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Refractive Indices, Densities, and Excess
Properties of 4-(2-Hydroxyethyl)morpholine +
Water at (298.15, 308.15, and 318.15) K

Amar H. Al-Dujaili,* Abeer A. Yassen, and Akl M. Awwad

Department of Chemistry, College of Education, 1bn-Al-Haithem Baghdad University, and
Al-Basil Research Center, Jadiriyah P.O. Box 10039, Baghdad, Iraq

Refractive index and density have been measured at (298.15, 308.15, and 318.15) K for the binary
mixtures of 4-(2-hydroxyethyl)morpholine + water over the whole mole fraction range. From these
data, the excess molar volume and the deviations in molar refractivity were calculated and fitted to
the Redlich—Kister polynomial equation to estimate the adjustable parameters and the standard

errors.

1. Introduction

In our preceding papers (Awwad and Kanbour, 1980;
Awwad et al., 1983, 1985, 1988; Awwad, 1988) the experi-
mental values of density, sound velocity, and viscosity have
been reported for the binary mixtures containing morpho-
line, N-methylmorpholine, and N-formylmorpholine as one
component. As a part of our experimental program on the
physiochemical properties of binary mixtures of morpho-
lines, we present here the experimental results of the
density, p, and the refractive index, np, for the binary
mixtures of 4-(2-hydroxyethyl)morpholine + water at
(298.15, 308.15, and 318.15) K over the whole mole fraction
range. From these results, the excess molar volumes and
the deviation in molar refractivity, AR, have been calcu-
lated over the whole mole fraction range.

2. Experimental Section

2.1. Materials. The water was deionized and doubly
distilled. Its specific conductivity was <1 x 1076 S cm™2.
4-(2-Hydroxyethyl)morpholine (Aldrich, 99% purity) was
purified as previously described (Awwad et al., 1983) and
dried over freshly activated 4A molecular sieves (Fluka
AG). The water content, as determined by gas—liquid
chromatography, was <0.1 £+ 0.01%. The uncertainty in
the mole fractions was <2 x 1074

2.2. Measurements. Densities were measured with a
digital precision system DMA 60/602 (Anton Paar). Details
of the system and the calibration procedure were ad-
equately covered in previous work (Al-Azzawi and Awwad,
1990). The overall precision of the density measured is
estimated to be better than +2 x 1075 g-cm™3,

Refractive indices for the sodium D-line were measured
with an Abbe refractometer. A minimum of three indepen-
dent readings were taken for each composition. The refrac-
tive index values are accurate to +£2 x 1074

For all measurements, a Schott-Gerate CT 1150 ther-
mostat was used at a constant digital temperature control
of £0.01 K at the desired temperature.

* Corresponding author.

10.1021/je0000322 CCC: $19.00

3. Results and Discussion

The experimental data of densities, p, and refractive
indices, np, at various mole fractions and three tempera-
tures are presented in Table 1. The excess molar volumes
have been calculated from the relation

Xy = X )

Deviations in molar refractivity, AR, were calculated
from (Aminabhavi and Golalakrishina, 1995)
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where x; and x, are the mole fractions of 4-(2-hydroxyeth-
yl)morpholine and water, respectively; p, p1, and p, are the
densities; and np and np; are the measured refractive
indices of the mixture and the pure component liquids,
respectively. M; and M, are the molecular weights of
liquids 1 and 2, V; is the molar volume of the ith component
liquid. ¢; and ¢, are the volume fractions of component
liquids 1 and 2.

The calculated values of VE and AR were fitted to the
Redlich—Kister polynomial equation (Redlich and Kister,
1948):

VE (or AR) = XlXZZJAj(XZ - x,) (6)
£
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Table 1. Experimental Values of the Refractive Index
(np) and Density (p), Deviation of the Molar Refractivity
(AR) and Excess Molar Volumes (VE) for
4-(2-Hydroxyethyl)morpholine at (298.15, 308.15, and
318.15) K

