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ABSTRACT 

Raman investigations on nanocomposites obtained by loading various amounts of vapor grown 

carbon nanofibers within an isotactic polypropylene matrix, and gamma irradiated in air, at 

various integral doses ranging between 0 and 27 kGy, are reported. The analysis is focused on 

the polymer’s answers as revealed by Raman spectroscopy and investigate in detail the effect of 

ionizing radiation on the position of the Raman line originating from the polymer. The as-

obtained data are correlated to the elastic features of the nanocomposites. A competition between 

gamma irradiation and loading by carbon nanofiber, resulting in the stretching of the polymeric 

matrix and revealed as a displacement of Raman lines towards smaller wavenumber is reported. 

It is concluded that side groups (CH3) are less affected by the loading with carbon nanofibers, 
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INTRODUCTION 

 Recent developments in FTIR and Raman spectroscopy allowed for a direct connection 

between the displacements of the FTIR and/or Raman lines associated to various atomic and 

molecular vibrations and the local elastic features of matter [1], [2], [3], [4], [5]. The molecular 

elasticity of polymeric materials is still an incompletely understood topic, to which Raman 

spectroscopy is now ready to add new details. A quasilinear dependence between the 

displacement of the position of the Raman lines and the local strain or stress exerted on the 

sample, was confirmed in the elastic state of the sample for the 2D, G and G’ lines of the filler 

[6], [7], [8], [9].  

 Typically, Raman spectroscopy may differentiate between atomic and molecular motions 

occurring in the crystalline and respectively amorphous domains of the polymer; this feature was 

exploited to estimate the degree of crystallinity in polymers by using Raman spectroscopy [10], 

[11]. Raman investigations on uniaxial mechanical solicitations in polymers revealed that the 

applied strain/stress is typically responsible for the displacement of the position of the Raman 

line towards lower wavenumbers [1], [2], [3], [6], [12], [7], [8], [13]. Compressive forces are 

responsible for the opposite shift (an increase of the Raman line position as the compressive 

stress is increased). Due to the mass conservation, the stretching of the polymer generates a 

compression along the perpendicular direction (Poisson ratio). This implies a potential 

competition between the tensile and compression distortions for the same chemical bond. Some 

Raman lines are not essentially affected by the mechanical solicitations; they are associated with 

chain ends, side chains, or other elastically ineffective bonds. 

 As a general conclusion, the displacement of the Raman lines due to mechanical 

strain/stress appears to be linear in the elastic region (where the Hooke’s law is valid), generating 

a linear mapping line position versus strain or stress.  

 While the displacements of the Raman line positions due to mechanical strain/stress may 

be quantified, the method is still in its infancy as there is not yet available a detailed and accurate 

conversion of the measured displacement into strain or stress.  



 For polymer-based nanocomposites, Raman spectroscopy becomes even more important, 

as in this case there is no need for an additional external mechanical solicitation. The loading of 

the polymer with the filler is stretching the macromolecular chains, generated the required 

strain/stress and finally shifting the position of the Raman line. For such applications, the loading 

with the nanofiller takes the place of the strain or stress. 

 The effect of gamma irradiation on the Raman spectra of isotactic polypropylene -vapor 

grew carbon nanofibers (PP-VGCNFs) nanocomposites is reported and correlated to the atomic 

and molecular motions occurring within the samples, with emphasize on the polymeric phase. 

EXPERIMENTAL METHODS 

The iPP-VGCNF nanocomposites were prepared by high shear mixing of isotactic 

polypropylene (Marlex HLN-120-01) with vapor grown carbon nanofibers (PR-24AG; Pyrograf 

Products, Inc) by using a HAAKE Rheomix (at 65 rpm and 180 oC for 9 min followed by an 

additional mixing at the same temperature and at 90 rpm for 5 min) [14]. Raman measurements 

have been performed using a Bruker Senterra dispersive Raman microscope spectrometer 

equipped with a 785 nm laser diode. The resolution of the Raman system was about 1 cm-1. The 

samples were subjected to 60Co irradiation, at a dose rate of about 1 KGy/h, in air, at room 

temperature. The final integral doses were 0, 9, 18, and 27 kGy. 

EXPERIMENTAL RESULTS 

The Raman spectra of iPP-VGCNF nanocomposites irradiated up to different integral 

doses ranging from 0 to 27 kGy and loaded by various weight concentrations of VGCNFs are 

shown in Fig. 1.  

 

PLACE OF FIGURE. 1 

PLACE OF TABLE 1 

Table 1 lists the positions and main parameters of all Raman lines recorded during this study. As 

a general behavior, it is noticed that the nanofiller decays the amplitude of the Raman lines 

originating from the polymeric matrix; at concentrations over 10 % wt. VGCNFs, the Raman 

spectra of the nanocomposites are dominated by the nanofiller’s contribution. 



