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ABSTRACT: This study determines the viability of the use of Fourier Transform Infrared (FTIR) 
spectroscopy as a substitute to traditional petroleum geochemical methods for crude oil 
characterisation. IR spectra of Crude oil sample containing a mixture of both degraded (sample 151) 
and non-degraded (sample 145) oils at different concentrations were determined. The IR fingerprints 
agree with results obtained from GC analysis. Partial least square regression analysis was used to 
predict saturates for omitted mixtures (10 and 80% 151) and also saturates of five other samples (i.e. 
145, 149, 172, H1 and AL10) within acceptable error limits. It therefore, follows, that although some 
improvements might still need to be made, FTIR spectroscopy can indeed be a viable, simple, 
cheaper and faster technique of crude oil characterisation compared with the traditional fractionation 
methods.  
Keywords: FTIR-ATR spectroscopy; GC-MS; Partial least squares (PLSR). Rapid analysis. 

 
INTRODUCTION 
Since its recognition as a scientific discipline in 1959 
(Hunt et al., 2002), petroleum geochemistry has 
developed into an established science that improves 
exploration and production efficiency (Peter and 
Fowler, 2002) and it is also used in solves other 
reservoir related problems (Larter and Aplin, 1995). 
The mainspring for this dynamism and diversification 
has been due to improvements/combination of 
already existing geochemical techniques (Larter and 
Aplin, 1995; Hunt, et al., 2002), or the discovery of 
entirely new techniques/applications in the petroleum 
industries (Larter and Aplin, 1995). This, itself, has 
been driven by the need in the techniques for 
increased sensitivity, specificity and sophistication on 
one hand (Hunt et al., 2002) and the need for 
simplicity and rapid response on the other (Larter and 
Aplin, 1995), since it is common to have up to 500 
core extracts waiting to be screened (Larter and 
Aplin, 1995) 
 
Prior to the advent of combined gas 
chromatography/mass spectroscopy (GCMS), sample 
characterization (Crude oil), had been carried out 
using liquid chromatography (LC), thin layer 
chromatography (TLC) and gas chromatography 
(GC) (Larter and Aplin, 1995). However, these 
techniques are lengthy, tediousand laborious, as well 
as expensive to run on a routine basis (Aske, 2001). 
It is therefore practically impossible to contemplate 
rapid analysis of an organic mixture having many 
components (i.e. more than 20) (Hunt et al., 2002). 

Hence, “even the separation and identification of two 
or three major components could take a year or more 
using classical analytical methods” (Hunt et al., 
2002). High pressure liquid chromatography has 
since been developed to reduce these difficulties 
(Aske, 2001). 
 
Perhaps the most prolific of the geochemical 
analytical tool so far is gas chromatography (GC) 
(Speight, 1998). The technique has proved to be an 
exceptional and versatile instrumental tool for 
analysing low molecular weight compounds 
(volatiles)and has been a major factor in the 
successful identification of petroleum constituents 
(Speight, 1998). Its power lies behind its ability to 
combine with other analytical methods to produce 
distinct results. Some examples include gas 
chromatography-mass spectroscopy (GC-MS), gas 
chromatography-mass spectroscopy-mass 
spectroscopy (GC-MS-MS) (Peters and Fowler 
2002), pyrolysis gas chromatography (PGC) (Speight, 
1998; Hunt et al., 2002), gas chromatography-isotope 
ratio-mass spectroscopy (GC-IR-MS) (Larter and 
Aplin, 1995). Many key geochemical advances that 
facilitate successful oil-oil correlation and oil-source 
rock correlation include innovations in GC-MS, 
metastable-reaction monitoring-GC-MS and GC-MS-
MS (Peters and Fowler, 2001). Gas chromatography 
has been extensively used to fingerprint and evaluate 
reservoir compartmentalisation and connectivity 
(Larter and Aplin, 1995; Parmenyer et al., 2001), with 
the aid of star diagrams and other statistical methods 
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of analysis using selected n-alkane ratios (Permanyer 
et al., 2002). 
 
