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Vapor—Liquid Equilibria and Excess Enthalpies for Binary Systems of
Dimethoxymethane with Hydrocarbons

K. V. N. Suresh Reddy! Y. V. L. Ravi Kumar, * D. H. L. Prasad,} and A. Krishnaiah*

Department of Chemistry, Sri Venkateswara University, Tirupati-517 502, India, Chemical Engineering Division,
Indian Institute of Chemical Technology, Hyderabad-500007, India

Isobaric vaporliquid equilibrium data at 95.96 kPa for the three binary systems of dimethoxymethane with
hexane, cyclohexane, and benzene are determined. A Swietoslawski-type ebulliometer is used for the measurements.
The experimental—x data are used to estimate Wilson parameters, and these parameters in turn are used to
calculate vapor-phase compositions and activity coefficients. The activity coefficients are useful to calculate excess
Gibbs function G&RT). All the systems studied here do not exhibit azeotropes. Excess Gibbs function values
are positive over the entire range of composition for all the systems. Excess enthalpies are reported for the binary
systems of dimethoxymethane with hexane, cyclohexane, and benzene at 298.15H¢€ d&iR are interpreted

on the basis of intermolecular interactions between unlike molecules.

Introduction Table 1. Boiling Points (Thp) and Densities p) at 298.15 K of the
Pure Components

Modern environmentally beneficial methods of reformulating
motor gasoline often use ethers and alcohols as octane enhancers
and also to improve air quality by reducing pollutants in the
atmosphere. Methytert-butyl ether (MTBE) has been used gimethoxymethane 33411%255 3341152-3‘;5 685179501 6%17&5
extensively as gasoline additive. However, it dissolves easily C%Eﬂeexane 33 98 33 87 27308 7389
in water and causes h_ealth _r|sk by the contamination of drmklng benzene 35315 35325 873.64 873.70
water?! In addition, it is resistant to microbial decomposition.

These facts have promoted research on the possible use ofhan 99.5 mass %. Dimethoxymethane with purity 99 mass %
several oxygenates that have low solubility in water and are was supplied by E. Merk Ltd (Mumbai, India). The reagents
harmless to the environment. Diisopropyl ether (DIPE), were used without further purification after gas chromatography
dimethoxymethane (DMM), 2-propanol (IPA), dimethyl carbon- failed to show any significant impurities. The purity of the
ate (DMC), and diethyl carbonate (DEC) have some advantagessamples was checked by comparing the measured densities and
over MTBE. Dimethoxymethane (DMM) is a potential oxygen- boiling points of the components with those reported by Riddick
ate for diesel fuet. Test results indicate that addition of 30 % et al® The experimental values agree well with literature values.
DMM to diesel fuel results in reduction of particulate matter, The densities were measured with a bicapillary pycnometer
while NO, emissions remain unaffectéd. previously described by Rao and NaifuThe values are

Phase equilibrium data of these oxygenated mixtures arereproducible tat 5 x 10-2kg-m~3and have an uncertainty of
important for predicting the vapor-phase composition that would 0.1 kgm~3. The data are presented in Table 1.
be in equilibrium with hydrocarbons. The heat of mixing of =~ Apparatus and ProcedureA Swietoslawski ebulliometer,
two components is of importance in design calculations involv- Similar to the one described by Hala et*&lwas used for the
ing chemical separation and fluid flow and is a direct measure VLE measurements. The ebulliometer was connected to a
of their molecular interactions. As a part of our work on Pressure controlling system. The pressure was controlled by
thermodynamic and transport properties of octane boosters, ~Cartesian diver and was measured with an accuraey 013
this paper reports new experimental data for isobaric vapor kPa. The equilibrium temperatures were measured to an
liquid equilibrium (VLE) at 95.96 kPa and excess enthalpy data accuracy of+ 0.1 K by means of a resistance thermometer,
on the binary systems of dimethoxymethane witrh@drocar- carefully calibrated by means of point-to-point comparison with
bons at 298.15 K. A search in the literature indicates that @ standard platinum resistance thermometer certified by the
Treszczanowicz et df12 reported VLE data for some binary National Bureau of Standards (now NIST). The liquid mixtures

