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Supplementary Information
1. Preparation of the additives

The chemicals and solvents were purchased from Shanghai Chemical Reagents, Shanghai,
China and were used without purification. A commercial rapeseed oil (referred to rapeseed
oil), provided by Grease Factory of China, Lanzhou, China was used as the lubricating oil
without any further treatment. The main chemical constituents of the rapeseed oil are as
follows: 7.46 wt. % of saturated fatty acids, 64.06 wt. % of monounsaturated fatty acid and
28.48 wt. % of total polyunsaturated fatty acid.

For the design of the additives, vicinal diol group in GMO and nitrogen were introduced to the
borate esters, see Fig. S1, with the aim to improve the oil-solubility and hydrolytic stability of
borate esters in rapeseed oil. The oxygen and nitrogen elements can be helpful for stabilizing
the molecules and the long chain which is symbolised by R group in the image was designed to
increase the oil-solubility.
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Fig. S1 The design of the novel borate ester

Specifically, tris(2-hydroxyethyl)amine (TEA) salt of (2-hydroxy-1,3,2-dioxaborolan-4-yl)
methyl oleate (OBS) and (2-(2-(bis(2-hydroxyethyl)amino)ethoxy)



" The

preparation as well as the codes of the borate esters is schematically depicted in Fig. S2 and

-1,3,2-dioxaborolan-4-yl)methyl oleate (OBN) were prepared according to Ref

the procedure was described as follow. The commercial GMO is a mixture of 60 wt. %
2,3-dihydroxypropyl oleate, 20 wt. % 3-hydroxypropane-1,2-diyl dioleate and 20 wt. %
propane-1,2,3-triyl trioleate, therefore GMO used in the preparation is calculated based on
the hydroxyl groups. In a 500 mL of round bottomed flask, 54.2 g (0.1 mol) of GMO, 6.2 g (0.1
mol) of boric acid and some catalyst were added to a solvent then the solution was heated to
110 °C. As the reaction proceeded, water were generated and removed. The solution reflux
for 2 hr till the reaction terminated and then 10.1 g (0.1 mol) of tris(2-hydroxyethyl)amine was
added. The solution was washed with water and the solvent was evaporated, and at last
produced 61.2 g of OBS. When the solution was treated with similar dehydration procedure as
described before 59.8 g of OBN was obtained. All of the compounds were characterized by
Infra-Red spectroscopy, NMR and elemental analysis. Then boron content of OBS and OBN is
1.97 wt. % and 1.52 wt. %, respectively. The nitrogen content of OBS and OBN is 2.62 wt. %
and 2.07 wt. %, respectively. The additives are both mixture, therefore OBS and OBN are only

schematically shown as the main content.
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Fig. S2 The preparation, structure and scheme of the additives

2. Characterization of the additives

The additives were characterized by elemental analysis and the results are shwon in Table S1. The

Infra-Red spectroscopy and NMR results are shown in Fig. S3 to Fig. S6.

Table 1 The elemental analysis of the borate esters °

Items C(wt. %) H (wt. %) B (wt. %) N (wt. %)
OBN 64.21 (63.15) 11.20 (10.21) 1.52 (2.11) 2.07 (2.73)
OBS 64.03 (63.15) 10.52 (10.21) 1.97 (2.11) 2.62 (2.73)

® Calculated value (balanced by oxygen)
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Fig. S3 IR spectrum of OBS
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Fig. 44 IR spectrum of OBN
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Fig. S5 NMR spectrum of OBS
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Fig. S6 NMR spectrum of OBN
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