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Introduction  
 

Automotive lubricant oils are either mineral oil, fully synthetic oil or 

a mixture of both classes.  Synthetic motor oils commonly use 

polyalkylene glycols, polyesters, or polyalphaolefins.  Additives are 

used to protect the oil and adapt the performance. During use, the 

motor oil and the additives are degraded and contaminated with 

burn products and degradation products. Traditional methods for 

the characterization of fresh and used oil have been based on FT-

IR, NMR, or GC-MS techniques. Here we have used absorption 

mode FT-ICR MS to provide an alternative or complementary 

method for the analysis of motor oil. A semi-synthetic 5W20 oil was 

analyzed and the same type motor oil was collected from a 

domestic automobile after 200 and 3,500 miles normal use. 

 

For laser desorption ionization (LDI), a 1μL of the oil solution was 

dissolved into 100μL of methanol and dichloromethane (2:1 v/v). A 

1μL of sodium trifluoroacetate (100ug/mL in MeOH:H2O 1:1 v/v) 

was spiked in the oil solution.  For ESI, a 1μL sample was dissolved 

into a mixture of 10 mL of methanol and dichloromethane (2:1 v/v). 

A 10μL of sodium trifluoroacetate (100ug/mL in MeOH:H2O 1:1 v/v) 

was spiked in the oil solution and served as an internal calibrant. 

Spectra were recorded on a Bruker 12T Solarix XR and the data 

was converted to absorption mode using Autophaser. Molecular 

formulae were assigned using SmartFormula 3D (Bruker Daltonics) 

and nD KMD. End groups on the polymer components in synthetic 

lubricant were assigned using the methods of va Rooij et al.  
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Conclusions 
  
Both LDI and ESI successfully generated spectra from the test oil samples. 
Because semi-synthetic oil is a mixture of mineral oils and synthetic oils, many 
peaks are observed for each sample but high resolving power of ICR mass 
spectrometer, especially in absorption mode, enables assignment of the 
molecular formulae to a large proportion of the peaks. In the ESI spectrum, 
polydimethylsiloxane (PDMS) was shown after 3,500 mi run. It is common 
lubricant material and came from car engine. These samples were collected at 
the same time, from vehicles which had been lubricated with the same class of 
oil, but which did not necessarily have identical initial compositions. 
  
Polyalphaolefin (PAO) is another common material for synthetic oil and it is not 
easily ionized by ESI. With sodium ions, PAO is observed in the sample as a 
dominant component.  
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The trimethylsilyl PDMS series could be easily identified using the isotopic 
distribution of the homologous series members.  In order to plot isotopic 
distributions in the absorption mode we use a modified version of the Mercury 
algorithm (Kilgour et al.). 

C44H133O19Si21
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Mass recalibration graph from nD KMD 
showing PDMS series before ( blue)and 
after calibration (black).  nD KMD ignores 
anomalies from calibration curve data 
automatically.  Red points are the two 
originally identified peaks, the other points 
were automatically inferred. 
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PAO figure from ExxonMobil website 