However, these techniques are still tedious 
(Parmenyer et al., 2002), time consumingand require 
extensive sample preparation and testing procedure, 
which could alter the sample properties irreversibly 
(Ryder et al., 2002). The need to develop a non-
expensive, simple and rapid on-site technique that 
can be used for general compositional analysis and in 
the field of reservoir geochemistry has led some 
workers to use vibrational spectroscopic instruments. 
These include, Fourier Transform Infrared (FTIR) and 
Synchronised Ultra-Violet Fluorescence (SUVF) (e.g. 
Parmenyer et al., 2002). Fourier Transform Infrared 
and Near Infrared (FT-NIR) spectroscopy in 
combination with chemometrics and statistical data 
analysis, provide a possibility for fast determination of 
different chemical parameters in crude oil (Aske et 
al., 2001; Hannisdal et al., 2005). These technique 
had been applied in the food industries (Yang et al., 
2005), agriculture (Hosamani and Ganjihal, 2005), 
fuels and energy (Roehner and Hanson, 2001) and 
petroleum geochemistry (Sjoblom et al., 2003). 
 
The aim of this work was to determine the viability of 
the use of Fourier transform infrared spectroscopy-
Attenuated total reflectance technique as a reliable 
substitute for crude oil analysis/characterisation 
compared to traditional GC-MS and also to determine 
the viability of its use as an on-site technique for 
determining oil mixing in reservoirs. This would be 
achieved by carrying out analysis of some degraded 
and non-degraded oil samples using the traditional 
method (i.e. LC, GC-MS) to characterise the oil 
samples and then conduct FTIR-ATR analysis on 
bulk oil samples collected from different locations.  
 
METHODOLOGY 
Sample preparation  
About 500mg of oil mixture was made containing 
approximately 10% of sample 151 and 90% of 145 in 
a vial. Other mixtures contained 20, 50, 80 and 90% 
of sample 151 while the remaining percentages (i.e. 
80, 50, 20 and 10% respectively) were made up of 
sample 145. 200mg of end-members (i.e. samples 
151 and 145) were also measured into separate vials. 
 
Liquid and Gas chromatography 
About 20mg each of the five mixtures and two end-
members were taken and mixed with activated alumina 
(Al2O3). Columns were gently packed with Silica (SiO2) 
and activated alumina (Al2O3) to a height of about 12cm 
in a 4:1 ratio. The samples were then eluted using 
petroleum ether and the aliphatic fractions were 

fractionated from each sample into a round-bottomed 
flask. Rotary evaporator (Cole-parmer, UK.) was used 
to remove the excess petroleum ether and the saturated 
hydrocarbons were transferred into GC vials and taken 
for GC analysis. The GC was carried out on a Hewlett-
Packard 5890 gas chromatograph with a splitless 
injector, fitted with a flexible silica capillary coloum with 
internal diameter 30×0.25mm. The oven temperature 
was programmed from 40 to 300°C at a rate of 4°C/min 
and held at 300°C for 20 min. About 1 μl of each of the 
prepared samples were injected by an auto sampler. 
Helium was used as the carrier gas at a flow rate of 
1ml/min. Samples were run using full scan, single ion 
monitoring (SIM). 

 
FT-IR 
The IR spectrum of each sample was recorded in 
triplicate using the FTIR (Nexus 870, Thermo Nicolet) 
(ATR equipment running 32 scans per spectrum). The 
spectra were collected and processed using the Omnic 
software. Various indices were calculated using ratios 
generated from peak areas rather than peak heights. 
This procedure is more reliable as it takes into 
consideration several vibrations of the same type 
occurring simultaneously (Permanyer et al., 2001). 
Table 1 shows some of the indices calculated and the 
formulae used. 

 
Table 1: Indices and formulae used in deriving 

indices.  

Derived Indices Formulae used 

Aromatic index 
Aliphatic index 
Carbonyl index 
Sulphoxide index 
Aliphatic (Long chain) index 

A1600/ATx1000 
A1450+A1370/ATx100 
A1700/ATx1000 
A1030/ATx1000 
A720/ATx1000 

A = the area under the subscripted peak.  
AT = the total sum of areas of absorption peaks for 
designated functional groups in the sample spectrum and 
is given by: 
AT = A2950 + 2920 + 2860 + A1700 + A1600 + A1450 + A1370 + A1030 + 

A870 + 810 + 740.                                                       (1)  
The subscripts (i.e. 1700, 1600, etc) represent the wave 
numbers at which the peaks occur. 

