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Fluorocarbon nanostructures possess an outer halogenated crown playing the role of an interface toward 5 

their environment and whose properties are then crucial for anticipating integration of the latter materials 

in the nanotechnology processes. Therefore, the result of fluorine addition to nanocarbon frames has been 

here investigated with the help of IR and XPS spectroscopies and the role played by the pristine lattice 

curvature and the addends addition scheme on the physicochemical characteristics of this outermost shell 

is experimentally established. The relevant paradigm of supposedly ionocovalent C-F terminations in 10 

these nanomaterials is definitely shown to be obsolete. 

Introduction 

 Lately, a broad panel of application attempts has started to 

emerge following the transposition of fluorocarbon materials to a 

nanometer scale. As a nice illustration, much attention has been 15 

paid1 to the potency of the latter as new synthons, fillers in 

nanocomposites, redox and electrochemically active components, 

lubricants, or as the building blocks of electronic nanocircuits, 

light harvesting nanodevices… The C-F termination proves 

essential in tuning the static or dynamic properties of 20 

fluorocarbon nanostructures and will define in fine their 

conceivable practical uses. Therefore, probing the related 

fundamental bond characteristics happens to be of great 

importance. 

 Hence, while the C/F chemical pairing in conventional 25 

molecular fluorochemicals is recognized as one of the most 

thermochemically stable combinations, fluorine atoms within the 

solid state fluorinated derivatives of the various carbon allotropes 

can sometimes exhibit a weaker bonding character than expected 

(here and in the following, the “bond weakening” terminology 30 

will refer purely to an increase in the negative absolute bond 

energy). For instance, the C-F bond energy within a macroscopic 

fluorinated inorganic carbon network initially containing 

graphene-like structural units happens to be notably variable, 

according to the synthesis conditions. Hence, it has long been 35 

claimed2 that, between the different known forms of graphite 

fluorides, fluctuations in the strength of the C-F bond have to be 

related to changes in the nature of the C/F interaction. The latter 

is then well known to be able to progressively evolve from ionic 

to covalent,2,3 including a somewhat exotic intermediate state set 40 

between ionic and covalent.2,4 Though rather improperly, the 

terminology “semi-ionic” or “semi-covalent” has been of 

common use to describe the latter supposedly ionocovalent C-F 

bond character. 

 Later on, the idea that an apparent C-F bond softening 45 

phenomenon of similar origin also occurs within the fluorinated 

derivatives of the organized nanostructured forms of carbon, i.e. 

essentially nanotubes and fullerene aggregates, commonly arose. 

Indeed, the likeliness of the spectral characteristics of fullerenic 

to macrofullerenic fluorocarbon architectures5-10 with those of the 50 

above-mentioned and supposedly ionocovalent intermediate form 

of graphite fluoride strongly incited to draw a parallel with the 

nature of the C-F bond existing in this latter compound. 

Therefore, most interpretations on chemical bonding within 

fluorinated carbon nanostructures have been and still keep on 55 

being made in a state of mind imposed by the decades-old 

background on fluorographites, namely bond weakening has 

become a synonym of bond polarity. Accordingly, the presence 

of notably polar C-F groups has often been suspected7 in 

fluorofullerene clusters. The nature of the C-F bond within 60 

different categories of tubular fluorocarbon networks has also 

been customarily explained via this model and the C-F moieties 

in fluorotubes are then still often depicted by numerous authors as 

exhibiting some variable degree of ionic character.8-10 

 Herein, the former statement of bond polarization, used to 65 

explain the apparent evolution between the different 

fluorographite forms and usually extrapolated to the whole 

families of fluorocarbon nanomaterials, is re-examined. In this 

purpose, a series of fluorinated nano to macro-sized carbon 

frames has been synthesized, from which fluorine addition to 70 

carbon networks can be at least partly quantitatively addressed, 

using appropriate spectroscopic techniques. The parameters 

governing the stability of the C/F pair can then be experimentally 

visualized and the relevant fluctuations newly modelled. It 

follows that many of the interpretations published so far on the 75 

origin of properties of some fluorinated carbon nanomaterials are 

widely open to criticism and should be revisited. 