Top/K plkg-m~3
component expt lit expt lit

systems of dimethoxymethane with hydrocarbons. of required composition were prepared gravimetrically, with the
use of an electronic balance that was precise-t6.0001 g.
Experimental Section The values of mole fraction were reproduciblett@®.0001 and

) ) . have uncertainty of 0.1 %. The ebulliometer was charged with
Materials. All the chemicals except dimethoxymethane are he mixture of desired composition, and the boiler was then
from S. D. Fine Chemicals (Mumbai, India) with purity greater peated by Nichrome wire wound around the boiler. After the

liquid mixture started boiling, the bubbles along with the drops

;ggo?:gezsl%%%dirll%xilgrlgffénzngéff burikrish@yahoo.com. Phot@l- of liquid spurted on the thermowell. After adjusting the pressure
* Sri Venkateswara University. ' to a desired value and when VLE was attained, the temperature
*Indian Institute of Chemical Technology. was measured. All the precautions were taken to minimize the
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Table 2. T—x;—y; Data, Activity Coefficients, and Dimensionless VA AL
Excess Gibbs Function for Dimethoxymethane (1} Hexane (2) at A= -2 exp — 12 3)
95.96 kPa 12 v, RT

X1 Texp/K Tcal/K Yical Vi Y2 GERT L
0 340.15 34015 O 2.4356 1.0000 0O A= A . Adgy 4
0.1128 32855 328,55 0.3893 2.0899 1.0108  0.092 217~ \7 ex RT 4)
0.2457 32195 321.95 0.5712 1.7507 1.0539  0.177 2
0.3372 319.35 319.35 0.6408 1.5649 1.1058  0.217 o _
0.4120 317.75 317.75 0.6828 1.4383 1.1649 0.239 andV;- andV;- are the liquid molar volumes whila;, and
0.5043  316.35 316.35 0.7247 13093 12635 0.252 Aj},; are Wilson model constants. The optimum Wilson
8'2823 giif’lg giigg 8'28(13 ﬁggg i'gggs g'gg; parameters are obtained by minimizing the objective function
07855 31395 31395 08391 10614 18733 0181 definedas
0.9015 31355 313.55 0.9066 1.0139 2.4067  0.098
1 313.75 31375 1 1.0000 3.1578 0 S= Z[(Pca/Pexp) — 1P (%)

Table 3. T—x;—y; Data, Activity Coefficients, and Dimensionless
Excess Gibbs Function for Dimethoxymethane (1)+ Cyclohexane

where Peyy and Pcy are experimental and calculated values

(2) at 95.96 kPa respectively of the total pressure. The Neldbtead optimiza-

c tion technique described by Kuester and Mfagas used. Here
5 X ;:;IES LC;KOS )g.,cal ;;706 7;20000 G /ORT the vapor phase is assumed to be ideal in the evaluation of
00782 24035 240.35 03631 19546 10030  0.055 vapor phase_co_mposn_lon, this assumption is justified as the
01736 33155 33155 05705 18089 10158  0.115 phase behavior is studied at low pressdréhe vapor composi-
0.2508 326.85 326.85 0.6642 1.6944 1.0355 0.158 tion (ya) is calculated from the following equation:
0.3444 322.95 32285 0.7371 1.5631 1.0736  0.200
0.4567 319.45 31955 0.7941 1.4192 1.1483  0.235 XpY AP
0.5517 31755 317.65 0.8285 1.3100 1.2486  0.248 Yo =—" (6)
0.6511 316.25 316.15 0.8573 1.2087 1.4137 0.244 Pcal
0.7516 315.15 315.05 0.8834 1.1211 1.6928  0.217
0.8832 314.15 314.05 0.9234 1.0341 24625 0.137 \where
0.9298 313.85 31395 0.9447 1.0138 2.9926  0.089
1 313.75 313.75 1 1.0000 4.4604 O _ s

pcal - leylp|

Table 4. T—x;—y; Data, Activity Coefficients, and Dimensionless
Excess Gibbs Function for Dimethoxymethane (1)} Benzene (2) at

wherepS is the saturation vapor pressure of comporieat

95.96 kPa temperaturd. Vapor pressures needed in the computations were
X1 ToplK  TealK Yical 71 72 GERT calculated from the Antoine constants derived from the compila-