 
Partial least square analysis (PLS) 
Numerical calibration models were constructed using 
partial least squares regression (PLSR) on the 
generated indices for the oil mixtures as well as 
unmixed oil samples using the Statistics Unscrambler 
Software version 04. In PLSR computation, the complex 
relationship between a very large number of X variables 
(Indices generated from Table 1) and one single Y 
variable (mixed oil or sample) is compressed into a 
small number of linear combinations of the original X 
variables. This was then used to make predictions for 
aliphatic contents of omitted samples (samples 10% 
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151 and 80% 151) to see how good they can be 
predicted. The PLSR equation was then used to predict 
aliphatic contents for five other samples namely 145, 
149, 172, H1 and AL10. 

 
RESULTS AND DISCUSSION 
Gas Chromatography 
Gas chromatograms were obtained for 100% 151, 
100% 145 and the various other mixtures (90, 80, 50, 
20 and 10% 151). Figures 1(a-f) show the 
chromatograms obtained. The Gas chromatograms for 
oil sample 151 (Figure 1a) shows that most of the 
aliphatic components are either diminished or are 

missing completely and with a large hump of unresolved 
complex mixtures (UCM). This is evidence of severe 
biodegradation (Blanc and Connan, 1993). Oil sample 
145 (Figure 1g) on the other hand still has most of its 
saturates including long chain (C≥17) hydrocarbons. 
Figure 1(b-f) show gas chromatograms of different 
mixture of samples 151 and 145 (i.e. 90, 80, 50, 20 and 
10% respectively). An increase in saturate peaks was 
observed with a corresponding decrease in the size of 
the UCM hump. This shows high sensitivity in the ability 
of GC in crude oil characterisation. The level of 
degradation of the oil can easily be detected.
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Figure 1: Showing Gas chromatograms for samples (a) 100%, (b) 90%, (c) 80%, (d) 50%, (e) 20% and (g) 10% 

of sample 151and also 100% of sample 145 respectively. 
 
 
FTIR  
The result obtained using the FT-IR technique agrees 
with the results of the gas chromatography technique. 
Although the relationship between the crude oils and 
the generated spectra is not a completely simple one; 
there are some complications. Especially with 
regards to the peaks in the 3000-2800cm-1 region 
where absorption peaks for different groups tend to 
overlap (Aske et al., 2001; Hannisdal et al., 2005). 
Figure 2(a-c) shows the Infrared spectra obtained for 
some of the samples with the wavenumbers in cm-1 
plotted against absorbance. The spectra show large 
carbonyl and aromatic peaks for sample 151 
indicating heavy degradation in the oil sample in 

agreement with the GC data. The intensity of the 
carbonyl/aromatic peaks gradually reduced as the 
percentage of sample 151 is reduced from 90% to 
0% (100% 145) indicating an increase in percentage 
of saturated hydrocarbons. The relationship between 
IR peaks and oil composition is somehow blurred by 
overlapping absorption peaks, yet, a quick visual 
inspection of the spectra would reveal some 
differences/trends in the 1750-650cm-1 region. These 
are observed in the peak areas of the C=O 
absorption at about 1700cm-1, the C=C absorption at 
about 1600cm-1, the aromatic ring peaks between 
890-730cm-1and the long chain aliphatic hydrocarbon 
vibration at about 720cm-1, all of which tend to either 
increase or decrease depending on the 
composition/type of the crude oil involved.  

 
Figure 2(a): FTIR peaks for sample 151 (100%) displaying large C=O and C=C peaks at around 1600 cm-1 
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Figure 2(b): FTIR Spectra for samples 151 

and 145 mixtures 90%-10%, 1800-
900cm-1, showing increase in peak 
area with increase in percentage of 
sample 151. 

 
Figure. 2(c): FTIR Spectra for sample 100% 145, the 

carbonyl and C=C peaks are missing at 
about 1600 cm-1 are missing 

 
 
 
 
 
Figure 3(a) show spectra for samples 145 and 151 
superimposed on each other at the same scale. 
The difference between the two spectra can be 
easily seen in the large area of the C=O peak at 
about 1699cm-1 which is due to severe photo-
oxidation/degradation in sample 151. This is in 
agreement with sample gas chromatography result 
in Figures 1(a) and (f) which show that sample 151 
is highly degradedand also the large C=C peak at 
about 1600cm-1 for sample 151 which is due to the 
high percentage of aromatic molecules. This 
absorption, together with the aromatic ring bands 
between 890 and 730cm-1 also give information on 
the abundance of resins and asphaltenes in the 
samples. 
 
