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Abstract

A high pressure flow-mixing isothermal calorimeter is used to determine the excess molar enthalpies of methylformate + (1-propanol, 2-propanol,
1-butanol, 2-butanol and 1-pentanol) at 7=298.15K and p = (5.0, 10.0) MPa, and methylformate + 1-propanol at 7=333.15K and p = 10.0 MPa.

The Redlich—Kister equation is fit to the experimental results.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

For proper design of chemical processes and to test theo-
ries of solution, there is a constant need for thermodynamic
excess enthalpy data. To determine the influence of tempera-
ture and pressure on the excess molar enthalpy, and to over-
come the lack of the data on mixtures of ester and alcohols
at high pressure, excess molar enthalpies of five binary sys-
tems for methylformate and (1-propanol, 2-propanol, 1-butanol,
2-butanol and 1-pentanol) were determined at 7'=(298.15,
333.15) Kand p = (5.0, 10.0) MPa. The excess molar enthalpy of
methylformate and 1-propanol at 7=298.15K and p =0.1 MPa
was reported in literature [1]. But the published HE data were
determined at ambient pressure.

2. Experimental
2.1. Chemicals

In all experiments, methylformate (A.R. grade) and alcohq)ls
(A.R. grade) were dried with the help of molecular sieves (3 A)
and filtered by Millipore filter (0.45 pum).
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2.2. Apparatus

A commercial isothermal calorimeter (model IMC 4400,
Calorimetry Sciences Corporation, USA) was used in these mea-
surements. The flow-mixing system consists of a sample cell and
a reference cell (model CSC 4442), two syringe pumps (model
260D, ISCO Inc., USA) with a resolution of 0.1 wL min—1,and a
back pressure regulator (model CSC 4448). To confirm the relia-
bility of this calorimeter, excess molar enthalpies of three binary
systems, ethanol + water at 7=298.15K and p = (0.2, 0.4) MPa
[2], methanol + water and acetone +water at 7=298.15K and
p=0.2 MPa were measured [2]. The uncertainty of HE values
measured in triplicate at the same mole fraction is less than
0.4 Jmol~1 for the above three systems.

3. Results

Excess molar enthalpies of methylformate and (1-
propanol, 2-propanol, 1-butanol, 2-butanol and 1-pentanol) at
T=(298.15, 333.15)K and p=(5.0, 10.0) MPa are listed in
Tables 1-5. Experimental results were fitted to a Redlich—Kister
polynomial:

