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To isolate single series and visualise their variance between 
samples, new 14 Da spaced vectors were created. 14 Da spaced 
pulse trains of gaussian peaks were run through the aligned 
spectra, extracting several 14 Da spaced signal series. The 
extracted total abundance values of different series in single 
samples were then used as new orthogonal basis vectors to 
describe the system. The series can be ranked by total 
abundance or largest variance amongst samples. Score plots 
were created, analogue to those from PCA. The new basis 
vectors now describe single series and their immediate effect 
on sample clustering, enabling easier interpretation of the 
clustering properties.

NOVEL: 14 DA SPACED PREDEFINED VECTORS[4]

 

INTRODUCTION: 
TRACKING DOWN NEEDLES IN A HAYSTACK

STATE OF THE ART: ESI-MS FINGERPRINTING IN COMBINATION WITH PCA
 
 

Fig 1. Pos. ESI-MS of a bio-oil showing the 
characterisitic 14 Da spacings, reflecting 
compound class series. Typical mass signal 
distribution range for positive MS: 70–350 
Da and for negative MS: 140-220 Da & 300-
440 Da. 

Fig 2. Line plot of the first PCA loadings 
vector.

RESULTS
Fig 3a. Score plot showing the clustering of 
samples based on the two 14 Da candidate 
sequences presented in Fig 3b.

The Approach[1]       Analysing large amounts of smaller molecules in oils can be achieved using an 
-omics style fingerprint detection approach. This is done by «capturing a picture» of all components 
(or as many as possible) in a single fast analysis. This can be performed using different techniques. 
Here, electrospray ionisation – mass spectrometry (ESI-MS), which is selective to polar species, is 
used. This soft ionisation technique idealy creates one single molecular ion peak per compound 
without fragmentation.
Combining these large and complex datasets (see Fig 1) with statistical data analysis, e.g. principal 

component analysis (PCA) which compresses the data amount based on maximal contained variation, 
aids in isolating and tracking the impact of the components with strongest variation. This information 
can further be related to critical parameters in optimising approaches.
The Sample Set & Experimental[2]      Postive ESI-MS analysis of a set of crude bio-oils derived from 

lignin rich residue fractions[3] was performed on Agilent 1100 Series LC/MSD.  Samples were diluted in 
DCM and transfered from the autosampler directly to the analyser via PEEK tubing. Ca. 10 scans per 
analyte peak were averaged and the samples replicated five times. Total analysis time including 
rinsing per sample < 1 min.

The resulting spectra are seen to be dominated by series of signals with 14 Da spacings (Fig 1). 
These are indications of -CH2- chain additions to the base structure of compound classes. In addition, 
2 Da spacings indicate the loss of H2 from a single to yield a double bond. 
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The method provides fingerprinting and clustering perfomance similar to that of PCA.
Series of signals correlate with compound classes and their singular impact can be directly 

evaluated.
The method can be used for any regular spaced interval which is believed to have significant impact 

within an experimental data set.
We have presented a new promising method towards a faster and cheaper evaluation of compound 

class specific trends in complex mixtures.

Conventional PCA analysis      provided discrimination between 
samples & a good clustering of replicates was achieved.  82 %  of 
the variance given within the set is describable via the first 
principal component (PC). The loading line plot (Fig 2) shows the 
signal base influence for PC1. Multiple 14 Da spaced series are 
visible. This indicates that a large degree of variation is 
represented by compounds with the same functionalities, making 
up specific compound classes. Although contributions of single 
series are visible in the loadings plot, separation of the various 
series is not possible with PCA. From a chemists perspective it is 
however vital to distinguish between different classes, and to 
visualise their variation to asses e.g. catalysis performance.

Fig 3a shows the score plot of the two 14 Da sequence vectors 
with largest variance within the sample set analysed. The score 
vectors t1 and t2 are directly interpretable as the 14 Da candidate 
sequences as shown by the basis vectors u1  and u2  in Fig 3b. 
Clustering quality is similar to that of PCA. Complementary 
analysis strongly suggests the variation between samples to be 
related to the abundance of phenols (u1) and long-chained 
ketones (u2).

The method shows that extraction of specific compound class 
variation from fingerprint mass spectra is possible and that this 
can strongly aid the analyst in helping to understand the 
influence of all constituents of numerous compound classes of 
interest in a very complex mixture in a fast and economical 
approach.

Exploring the wide variety of N, O or S heteroatom including 
compounds in the area of fossil derived fuels and oils is still an 
ongoing research of major importance. Although these polar species 
constitute only a minor percentage in crude oils, their impact on 
refinery operations and fuel quality can be enormous. They can e.g. 
contaminate catalysts used in refinement processes and negatively 
influence stability, oxidation and combustion properties of fuels.

From a biofuel perspective, these point are equally valid. Furthermore, 
starting from a highly oxygenated source and aiming at a traditional 
hydrocarbon based fuel blend, monitoring the various oxygenates can 
be useful to evaluate and help understand demethoxylation and 
deoxygenation reactions during the product process.

Traditionally, analyses of smaller (polar) molecules in oils are 
performed on time-consuming chromatographic-type instrumentation 
(e.g. GC or LC-MS) in a key-compound approach. The effect and 
abundance of these key compounds is then approximated for the rest 
of the constituents of the compound class. 

Detection of polar species and tracking their depolymerisation and 
deoxygenation reactions can however also be achieved using novel 
fingerprint mass spectrometry approaches. However, taking into 
consideration the complexity of fingerprint mass spectra (see Fig 1), 
one question remains: How do we extract the vital information?

CONCLUSIONS

Fig 3b. The two major 14 Da sequences with 
largest variance within the sample-set.
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