Results 

 A comparative study of the energetics of fluorine addition to 

carbon frameworks is first addressed. Focus was made essentially 80 

on the influence of the fluorine addition scheme‡ and radius of  

 



 

  

 
Fig. 1. Schematic representation of the successive fluorocarbon samples 

synthesized and their corresponding (top) XPS spectrum (F1s, after 

background subtraction) (bottom) IR spectrum over the C-F stretching 

vibration region. 5 

curvature of the carbon skeleton. In this purpose, a prototypical 

series of fluorocarbon materials offering a smooth evolution in 

the former parameters has been prepared, by starting from carbon 

allotropes endowed with progressively varying characteristics. 

The carbonaceous precursors chosen are graphite, multiwall 10 

carbon nanotubes (MWNTs) of arc-discharge origin, CVD-grown 

single wall carbon nanotubes (SWNTs) and the C70 and C60 

carbon clusters. The fluorinated derivatives of the former series 

of carbon frames have been obtained as described in the 

experimental section and their respective final F/C stoichiometric 15 

ratio determined from XPS analysis. Hence, these define two 

categories of materials, based respectively on a double-side or on 

a single-side halogenation scheme. Inside a same category, that 

is, for a given mode of fluorine addition, the radius of curvature 

of the initial carbon network, characterized by its average cage 20 

diameter C, is the varying parameter. The series of fluorinated 

carbons considered consist then of: i) Graphite fluoride (CF)n (C 

= ∞; non curved corrugated layers bound to fluorine in a recto-

verso mode and containing purely sp3 carbon atoms2,3); ii) 

Surface fluorinated multiwalled nanotubes Fout-MWNT (C out ≈ 25 

30±10 nm; fluorination to saturation of the outermost cylindrical 

layers only, with the preceding (CF)n structure10,11); iii) 50% 

fluorinated single wall carbon nanotubes F-SWNT (C  2 nm; 

mixture of two main addition modes consisting of one (CF)n-like 

(= double-side addition) plus one exohedral (= single-side 30 

addition) subsystem,6,12 referred to as F(I)- and F(II)-SWNT 

addends, respectively; iv) 80% fluorinated [70]-fullerene F-C70 

(C = 0.76 nm; exohedral fluorination7); v) 80% fluorinated [60]-

fullerene F-C60 (C = 0.70 nm; exo-fluorination7). In the 

following, comparisons can be made in conditions where no real 35 

influence is exerted by the final stoichiometry, which slightly 

differs from compound to compound. Indeed, the final 

fluorination level simply bears witness to the spatial expansion of 

addition along each carbon framework, but introduces no major 

consequence on the average surrounding of a fluorine atom, so 40 

that in very good approximation, a constant local surface density 

of addends can be considered within one same previously defined 

category of fluorocarbon materials. 

 It has become customary to characterize changes in the C-F 

bond strength of solid fluorocarbons from the shift in the position 45 

of the corresponding stretching vibration band in the IR region.2,4 

However, the extent to which a normal vibrational mode of a 

network can be identified with the stretching mode of one 

individual bond might deserve a critical analysis. Furthermore, 

the intuitive assumption that bond strengths thus observed with 50 

the help of IR spectroscopy should also reflect absolute bond 

energies does not appear straightforward. As a matter of fact, 

bond strengths could rigorously reflect bond energies only under 

the condition that the state of each atom (hybridization, electrons 

localization) can be kept unchanged in the fragments formed 55 

following dissociation. In practice, a correlation between the 

absolute bond energy and the stretching frequency can therefore 

be expected only if the relaxation energies following a given 

bond cleavage are almost constant, which is at best roughly 

satisfied for a series of structurally parent compounds. Therefore, 60 

XPS can alternatively be considered as a better direct means of 

comparison between absolute bond energies, upon implicit but 

reasonable admission that changes occurring at the core level 

mirror those occurring at the valence level. In order to allow 

direct comparisons from an energetic standpoint, care must 65 

simply be taken to refer to one unique initial state. The reference 

fluorination process considered here will be Cgraphite + x/2 F2 → 

CFx, where the final product stands for any fluorinated carbon 

allotrope. We may thus define in a pragmatic way a normalized 

standard enthalpy of formation for one C-F bond, concretely 70 

representing the difference between the absolute EC-F + E(F)C-C(F) 

bond energies within a final fluorinated compound and the 

absolute energy of one C/C bond in graphite. Assuming that, 

from one fluorocarbon material to another one, variations in the 

absolute C-F bond energy prevail over those that may occur at the 75 

level of the final (F)C-C(F) bonds, the evolution in the position of 

core level features then directly reflect changes in EC-F. Hence, 

the former spectroscopic technique happens to be intimately 

related to the energetics of fluorine addition to a carbon network 

and may benefit to a generalized thermochemical approach of the 80 

phenomenon. 

