


Results

Figures 2, 3, and 4 illustrate the systematic interpretation
of the complex polymer distributions by LC/MS. The total
ion chromatogram (TIC) of each of the three samples
analyzed is shown in the top trace of Figure 2. The
averaged mass spectra in the bottom reveals the complex
polymer distributions contained in each sample, which
can be seen in the chromatograms. These complex traces
are separated into individual polymeric distribution series

in Figure 3, with individual component mass identification
in Figure 4.

The detailed mass spectra of the three samples are
shown in Figure 3, where the existence of multiple
polymer distributions in all three products is clearly seen.
However, the polymer distribution patterns are different
and unique in each sample. Only one major polymer dis-
tribution is found in sample C with a mass difference of
29 amu, while three major polymer distribution patterns
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Figure 2: Total ion chromatograms of samples A, B, and C with averaged mass spectra 3 to 15 minutes
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Figure 3: The averaged mass spectra of three samples indicated the presence of multiple polymer distributions in each sample 



are visible in both samples A and B with a mass difference
of 72 amu and two 36 amu difference patterns in each.
Samples A and B contain similar distribution patterns,
however the data suggest that these polymers are different
due the mass differences in each of the distributions. The
abundance ratios differ for each of the polymer samples
as shown in Figure 3.

The expanded baseline of Sample B, with clearly
defined hydrocarbon separation of the complex mixture
due to the separation efficiency of the small particle
column is shown in Figure 4. The extracted mass spec-
trums for each of the chromatographic peaks shown
below each chromatogram confirm complete separation
of all polymer components. 
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Figure 4: Three sets of polymer distributions in Sample B separated by HPLC. The mass spectrum of each chromatographic peak for the region highlighted in
green is sequentially displayed under the chromatogram.

GC/MS Results of Sample C

Figure 5: Representative GC/MS results of sample C.  The TIC collected from the mass range of 50 to 1050 m/z is shown in the top trace.
The averaged mass spectra from 2 to 14 minutes in the bottom screen reveals the majority of mass distributions occurred below 200 m/z.



Confirmation studies were run by GC/MS with a
temperature ramp from 40°C to 300°C, with the results
of sample C shown in Figure 5. Comparison of mass
distribution between GC/MS and LC/MS show common
identification of lower boiling point components, while
the higher m/z components shown in the LC/MS results
do not appear to be volatilized for detection by GC/MS.

Conclusions

An LC/MS method was successfully established for the
analysis of high boiling point components in commercial
polymeric fuel additives using a simple sample preparation
process. The patented cone-wash feature of the MSQ Plus
enabled the mass spectrometer to operate with no sample
deposition on the skimmer cone over an extended series
of experiments. The high m/z components in each of the
samples were easily separated and identified using this
method, providing supplemental information to conven-
tional GC methods which are limited by sample volatility.
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