0 350.85 35085 O 27074 1.0000 O tion in the data bank of Riddick et df,and the values of

0.0615 339.75 339.75 0.3423 2.3867 1.0050 0.058 Antoine constants are given in Table 5. The vapor presBure

0.1456 33175 33175 0.5359 20146 1.0271  0.124  of compounds (in mmHg) was calculated using the Antoine

02135 327.95 327.95 06163 17820 10569 0166 oo ation:

0.3003 32475 32475 06816 1.5559 1.1100  0.205 :

0.4071 322.05 322.05 0.7369 1.3575 1.1985  0.231 B

04785 320.65 320.65 0.7669 1.2603 12732  0.236 log[P/mmHg] = A — [_] ®)

05617 319.25 319.25 07992 11731 1.3782  0.230 TIK+C,

0.6384 318.15 318.15 0.828  1.1127 1.4942  0.213 _ )

0.7555 316.65 316.55 0.8749 1.0489 1.7150 0.167 whereA, B, andC are Antoine constants aridis temperature

08607 31525 31525 09221 10154 19703  0.107 inKelvin. The vapor pressure data of pure liquids obtained using

1 313.75 31375 1 1.0000 24211 0

eq 8 are in agreement with the experimental values with an
average absolute deviation of 0.7 % and maximum deviation

loss of components due to evaporation during the preparationy 1 gg 96, Molar volumes of liquids were calculated from the

and subsequent measurements. Excess enthalpies were measurﬁ(iiu

id density data of the present work. Critical properties and

using Parr 1451 solution calorimeter. The details of the he gther input data required for the estimation were collected

calorimeter and experimental procedure have been described,om Reid et ak° The values of Wilson parameters along with
previously by Krishnaiah et af The values ofHE are

reproducible to withint= 1 % and have an uncertainty of 2 %.

Results and Discussion

The experimental liquid mole fraction of DMMx{) and
boiling temperatureT) data are given in Tables 2 to 4. The

standard deviations are given in Tablel6:x;—y; plots for the

three binary systems of DMM withdhydrocarbons are shown

in Figures 1 to 3. An observation of the plots in Figures 1 to 3
indicates that the binary systems of dimethoxymethane wjth C
hydrocarbons exhibit positive deviation from ideal behavior. All

the systems studied here do not form azeotropes. The same

liquid-phase composition versus temperature data are fitted toP€havior was observed by Treszczanowicz et al. for the binary
the Wilson modéf in the form of systems of DMM (1)+ cyclohexane (2)and DMM (1) +
hexane (2)° Activity coefficients computed on the basis of
Wilson model were used to evaluate dimensionless excess Gibbs
function at 95.96 kPa for three binary systems over the entire
range of composition. Calculated boiling poinf&4), vapor-
phase mole fractionsy{) of DMM, the liquid-phase activity
coefficients ¢1 and vy,), and dimensionless excess Gibbs
function G&/RT) are included in Tables 2 to 4. The plots of
excess Gibbs functiorG/RT) versus liquid-phase mole fraction

of DMM (x,) are given in Figure 4. The excess Gibbs function

A12 _ A21
Xi T ALY X+ AyX

Iny; = —In(x + A%) + % 1)

A21 A12

- 2
Xt Ay Xt A12x2]

Ny, = —In(X, + AyX;) + %,

where
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Table 5. Antoine Constant$ of the Components 355
component A B C 350
dimethoxymethane 7.10401 1162.58 —40 345 |
hexane 6.87601 1171.17 —48.74 340 |
cyclohexane 6.83917 1200.31 —50.65
benzene 6.89710 1206.53 —52.24 v 335 1
S |
2log [PImmHg] = A — [BI(T/K + C)]. 330
325
Table 6. Representation of the Measurements by the Wilson Model 320 |
system PARIIK [A22/RIK 03K 315 |
dimethoxymethane (1) hexane (2) 156.2 225.8 0.04 110
dimethoxymethane (3} cyclohexane (2) 33.30 435.8 0.07 ‘
dimethoxymethane (1 benzene (2) 297.5 65.56  0.03 0 02 DMN?ﬁnole fraction%cé o) 08 1
X10ry,
2g/K = [(3(Texp — Tea)d/N]¥2 Figure 3. T—x;—y: data for DMM (1)+ benzene (2) at 95.96 kPa.
345 0.3
—e— Benzene
340 0.25 —4&— Cyclohexane
135 —&— Hexane
| 02
330 | e
¥ 2015
325 &}
0.1
320
315 | 0.05 -
310 0 T T T T
0 0.2 0.8 1 0 0.2 0.8 1