 As a starting point, a compilation of the XPS data collected 

over the whole fluorocarbon series considered and showing a 

regular shift of the F1s core level is displayed in figure 1a. A 

similar effect is also systematically recorded from the C1s 85 

photoelectron peak of those carbon atoms directly bound to 

fluorine (table 1). Therefore, it happens possible to clearly 

correlate a gradual variation in the average C-F bond energy with 

a progressive evolution in the intrinsic characteristics of each 

sample. The complementary IR data of figure 1b show an exactly 90 

similar trend for the main C-F stretching band, illustrating an 

acceptable strength/energy parallel for a carbon-fluorine atomic 

pair in a nearly constant C3v-like local environment. 

 Consequently, XPS and secondarily, IR data, give formal 

experimental evidence that the creation of a C-F bond is more  95 

 



 

  

Table 1. C1s binding energies for carbon atoms directly bound to fluorine 

and experimental F1s-C1s energy gap. 

 

Sample C1s–F BE (eV) F1s-C1s) (eV)  

(CF)n: 290.1 +399.0  

Fout-MWNT: 289.8 +398.9  

F-SWNT: 

F(I) 

F(II) 

 

289.4 

288.6 

 

+398.6 

+398.8 

 

F-C70: 289.2 +398.8  

F-C60: 289.2 +398.8  
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Fig.2 F1s core level energies vs 1/c (open square: data from [10] on 

surface fluorinated MWNTs around 10 nm in outer diameter; open circle: 

data from [13] on exo-fluorinated double-walled nanotubes). 10 

energetic, when: 

 At constant addition scheme, 

i) bending of the initial carbon lattice decreases, in case of  

double-side addition 

ii) bending of the initial carbon lattice increases, in case of single-15 

side addition 

 At constant initial carbon cage radius 

iii) a recto-verso mode of addition takes place, beyond a critical 

threshold C
lim  1.0-1.2 nm 

iv) a single-side mode of addition takes place, below a critical 20 

threshold C
lim  1.0-1.2 nm 

 The estimation of the critical value C
lim is shown in figure 2, 

where the x-axis is represented as 1/c for convenience and fits 

are obtained from heuristic exponential decay and inverse power 

functions as guides to the eye. A few judiciously chosen 25 

spectroscopic results previously reported10,13 can usefully 

complete the set of data presently obtained. This cross-checking 

with some other literature data also emphasizes the global 

convergence between measurements issuing from independent 

sources. Rules iii) and iv) above imply that single-side and 30 

double-side additions become energetically equivalent processes 

near this particular carbon frame size C
lim. Note that since the 

latter critical threshold typically falls in the range of diameters 

adopted by conventional SWNTs, these have then usually the 

choice between two energetically competitive functionalization 35 

modes with fluorine, as supported by some theoretical 

calculations,14 which is highly likely the reason why they 

practically adopt mixed bonding schemes.6,9,12 

Chemical bonding 

 40 

 It has often been argued7-10 that C-F bonds in fluorotubes and 

fluorofullerene clusters possess a partially ionic character, 

inducing a weakening in their strength/energy in comparison with 

the reference (CF)n compound. In spite of the ability of fullerenic 

to macrofullerenic cages to undergo charge withdrawal,15 such an 45 

argument is purely dictated by the earlier background on the 

different fluorographite forms, shortly reviewed in the 

introductory part. This section will consequently aim at showing 

whether the bond evolution observed throughout the series 

studied here could not be understood independently of the 50 

paradigm involving a progressive change in the bond polarity, 

before examining the pertinence of the latter concept in the 

discussion part. 

 It will first be shown unambiguously that the partial ionic 

character of the bond claimed earlier7-10 for halo-55 

(macro)fluorofullerenic materials is absolutely not compatible 

with the present experimental data. Indeed, in the context of an 

ionocovalent model, any supposedly bond polarized fluorinated 

carbon skeleton should possess an increased charge density at the 

fluorine site and a decreased one at the carbon site. Since XPS is 60 

widely known as a sensitive probe for charge states, core level 

energies being highly sensitive to internal electron screening, the 

former charge separation should therefore cause shifts of the 

respective carbon and fluorine 1s levels in opposite directions. 

