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Figure 1: The spectrum for rubber seed oil.

Table 2: The spectrum results of functional group analysis and 
type of molecular vibration of the rubber seed oil.

Group 
Frequenc
y (cm-1) 

Type of 
Vibration 

Intensity Functional Group Origin References 

3009.49 Asymmetrical 
stretching 

Strong Trans = C – H alkene C – H Coates (2000)

2922.60 Asymmetrical 
stretching

 

Strong >CH2 Methylene (alkane/alkyl 
group)

 

C – H 

2853.16

 

Symmetrical 
stretching

 

Strong.

 

>CH2

 

Methylene (alkane) C – H Gullein et al. 
(1999)

1708.62

 

Stretching

 

Medium to 
weak 

 

C = O dimerized carboxylic 
acid group

 

C = O

1583.80

 

Stretching

 

Medium 

 

Aromatic ring (O – CH3) C=C-C Coates (2000);

1462.06

 

Asymmetrical 
bending 

 

Medium to 
weak 

 

Methyl C –

 

H   alkane group C=C-C

1413.59

 

In –

 

plane 
bending 

 

Strong

 

Vinyl C –

 

H or cis = C – H 
(alkene)

 

C – H Lerma – Gracia 
et al. (2010)

1275.68

 

Stretching 

 

Strong

 

C –

 

O alkoxyl ester (alcohol, 
aromatic ether, aryl – O, or 
ester group)

 

C – O 

1243.07

 

Stretching 

 

Strong

 

C –

 

O alkoxy ester, ether, C = 
C, or C –

 

O – C
C – O Pinentel (2006)

1211.83

 

Stretching 

 

Strong

 

C –

 

O alkoxy ester C–O

1097.82

 

Stretching 

 

Strong

 

C –

 

O alkoxyl ester, ether, C = 
C or C –

 

O –

 

C 
C–O

1067.17

 

Stretching 

 

Strong

 

C –

 

O alkoxyl ester C–O 

931.89

 

Bending 

 

Strong

 

= C –

 

H trans disubstituted 
alkene and aromatic 

C – H Oyerinde and 
Bello (2016)

721.37

 

Bending 

 

Medium 

 

= C –

 

H cis – disubstituted 
alkene or C – H aromatic 

C – H

606.51

 
Bending 

 
Medium 

 
= C –

 
H cis – disubstituted 

alkene 
 C – H 

 

The major functional groups identified here are the frequency of 
-13009.49 cm  which indicates the presence of the unsaturated 

olefinic double bond group with a medium intensity (Zhang, 

2012). This was closely followed by the saturated aliphatic 
-1groups of 2922.60cm  with its asymmetrical stretching and 

-1strong intensity as well as 2853.16cm  with its associated 

symmetrical stretching and strong intensity (Coates, 2000). The 

double bonded dimerized carboxylic acid group of 
-1wavenumber 1708.62cm  was also present. It has C=O 

stretching vibration with a strong intensity. A carboxylic acid 
- -1 -salt (COO ) of frequency 1583.80cm  with a COO  stretching 

vibration was also present. The CH asymmetrical bending 
-1vibration of 1462.06 cm  can be ascribed to –CH  methyl of the 3

-1alkane group. The frequency of 1413.59 cm  corresponded with 

the in-plane bending of the vinyl C – H or cis = C – H bond of the 

olefinic group (Coates, 2000 and Zhang, 2012) and it is 

associated with a strong intensity. The frequency stretch of 
-1 —11275.68cm  to 1067.17cm  was assigned to the C – O ester 

carbonyl group with its characteristic strong intensity and 

stretching vibration. The frequency range of 931.89 – 
-1606.51cm  was ascribed to the = C – H trans or cis – 

disubstituted alkene group. Thus, it can be said that the 

functional groups present here are CH  and CH  of the saturated 2 3

aliphatic compounds, the C = O of the dimerized carboxylic 

acid group, the C – O ester carbonyl group and the trans or cis – 

disubstituted alkene group (Gullein et al., 1997; Zhang, 2012; 

Oyerinde and Bello, 2016).

3.2.2 The Biodiesel (BI00)

The spectrum for the biodiesel is shown in Figure 2 and Table 3 

shows the results of functional group and type of vibration in the 

biodiesel as interpreted from the biodiesel spectrum and 

infrared radiation charts

Figure 2: FTIR spectrum for pure biodiesel (B100)
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Group 

Frequency 

(cm-1) 
 

Type of 

Vibration  

Intensity  Functional Group  Origin  References 

3410.59
 

Stretching 
 

Medium
 

Normal polymeric OH 

stretch

 

C –
 

H 
 

Coates (2000); 

Knothe (2001); 

3009.14

 

Asymmetrical 

stretching 

 

Medium

 

Trans or cis = C –

 

H 

alkene 

 

C –

 

H 

 

Bradley (2015)

2922.48

 

Asymmetrical 

stretching

 

Strong

  

–

 

CH2

 

alkene 

 

C –

 

H 

 

Oyerinde and 

Bello (2016)

2853.42

 

Symmetrical 

stretching

 

Strong 

 

–

 

CH2

 

methylene 

(alkane)

 

C ≡ C

 

Knothe (2001) 

1749.33

 

Stretching

 

Strong 

 

C = O ester carbonyl in 

triglyerides and FAME

 

C=C-C

  1551.68

 

Stretching

 

Medium 

to weak

 

Aromatic ring (O –

 

CH3)

 

C –

 

H 

 

Pikolov (2014)

1459.41

 

Asymmetrical 

bending 

 

Medium 

 

Methyl CH or –

 

CH3

 

(alkane)

 

C –

 

H 

 

Coates (2000); 

Knothe (2001);

1406.78

 

In –

 

plane 

bending 

 

Strong

 

Vinyl C –

 

H (alkene)

 

C –

 

H 

 

Bradley (2015)

1269.43

 

Stretching

 

Strong

 

Trans –

 

disubstituted 

alkene 

 

C–O–C 

  

1101.09

 

Stretching

 

Strong

 

Vinylidene C –

 

H 

(alkene)

 

C–O–C 

 

Perston (2015)

719.20 Bending Medium = C – H olefinic (alkene) 

group 

C–O–C 

601.26 Out – of –

plane bending 

Medium =C – H cis-disubstituted 

alkene  and aromatic 

C – H Oyerinde and 

Bello (2016)
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