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Process of dehydration of nitrilotriacetic acid
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Abstract: Quantum chemistry density functional theory (DFT) on the level of B3LYP/6-311++G (d, p) calculations is
used to study the dehydration reaction mechanism of nitrilotriacetic acid (NTA). The corresponding stable configuration
was gotten by optimizing the reactants, the transition state and the product, and analyzing the frequency and the natural
bond orbital. Frequency analysis results of the transition state show that there is only one virtual band, and it is confirmed
by analysis of the vibration and the intrinsic reaction coordinate. The results from the Gaussian03 calculation show that:
NTA dehydration reaction as a means of microcosm is NTA—TS—P+H,0. The activation energy required and the energy
of the reaction product are 160.206 0 and 68.961 3 kJ/mol, respectively. The reaction is endothermic reaction. The

1

reaction rate constant is calculated to be 5.825><10'® s ' using classical transition state theory.
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Fig.1 Schematic map of reactant, intermediates and transition state
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1 IM3 TS
Table 1 Bond length of IM3 and transition state /nm
M3 TS
N(1)—C(10) 0.1453 0.145 70
C(10)—C(11) 0.1520 0.153 70
C(7)—0(14) 0.121 1 0.114 00
C(7)—O(18) 0.1350 0.165 30
C(11)—0(17) 0.1209 0.119 69
C(11)—0(19) 0.1354 0.127 00
0(19)—H(20) 0.097 2 0.191 80
2 IM3 TS
Table 2 Bond angle of IM3 and transition state /)
M3 TS
C(6)—C(7)—0(14) 122.754 6 133.710 1
C(6)—C(7)—C(18) 114.252 1 107.772 4
N(1)—C(10)—C(11) 113.715 8 112.178 8
C(10)—C(11)—C(19) 109.900 6 115.180 6
C(11)—C(19)—C(20) 106.292 4 128.878 6
C(7)—C(8)—C(22) 105.555 2 112.301 5
N(1)—C(6)—C(7) 116.027 8 113.281 5
IM3
1 2 C(7)—0(18)
0.135 0 nm 0.165 3 nm (NBO)
0(14)
( —0.599 -0.471) C(7)
( 0.797 0.774)
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C(7) 0O(14) 0(19)
—H(20) 0.097 2 nm 0.191 8nm  O(18)
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Table 3 Energies of reactant, transition states and products
Ey/GJ Ezp/MJ (EgtEZp)/GJ
—1.943 956 0.434 192 —1.943 522
—1.943 787 0.427 983 —1.943 359
—1.943 871 0.418 476 —1.943 453
E. Ers E

Ef:ETS_Er:163 kJ/mol
Er:ETS_Ep:94 kJ/mol
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Fig.2 Relationship between IRC of transition state and energy
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