0.4 06
DMM mole fraction (x; or y )

Figure 1. T—x,—Y; data for DMM (1)+ hexane (2) at 95.96 kPa. Figure 4. Excess Gibbs functions53(]/RT) vs DMM mole fraction i)
for three binary systems.

0.4 . 06
DMM mole fraction (x, ory ;)

355
—e—liquid Table 7. Mole Fraction of DMM and Excess EnthalpyH E for the
s —o— vapor Binary Systems of DMM with Ce¢ Hydrocarbons at 298.15 K
DMM (1) + DMM (1) + DMM (1) +
hexane (2) cyclohexane (2) benzene (2)
v 335 X1 H &Jmolt X1 H &/ Jmol~! X1 H &Jmolt
= 0.0576 277 0.0659 341 0.0561 42
325 1 0.1238 538 0.1321 630 0.1140 70
0.1942 757 0.2046 870 0.1671 88
315 0.3159 1033 0.2797 1068 0.2700 113
| 0.3900 1128 0.3488 1191 0.3228 118
0.5076 1205 0.4173 1279 0.3836 119
305 0.5787 1196 0.4784 1322 0.4404 117
0 02 0.4 0.6 08 1 0.6973 935 0.5335 1325 0.6190 104
’ DMM mole fraction (x ; or y,) ' 0.7374 863 0.5851 1303 0.6685 97
0.8112 695 0.6481 1101 0.7134 88
Figure 2. T—x;—y; data for DMM (1) + cyclohexane (2) at 95.96 kPa. 0.8393 607 0.7360 943 0.7550 78
0.8788 475 0.7727 852 0.8018 61
values are positive over the entire range of composition for all 0-9522 210 Ooégé?éz 671g4 0.9471 15
the systemsG E/RTvalues follow the order DMM (1) hexane 0.9008 428
(2) > DMM (1) + cyclohexane (2> DMM (1) + benzene 0.9471 235

(2). GE/RT is maximized at an equimolar fraction in sys-

tems of DMM with benzene and hexane, and the maximum The experimental values ¢4 F are given in Table 7. The
value is skewed toward high ether mole fraction range in case data are fitted to an empirical equation in the form of

of DMM with cyclohexane. The VLE data presented in Tables 3

2 to 4 were found to be thermodynamically consistent by the E_ _ 1y

area test method of Heringtéh. The Wilson parameters HZ=x(1 =X ) h(x=1)] ©)
determined in this work have been utilized to predict the vapor-
phase mole fraction for the binary mixtures of DMM (1) wherex is the mole fraction of dimethoxymethane. The values
cyclohexane (2) and DMM (1} benzene (2) systems at the of parameters; have been determined using the method of least
conditions given by Treszczanowicz et’@P The vapor-phase  squares and are listed in Table 8 along with values of percentage
mole fractions predicted from the present work deviated from standard deviation. The dependence of excess enthalpy on
the vapor-phase composition reported by Treszczanowicz etcomposition is illustrated graphically in Figure 5. The excess
al.”10 with average absolute deviations of 0.013 and 0.063 enthalpy versus mole fraction curves are symmetric in all the
respectively for the DMM (1H cyclohexane (2) and DMM  systems. The values of excess enthalpies are positive over the
(1) + benzene (2). entire range of composition in all the systems. The positive
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Table 8. Estimated Parameters of Equation 9 and Percentage of (6) Reddy, K. V. N. S.; Prasad, D. H. L.; Krishnaiah, A. Phase equilibria
Standard Deviation [% o(H F)] at 298. 15 K for the binary systems of octane boosters with 2,2,4-trimethylpentane.
) a Fluid Phase Equilib2005 230, 105-108.
system ho hy h hs [% o(H)] (7) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Ligtigapor
DMM + Jmolt  JFmoll Jmolt  Jmol? Jmol-t equilibrium, 2,4-dioxapentarecyclohexane systenint. DATA Ser.,
Sel. Data Mixtures, Ser. A998 26 (1), 59.
hexane 4703.6 —353.9 82.14 85.52 2.73 (8) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Ligticapor
cyclohexane  5211.7 —417.8 -121.8  —435 2.43 equilibrium, 2,4-dioxapentarecyclohexane systenint. DATA Ser.,
benzene 4729 —109.7 88.7 —205.1 2.08 Sel. Data Mixtures, Ser. A998 26 (1), 58.
(9) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Excess Gibbs energy,
2% o(H E) = [S((Hext — HeaF)HexE x 100%/n — p]*2. 2,4-dioxapentanecyclohexane systemint. DATA Ser., Sel. Data
Mixtures, Ser. AL998 26 (1), 60.
1400 (10) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Liguichpor
A_a ® Benzene equilibrium, 2,4-dioxapentanebenzene systennt. DATA Ser., Sel.
1200 . A Cyclohexane Data Mixtures, Ser. A998 26 (1), 56.
1000 W Hexane (11) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Liquichpor
n equilibrium, 2,4-dioxapentanebenzene systenint. DATA Ser., Sel.

