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Abstract 

High pressure Raman, IR and X-ray diffraction (XRD) studies have been carried 

out on C70(Fe(C5H5)2)2 (hereafter, “C70(Fc)2”) sheets. Theoretical calculation is further 

used to analyze the Electron Localization Function (ELF) and charge transfer in the 

crystal and thus to understand the transformation of C70(Fc)2 under pressure. Our 

results show that even at room temperature dimeric phase and one dimensional (1D) 

polymer phase of C70 molecules can be formed at about 3 and 8 GPa, respectively. 

The polymerization is found to be reversible upon decompression and the reversibility 

is related to the pressure-tuned charge transfer, as well as the overridden steric 

repulsion of counter ions. According to the layered structure of the intercalated 

ferrocene molecules formed in the crystal, we suggest that ferrocene acts as not only a 

spacer to restrict the polymerization of C70 molecules within a layer, but also as 

charge reservoir to tune the polymerization process. This supplies a possible way for 

us to design the polymerization of fullerenes at suitable conditions.  

 

 

 

 

 

 

 

 



 3 

1. Introduction 

Fullerene C60 forms a variety of polymeric structures with dramatically different 

physical and chemical properties [1-3]. C60 can be polymerized by different methods, 

such as applying high pressure and temperature (HPHT) [4, 5], irradiation [6, 7] and 

doping [8, 9], resulting in 1D, 2D and 3D polymers. The C60s in crystalline 3D 

polymer are linked by sp
3
-hybridized bonds to twelve adjacent molecules, and the 

polymers exhibit high hardness and electronic conduction [10, 11]. Recent research 

interest has been focusing on the effect(s) of confinement or intercalation by template 

or other molecules on the transformations of C60s, towards controllable 

polymerization of fullerenes and creating new materials. Filling C60 molecules inside 

single wall carbon nanotubes produces linearly arranged C60 arrays in tube channels 

and the inserted C60s can only form dimers or a single-chain polymer, depending on 

the pressure applied [12]. A reversible polymerization of bulk C60 was obtained by 

tuning the charge transfer interaction in ferrocene (Fc, Fe(C5H5)2) doped C60 with the 

help of pressure [13]. In this case, the Fc molecules form a layered structure in the 

crystal and act as spacers that allow polymerization of C60s only within a 2D layer. 

More interestingly, when C60 molecules are separated by m-xylene molecules, 

forming solvated C60, the amorphized C60 cluster units formed by molecular collapse 

at high pressure can still be arranged in a crystalline structure with long range 

periodicity, which is superhard and indents diamond anvils [14]. Although much 

exciting progress has thus recently been made on C60 based material, less effort has 

been made on other fullerenes. 
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Another “heavy” fullerene easily available in significant quantities is C70, which 

also exhibits many unique and outstanding physical properties. However, due to the 

special elliptical shape the polymerization of the C70 molecule becomes less efficient 

[15] since only the double bonds on the polar caps of the molecule are reactive, 

whereas the cyclic double bonds on the equatorial belt are ineffective in undergoing (2 

+ 2) cycloaddition reaction. This gives strict topological constraints on the formation 

of long-range ordered polymers of C70s. Still, some attempts have been made to 

produce polymeric C70. Several different forms of C70 dimers have been produced, 

such as C2h C140, C2v C140 and C1 C140 [15-17], and formation of polymeric zigzag 

chains in initially hexagonally close packed C70 single crystals is reported by Soldatov 

et al [18]. We also notice that when the rare-earth metal Sm is intercalated into C70 

[19], the charge transfer between C70s and Sm atoms results in Sm-C70 bonding in a 

2D network structure, with a Sm atom as a bridge. Such an interesting physical 

phenomenon also indicates that charge transfer may play an important role in the 

polymerization of C70 and thus requires further investigations. Meanwhile, most of the 

early polymers were prepared under HPHT conditions and thus exploring methods for 

fullerene polymerization that do not rely solely on the HPHT treatment is also 

important.  