X1 Np AR/cm3-mol-1  p/g-cm®  VE/cm3-mol-1
T=298.12K
0.0000 1.3329 0.0000 0.99707 0.0000
0.0224  1.3329 —3.4528 1.01696 —0.1989
0.0423 1.3736 —5.7459 1.03023 —0.3504
0.0636  1.3826 —7.7675 1.04165 —0.5023
0.0859  1.3959 —9.3511 1.05098 —0.6436
0.0993 1.4020 —10.1352 1.05587 —0.7284
0.1401 1.4241 —11.5911 1.06615 —0.9234
0.1974  1.4303 —13.2515 1.07468 —1.1228
0.2976  1.4470 —13.7804 1.08145 —1.3314
0.4008 1.4574 —12.7804 1.08191 —1.3292
0.4992 1.4636 —11.5234 1.08031 —1.2057
0.5945 1.4673 —9.7397 1.07851 —1.0384
0.6884 1.4704 —7.6401 1.07634 —0.8077
0.7859 1.4717 —5.4649 1.07471 —0.5829
0.8802 1.4734 —3.1426 1.07324 —0.3515
0.9500 1.4747 —1.2501 1.07210 —0.1476
1.0000 1.4756 0.0000 1.07132 0.0000
T=308.15K
0.0000 1.3316 0.0000 0.99406 0.0000
0.0224 1.3520 —3.4792 1.01087 —0.1541
0.0423 1.3720 —5.7855 1.02413 —0.3152
0.0636  1.3824 —7.7955 1.03518 —0.4688
0.0859 1.3934 —9.4092 1.04499 —0.6322
0.0993 1.4001 —10.1842 1.04992 —0.7245
0.1401 1.4125 —11.6033 1.05971 —0.8755
0.1974 1.4276 —13.3057 1.06738 —1.1163
0.2976  1.4435 —13.8353 1.07321 —1.3140
0.4008 1.4540 —13.0157 1.07341 —1.3172
0.4992  1.45997 —11.5675 1.07177 —1.2055
0.5945 1.4643 —9.7160 1.06885 —0.9674
0.6884  1.4664 —7.7134 1.06695 —0.7602
0.7859  1.4688 —5.4179 1.06532 —0.5391
0.8802 1.4704 —3.0894 1.06413 —0.3379
0.9500 1.4709 —1.2413 1.06309 —0.1387
1.0000 1.4716 0.0000 1.06225 0.0000
T=318.15K
0.0000 1.3301 0.0000 0.99025 0.0000
0.0224  1.3509 —3.4720 1.00656 —0.1525
0.0423 1.3701 —5.7906 1.01889 —0.2999
0.0636  1.3813 —7.7871 1.02933 —0.4444
0.0859  1.3905 —9.4241 1.03843 —0.5941
0.0993 1.3974 —10.2021 1.04435 —0.7147
0.1401 1.4152 —11.5001 1.05422 —0.8700
0.1974  1.4253 —13.3009 1.06063 —1.0826
0.2976  1.4406 —13.8005 1.06382 —1.1653
0.4008 1.4514 —12.9636 1.06448 —1.1699
0.4992  1.4573 —11.4986 1.06314 —1.0575
0.5945 1.4604 —9.7212 1.06144 —0.8928
0.6884 1.4641 —7.6540 1.06001 —0.7192
0.7859  1.4652 —5.4116 1.05838 —0.4962
0.8802 1.4667 —3.1011 1.05746 —0.3185
0.9500 1.4672 —1.2411 1.05641 —0.1366
1.0000 1.4682 0.0000 1.05572 0.0000

where n is the number of adjustable parameters A;. In each
case, the optimum number of adjustable parameters is
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Figure 1. Excess molar volume VE versus x;, mole fraction of
4-(2-hydroxyethyl)morpholine at 298.15 K.
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Figure 2. Deviations in molar refractivity AR versus x;, mole
fraction of 4-(2-hydroxyethyl)morpholine at 298.15 K.

ascertained from an examination of the variation in
standard errors, o, as given by

((VE or AR),,.) — ((VE or AR),)*["?

o(VE or AR) = N=P)

()

N represents the number of experimental points and P the
number of adjustable parameters. The values of these
parameters, A;, along with the standard errors, o, are listed
in Table 2.

