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Study on Hydrolysis of Fatty Acid Esters and Their Combination Behavior with GumAcacia and Application
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Abstract: By the method of electrical conductance, the hydrolysis rate constants (k) of a series of fatty acid esters have been
measured in different contents of ethanol solution, and some correlative analyses have been done about the relationship among
themolecular structure of aseriesof fattyacidesters, the conditionsof hydrolysisandhydrolysisrate constants (k). Agood linear
relationshipamong thehydrolysisrateconstants (k), thepolarizabilityeffect indices (PEI) of alkyl groupRanddielectricconstant
(‘&) is deduced and this behavior can be expressed as 1gk=a+b1gPEI (R)+clge. Simultaneously, how the gumacacia affects the
hydrolysisrate constants (k) of fattyacidesters in38. 6%(V/V) ethanol solution, and the combinationbehavior between gumacacia
and fatty acid esters have been found. And the way to determine the combination costants (A) between them quantitatively isalso
found. Inaddition, the validated quantitative mathematic expression between hydrolysis rate constants(k) of ester and the
concentrationof gumacacia (M) : k=k’ / (1+AM) isverified. The result shows that the gumacacia can inhibit the hydrolysis reaction
of fattyacidester.
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Table 1 The k, PEI(R) and regress analysis result for some ester series

EM R A PEI (R) k ki ko — ki [Bl)= 7R

CH3C0:C:2Hs 38. 6% FEVIR 1. 0000 3.102 3.188 —0. 086 k=—10. 687PEI (R) +13. 875
C:H5C0:C2Hs 38. 6% BV 1. 1405 2.025 1. 686 0. 339 r=0. 9767

CHs (CHz) 2C02C:Hs 38. 6% FEAI 1.1887 0.920 1.171 -0. 251 n=5

CHs (CH2) 5C0C:Hs 38. 6% FEHI 1.2122 0.917 0. 920 -0. 003 s=0. 2485

CHs (CH2) 4C0:C:Hs 38. 6% BEA 1. 2260 0.776 0.773 0. 003

CH3C0:C:2Hs 46. 6% B 1. 0000 2.082 2.128 —0. 046 k=—7. T493PEI (R) +9. 8775
C:H5C02C2Hs 46. 6% B 1. 1405 1.228 1. 039 0. 189 r=0. 9853

CHs (CHz) 2C02C:Hs 46. 6% B 1.1887 0.515 0. 666 -0. 151 n=5

CHs (CH2) 5C02C:Hs 46. 6% B 1.2122 0.479 0. 484 —0. 005 s=0. 1422

CHs (CH2) 4C02C:Hs 46. 6% B 1. 2260 0. 390 0. 377 0.013

CH3C0:C2Hs 56. 6% B 1. 0000 1. 261 1. 290 -0.029 k=—4. 5964PET (R) +5. 886
C:H5C0:C2Hs 56. 6% BV 1. 1405 0. 752 0. 644 0. 108 r=0. 9879

CHs (CHz) 2C02C:Hs 56. 6% FEAI 1.1887 0. 360 0. 422 —0. 062 n=5

CHs (CHz) 5C02C:Hs 56. 6% FEAI 1.2122 0. 282 0.314 —0. 032 s=0. 07675

CHs (CH2) 4C02C:Hs 56. 6% BEA 1. 2260 0. 266 0. 251 0.015

CH3C0:C2Hs 67. 7% BEF R 1. 0000 1. 064 1.039 0. 025 k=—3. 7346PEI (R) +4. 7732
C:H5C02C2Hs 67. 7% BE R 1. 1405 0. 463 0.514 -0. 051 r=0. 9879

CHs (CHz) 2C02C:Hs 67. 7% BE IR 1.1887 0.291 0. 334 —0. 043 n=5

CHs (CH:z) 5C02C:Hs 67. 7% BER 1.2122 0. 261 0. 246 0.015 s=0. 05212

CHs (CH2) 4C02C:Hs 67. 7% FE N 1. 2260 0. 248 0. 195 0. 053
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Table 2 The k, ¢ and regress analysis result for some ethanol-water system series

