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Molar Excess Gibbs Energies and Volumes of
Aqueous Solutions of Piperidines

Koichiro Nakanishi, Hidekazu Touhara, Kenkichi Maya
and Jun-ichi Abe*

The molar excess Gibbs energies GE

and molar excess volumes ¥V'F for aqueous solutions

of piperidine and pipecoline(2-methyl-piperidine) have been measured at 298.15K and
308.15 K (GE only) for the whole composition range by static and pyknometric methods.

All the solutions exhibit positive deviation from ideality and volume contraction. An anomaly

in vapor pressure (and G¥) vs. molar composition relation and a rapid decrease of partial

molar volume of piperidines in dilute aqueous solution have been found and interpreted in

terms of the dissociation of piperidines as weak organic electrolytes.
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Table 2 Vapor pressures p of water + piperidine
and water + pipecoline solutions as a function
of mole fraction x at 298.15 and 308.15 K.

. p/ Torr
z 29815 K 30815 K
water ( 1)+ piperidine (2)
0 2376 42.18
0.0463 27.40 49.49
0.0972 2795 50.67
0.1976 2837 51.17
0.2549 2881 52.16
0.2998 29.03 52.31
0.3967 2921 5212
04914 29.79 5334
0.5796 30.24 5369
0.6891 30.77 53.89
0.7954 30.99 53.76
08814 31.16 53.16
1 30.3% 50.50
water (1)+ pipecoline (2)
0.0473 29.07 53.03
0.0951 29.37 5360
0.1835 29.59 5347
0.2989 2968 5380
0.3841 29.38 5316
04957 28.79 52.59
0.5873 27.92 50.75
0.7140 26.49 47.77
0.7611 25.85 46.57
08779 23176 41.92
1 19.74 3342
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Table 1  Densities © and molar excess volumes VF of water + piperidine and

water + pipecoline solutions at 298.15 K,

0 VE o VE
T —3 3 - Ty -3 3 -1
g cm cm® mol™! g cm cm® mol

water (1) + piperidine (2) water (1)+ pipecoline (2)
0 0.99707 0 0 0.99707 0
0.0289 089067 —0.275 0.0489 0.97631 —0478
00678 0.97907 —0532 0.0967 0.95707 —0.787
0.1002 0.96966 —0.700 0.1865 0.93130 —1.260
0.1470 0.85780 —0.910 0.2988 0.90879 —1.664
01897 0.94901 —1.092 0.3852 0.89512 —1.825
02486 0.83801 —1.285 04916 0.88108 —1.867
0.3035 0.92936 —1.440 0.5845 0.87087 —1.798
03963 091622 —1.594 0.7059 0.85881 —1501
04505 0.90911 —1619 0.7580 085410 —1.316
05341 089915 —1.587 08756 0.84420 —-0.766
05810 0.89355 —1.502 1 083468 0
06780 0.88387 —1.323
0.7285 087946 —1215
08293 0.86995 —0.801
08934 086476 —0529
1 0.85676 0
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Fig. 1 Vapor pressures p vs. molar composition x
relation for aqueous solutions of piperidine
at 298.15K. © Run 1; @ Run 2 given in
Table 2.

WRICDOTIE, b & EED Raoult Jils S iEm 3 duhs
HEL, TR AKELLLHDD, TOEBOHBE
YEREM sns -1,
3.3 EABFHENHFEEK
Table L IZ/RUICTAREIE T — 2 KO, =B BIAR
VEZ A THEL, #4% Table 1 & Fig. 212857,
VE=(x M, +z,M,)/0
Az, M /O +(x, M, /0,)) (D
LLICMINFETHE, o1V Ez, DERIZK
iCRT, LW B Redlich-kister o o

4
B k-1
VEea, xzkzl A (x,—2,)

(2

ENOTIERL LIz £OERA, D& HOREER
Frop Offi % Table 3100559,

I, Table2d &k —Hlk7—42 Lb, Er¥Fr =z
LA VE - GEO SR A(2) R & Ikt O R T
FoObHENBZEDEEL T, Barker ™o figEAa B
TCEAHE L1, CPOHBEICHT - T, LD L5
PO IE, 29815 K Tk, By vy ooy
YERFRICH LT ) TR B,, = —1216,

Fig. 2 Molar excess volumes VE of aqueous
solutions of piperidines at 298.15 K.
@ water (1) + piperidine (2); O water (1)
+ pipecoline (2).
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Table 3 Coefficients of equation (2) for mixtures of water + piperidine and

water + pipecoline.

A, A, A, A, o2
water -+ piperidine
GE/] mol=!: 29815K 960.3 —2730 17043 —1362.1 051
’ 30815K 1435.7 —2940 1735.5 — 15274 049
VE/em® mol™? 29815 K —6.390 1.103 —0.389 872
water + pipecoline
GE/] mol—! - 29815 K 25833 —841.6 16182 —13475 0.54
’ 30815 K 30819 —9443 1580.4 — 15249 072
VE/cm® mol™ ! : 29815K —17.349 1.242 —1.499 953

a) 0,=107(% (XE/XE . —1)"/n)"; n=number of data points.
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Fig. 3 Molar excess Gibbs energies G¥ of
water (1) + piperidine (2) and water (1) +
pipecoline (2) solutions at 298.15 K.

water + piperidine;

water + pipecoline.
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Fig. 4 Reduced molar excess volumes as a
function of molar fraction at 298.15 K.
C water (1) + piperidine (2); A water (1)
+ pipecoline (2); water (1) + tert-
butylalcohol (2).
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