Excess molar volumes (VE) and deviations in molar
refractivity (AR) are negative for the system studied over
the entire range of mole fraction at (298.15, 308.15, and
318.15) K. VE and AR show a negligible temperature
dependence. However, this dependence is not shown graphi-
cally to avoid overcrowding of graphs. Figures 1 and 2 show
that there is a minimum in VE and AR in the water-rich
region, which is related to the composition of 4-(2-hydroxy-
ethyl)morpholine + water at a ratio of 2 mol of water to 1
mol of 4-(2-hydroxyethyl)morpholine. Such behavior is
similar to that obtained by Al-Azzawi et al. (1990) for the
system of 2-pyrrolidone + water. Such behavior may be
attributed mainly to the association through intermolecular
hydrogen bonding between the water and hydroxy groups

Table 2. Parametric (A;) and Standard Errors (o) of the Redlich—Kister Equation

function T/IK Ao Az Az As o
VE/cm3-mol 298.15 —4.5309 —6.0414 —3.5193 0.011
308.15 —4.4799 —3.1816 —2.7731 —3.5995 0.012
318.15 —4.1267 —2.8834 —2.9503 —3.7305 0.011

AR/cm3-mol~1 298.15 36.4354 —5.3778 —91.7138 —135.9570 0.45

308.15 36.5827 —5.5621 —92.1290 —136.7065 0.50

318.15 36.3940 —5.3762 —92.2967 —136.8291 0.47
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and the lone pair electrons on the nitrogen atom of 4-(2-
hydroxyethyl)morpholine. These interactions lead to higher
negative VE and AR values.

Literature Cited

Al-Azzawi, S. F.; Awwad, A. M. Excess Molar Volumes, Excess
Logarithmic Viscosities, and Excess Activation Energies of Viscous
Flow for 2-Ethoxyethanol + y-Butyrolactone and + Sulfolane at
303.15 K. J. Chem. Eng. Data 1990, 35, 414—418.

Al-Azzawi, S. F.; Awwad, A. M.; Al-Dujaili, A. H.; Al-Noor, M. K.
Dielectric Constants and Excess Volumes of 2-pyrrolidone + Water
at Several Temperatures. J. Chem. Eng. Data 1990, 35, 463—466.

Aminabhavi, T. M.; Golalakrishina, B. Density, Viscosity, Refractive
Index, and Speed of Sound in Aqueous Mixtures of N,N-Dimethyl-
formamide, Dimethyl Sulfoxide, N,N-Dimethylformamide, Aceto-
nitrile, Ethylene Glycol, Diethylene Glycol, 1,4-Dioxane, Tetrahy-
drofuran, 2-Methoxyethanol, and 2-Ethoxyethanol at 298.15 K. J.
Chem. Eng. Data. 1995, 40, 856—861.

Awwad, A. M.; Kanbour, F. I. Densities and Excess Molar Volumes of
N-Formylmorpholine and Water at 298.15 K. J. Iragi Chem. Soc.
1980, 55, 99—107.

Awwad, A. M.; North, A. M.; Pethrick, R. A. Ultrasonic Studis of
N-Formylmorpholine + Water Mixtures. J. Chem. Soc., Faraday
Trans. 2 1983, 79, 449—461.

Awwad, A. M.; Al-Madafi, S. F.; Jbara, K. A.; Alchy, W. T. Excess Molar
Volumes of N-Formylmorpholine + a Glycol at 298.15, 308.15 and
318.15 K. J. Chem. Thermodyn. 1985, 17, 1073—1077.

Awwad, A. M.; Allos, E. I.; Salman, R. S. Excess Molar Volumes of
Mixture Containing Morpholine. J. Chem. Eng. Data 1988, 33, 265—
267.

Awwad, A. M. Excess Volumes of 2-Ethoxyethanol + Morpholine, +
N-methylmorpholine and + N-Formylmorpholine. Int. DATA Ser.,
Sel. Data Mixtures, Ser. A 1988, 3, 206—209.

Redlich, O.; Kister, A. T. Algebric Representation of Thermodynamic
Properties and the Classification of Solutions. Ind. Eng. Chem. 1948,
40, 345—348.

Received for review January 25, 2000. Accepted April 10, 2000.

JE0000322