Motivated by the progress with C60 fullerene, especially the unique polymerization 

behaviors and the novel structure of fullerenes obtained in the confined environment, 

we focused on the spatial confinement effect on the behavior of C70 under pressure. 

According to previous literature, C70(Fc)2 is formed at ambient conditions by weak 
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charge transfer interaction between the two components [20]. High pressure serves as 

a powerful tool that is expected to tune the charge transfer between Fc and C70 in the 

confinement environment created by the Fc molecules. (The structure is shown in 

Fig.S1(a) in Supporting Information.) Thus it might be possible to obtain various 

polymeric phases in C70(Fc)2 under moderate conditions. This study is promising for 

realizing the polymerization of C70 in a controllable way and creating new polymeric 

structures, as well as to improve our understanding of the polymerization mechanism 

of confined C70.  

In this work, in situ Raman and IR spectroscopy as well as XRD are used to 

investigate the structural transitions of C70(Fc)2 under high pressure. We find that a 

dimeric phase and a 1D polymer are formed above 3 and 8 GPa, respectively. The 

polymerization is reversible when released from, at least, 20 GPa. To support our 

analysis we have also calculated the ELF and the charge transfer from C70(Fc)2 under 

pressure. The polymerization mechanisms are discussed in the framework of 

pressure-tuned changes in the charge transfer, the overridden steric repulsion of 

counterions and the unique layered structure of C70(Fc)2. 

 

2. Experiment method 

Crystalline C70(Fc)2 sheets are prepared by introducing 150 mg Fc into 3 ml of 

saturated C70/toluene solution. After ultrasonication we then add 3 ml isopropyl 

alcohol (IPA) and the mixture is maintained at 10
o
C for 24 h for the growth of single 

crystalline C70(Fc)2 sheets. The morphologies of the obtained as-grown samples are 
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characterized by scanning electron microscopy (SEM, JEOL JSM-6700F) and X-ray 

diffraction (Rigaku D/max-RA, CuKα1 radiation λ = 1.5406 Å). High pressure Raman 

measurements up to 35 GPa have been carried out using a Raman spectrometer 

(Renishaw inVia) with a 633 nm He-Ne laser line as excitation. High pressure IR 

measurements up to 20 GPa have been studied using a Bruker Vertex80 V FTIR 

spectrometer. In situ XRD measurements up to 28 GPa are performed at the Advanced 

Photon Source in the USA at ambient temperature (λ = 0.4246 Å). For all the high 

pressure experiments, samples are loaded in a gasketed Mao-Bell type diamond anvil 

cell (DAC). Silicone oil is used as pressure-transmitting medium in high pressure 

Raman and X-ray measurements, while liquid argon is used for high pressure IR 

measurement. All the measurements have been performed at room temperature. 

 

3. Experiment results 

SEM images of as-grown C70(Fc)2 sheets are shown in Figure 1. It is clear that the 

crystals have an hexagonal morphology with an average size of 4-5 μm and a 

thickness in the range 200-300 nm (Fig.1a, b). The XRD pattern in Figure 1(c) shows 

that the structure is monoclinic with lattice constants a = 29.38 Å, b = 10.36 Å, c = 

20.21 Å and = 127.31
o
, which is similar to those of the C70(Fc)2 crystals reported by 

Olmstead et al. [20] 
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Figure 1. SEM images of C70(Fc)2 at low (a) and high (b) magnification; (c) our 

experimental XRD pattern of C70(Fc)2.  

 

3.1 Raman spectroscopy 

Raman spectroscopy is a powerful tool to characterize C70 and C70-based materials. 