Yet, as seen in the first part, it can be noticed that the 65 

corresponding signals are systematically found to shift together in 

the same direction and the C1s-F1s binding energy gap happens to 

be rigorously constant from sample to sample (table 1) within 

experimental error. Though never pointed out hitherto, this 

universal invariability can also be checked from independent 70 

work.5,7,10,13 It follows that the evolution observed in the bonding 

properties can definitely not be explained by progressive 

modifications in the polarity of the C-F pair. Instead, given the 

present quasi-constant chemical architecture consisting of 

alternating >(CF)- moieties, electron density in the valence shells 75 

has few chance to significantly vary and so do the extra-atomic 

contributions to the chemical shift, so that in such conditions, the 

evolution of XPS spectra must simply reflect charge-independent 

changes in the overall C-F bond energy diagram. The present 

preliminary conclusion refuting the standard ionocovalent C-F 80 

model is further reinforced by an independent computational 

study,16 that has established that the Mulliken charges on the 

fluorine atoms in PTFE, CH2F2 and a C2F fluorotube isomer are 

similar, rendering highly doubtful the existence of an exotic 

charge state in any fluorinated carbon nanotube, and by 85 

extrapolation, in any fluorinated carbon lattice. 

 Therefore, a more pertinent interpretation of changes in C-F 

bond energies should be given based on the role played by each 



 

  

influential parameter experimentally identified here. As a starting 

point, the effect of the addition scheme should be examined. 

Clearly, systems adopting the double-side halogenation mode are 

energetically favored over those consisting of contiguous exo-

addends in eclipsed position. This obviously stems from the 5 

cancelling of steric hindrance when nearest neighbour fluorine 

atoms alternatively stand on both sides of a carbon sheet. In the 

second place comes the effect exerted by the carbon lattice 

topology. Basically, a correlation between the C-F bond energy 

and the radius of curvature of the carbon precursor is naturally 10 

expected, since the pyramidalization angle at the level of the 

carbon frame will affect the quality of orbital overlap between 

carbon and fluorine. Qualitatively, surface bending imposes some 

residual sp2 character at the level of each fluorinated carbon atom, 

which therefore partially reduces the extension of hybrid lobes 15 

pointing outward the carbon cage. This slightly reduces orbital 

overlap with fluorine and consequently, results in bond softening. 

At last, the reversed bond energy vs lattice curvature trend 

observed between the double-side and single-side addition 

schemes can be intuitively understood. Neighbouring exo-20 

addends are taken away from each other upon bending, which 

decreases their mutual steric repulsion. This improves the 

stabilization of the latter exo-addition mode with curvature, as 

shown in a theoretical work by Bettinger et al.,16 making it in fine 

competitive with the recto-verso mode below the critical 25 

threshold previously identified. All above-described effects act to 

influence the carbon-halogen bond strength/energy, so that the 

chemical bonding properties of fluorinated frameworks of 

fullerenic origin can be commonly rationalized without the help 

of the old standard model based on a variation in the ionicity of 30 

the C-F bond. 

Discussion 

 At this stage, it may be interesting to have a closer look at the 

extent to which some of the ideas that have prevailed over 

decades about fluorographites, and which falsely inspired most 35 

anterior interpretations of the C-F bond nature and its related 

properties within fluorofullerenic materials, should be 

reconsidered in the light of some late and unfortunately, too often 

overlooked, investigations. It then turns out that the ionocovalent 

description of the intermediate fluorographites appears manifestly 40 

erroneous. In the purpose of clarifying the situation, the state of 

the art on the whole family of fluorographite compounds is 

critically detailed in the following. Thus, beside the covalent 

addition derivative (CF)n, usually obtained via the fluorination of 

graphite near 600 °C, and its parent sub-fluoride (C2F)n that 45 

forms at lower temperature, some non-stoichiometric graphite 

fluorides, denoted CFx and possessing a low fluorine content 

(x<0.1), can be obtained near room temperature when a gaseous 

fluoride is used as catalyst.2,3 Such phases are then rather 

considered as lamellar intercalation compounds of graphite, in 50 

which the carbon-fluorine interaction has notably evolved. 

