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Quantitative Structure — Tribo — ability Relationship
about the Antiwear Properties
of N — containing Heterocyclic Derivatives
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Abstract : The structural parameters of 36 lubricating additives of N — containing heterocyclic derivatives with the matrices of
benzoxazole,, benzimidazole, benzothiazole, thiazoline and piperazine were calculated by Hartree — Fock ab initio quantum
chemistry method. Quantitative Structure — Tribo — ability Relationship (QSTR) of these additives were studied by multiple
linear regression (MLR) method. The antiwear properties of additives showed an appropriate relation with the dipole and the
total energy, and strongly depended on the matrices. The QSTR models had an acceptable predictive ability, and can be
used to design and synthesize new lubricating additives.
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Fig. 1  Structures of matrices of N — containing
heterocyclic derivatives
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Table 1 Structure and tribological data of N — containing heterocyclic derivatives
. . VS(196 N) VS(294 N) VS(392 N)
Matrices Substituent X
Expt® Pred Expt* Pred Expt* Pred
1 A S, G, Hys 4.16 3.96 4.32 4.08 4.34 4.06
2 A S,CgH,, 4.40 3.63 4.58 3.82 4.63 3.77
3 A S, C4Hy 4.28 3.60 4.47 3.78 4.47 3.73
4 B S, Gy Has 4.12 4.03 4.11 4.12 4.18 4.12
5 B S,CgHy; 3.81 4.00 4.04 4.07 4.08 4.06
6 B S,C,Hy 3.88 3.96 3.95 4.02 3.96 4.01
7 C S,C,Hys 3.79 3.78 3.99 4.01 3.96 3.97
8 C S,CgHy; 3.70 3.76 3.91 3.97 3.75 3.93
9 C S,C,Hy 3.55 3.72 3.80 3.91 3.20 3.87
10 C SCH,CH(OH)CH,SC =S(0C,Hs) 3.19 3.69 3.95 4.00 4.07 3.94
11 C SCH,CH(OH) CH,SC =S(0C4H,y) 3.80 3.72 3.98 4.03 4.05 3.98
12 C SCH,CH(OH) CH,SC =S(0CsH,, ) 3.90 3.73 4.03 4.05 4.09 3.99
13 C SCH,CH(OH)CH,SC =S(0CgH,,) 3.52 3.76 3.93 4.08 3.92 4.03
14 C SCH,CH(OH) CH,SC =S[ N(C,Hs), ] 3.35 3.99 3.67 4.21 3.31 4.18
15 C SCH,CH(OH) CH,SC =S[N(C,H,), ] 3.41 4.02 3.73 4.26 3.50 4.23
16 C SCH,CH(OH)CH,SC =S[ N(CgH,; ), ] 3.51 4.12 3.83 4.38 3.82 4.36
17 C SCH, CH( OH) CH, SP = S(0C, H, ), 5.00 4.35 5.16 4.55 5.18 4.55
18 C SCH,CH(OH) CH,SP =S(0CgH,,), 4.74 4.40 4.93 4.64 4.96 4.64
19 C SCH,CH(OH) CH,SP =S(0CI2H, ), 4.87 4.32 5.04 4.63 5.07 4.62
20 A SCH,N(CyHy), 3.85 3.80 3.94 3.89 4.02 3.86
21 A SCH,N(CgH,,), 3.86 3.83 4.02 3.96 4.05 3.94
22 B SCH,N(C4Hy), 3.69 3.93 3.91 3.98 3.95 3.97
23 B SCH,N(CgH,,), 3.78 3.98 3.94 4.06 4.00 4.05
24 C SCH,N(C,4Hy), 3.66 3.83 3.83 3.97 3.65 3.94
25 C SCH,N(CgH,,), 3.51 3.86 3.77 4.04 3.79 4.01
26 D SCH,N(C4Hy), 3.59 3.85 3.71 3.96 3.72 3.93
27 D SCH,N(CgH,y; ), 3.61 3.90 3.72 4.04 3.51 4.01
28 C SC; H, 3.94 3.67 3.91 3.81 3.95 3.77
29 C SCgH,; 4.10 3.70 4.06 3.86 4.10 3.82
30 C SC;Hs 4.02 3.74 4.05 3.86 4.03 3.82
31 B SC;H, 3.56 3.58 3.55 3.69 3.45 3.65
32 B SC; Hs 3.60 3.76 3.66 3.81 3.63 3.79
33 A SC; Hs 3.68 3.63 3.71 3.73 3.76 3.69
34 E S =CSC,oHy, 4.13 4.23 4.26 4.44 4.35 4.43
35 E S =CSCgH,, 4.08 4.21 4.23 4.40 4.32 4.39
36 E S =CSC,Hy 4.47 4.15 4.70 4.30 4.60 4.29
a. from Ref!'®)
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Table 2 Results of MLR analysis under three loads B RAR M, o, PR 294 N AR F .
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a. correlation coefficent, b. Fisher value, c. standard error,

d. significance level.
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Table 3 Pearson§ correlation coefficients matrix

Items VS(196 N) VS(294 N) VS(392 N) Dipole/Debye Energy/ (kcal - Mol ™!)
VS(196N) 1.000
VS(294 N) - 1.000
VS(392N) - - 1.000
Dipole/Debye 0.476 .445 0.423 1.000
Energy/ (kcal - Mol ~!) -0.372 -.559 -0.490 -.340 1.000
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Fig.2 Standard error distribution of anti — wear — scar — scale
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Table 4 Fitting performance of lubricant additives with diffent matrices
. VS(196 N) VS(294 N) VS(392 N)
Matrices Number of samples
R F R F R F
Benzoxazole A 6 0.907 6.988 0.936 10.530 0.928 9.327
Benzimidazole B 7 0.882 6.975 0.987 74.518 0.992 127.121
Benzothiazole C 18 0.673 6.207 0.751 9.715 0.663 5.870
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