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Antrr wear property of zinc dialkyldithiophosphate
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Abstract: The chemical adsorption between four kinds of zinc dialkyldithiophosphates and Fe clusters were investi-
gated by chemical quantum method, and the relationship between adsorption energy and antr were property was dis-
cussed by frontier molecular orbital theory. The bond energy of the interaction between zinc dialkyldithiophosphate
molecules and Fe atoms were analyzed by frontier electron densities and net atomic charge of them. The results show
that the S¢ and S7 atoms are the most likely points of attack during the surface reaction. The attack causes the cleav-
age of P-S double bonds, then the decomposition products reacting with the surface of Fe metal lead to the formation
of the antrwear and antrfriction film largely composed of polyphosphates and sulphides. As antrwear agents, the s
hexyl ZDDP is found to be more effective than the n-hexyl ZDDP, and the n-hexyl ZDDP is superior to the phenyl
ZDDP. The electron withdrawing group (F) being introduced into the alkyl groups of the n-hexyl ZDDP is able to
strengthen chemical adsorption between ZDDP and Fe atoms. The prediction mechanism of the film formation is in

good agreement with experimental results.
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Table 1 Bond length, bond angle and dihedral angle of ZDDP

Bond length/ nm

Bond angle/ (°) Dihedral angle/ (°)

Compound
Zni—S: $—Ps Ps=Ss Pi—O0s A(l, 2 4 A(2 46 A(6 4,8 D(1,2 4.6 D13, 5 7
1 0.212 0.214 0.198 0. 168 129.7 122.2 110. 4 0 0
I 0.211 0.214 0.197 0. 169 129.6 122.8 109.7 0 0
I 0.212 0.215 0.197 0. 168 129.5 122.8 103.7 0 0
1Y 0.218 0.210 0.197 0.179 113.8 112.2 110.5 0 0
*2 oprHUERETESR
Table 2 Calculation results of molecular orbital index”
Molecular orbital components/ %
Compound AE1/ eV AE2/ eV Orbital E/ eV S2 Se Zn S3
3p: 3p: 3px 4px 3px
HOMO - 4.475 490
Fes - - - - - - -
LUMO 1.085 199
HOMO - 4.179 970 4.7 45.5 - - -
I 5.265 17 9.30229
LUMO 4. 826 794 - - 6.5 75.2 9.2
HOMO - 4.219 430 4.6 45.4 - - -
II 5.304 63 9.33929
LUMO 4. 863 801 - - 6.5 75.0 9.3
HOMO - 4.249 090 2.7 47.3 - - -
i 5.33429 9.35317
LUMO 4. 877 679 - - 16.5 69. 4 7.1
HOMO - 3.565260 4.4 45.8 - - -
1Y 4.628 15 8.318 59
LUMO 3. 843 094 - - 6.6 75.2 9.2

* —AE refers to the orbital energy gap between the LUMO of iron and HOMO of ZDDP;
LUMO of ZDDP and HOMO of iron.

AE> refers to the orbital energy gap between the
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Table 3 Frontier electron density and net atomic charge of ZDDP

Compound S oce(Zn) S oee(S2) foee(P) S oce(Se) Joce( 0) Os, Osq Qo
I 0. 005 85 0. 065 37 0.065 10 1.11979 0.02297 -0.2431 -0.3143 -0.3703
II 0. 008 45 0.113 82 0.023 53 1. 027 48 0.01277 - 0.2446 -0.3118 -0.3611
I 0.008 47 0.11394 0.023 54 1.027 27 0.01277 - 0.1886 - 0.3489 -0.3241
v 0. 003 63 0. 067 45 0.033 42 1. 092 48 0.024 02 -0.2090 - 0.3548 - 0.2985
#* 4 ZDDP 1E& R BRI b 402 W A e
Table 4 Interaction energy of chemical adsorption between ZDDP and Fe atoms
Compound En/eV Eo/eV Eom/ eV Eaps/ eV Rs—re/ nm

II's, - 33299.77015 — 364 16.985 148 3 - 69718.8212166 - 2.0659183 0.2305

e - 33299.770 15 - 36416.985 148 3 - 69716.756 1909 - 0.000 8925 0.2810

Isg - 33299.77015 - 36416.985 148 3 - 69721.214 708 2 - 4.459409 8 0.1862

ITo - 33299.77015 - 36416.985 148 3 - 69717.196 461 0 - 0.4411626 0.2532

I - 33299.77015 - 36 396. 186 704 7 - 69700.523 9518 - 4.5670970 0.1836

II - 33299.77015 - 36416.985 148 3 - 69721.214708 2 - 4.459409 8 0.1862

i - 33299.77015 — 37293.159 344 8 - 70597.186 281 7 - 4.256786 8 0.207 6

v - 33299.770 15 - 66 376.667 010 1 - 99681.067 7227 - 4.6305626 0.1820




5% 15 &5 8 Y]

SN, R ek AR B B TR TN A 0 B L

* 1309 -

-69 699.9

—-69 7053

-69710.7

-69716.2

Energy of compound/eV

-69721.6

—69727.11
1 1 1

1.0 1.5 20 2.5 3.0 3.5 4.0
Adsorbtion distance/nm

B3 —OE O T RACBERR B M I
Hak AR ERER RN KRR
Fig.3 Relationship between energy and
adsorbtion distance of

[(CeH130)2S2P]2Zn compound
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