This is also true for sample 160 and 151 (Figure 

3(b)), where except for the C=C absorption which is 
quite large in both spectra (in agreement with 
Iatroscan results not shown here), the C=O peak for 
sample 160 is quite small, indicating that sample 
160 may not have been photo-oxidized/degraded to 

the same degree as sample 151. Also the bands 
between 870 and 730cm-1 are relatively smaller for 
sample 160, indicating that the sample 
resin/asphaltene content is lower. 
 
Figure 3(c) shows the result of the spectral 
subtraction of samples 151 and 145. The troughs 
show the difference in area between the spectra 
involved. The carbonyl and aromatic absorptions 
are very conspicuous for the samples 151 and 145 
subtraction, these results agree with the GC 
chromatograms which shows that sample 151 was 
highly degraded while 145 was not. 
 
The relationship between peak areas and 
composition can be more easily seen when the 
spectra for the mixture of samples 151 and 145 are 
considered (Figure 2b). The decrease in peak areas 
for C=O and aromatic absorptions can be easily 
seen with decrease in the percentage of sample 
151 present while the aliphatic peaks tend to 
increase or remain fairly constant. Hence, crude oil 
composition and its degree of biodegradation can 
be roughly inferred from simple visual analysis of 
the sample spectra.    

10% 151 
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Figure. 3(a): Spectra for samples 145 and 151 plotted in the same window 
 

Figure 3b: Spectra for samples 160 & 151 superimposed.  
    More aliphatic peaks occur in 160 than there are in 151. 

Figure 3(c): Spectral Subtraction of Peaks for Samples 151 and 145 
 
Partial least square Regression (PLSR) 
Partial least squares regression which was carried 
out on the samples of oil mixtures show an interesting 
result. Two oil samples spectra (samples 10% 151 
and 80% 151) were omitted and the PLSR calibration 

equation was used to predict this two samples. Based 
on the calibration equation, the mixture containing 
10% 151 was predicted as containing 11.55% 151, 
with a standard deviation of 0.09 and the oil 
containing 80% 151 was predicted as containing 
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77.01% with a deviation of 0.08 (Figure 4a). This is a 
very good result as the error is minimal. Similarly 
PLSR prediction carried out on five other samples 
produced an interesting result. Saturates for five 
samples (namely 145, 149, 172, H1 and AL10 (Table 
2)) where predicted using the PLSR calibration 
equation against data obtained from the peak indices 
of the aliphatic fractions (see Table 1). Figure 4b 
shows the predicted values for the samples and the 
standard deviations. The predictions are very good, 
with standard deviations as shown in the plot and 
also in Table 3. The coefficient of correlation for this 
data is very high (R2 =0.9613). This goes to further 
support the strength of FTIR in characterising crude 

oil especially when combined with chemometrics (i.e. 
PLSR, PCA, etc.). Previous work (Hannisdal et al., 
2005) shows that IR spectra are able to predict both 
the aliphatic and resin contents of crude oil very well. 
Similar prediction could not be achieved here for 
resins because, unlike in the previous work where 
samples were initially separated into SARA fractions 
which made it easy to make predictions on each 
SARA fraction, here IR spectra were obtained for the 
bulk crude oils. This means that although the aliphatic 
peaks could be easily pointed out and used for the 
aliphatic prediction, it would be very difficult if not 
impossible to distinguish peaks for resins and 
asphaltenes because the peaks occur together.     

 

 
Figure 4a: Predicted values for 10% and 80% mixtures. 
Thick lines indicate standard errors of 0.09 and 0.08 respectively for both predictions. The prediction is very good. 

 

Figure 4b: Predicted plots for saturated hydrocarbon of five samples (145, 149, 172, H1 and AL10). Prediction is 
also very good  
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Table 2: Measured and Predicted Values Together with the Deviations. 

Sample Measured Saturates Predicted Saturates Deviation 
145 53.36 51.70 0.97 

149 31.6 34.24 2.66 

172 40.18 42.36 1.45 

H1 33.73 37.34 0.84 

AL10 36.19 35.85 1.11 

 
CONCLUSION 
The results obtained from this work show that IR 
spectroscopy is indeed a viable tool for characterising 
crude oils which could substitute present traditional 
fractionation procedures. The strength of FTIR can be 
increased by combination with Partial Least Square 
analysis. Partial least square calibration equation 
applied on indices generated from FTIR data was 
used to predict aliphatic contents for two samples 
from the oil mixtures (10% and 80% 151) and the 
saturates for five other sample (145, 149, 172, H1 
and AL10) within a statistically agreeable range.  
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