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Gas chromatography–mass spectrometry (GC-MS) 

Analyses were conducted on a TRACE 1300 gas chromatograph equipped with an AI 1310 autoinjector 
and interfaced to an ISQ 7000 quadrupole mass spectrometer (Thermo Scientific, San Jose, CA).  A 30 m × 
0.25 mm i.d. column with 0.25 µm thick TG-5SILMS stationary phase (5% phenylsiloxane-containing 
methylsiloxane; TraceGold, Thermo Scientific) was used for the separation of the reaction products at 
1.5 mL/min flow rate of the helium carrier gas.  Column oven temperature was isothermal at 40 °C for 3 
min, then raised to 350 °C at 3 or 10 °C/min rate and held at 350 °C for 20 min.  Samples (0.1 µL aliquots 
of neat liquids) were injected in split mode with 1:100 split ratio and injector temperature of 275 °C.  The 
mass spectrometer was operated with electron ionization (EI), and electron energy set to either 70 eV 
(standard) or 12 eV (to reduce EI-associated fragmentation of molecular ions).  Ion source and transfer 
line temperatures were 250 °C and 300 °C, respectively.  Mass spectra were acquired in the m/z 35–500 
range with cycle time of 0.2 s.  The system was controlled by Thermo Scientific’s XCalibur software (version 
4.0), and data were processed with the Qual Browser module of the program.             

 

Bomb Calorimetry 

The gross heat of combustion (Hc), or calorific value, of the oligo(amylene) (n = 1) was obtained using a 
Parr 6725 Semi-micro Calorimeter outfitted with a Parr Calorimeter Thermometer according to the 
standard method.1  Benzoic acid was used as the internal standard (e.g., spike) for the tests and to 
calculate the energy equivalent of the instrument.  Between each combustion measurement, the oxygen 
bomb was disassembled and cleaned with distilled water.  The gross heat of combustion (Hc) was 
calculated from the average of three separate measurements.  From the Hc (kJ/g), the net heat of 
combustion (Hn) in kJ/g was calculated Eq. 1:2,3 

  

Hn = Hc – [21.96 x (weight fraction hydrogen of the analyte)]                                         (1) 

 

This equation deducts the enthalpy of vaporization of water, resulting from the complete oxidation of the 
hydrogen contained in the analyte. 
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Ignition Quality Test (IQT) and Derived Cetane Number (DCN) 

The derived cetane number of the oligo(amylene) (n = 1) (sample volume 100 mL) was collected by the 
Southwest Research Institute® (San Antonio, TX) using an Ignition Quality Test apparatus according to the 
published method.4  The ignition delay time (τ) for the fuel was measured (ms) and averaged over 32 
combustion cycles.  The DCN value was then calculated based on τ and the equations found in the standard 
method. 

 

Elemental Microanalysis 

In further support for the chemical identity and purity of the oligo(amylene) made in this report, elemental 
microanalysis (C and H) of the product was made by Atlantic Microlab, Inc. (Norcross, GA).  

 

Freezing Point 

Analytical instrumentation was unavailable for measurement of the melting point of the oligo(amylene) 
(n = 1).  Therefore, the oligo(amylene) (n = 1) (5 mL) was placed in a glass vial which was incubated in a 
dry ice/acetone bath (–78 °C) for 1 h as a qualitative test of phase change.   

  

Flash Point 

The flash point data for the oligo(amylene) (n = 1) (sample volume 2 mL) was collected with a Grabner 
Instruments MiniFlash FLP by the closed cup method.5 

 

Density and Kinematic Viscosity 

Density and kinematic viscosity of the oligo(amylene) (n = 1) was obtained simultaneously using an Anton-
Paar SVM 3001 Stabinger viscometer by the published method.6  The instrument was injected with analyte 
(~3 mL) and set to run from –20 to 40 °C in 5 °C increments.     

 

Nuclear Magnetic Resonance Spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy of the oligo(amylene) was performed to ensure the 
correct chemical constitution and qualitative purity.  Solutions for NMR analysis were made by dissolving 
the analyte (~20 mg) in deuterated chloroform (CDCl3, 1 mL).  All data were collected on a JEOL ECZ 400 
MHz spectrometer (1H at 400 MHz, 13C at 100 MHz).  Nuclear magnetic resonance data (free-induction 
decay’s) were processed using ACD/NMR Processor software (Advanced Chemistry Development Inc., 
Toronto).  All spectra were referenced to solvent or tetramethylsilane.   
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Table 1  Bomb calorimetry data on the oligo(amylene) (n = 1). 

Run Mass (g) 
Gross 
HoC1 
(kJ/g) 

Net HoC 
(kJ/mol) 

Volumetric 
Net HoC 
(MJ/L) 

Average 
(MJ/L) 

Standard 
deviation 

RSD 
<1% 

Gravimetric 
Net HoC 
(MJ/kg) 

1 0.3171 47.0419 4410.820 34.417 

34.290 0.111 0.323 43.946 2 0.2710 46.7779 4384.420 34.211 

3 0.2820 46.82 4388.630 34.244 

1 HoC = heat of combustion 

 

 

 

 

 

 

 

 



  
 

  
 

Table 2  Viscosity and density of the oligo(amylene) (n = 1) 

Cell  

T(°C) 

Kinematic Viscosity 

 (mm2/sec) 

Density 

 (g/mL) 

40 1.75 0.762 

35 1.90 0.766 

30 2.08 0.769 

25 2.28 0.773 

20 2.53 0.777 

15 2.81 0.780 

10 3.15 0.784 

5 3.56 0.788 

0 4.06 0.791 

–5 4.71 0.794 

–10 5.50 0.798 

–15 6.51 0.802 

–20 7.85 0.805 

 

Table 3  Ignition quality test (IQT) data and derived cetane number (DCN) for the oligo(amylene) (n = 1) 

Avg. Air Temp. (°C) Ignition Delay (ms) DCN 

          555.8             6.71 31.9 
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