For pristine C70, 53 Raman active modes are predicted (12A'1+22E'2+19E'1) from the 

D5h point group according to group theory [21, 22]. Upon polymerization, one of the 

most characteristic feature is the split of the E
’
2 Raman mode (located at 1567 cm

-1
 for 

pristine C70) into two peaks due to the reduced symmetry [16, 18]. The Raman 

spectrum of the pristine sample is shown at the bottom of Figure 2; the single Raman 

peak centered at 1567 cm
-1 

indicates that the C70(Fc)2 sheets mainly contain 

monomeric C70 molecules. In addition to the peaks from C70, two peaks at 310 and 

1106 cm
-1

 from the vibrational modes of intercalated Fc molecules are observed. The 

two peaks are denoted as Fc(a) and Fc(b), respectively. 

High pressure Raman spectra recorded at room temperature up to 35 GPa are 

shown in Figure 2. From this figure, we find that as the pressure increases, the peaks 

at 226, 737 and 1182 cm
-1

 split and several new peaks appear at lower frequency at 

around 2-3 GPa. The peak of 1564 cm
-1 

shows two splits at about 2.6 and 7 GPa, 

respectively, marked by red arrows in Figure 2(c). Above 11 GPa, most of the peaks 
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become broad and weak. All these changes indicate the occurrence of transitions in 

the material which will be discussed later. Beside the changes in the Raman modes of 

C70, the two modes from Fc molecules disappear with increasing pressures (see Fig.S2 

for a more clear view). We further analyze the pressure dependence of several 

important modes in Figure 2(d), which shows that two obvious changes in the slopes 

of the pressure dependence of certain peaks can be observed at 2-3 and 8 GPa, 

respectively. This implies that two phase transitions may occur at the two 

corresponding pressure points. The pressure dependence of almost all Raman modes 

is also shown in Figure S3. 

 

 

Figure 2. Raman spectra at low frequencies (a), intermediate frequencies (b) and high 

frequencies (c) for C70(Fc)2 at different pressures, and the pressure dependence of the 

1182 and 1564 cm
-1

 modes (d). The red arrows show the splits of the 1564 cm
-1

 mode. 
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3.2 IR spectroscopy 

High pressure IR spectra were collected at room temperature up to 20 GPa and 

some selected spectra are presented in Figure 3. As we know, C70 has 31 

infrared-active modes, out of which ten nondegenerate A2" and 21 doubly degenerate 

E1" modes are included at ambient conditions [23]. The IR spectrum of pristine 

C70(Fc)2 is shown at the bottom of Figure 3(a, b) and besides the IR modes from C70, 

we can also observe two modes from Fc located at 1002 and 1107 cm
-1

. We denote 

these two modes as Fc(1) and Fc(2), respectively.   

From Figure 3, we can see that most peaks become weaker and broader as pressure 

increases. Remarkably, some new peaks appear at 600-800 and the 1430 cm
-1 

peak 

splits twice at about 2-3 and 8 GPa, respectively. The red arrows show the 

corresponding splits. All these splitted peaks finally merge into one broad peak at 20 

GPa. Besides the peak from C70, the Fc(1) mode also splits at about 3 GPa. The 

pressure evolutions for the frequencies of the most important modes 1430 cm
-1

 are 

shown in Figure 3(c). Also, the pressure dependence of most IR modes is shown in 

Figure S4. From the plotted curves, we can observe two transitions which occur at 2-3 

and 6-8 GPa, respectively. These significant changes in the IR spectra further confirm 

that two phase transitions occur in our sample under high pressure. 
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Figure 3. IR spectra at low frequencies (a) and high frequencies (b) under different 

pressures and the pressure dependence of the 1430 cm
-1

 mode (c). The red arrows 

show the splits of the 1430 cm
-1

 mode. 

 

The Raman and IR spectra at atmospheric pressure of the samples released from 

different pressures are shown in Figure 4. The IR spectrum of the sample released 

from 20 GPa shows identical features to those of pristine C70(Fc)2. The Raman 

spectrum of the sample released from 35 GPa (Fig. 4b) shows that although most of 

the peaks from pristine C70(Fc)2 disappear, the weak signals in the region of 700-800 

and 1400-1600 cm
-1

, which should be from the remaining C70 in the released sample, 

can still be observed. These results indicate that the transitions observed in the 

samples under pressure are reversible up to at least 20 GPa while became partially 

reversible from 35 GPa. The irreversibility is mostly due to the amorphization of the 
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material at very high pressure. 

