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ABSTRACT. The reaction rates for the transesterification reation were measured on the excess
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sucrose with the five fatty acid methyl ester systems such as methyl laurate, methyl myristate,
methyl palmitate, methyl stearate and methyl oleate at temperature range of 50°C to 90°C in
N, N-dimethylformamide solvent and potassiun carbonate as a catalyst.

Their activation parameters as well as rate constants were calculated from these measurements.
And these reactions were found to be pseudo-first order and depended mainly on thestructural
changes in fatty acid residue of methyl esters.

Also their reactions were found to be of enthalpy-controlled, which were disfavored in the
order of methyl laurate, methyl myristate, methyl palmitate, methyl oleate and methyl stearate.
Correspondingly their activation energies were 9.3, 9.9, 10. 3, 10.9, and 11. 1kcal/mole, respectively.
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Fig.1. Apparatus for the transesterification reaction
of sucrose. A : reaction flask (500ml), B : funnel,
C : thermometer, H : Hirschberg stirrer, E : Vigreaux
column, F : condenser, G : receiver, H : silicon rubber

seal.
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Fig.2. Variation of [My]/[M;] with reaction time
for the transesterification reaction of methyl laurate.

O :50°C, @:60°C, A :70°C, A :80°C, x :90°C
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Fig.3. Variation of [My]/[M,] with reaction time
for the transesterification reaction of methyl myristate.
Q:50°C, @ :60°C, A :T70°C, A :80°C, X :90°C
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Fig. 4. Variation of [Mo]/[M,] with reaction time
for the transesterification reaction of methyl palmitate.

O :50°C, @:60°C, A:70°C, A :80°C, X :90°C
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Fig.5. Variation of [Mg]/[M,] with reaction time
for the transesterification reaction of methyl stearte.
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Fig. 6. Variation of [My]/[M,] with reaction time
for the transesterification reaction of methyl oleate.

O:50°C, @:60°C, A:70°C, A :80°C, X :90°C
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Table 1. Observed pseudo—first order rate constants (sec™)) for the transesterification reaction of methyl
laurate with sucrose at various temperature.
Time 50 °C 60°C 70°C 80°C 90°C

(min) | (M) X108 EX 104 | (M) X10° EX10* | (M,)X10° Ex 10t | (M,) X108 &X10¢ | (M,) X10° £X10*

30 17.09 0. 895 15.88 1. 287 14.17 1.976 12. 41 2.678 9.65 4.078

60 15. 58 0.796 12. 66 1.258 10.25 1. 856 9.93 2.584 5.01 3. 856

20 13.27 0.745 9.90 1. 308 7.57 1 807 5.28 2.475 2.73 3. 698

120 12. 26 0. 685 8.44 1.186 6.62 1.768 3.47 3. 437 1.64 3.479

150 10.65 0.743 7.44 1. 076 4.32 1.707 2.31 2.403 0.92 3.427

180 9.92 0.654 6.23 1. 061 3.27 1. 680 1.52 2.393 — —

mean 0.753 1.196 1.799 2. 495 3.708

Table 2. Observed pseudo-first order rate constants (sec™?) for the

myristate with sucrose at various temperature.

transesterification reaction of methyl

Time 50 °C 60°C 70°C 80°C 90 °C
(min) | (A1) X108 Ex10¢ | (M,) X10° EX10¢ | (M) X10° BX10¢ | (M) X108 EX10° | (M) X 108 kx10¢
30 17.27  0.758 | 16.23 1.105 | 14.36 1.785 | 12.37 2.613 | 10.44  3.558
60 15.36 0.706 | 11.39 1.087 | 10.76 1.695 7.80  2.588 5.65  3.484
20 13.81  0.667 | 10.97  1.093 7.75  1.736 5.37  2.416 3.18  3.388
120 12.78  0.608 9.41 1.034 6.13 1.628 3.82  2.285 1.76  3.358
150 11.98  0.558 8.06  0.998 512  1.503 2.35  2.368 0.91  3.425
180 11.27  0.552 7.31  0.923 424 1.427 1.80  2.220 — —
mean 0. 638 1. 040 1.629 2.415 ! 3. 442
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Table 3.
palmitate with sucrose at various temperature.
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Observed pseudo-first order rate constants (sec™D) for the transesterification reaction of methyl