Data Mixtures, Ser. A998 26 (1), 55.

o
é 800 (12) Treszczanowicz, T.; Lu, B. C.-Y.; Benson, G. C. Excess Gibbs energy,
5600 2,4-dioxapentanebenzene systerint. DATA Ser., Sel. Data Mixtures,
= Ser. A1998 26 (1), 57.
400 (13) Riddick, J. A.; Bunger, W. B.; Sakano, T. Krganic Solents:
200 Physical Properties and Methods of Purificatiofith ed.; Wiley-
Interscience: New York, 1986.
0 (14) Rao, M. V. P.; Naidu, P. R. Excess volumes of binary mixtures of
o 02 0.8 ) alcohols in methylcylcohexan€an. J. Chem1974 52, 788-790.

DM&‘Llole fractiono&oryl) (15) Hala, E.; Pick, J.; Fried, V.; Villim, OVapor Liquid Equilibrium

. . . . Pergamon Press: Oxford, 1958.

Flgurg5. Excess enthalpiesi(F) for the binary systems of dimethoxymethane (16) Krishnaiah, A.; Surendranath, K. N.; Ramakrishna, M. Excess en-
(1) with hydrocarbons (2) at 298.15 K. thalpies for mixtures of cyclohexane with isomeric propanols and
butanols at 298.15 Kindian Acad. Sci.; Chem. Sdi988 100, 323~

E i i i 328.
values ofH * may be due to the dispersion forces operating (17) Wilson, G. M. Vapor-liquid equilibrium. XI. A new expression for

between unlike molecules. The positiMe- values indicate that the excess free energy of mixing. Am. Chem. Sod964 86, 127—
the interactions between unlike molecules are weaker than those  130.

between similar molecules. Th¢E data of dimethoxymethane  (18) ,\K/Iugster, E_“T’-\i MizYe, i E@imization Techniques with Fortran
H H H H . cGraw-mHill: New York, .
with hydrocarbons increase in the following order: benzene (19) Prausnitz, J. M.- Lichtenthaler, R. N.: de Azevedo, EMBlecular

hexane< CyCthexane: . Thermodynamics of Fluid Phase Equilibyiand ed.; Prentice-Hall;
The lowerH E values in the case of benzene may be attributed Englewood Cliffs, NJ, 1986.

to then—zx interactions between DMM and benzene. A similar (20) Reid, R. C.; Prausnitz, J. M.; Sherwood, T.Thie Properties of Gases
and Liquids 3rd ed.; McGraw-Hill: New York, 1977.

trend is observed by several authors in the case of mono ether%Zl) Letcher, T. M.; Domanska, U. Excess molar enthalpies of (hexane, or

with hydrocarbong! 23 octane, or decane, or dodecane, or hexadecane, or cyclohexane, or
1-heptene, or 1-heptyne, or 2,2,4-trimethylpentaheethyl 1,1-
Literature Cited dimethylpropyle ether) at the temperature 298.15 X. Chem.

) ) ) ) Thermodyn1999 31, 1627-1634.
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