    

 

Figure 4. IR (a) and Raman (b) spectra for C70(Fc)2 after decompression from the 

pressures indicated. 

 

3.3 XRD measurement 

At ambient conditions, the XRD pattern from our sample (see Fig.1c) can be well 

indexed by a monoclinic structure, in good agreement with that reported in previous 

literature [20]. In this structured crystal, the fullerene C70 molecules are located 

among the layers of ferrocene molecules (see Fig.S1(a)). Some selected XRD patterns 

as a function of pressure at room temperature are shown in Figure 5(a). We can see 

that no significant change has been observed even up to 12.7 GPa. At higher pressure, 

most peaks become too weak to be observed and only a broad peak at 4.3 Å survives 

(the initially strongest peak in the pattern). The pressure evolutions of the lattice 

parameters are also shown in Figure 5(b). It is clear that two obvious changes in the 

slopes can be observed at 2.5 and 8 GPa, respectively. These transitions are in 

agreement with the results from Raman and IR studies, indicating that two phase 
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transitions may occur at the corresponding pressures. Note that the ambient pressure 

data presented here were obtained in our lab while the high pressure data were 

measured at the Synchrotron Radiation Station. However, based on a comparison with 

our previous data, the difference between the measured data from the two different 

experiments is quite small and acceptable. Thus the slope of the pressure dependence 

of the lattice parameters in the range 0-2 GPa is reasonable and consistent. We also 

show error bars in Figure 5(b) to show that the anomalies are much larger than the 

errors. 

 

 

Figure 5. In situ XRD patterns of C70(Fc)2 at different pressures (a) and pressure 

dependence of the lattice parameters (b) of C70(Fc)2. The pressure dependence of d/d0 

is shown as an inset. 

 

3.4 Theoretical calculation 

To guide our interpretation of the experimental data, the structural evolutions of the 

crystal under pressure are simulated using Material Studio software and the 

calculation details are described in the Supporting Information (in the description of 
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Fig.S5). The ELF that can be used to search for possible bonding between 

neighboring C70 molecules has been calculated for our C70(Fc)2 under pressure. Figure 

6 shows the results for the C70(Fc)2 crystal viewed from the (100) crystal plane 

obtained at 2, 3.5 and 8 GPa, respectively. In these figures, the Fc molecules which 

should be underneath the layer of C70 molecules are not shown (for better view) but 

all of them are taken into account in our simulations. From the figures, it is clear that 

the overlapping of ELF between C70 molecules increases with increasing pressure. At 

2 GPa, no overlapping of the ELF between C70 molecules can be found and the ELF 

of two C70s out of every four C70 molecules show overlapping at 3.5 GPa, while at 8 

GPa, almost all the ELF of the C70 molecules in the crystal overlap. The overlapping 

of the ELFs strongly indicates that chemical bond formation is initiated between 

neighboring C70 molecules and the degree of polymerization is enhanced with 

increasing pressure. Several possible polymeric structures of C70 are shown in Figure 

S6 at pressures of 3.5 (a) and 8 GPa (b), respectively.  

To further understand the effect of doping on the charge distribution in C70(Fc)2 

under pressure, the iso-surface charge difference of the system is calculated by 

Density functional theory (DFT) simulations. In Table 1, we list the charge values on 

different atoms in C70(Fc)2 at three selected pressures and we can see that the values 

change with increasing pressure. The results suggest that the degree of the charge 

transfer from Fc to C70 molecules increases significantly by applying pressure. 
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Figure 6. ELF of the crystals viewed from the (100) plane at 2 GPa (a), 3.5 GPa (b) 

and 8 GPa (c). The green (or yellow) elliptical represents the ELF of each C70 

molecule.  