Time 50°C 60°C 70°C 80°C 90°C
(Min) (M) X103 BX 104 | (M) X108 kX10* | (M) X 103 £x10% | (M,) X103 BX10* | (M) X10® kX104
30 17.33 0.768 16. 66 0. 988 14.96 1. 586 13.02 2. 357 10. 65 3.475
60 15.85 0. 632 14.35 0. 909 11.78 1. 456 8.69 2.301 5.86 3.395
90 14.93  0.526 12.46  0.867 9.10  1.448 591 2.251 3.34 3.303
120 14.44 0. 448 10. 50 0. 888 7.28 1. 396 4.18 2.168 1.99 3.195
150 13.83 0. 404 9.34 0. 834 5.64 1. 406 2.72 2.213 1.08 3.243
180 12.75  0.412 8.72 0.764 4.56  1.363 1.90 2.174 — —
mean 0. 565 0.875 1.442 2.244 3.322

Table 4. Observed pseudo~first order rate constans (sec™?) for the transesterification reaction of methyl

stearate with sucrose at various temperature.

Time 50°C 60°C e | 8C 90°C

(min) | a7y %108 Ax10¢ | (M) %108 £X10¢ | (M,) X108 kX 10* \ (M)X10° EX10* | (M,)X10° kX 10*

30 18. 00 0.613 17.21 0. 863 15. 64 1. 398 14.11 1.964 11.36 3.168

60 16. 46 0. 555 14.94 0.824 12.47 1. 326 10. 27 1. 865 6.67 3.063

90 15. 66 0. 462 13.16 0.784 10. 38 1.223 7.59 1.803 4.16 2.915

120 15.02 0. 405 12.09 0.706 8.87 1.136 5.65 1.763 2.51 2.887

150 14. 60 0. 348 11. 06 0. 664 7.50 1.095 3.40 1.795 1.62 2.796

180 13.44 0.373 9.13 0.731 6.21 1.088 3.38 1. 652 0.98 2.799

mean 0. 456 0.762 1.211 1.807 2.938
Table 5. observed pseudo-first order rate constants (sec™!) for the transesterification reaction of methyl -

oleate with sucrose at various temperature.
Time 50°C 60°C 70°C 80°C 90°C

(min) (M) X10% kX104 | (M) X 10% BX 104 (M) x10% kXx10% | (M) X10° EX10* (M) X10° kX104

30 17.67 0. 654 16.81 0.937 15. 39 1.426 13.37 2.208 10.85 3. 368

60 16.01 0. 604 14.47 0. 886 12.08 1. 387 8.64 2.136 6. 29 3.197

90 15.14 0. 506 12.89 0. 803 9.84 1.305 6. 66 2.027 3.88 3.026

120 14. 31 0. 458 11.55 0.756 7.94 1. 276 4,58 2.039 2.08 3.316

150 13.47 0.434 10.16 0.474 6.60 1.225 3.48 1.936 1.37 2.976

180 12.78 0.410 9.22 0.713 5.33 1. 216 2.55 1. 896 0.84 2.927

mean 0.511 | 0.807 1.306 2,032 3.105
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Table 6. Activation parameters for the transesterification reaction of methyl laurate, methyl myristate,
methyl palmltate, methyl stearate and methyl oleate at 50°C.

Compounds E, (kcal/mole) 4H* (kcal/mole) A45% (en) AF*(keal/mole)
methyl laurate 9.3 8.7 12.3 12.7
methyl myristate 9.9 9.3 12.0 13.1
methyl palmitate 10.3 9.7 11.7 13.4
methyl stearate 11.1 10.5 11.2 14.1
methyl oleate 10.9 10.2 11.3 13.9
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stearate) and 5(methy! oleate). A : methyl laurate,
[0 : methyl myristate, O : methyl palmitate, @ : methyl
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