N
Hg =x(1-x)) Ai(l—2x) (1)
i=0
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Table 1 Table 3
Excess molar enthalpies of methylformate (1) and 1-propanol (2) Excess molar enthalpies of methylformate (1) and 1-butanol (2)
X1 HE (Jmol™1)  x; HE (Jmol™1)  x; HE (Jmol~1) X1 HE (Jmol™1)  x; HE (mol™1) x HE (Jmol—1)
T=298.15K, p=5.00 MPa T=298.15K, p=5.00 MPa
00399 3282 0.3414  1680.5 06990 14754 00501 4421 0.4004  1920.6 07494 14315
00788  621.1 03893  1746.7 0.7562 1281.4 01000 8313 0.4503  1950.0 08004 12121
01201  888.2 04381 1777.4 0.8146  1059.8 0.1496 11451 05003 1947.3 08509  971.0
01621 1116.1 04878  1788.2 0.8743 7735 0.2000  1400.6 05505 1910.4 09006  677.6
0.2066 1311.2 05386  1764.2 09376  406.4 0.2496  1597.3 0.6006  1840.7 09495 3454
02501 1468.8 05903  1706.2 02999 17475 0.6505 1730.4
0.2944  1590.1 0.6452  1605.3 0.3508  1851.7 07002  1592.9
T=298.15K, p=10.00 MPa T=298.15K, p=10.00 MPa
00398 3424 03407 1729.8 0.6983 14916 00500 4411 0.3996  1909.5 07511 14100
00786  646.3 03885 1792.3 0.7556  1303.3 0.0997  828.1 0.4495  1941.2 07999  1205.2
01197 9222 04373  1824.2 0.8141 1070.4 01506  1149.2 0.4995 19355 08505  955.4
01616 1153.1 04870 1823.4 08739  773.0 01994 1396.4 05497 1895.9 09003  666.2
02061 1357.6 05377 1790.8 09374 4032 02505 1597.4 05998  1822.0 09493 3316
02495 1515.1 05895  1726.2 02992 17418 06498 1717.1
02937 1637.4 0.6444 16214 0.3500 1847.6 0.6995  1586.1
T=333.15K, p=10.00 MPa
0.0403  336.3 0.3404 19728 0.7005 1754.3
00788  670.4 0.3868  2057.7 07572  1528.7 Table 4
0.1205 9868 0.4370 21102 0.8151  1267.2 Excess molar enthalpies of methylformate (1) and 2-butanol (2)
01629 1264.2 04853  2128.3 0.8743 9357
0.2061 1496.8 05374  2097.7 09347 5167 x1 HE (mol™)  x HE (Jmol™t)  x HE (Jmol~t)
0.2500  1689.7 05907  2035.2 T=298.15K, p=5.00MPa
0.2048  1850.9 06450 1920.0 0.0501  454.1 0.4004  2061.0 0.7494 15925
01000  860.6 0.4503  2103.8 0.8004 13736
0.1496 1192.8 05003 2108.5 0.8509  1090.4
Table 6 contains the parameters of Redlich-Kister equation 0.2000 14716 0.5505 20745 0.9006  768.2
and standard deviations (S.D.). The experimental data from g-gggg 1228-; 8-2282 iggg-g 0.9495 4154
Tables 1-5 are plotted in Figs. 1-3. 03508 19854 07002 17633
. . T=298.15K, p=10.00 MPa
4. Discussion 0.0996  896.9 03993 20007 07003 17713
] 01500  1215.0 04504 21318 07491 15916
All the binary systems showed endothermic and symmetrical 0.1994  1488.0 0.4992 21335 0.7997 13537
behavior over the whole mole fraction range. The explanation ~ 0.2493  1709.3 0.5501  2097.2 0.8494 1081.2
of the above behavior is thought to be steric interactions. The ~ 02997  1884.0 0.6006  2030.0 0.9008  729.1
most important molecular associations in the pure liquids are 0.3504 ~ 2007.0 06508 19192
through hydrogen bonds in the alcohols and dipole—dipole inter-
Table 2 Table 5
Excess molar enthalpies of methylformate (1) and 2-propanol (2) Excess molar enthalpies of methylformate (1) and 1-pentanol (2)
x1 HE @ mol—l) x1 HE & mol‘l) x1 HE @ mo|—1) X1 HE Q) mol’l) X1 HE Q] mol*l) X1 HE Q) moI*l)
T=298.15K, p=5.00 MPa T'=298.15K, p=5.00MPa
0.0399 354.6 03471 18712 0.7055 1670.1 0.0507 550.3 0.4005 21827 0.7492 16145
0.0822 7002 03951 1949.4 0.7606  1488.3 0.0997  989.3 0.4488  2208.2 07983 13805
01235 9856 04440 1989.8 08191 12274 0.1503  1351.9 0.4998  2198.3 0.8497  1099.4
0.1656  1232.9 0.4938 19985 0.8766 9332 02004 1628.7 0.5506  2134.3 08992 7573
02102 14439 05447 19775 09376 5078 0.2494  1839.0 0.6009  2062.9 09509  356.7
0.2556  1622.4 05965  1922.9 02091 2000.4 0.6503  1942.7
03000 17630 06494  1823.0 03496 2113.9 0.6986  1802.7
T=298.15K, p=10.00 MPa T=298.15K, p=10.00 MPa
0.0398 3587 0.3463  1858.9 0.7048  1658.2 0.0505 5386 03997 21725 0.7486  1611.1
0.0820 7007 03943 19345 0.7600  1468.6 00094 977.3 0.4509  2197.8 0.8020  1370.7
01232 9855 04432 19763 0.8186 12136 0.1499  1337.0 04990  2187.1 0.8493  1100.8
0.1651 12285 04930 19855 0.8762 9053 01998  1614.9 05498 2140.6 0.8988  762.0
0.2006 14419 0.5439  1967.9 0.9374 49338 0.2510 18325 0.6001  2067.3 0.9507 3448
0.2549 16157 05957  1906.0 0.3009 19915 0.6496  1950.0
0.2993 17512 0.6487  1809.0 03488 21055 0.7017  1787.9
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Table 6
The parameters of Redlich-Kister equation and standard deviations
Ag A1 Ar A3 Ay As s.D2 @ mol‘l)
Methylformate + 1-propanol
298.15K, 5MPa 7121.3 649.21 1392.0 899.11 —719.70 —740.05 3.77
298.15K, 10 MPa 7252.4 903.69 1593.3 572.30 —957.71 —292.95 3.23
333.15K, 10 MPa 8495.30 472.78 1436.0 1407.5 —1354.8 —2184.7 7.38
Methylformate + 2-propanol
298.15K, 5 MPa 7980.1 377.33 1717.1 287.83 —510.96 —502.15 5.50
298.15K, 10 MPa 7931.6 386.00 1607.3 539.65 —456.79 —485.17 3.20
Methylformate + 1-butanol
298.15K, 5MPa 7753.4 883.79 1726.5 —7.3452 —1303.6 417.33 6.28
298.15K, 10 MPa 7692.0 976.52 1906.7 —290.83 —1661.8 888.99 6.50
Methylformate + 2-butanol
298.15K, 5MPa 8418.0 563.40 1623.5 —42.272 —955.48 3.78
298.15K, 10 MPa 8500.3 445.67 1854.3 1409.2 —1980.8 —1280.2 13.64
Methylformate + 1-pentanol
298.15K, 5 MPa 8731.3 1328.9 2522.6 —984.74 —1788.5 2407.1 7.34
298.15K, 10 MPa 8695.7 1291.1 2786.9 —13205 —2377.8 2914.3 10.73