 

 

 

P (GPa) 

Charge value (e
-
) 

C(from C70) Fe C(from Fc) 

2 -0.37 4.46 -8.61 

3.5 -0.51 4.53 -8.39 

8 -0.61 4.65 -8.13 

Table 1. Charge values on different atoms in C70(Fc)2 at selected pressures. 
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4. Discussion 

From high-pressure Raman, IR and XRD studies on the C70(Fc)2 sample, we 

suggest that two transitions take place in the material at around 2-3 and 8 GPa, 

respectively. Combined with our theoretical calculations, the transitions in the 

material can be demonstrated as follows. 

 

4.1 Edge at 2-3 GPa 

Around 2-3 GPa, there is an obvious change in the slopes of the pressure 

dependence for Raman and IR peaks. (see Fig.S3, 4) According to previous studies, 

similar changes were related to the orientational ordering transition from fcc to 

rhombohedral lattice structure or to a polymerization in the pristine C70 crystal 

[24-26]. In general, orientational phase transitions in C70 crystals only cause slope 

changes in some Raman or IR vibration modes, but in our case we also observe the 

splitting of some modes in the spectra, which can not be related to the orientational 

phase transition. Instead, the mode splitting in Raman and IR spectra always appears 

in C70 polymerization [16, 24]. For example, in pristine C70, the chemical bond 

formation between C70 molecules results in spectroscopic changes with some new 

modes appearing at around 1 GPa [23]. We further compare the Raman and IR spectra 

of C70(Fc)2 at several selected pressures at around 2-3 GPa with that of the C70 dimer 

[16]
 
in Figure S7. All the observed spectroscopic features (transitions) under pressure 

are quite similar to those of the C70 dimer [16], which strongly suggests the formation 

of C70 dimers in C70(Fc)2 above 2 GPa. 
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 The ELF results shown in Figure 6(b) further support the formation of a dimer 

phase in C70(Fc)2 at about 3.5 GPa due to the overlapping of the electron cloud around 

the molecules. Two possible structures of the C70 dimer structure are proposed in 

Figure S6(a). For both structures, neighboring molecules are linked by 

four-membered rings in a (2+2) cycloaddition between double bonds close to polar 

pentagons on the C70 cages. These structures have also been studied in previous work 

by different methods HPHT treatment or separation by high performance liquid 

chromatography) [16, 17]. In contrast to the dimer of C60, C70 dimers can have several 

different structures due to its special elliptical molecular shape.  

 The observed changes in all the lattice constants and the dominant diffracted 

peaks of the crystal from XRD measurement at 2-3 GPa, with no significant change in 

the recorded XRD patterns, is generally consistent with that of the reported XRD data 

on fullerene dimerization in previous work. For example, in the studies of 

dimerization of C60, the XRD pattern can still be described by a fcc structure without 

significant change in the diffracted pattern [27, 28]. Thus, the phase transition 

observed in our sample can be assigned to the dimerization of C70 molecules.  

 

4.2 Edge at 8 GPa 

The second transition is observed at about 8 GPa in both Raman and IR 

measurements. The change in the slopes (see Fig.S3, 4) and the split of the dominant 

peaks have not been observed in pristine C70 at similar pressures at room temperature. 

As mentioned above, the splitting of spectroscopic modes may be due to the 
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polymerization of C70 molecules which cause a symmetry decrease and the formation 

of new bonds [16, 18]. In Figure S8 we compare the Raman spectra of C70(Fc)2 at 

several selected pressures around 7-9 GPa with that of the C70 zigzag chain-like 

polymer phase [18]. All the features and changes are very similar to those of 1D 

zigzag chain-like C70 polymer. Also, the IR spectrum for the long chain polymer C70 

[18] exhibits characteristic patterns at 700-800 and 1414-1442 cm
-1

, which are similar 

to those observed for our C70(Fc)2 at 7-9 GPa.  