Low wavenumber region (below 750 cm-1). The Raman spectra in the low wavenumber 

region are collected in Fig. 2.  

 

PLACE OF FIGURE 2 

 

Raman lines were observed at 135, 180, 255, 325, 400, 455, 530, and 650 cm-1. The assignments 

for these lines are included in Table. 1. It is noticed that the increase in the concentration of 

nanofiller broadens these lines and decreases their amplitude.  

 

PLACE OF FIGURE 3 

 

The most intense line observed within this spectral range is located at 400 cm-1 and 

assigned to the polymeric matrix (CH2 wagging and CH vibrations) [15], [16], [17]. As noticed 

from the left panel of Fig. 3, the position of this line (for the pristine polymer) is displaced 

towards smaller wavenumbers as the integral dose is increased. The shift is consistent with a 

tensile uniaxial solicitation of the nanocomposite (on the integral dose). The right panel of Fig. 3 

shows that the loading with nanofiller strains the macromolecular chain (at 0 kGy) and indicates 

a competition between dose and loading with VGCNFs. The largest displacement of this line was 

noticed for the sample loaded by 10 % VGCNF. This line disappears for nanocomposites 

containing a higher concentration of nanofiller. 

Medium wavenumber region (between 750 and 1300 cm-1). The Raman spectra in this 

wavenumber region are collected in Fig. 4.  

 

PLACE OF FIGURE 4 

 

The main Raman lines noticed within this spectral range were located at 805, 835, 940, 

970, 995, 1040, 1100, 1150, 1165, and 1200 cm-1. The assignments of these lines are included in 

Table 1. The Raman lines of the polymeric matrix are broadened as the loading with VGCNF is 

increased. The ratio between the intensity of the Raman lines of the polymeric matrix and the 

main Raman line of the nanofiller (D band) decreases as the loading by VGCNF is increased.

 The evolution of the Raman line pair located at 805 and 835 cm-1 is of particular interest, 



as the line located at about 805 cm-1 is typically associated to the crystalline domains of the 

polymer while the line located at 835 cm-1 originates from the amorphous domains [17], [3],[12].  

 

PLACE OF FIGURE 5 

 

The top panel of Fig. 5 shows the effect of ionizing radiation for the pristine polymer, 

supporting the displacement of the position of the Raman line to smaller wavenumber. The left 

and right panels of Fig. 5 compare the local elasticity within the crystalline and the amorphous 

phases. Eventually, it is concluded that the shifts in the amorphous phase are slightly larger than 

the shifts in the crystalline phase (by about 5 %). 

 

PLACE OF FIGURE 6 

 

Fig.6 collects the Raman spectra recorded in the range 950 to 1020 cm-1, being focused on two 

lines located at 976 and 998 cm-1. Both lines are originating from the crystalline phase [12], with 

the line located at 976 cm-1 assigned to asymmetric C-C vibrations and rocking CH3, while the 

line at 998 cm-1 being assigned to rocking CH3. Typically, the displacements of the Raman line 

at 998 cm-1 (due to irradiation and loading with nanofiller) are slightly weaker than those noticed 

for the 976 cm-1 line. This may reflect the relatively weaker contributions of CH3 groups, which 

are not expected to play a direct role in the elasticity of the polymeric matrix but may be 

significantly affected by crowding (related to the nanofiller). 

 

PLACE OF FIGURE 7 

 

Fig. 7 collects the Raman spectra in the range 2500 to 3100 cm-1, where the maximum 

wavenumber for the spectrometer used in this research was about 3300 cm-1. Raman spectra 

(weak and relatively broad) were noticed at 2720, 2840, 2880, and 2960 cm-1. Details about their 

assignments are included in Table 1. The lines are decaying very rapidly upon loading the 

polymeric matrix by VGCNFs. 

 

PLACE OF FIGURE 8 



 Fig. 8 (left panel) shows the Raman spectra for the pristine polymer, subjected to various 

integral doses at about 2955 cm-1, assigned to asymmetric CH3 stretching. A weak shift of the 

Raman line position is noticed. However, this is the smallest shift discussed and reinforces the 

assumption that CH3 groups are not strongly involved in the elastic features of the composite. 

The right panel showed the actual displacement of this line as a function of the integral dose. The 

line is very sensitive to the loading with VGCNFs and become invisible for loading over 2.5 %.  

 

CONCLUSIONS 

 

Raman investigations on the effect of ionizing radiation (gamma) on iPP-VGCNF 

nanocomposites, loaded by various amounts of VGCNF are reported. 

The Raman line associated with the polymeric matrix are broadened and weaker as the 

concentration of VGCNF is increased. Technically at (and above) 10 % wt.VGCNFs, the Raman 

lines are fully washed out by the nanofiller. 

