = x(1 -- x) ~ Ci(2x - i) i-* 

i=l 

where y e  represents  ei ther H E or  V E and  x is the  mole  f rac t ion o f  alcohol .  The  
ad jus tab le  coefficients Ci ca lcula ted  b y  the m e t h o d  o f  least squares are  given in 
Table  3, together  wi th  the s t anda rd  devia t ions  a ( Y  1~) o f  the results.  W e  have found  
no  previous  results  to  compare  wi th  our  results  o f  H E and  V E. 

The  excess enthalpies  a n d  the excess volumes  for  all  systems represented  are  
negative over  the entire concen t ra t ion  range.  The  H e and V E values vary  in the  
sequence:  p r o p a n - l - o l  < b u t a n - l - o l  < p e n t a n - l - o l  < h e x a n - l - o l i n  their  mixtures  
wi th  2,4,6-coll idine.  This is s imi lar  to  the  pa t t e rn  observed for  o ther  pyr id ine  
base  + a lcohol  b ina ry  mixtures  s tud ied  by  us previously.  The  negat ive values o f  
bo th  funct ions  suggest tha t  the 2,4,6-coll idine + a lcohol  mixtures  involve a 
specific in terac t ion  via the N �9 " �9 H - O  bond.  The  results  show tha t  the  N . . . .  H - 
O bond ing  is s t ronger  than  the O . . . .  H - O  bonding .  C o m p a r i n g  b o t h  excess 
funct ions for  b ina ry  mixtures  consis t ing o f  pyr id ine  bases with a fixed a lcoho l  
f r o m  p r o p a n - l - o l  to  hexan- l -o l ,  we found  tha t  H e and  V E vary  in sequences 
A and  B, respectively.  In  the second line o f  sequence B the p K  a values are given. 
The  pKa values were taken  f rom Per r in ' s  compi la t ion  [1 ]. 

Sequence A : H e : 

2,4,6-coll idine < 2,4-1utidine < 2,6-1utidine < c~-picoline < < f l-picoline < ?-pi-  
col ine < pyr idine.  
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Table 2 

Excess volumes V e of  mixtures containing mole fraction x of  alcohol at 313.15 K 

_ V E ,  _ V E, _ p . E  _ V L', 

x cm<, mole 1 x cli1 a mole 1 x cm ~ mole- 1 x cm a mole-1 

Propan- l -o l  + 2,4,6-collidine 

0.0504 0.182 i 0.5138 
0.0995 0.341 0.5688 
0.1509 0.497 0.5954 
0.2002 0.630 0.6482 
0.2492 0.759 0.6973 
0.2999 0.880 0.7409 
0.3477 0.983 0.7965 
0.4012 1.073 0.8500 
0.4489 1.128 0.9012 E 

Pell tal l - l -ol  + 2,4,6-collMine 

0.0499 0.180 0.5441 
0.1021 0.341 0.5688 
0.2002 0.612 0.6421 
0.2500 0.742 0.7071 
0.2962 0.850 0.7477 
0.3450 0.955 0.7998 
0.3965 1.045 0.8448 
0.4433 1.109 0.9009 
0.4966 1.114 0.9518 

1.154 
1.130 
1.108 
1.050 
0.981 
0.882 
0.792 
0.650 
0.466 

Butan- l -o l  q- 2,4,6-collidine 

0.0493 
0.0982 
0.1500 
0.2237 
0.3003 
0.3412 
0.3888 
0.4651 
0.501l 

0.183 
0.337 
0.487 
0.689 
0.870 
0.952 
1.040 
1.120 
1.132 

Hexan-J -o l  + 2,4,6-collidine 

0.5256 
0.5989 
0.6538 
0.6955 
0.7462 
0.7896 
0.8312 
0.8980 
0.9481 

1.103 0.0505 
1.130 0.1049 
1.005 0.1568 
0.934 0.2152 
0.850 0.2654 
0.730 0.2940 
0.602 ! 0.3439 
0.410 I 0.3937 
0.182 J 0.4441 

0.149 
0.326 
0.473 
0.620 
0.755 
0.819 
0.92l 
1.01l 
1.065 

0.4972 
0.5517 
0.5943 
0.6447 
0.7003 
0.7312 
0.7819 
0.8508 
0.9263 

1.125 
1.078 
1.020 
0.966 
0.868 
0.784 
0.628 
0.425 
0.184 

1.096 
1.078 
1.030 
0.988 
0.912 
0.849 
0.73l 
0.541 
0.256 

Mixture 

2,4,6-collidine 
q- p ropan- l -o l  
2,4,6-collidine 
q- bu tan- l -o l  
2,4,6-collidine 
q- pentan- l -o l  
2,4,6-collidine 
+ hexan-l-ol  