Our ELF calculations on the crystal (Fig.6c) further support the idea that a long 

range polymerization may take place in the material above 8 GPa, due to the further 

increase of the overlapping of the ELF of the molecules. Although this overlap can be 

observed within the whole layer of C70s, the most probable polymer structure is the 

1D polymer. The 1D zigzag chain-like polymer structure of C70(Fc)2 which is 

matched with our experimental studies is sketched in Figure S6(b). In this case, the 

neighboring molecules are connected by double bonds close to the polar pentagons of 

the dimerized C70 cages. This structure can be formed naturally from dimer structure 

1, while such long chain polymerization is unfavorable from dimer structure 2 due to 

the inserted Fc molecular spacer, which limits the space arrangement of C70 molecules. 

In general, the one-dimensional C70 polymers can only be obtained either by applying 

simultaneous HPHT conditions or by doping [18, 19]. Compared to the case of C60 

polymerization, the various configurations in C70 polymer phases can be related to the 

special elliptical shape and the fact that reactive double bonds exist only on the polar 

caps of the molecules. These reasons, together with the layer-like arrangement of Fc 
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molecules in C70(Fc)2 and the charge transfer between C70 and Fc, results in the 

different polymer phases in C70(Fc)2. In contrast to the polymer in Sm doped C70, for 

which the bonding is formed between C70s by a metal atom bridge, the 1D polymer in 

C70(Fc)2 is formed by the direct bonding between C70 molecules (C70-C70) under 

pressure, due to the enhanced charge transfer between C70 and Fc molecules as well as 

the restrictions imposed by the layers of Fc spacer molecules.  

 The simulated XRD patterns (see Fig.S5) show that the sample preserves the 

starting structure even after the polymerizations, which is in good agreement with our 

high pressure XRD measurements. The changes observed in the b and c parameters at 

the pressures where the polymerizations occur (see Fig.5b) can be well understood by 

the polymeric structures formed in the C70(Fc)2 crystal. The starting structure of the 

C70(Fc)2 crystal can be viewed as close-packed layers of C70 molecules stacked 

directly one above the other, parallel to the (100) crystal plane (see Fig.S1). The 

spatial separation of the C70 layers prevents the formation of intercage polymeric 

bonds in the a-axis direction, only allowing polymerization within the C70 layers in 

the C70(Fc)2 crystal. Thus, C70 molecules can form a 1D zigzag chain-like polymer in 

the (100) plane, which results in a lower compressibility of the b-axis and c-axis 

within the layer than that of the a-axis between the layers.  

 

4.3 Others 

In addition to the Raman changes observed for the C70 molecules, obvious 

spectroscopic changes for the Fc molecules have been observed at low pressure (see 
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Fig.S2). In our previous study on pristine Fc [13], we observed that the Fc(a) mode 

arising from the ring-metal stretch [29] splits into two peaks already at low pressure. 

In contrast, no obvious splitting of this mode is observed in C70(Fc)2. Also, the Fc(b) 

mode, which corresponds to the ring breathing in Fc [29], can persist at least up to 24 

GPa in pristine Fc, whereas in C70(Fc)2, this mode shows a significant softening at 3 

GPa and disappears at higher pressure. These transformations of Fc in C70(Fc)2 are 

similar to those of Fc in C60(Fc)2 [13]. For the latter case the unusual softening of the 

Fc modes was explained by an increasing interaction between C60 and Fc under 

pressure. Indeed, our theoretial analysis of C70(Fc)2 clearly shows that the charge 

transfer between the two molecules increases with increasing pressure, which should 

be related to the observed transformations in the Fc molecules in C70(Fc)2. Such 

enhanced interaction (charge transfer) between C70 and Fc caused by applying 

pressure consequently favors the polymerization of fullerene molecules and thus the 

formation of the dimer and long chain polymer structures in our sample at suitable 

pressures. 