The Raman lines originating from the polymeric matrix (pristine) are displaced towards a smaller 

wavenumber, indicating that the strain of the polymeric matrix is enhanced by irradiation. 

Similar results were obtained for the Raman spectra of the polymer filled with nanofibers. A 

competition between the stretching of the polymeric matrix due to irradiation and to loading with 

carbon nanofibers was noticed. The Raman line noticed at 400 cm-1 was assigned to helical 

structures in crystalline domains [18]. 

 The pair of Raman lines located at 805 and 835 cm-1 was investigated in detail, as the 

first line originates from crystalline domains and the second one originates from amorphous 

domains. A slightly larger strain may be noticed in the amorphous domains, based on the Raman 

displacement. 

 The pair of Raman lines located at 976 and 998 cm-1, revealed a similar behavior. This 

was expected as both lines are originating from crystalline domains. The displacement of the line 

located at 2955 cm-1 was significantly weaker than the displacement of the previously mentioned 

Raman lines. This was expected as this line is connected to CH3 units-less affected by the 

loading with nanofiber. It is expected that the observed shifts (of the line a 2955 cm-1) are 

associated with crowding effects, due to the increase of the concentration of VGCNF. 
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Figure 1. Raman spectra of various iPP-VGCNF nanocomposites 

irradiated at different integral doses ranging between 0 and 27 kGy 
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Figure 2. Low wavenumber region of the Raman spectrum for iPP-VGCNF loaded by up 

to 5.0 % wt. VGCNF, subjected to various integral doses.  
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resonance line position on the integral dose for iPP-VGCNFs. 
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Figure 5. Top panel: Raman spectra of irradiated iPP. Left panel: The dependence 

of the position of the line located at about 805 cm-1 on the integral dose. Right 

panel: The dependence of the position of the line located at about 835 cm-1 on the 

integral dose. 
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Figure 8. Left panel: Raman spectra of irradiated iPP. Right panel: The 

dependence of the position of the line located at about 2955 cm-1 on the integral 

dose for the pristine sample. 



Table 1. 

List of all observed Raman lines for iPP-VGCNF nanocomposites 

(for both the polymeric matrix and the nanofiller) 

 

 Observed 

Position 

[cm-1] 

Reported 

Position 

[cm-1] 

Assignment Source Comments Ref 

1 135   Polymer  [17] 

2 180   Polymer  [17] 

3 255 252 wCH2+dCH Polymer  [17] 

3 255 252 wCH2+dCH   [19] 

4 325 321 wCH2 Polymer  [17] 

5 400 398 wCH2+dCH Polymer  [17] 

6 450 458 wCH2 Polymer  [17] 

7 530 530 wCH2+vC-CH3+rCH2 Polymer  [17] 

8 650   Polymer  [17] 

9 815 809 vCH2+vC-C+vC-CH Polymer  [17] 

10 815 809 rCH2+v(C-C) Polymer  Skeletal, C [20] 

 815 809  Polymer C [3] 

  830 v(C-C) Polymer A [3] 

11 845 841 rCH2+vC-CH3 Polymer  [17] 

 845 840 rCH2 Polymer A+C [3] 

12 895 900 vCH3+rCH2+dCH Polymer  [17] 

13 940 940 rCH2+vC-C (chain) Polymer  [17] 

 940 941  Polymer Skeletal [19] 

14 978 973 rCH3+vC-C (chain) Polymer  [17] 

 978 975  Polymer C [17] 

15 995 998 rCH3+ wCH2+dCH Polymer  [17] 

 1040 1034 vC-CH3+vC-C+dCH Polymer  [3] 

 1160 1152 vC-C+vC-CH3+dCH+rCH3 Polymer  [17] 

 1160 1152  Polymer Skeletal [19] 

 1160 1167  Polymer Skeletal [19] 

 1220 1220 tCH2+vC-C+dCH Polymer  [17] 

 1220 1219  Polymer Skeletal [19] 

 1250 1257 dCH+tCH2+rCH3 Polymer  [17] 

 1335 1330 dCH+tCH2 Polymer  [17] 

 1365 1360 CH3 symmetric bending+SCH Polymer  [17] 

 1365 1371  Polymer Skeletal [19] 

 1440 1435 dCH3 asymmetric Polymer  [17] 

 1465 1457 dCH3 asymmetric+dCH2 Polymer   

 2720   Polymer   

 2840 2840 vCH2  Polymer   



 2880 2883 vCH3 symmetric Polymer   

 missing 2920 vCH2 asymmetric Polymer   

 2960  vCH3 asymmetric Polymer   

  2952 vCH3 asymmetric   [19] 

Abbreviations: v= stretching; d = bending; r=rocking; t=twisting; a=amorphous; c =crystalline; 

s=amorphous-crystalline 
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