el EY] IR € k ki ki — ki [RIJ= 7R
CH3C02C2Hs 38. 6% FEHI 52. 66 3.102 2. 890 0. 212 1gk=3. 18671ge —5. 025
CH3C02C2Hs 46. 6% B 48.13 2. 082 2.195 -0.113 r=0. 9798
CH3C02C2Hs 56. 6% FEHI 42. 84 1. 261 1.419 -0. 158 n=4
CH3C0:C:Hs 67. 7% B 37. 44 1. 064 1. 026 0.038 s=0. 0518
C:H5C0:C2Hs 38. 6% M 52. 66 2.025 1.908 0.117 1gk=4. 27831ge —7. 0845
C:H5C02C2Hs 46. 6% B 48.13 1.228 1.298 -0.07 r=0. 9955
C:H5C02C2Hs 56. 6% FEHI 42. 84 0. 752 0. 789 —0. 037 n=4
C:H5C02C2Hs 67. 7% B 37. 44 0. 463 0. 443 0.02 s=0. 03199
CHs (CHz) 2C0:C2Hs 38. 6% ML 52. 66 0. 920 0.793 0.127 1gk=3. 25471ge —5. 7037
CHs (CHz) 2C0:C2Hs 46. 6% B 48.13 0.515 0.592 -0. 077 1=0. 955
CHs (CHz) 2C0:C2Hs 56. 6% FEAI 42. 84 0. 360 0. 405 —0. 045 n=4
CHs (CH2) 2C0:C:Hs 67. 7% B 37. 44 0. 291 0. 261 0.03 $=0. 07942
CHs (CH2) 5C0:C:Hs 38. 52. 66 0.917 0. 758 0. 159 1gk=3. 64741ge —6. 3991
CHs (CH2) 5C02C2Hs 46. 48.13 0. 479 0. 546 —0. 067 r=0. 9278
CHs (CHz) 5C0:C2Hs 56. 6% FEAI 42. 84 0. 282 0. 357 -0. 075 n=4
CHs (CHz) 5C0-C2Hs 67. 7% BER 37. 44 0. 261 0.219 0.042 $=0. 1152
CHs (CHz2) 4C02C2Hs 38. 6% A M 52. 66 0.776 0. 627 0. 149 1gk=3. 20681ge —5. 7235
CHs (CHz2) 4C02C2Hs 46. 6% BEH 48.13 0. 390 0. 469 —0.079 r=0. 9064
CHs (CHz2) 4C02C2Hs 56. 6% B M 42. 84 0. 266 0.323 -0. 057 n=4
CHs (CHz) 1C0:C2Hs 67. 7% BER 37. 44 0. 248 0.210 0.038 s=0. 1174
1gk=—5. 533911+3. 5164051 ge —7. 5123561 gPEI 24 GA XFER/K i E ) 5y
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Fig.1  The process of ester hydrolysis
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The hydrolysis rate constants of esters in different
concentration of gum acacia [k(L/mol « min)]

GA (mg/L)
1002  2.004
3.008  2.892
1925 1.871
0.902  0.89%0
0.896  0.872
0.761  0.743
36.417 _ 28.151

Table 3

ey

CHsC0:C2Hs
CHsCH2C02C2H5
CHs (CHz) 2C0O2C2Hs
CHs (CH2) 5C02C2Hs
CHs (CH:) 4C02C2Hs
CHsCH (OH) CO2C.Hs

0. 000
3. 102
2.025
0. 920
0.917
0.776
42. 204

0.501
3.051
1.976
0.913
0. 906
0. 768
39. 33

4.008
2.682
1.745
0. 837
0. 809
0. 709
20. 013

3. 006
2.731
1.786
0. 864
0.841
0.714
22.715
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Table 4  The validation and regressive equation of relation between the ester’s hydrolysis rate constants and concentration of gum acacia
&Y Ky % K st Ka— K EIY Py Pt fn 22
CH3C02C:Hs 2.892 2. 875 0.017 k=3. 1153/ (1+0. 0417M) S=0. 00353
r=0.9914; A=0.0417; [FIH4,5: n=6
CH3CH2C0:C:Hs 1.871 1. 865 0. 006 k=2. 0149/ (1+0. 0401M) S=0. 00378
r=0.9955; A=0.0401; [A|J9/%: n=6
CHs (CHz) 2C02C2Hs 0. 890 0. 882 0. 008 k=0. 9246/ (1+0. 0243M) S=0. 00845
r=0.9873; A=0.0243; [A|J9/%: n=6
CHz (CHz) 3C02C2Hs 0. 872 0. 865 0. 007 k=0. 9227/ (1+0. 0333M) S=0. 00846
r=0.993; A=0.0333; [[JH&: n=6
CHz (CHz2) 1C02C-2Hs 0. 743 0. 740 0. 003 k=0. 7777/ (1+0. 0251M) S=0.01108
r=0.9861; A=0.0251; [H[)45: n=6
CHsCH (OH) C02C2Hs 28. 151 27.757 0. 394 k=45. 045/ (1+0. 3108M) $=0. 00146
r=0.9944; A=0.3108; [H[)45: n=6
*GA FIWRSEM 2y 2. 004mg /L I KRB AW, k AN L/mol +min.
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Table 5 The stabilization of GA on ester of 38° fen-flavor liquor

[ a¥eaingE] LR 2.1 (mg/100m1) FLE& 1§ (mg/100m1)
A o 1 FE & o JE FEfh
L5 93.82 95. 49 94.43 96. 53
4.5 82. 54 84. 67 80. 10 86. 68
85 71.28 76.62 70. 81 75.29
12 65. 80 72.82 64. 39 68. 33
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