Coefficients C, of  the equa t ion  
J. mole - t  

y• 

H E 
V E 
H e 
V E 
H e 
i/E 
H E 
V E 

Table 3 

with the cor responding  s tandard deviation (yE) 
or cma.mole -~ at 313.15 K 

c~ 

214.7 
- -  0.478 

352.4 
- -  0.540 

45.6 
-- 0.379 
-- 70.3 
- -  0.413 

C a C~ 

536.7 241,0 
0.965 -- 0.618 
800.0 182.5 
0.750 0.155 
240.4 -- 23.4 
0.973 -- 0.357 
286.7 262.3 
1.144 -- 0.073 

C1 

-- 3577.3 
-- 4.577 
-- 3156.1 
- -  4.488 
- -  2863.3 
- -  4.443 
-- 2667.3 
- -  4.333 

,r(l :~,) 

5.9 
0.014 

16.0 
0.016 

12.1 
0.017 
8.9 
0.0!3 

S e q u e n c e  B : Ve :  

2 , 4 , 6 - c o l l i d i n e  < 2 ,6 -1u t id ine  ,~ cz-picoline 

7.5 6.7 5.9 

2 ,4 -1u t id ine  ~ 7 - p i c o l i n e  ~ f l -p i co l ine  < p y r i d i n e  

6.7 6.0 5.7 5.2 
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These orders show that not only the basicity of the pyridine bases influences the 
H e and V E values. The differences in structure of the basic components are evident 
and the thermodynamic excess properties of  their mixtures with alcohols are 
generally dependent on the number and positions of  the methyl groups in the 
pyridine base molecule. All results obtained show that the methyl group contribu- 
tions to the H e or V E values are always negative. Especially for the V E values the 
methyl groups in positions 2 and 6 have the most important influence. Thus, the 
specific influence of the ~-CH3 groups can be interpreted as a hindrance in self- 
association of some pyridine base molecules [2, 3]. 
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RI~SUMI~ --  L a  va r ia t ion  de l ' en tha lp ie  de m61ange et du  v o l u m e  mola i re  d 'exc6s  en fonc t ion  
de la c o m p o s i t i o n  a 6t6 6tudi6e ~t 313.15 K,  darts des  sys t~mes  b ina i res  de  col l idine 2,4,6 et 
d 'a lcools  a l ipha t iques  n o r m a u x .  O n  a 6tabli qu ' i t  cette t emp6ra tu r e  les va leurs  de H e et de V r 
son t  n6gat ives  et qu 'e l les  var ient  avec la l ongueur  du  g roupe  alcoyle  de l 'a lcool .  

ZUSAMMENFASSUNG ~ Die  Verh~l tn isse  der  M i s c h u n g s e n t h a l p i e  u n d  des  0berschf iss igen 
M o l v o l u m e n s  gegeni iber  der  Z u s a m m e n s e t z u n g  wurden  bei  313.15 K an  bin~iren S y s t e m e n  
von  2 ,4 ,6-Kol l id in  mi t  n o r m a l e n  a l ipha t i s chen  A l k o h o l e n  un t e r such t .  Es  wurde  festgestell t ,  
dab  bei der  gegebenen  T e m p e r a t u r  H e u n d  V E nega t iv  s ind  u n d  sich mi t  der L/inge der Alkyl -  
g ruppe  des  A lkoho l s  / indern.  

Pe3roMe - -  Hccne,RoBanbi 9rITant,nn/4 cMemerirt~ It I'I3~blTOtlHOrO MO.rIbI-IOrO O 6 ~ M a  cMemerm~[ 
6/4HapttLix CHCTeM 2,4,6-ro~nrI~i~n - -  r~-a~/4~aTr~tec~rie cm4pTt,I B 3aBHCI, IMOCTFI OT I,IX COCTaBa 
n p a  TeM~epaType 313,15 K. YcTanoB.rleno, ~ITO H E/4 I/E OTp/4IIaTeYtb/4bl tt H3MeHflK)TCfl rio Be.rn, i- 
~ e  B 3aBI, ICtlMOCT~I OT ~.rl/4HbI aJIKHJ'I/,HOrO pa~/4Kana cnnpTa.  
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