12
asSD. = [Z(HCEMQ - He'fxp_)/n} /2. s the number of data for each data set.

actions between molecules of ester. The main interactions in the
hydrogen bonds are those between the oxygen atoms of the ester
group and hydrogen atoms of the alcohol hydroxyl group [3].
The reduction of hydrogen bonds in alcohols aggregates upon
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Fig. 1. Excess molar enthalpies for methylformate (1) and alcohols (2) as a
function of x;. The curves were calculated using the parameters of Table 6 from
the Redlich—Kister equation as described in the text. 1-Propanol: (a) 298.15K,
5MPa; (¢) 298.15 K, 10 MPa; (O) 333.15 K, 10 MPa. 1-Butanol: (@) 298.15 K,
5MPa; () 298.15K, 10 MPa. 1-Pentanol: (M) 298.15 K, 5 MPa; (*) 298.15K,
10 MPa.

mixing provides a positive contribution to HE; the formation
of cross-associates between methyl formate and alcohols pro-
vides a negative contribution. The values of HE will depend on
the balance between these two opposite contributions. The pos-
itive values of HF indicate a preponderance of the endothermic
perhaps associated to the reduction of self-associated interac-
tions (hydrogen bonds in alcohols and dipole—dipole interac-
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Fig. 2. Excess molar enthalpies for methylformate (1) and 2-propanol (2) as a
function of x1. The curves were calculated using the parameters of Table 6 from
the Redlich-Kister equation as described in the text. (@) 298.15K, 5 MPa; (A)
298.15K, 10 MPa.
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Fig. 3. Excess molar enthalpies for methylformate (1) and 2-butanol (2) as a
function of x1. The curves were calculated using the parameters of Table 6 from
the Redlich—Kister equation as described in the text. (@) 298.15K, 5MPa; (A)
298.15K, 10 MPa.

tions in both components) [4,5]. The increasing of HE with
the side chain of the alcohol was ascribed to the difficulty of
cross-interaction between the alcohol and methyl formate in the
mixture.

The excess enthalpies of propanol and butanol isomers
increase with shielding around the hydroxyl group. This sug-
gests that more bonds in the branches alcohols will break at
a given concentration than for the normal alcohol solution

[6].
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