The reversible polymerization behavior of C70(Fc)2 observed from our IR and 

Raman studies under pressure is very different from the irreversible polymerization of 

pure C70 by HPHT [18]. A similar reversible polymerization has also been observed in 

C60(Fc)2 under pressure in our previous report
 
[13], in which the steric repulsion of the 

counter ions can be overridden at high pressure, resulting in reversible polymerization. 

Similar to C60(Fc)2, C70(Fc)2 is formed by a weak charge transfer interaction between 

C70 and Fc molecules at ambient conditions. The interaction between C70 and Fc can 
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be enhanced by applying pressure, which favors the polymerization of C70 even at 

room temperature. This can be understood by the fact that the pressure could induce a 

redistribution of the electron cloud between C70 and the Fc molecules and thus favor 

the polymerization of C70 molecules. The stability of the polymerization is controlled 

by the steric repulsion of counter ions which can be overridden at high pressure and 

eventually returns to the initial state when pressure is released, leading to reversible 

polymerization. However, compared with the study on C60(Fc)2, due to the great 

difference in the molecular morphology between C60 and C70 the polymerization of 

C70 is difficult and the deformation of C70 should be more significant. However, our 

results clearly show that intercalation by Fc or other molecules is an important way to 

tune the polymerization of fullerenes, and may be expanded to other fullerene 

materials, such as larger fullerene.   

 

5. Conclusion 

In situ Raman spectra, IR spectra and XRD patterns are recorded to investigate the 

phase transitions of single crystalline C70(Fc)2 under high pressure. The experimental 

measurements coupled with theoretical calculation enabled us to elucidate the role of 

the pressure-tuned interaction (charge transfer) between the Fc and C70 molecules on 

the polymerization of fullerenes in the crystal. A dimer phase and a 1D zigzag 

chain-like polymer of C70 molecules are found to be formed from about 3 and 8 GPa, 

respectively. Both the dimer and the 1D polymer phases exhibit spectroscopic 

characteristic similar to those for pure C70 dimer and polymer. Several possible 
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dimer/polymer structures have been further proposed, which can only form within 

single layers due to the special layered structure in the C70(Fc)2 sheets. The observed 

polymerization is reversible upon decompression and can be related to the overridden 

steric repulsion of counter ions at high pressure, as well as the reduction of charge 

transfer as pressure is decreased. 
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Appendix A. Supplementary data 

The Supporting Information Section provides detailed figures showing Raman and 

IR spectra, as well as sketches of the possible polymer structures and additional 

analysis of the calculation results. 
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Captions: 

Figure 1. SEM images of C70(Fc)2 at low (a) and high (b) magnification; (c) our 

experimental XRD pattern of C70(Fc)2.  

Figure 2. Raman spectra at low frequencies (a), intermediate frequencies (b) and high 

frequencies (c) for C70(Fc)2 at different pressures, and the pressure dependence of the 

1182 and 1564 cm
-1

 modes (d). The red arrows show the splits of the 1564 cm
-1

 mode. 

Figure 3. IR spectra at low frequencies (a) and high frequencies (b) under different 

pressures and the pressure dependence of the 1430 cm
-1

 mode (c). The red arrows 

show the splits of the 1430 cm
-1

 mode. 

Figure 4. IR (a) and Raman (b) spectra for C70(Fc)2 after decompression from the 

pressures indicated. 

Figure 5. In situ XRD patterns of C70(Fc)2 at different pressures (a) and pressure 

dependence of the lattice parameters (b) of C70(Fc)2. The pressure dependence of d/d0 

is shown as an inset. 

Figure 6. ELF of the crystals viewed from the (100) plane at 2 (a), 3.5 (b) and 8 GPa 

(c). The green (or yellow) elliptical represents the ELF of each C70 molecule.  

 

Table 1. Charge values on different atoms in C70(Fc)2 at selected pressures. 

 