Structural information has strongly contributed to settle the 

notoriety of the existence of a charge transfer between carbon and 

fluorine in such graphitic fluorocarbons. Indeed, the carbon-

fluorine interatomic distance directly deduced from the value of 55 

their identity periods along the c axis is close to 0.30 nm.2 

Interestingly, such a value corresponds exactly to the sum of one 

half the interlayer separation between carbon sheets in the 

pristine host material (0.335 nm) with the conventional ionic 

radius of fluorine (0.133 nm). Under the condition that the staged 60 

structural model proposed earlier is valid, this can be considered 

as a good indication of an ionic nature of the intercalant fluorine 

atoms in such a case. In conjunction with the former 

interpretation of XRD patterns, XPS has also proven an 

additional probe of the occurrence of a charge transfer from 65 

carbon to fluorine. Indeed, in comparison with the high 

temperature form of graphite fluoride (CF)n, the F1s chemical 

shift characterizing the former CFx<0.1 graphite intercalation 

compounds moves toward a position typical of anionic fluorides.2 

Other spectroscopies, particularly NMR,3 have since brought 70 

further evidence in favour of negatively charged fluorine atoms in 

the present case. Hence, the corresponding narrow 19F signal 

recorded3 indicates motional averaging of the dipolar interactions, 

implying mobility of the intercalant species in the interlayer 

space, which necessarily means non-directionally (i.e. ionically) 75 

bonded F atoms. To date, no reason has ever appeared for calling 

into question the present description of chemical bonding in such 

low halogen content flurographitic compounds. 

 Secondly, if always under catalytic conditions and at moderate 

temperature, the F/C ratio is increased in the non-stoichiometric 80 

CFx phases, the F1s photoelectron peak happens to shift to an 

intermediate position, set between those characterizing the ionic 

and covalent F atoms.2 This phenomenon led pioneering 

researchers4 to imagine, seemingly legitimately, the creation of an 

intermediate ionocovalent (“semicovalent”/”semi-ionic”) C-F 85 

bonding mode beyond x  0.1. In parallel, for this intermediate 

graphite fluoride form, the frequency of the C-F stretching 

vibration becomes notably downshifted to 1100-1125 cm-1,2,4 in 

comparison with the homologous IR feature at 1215-1220 cm-1 

characterizing the high temperature fluorographite forms (CF)n or 90 

(C2F)n. Since one may expect the stretching force constant to be 

lowered concomitantly with a decreased covalence of the C-F 

bond (in other words, an increased ionicity), this phenomenon 

apparently further confirmed the existence of an intermediate 

ionocovalent state with respect to the previously evoked covalent 95 

and ionic states of the (CF)n and CFx<0.1 phases. 

 However, while the either ionic or covalent character of the 

C/F interaction within graphite fluorides has obtained general 

acknowledgement, the pertinence of the latter ionocovalent 

bonding model happens definitely obsolete if account is taken of 100 

still recent experimental and theoretical data on the subject, 

seldom taken into account. Thus, as early as 1999, Panich3 noted 

that the covalent (CF)n and supposedly ionocovalent CFx forms of 

graphite fluoride exhibit similar 13C NMR chemical shifts. The 

shielding effect being partly function of the electron cloud 105 

symmetry around the nucleus, no real change in the hybridization 

state of the carbon atom must consequently occur from one form 

to the other, which would otherwise induce sensitive difference in 

the respective C values. In other words, sp3 hybridization for the 

carbon atom must be present in both compounds, which can only 110 

mean covalent bonding with fluorine, and no significant 

modification in the bond character must occur from one form to 

the other. Further NMR studies17 have since confirmed that the 

so-called “semi-ionic”/“semicovalent” fluorographite form 

consists of a mixture of C-Csp2-C and Csp3-F carbons, implying 115 



 

  

that the C-F bond possesses a true covalent character. Panich also 

noted that the respective positions of the 19F lines corresponding 

to the covalent and supposedly ionocovalent graphite fluorides 

are reversed in regard to what would be expected from an 

increased partial charge on the fluorine atom within the latest 5 

form, therefore sharply contrasting with the idea of a change in 

bond polarity between the two fluorographitic forms. He then 

concluded that variation in the ionicity of the bond should not 

stand as a correct explanation of the apparent bond weakening in 

the intermediate form of graphite fluoride. Since then, recent 10 

neutron diffraction results18 have provided further highlight in 

favor of the non-existence of an ionocovalent bonding mode in 

the latter compound, in which the analysis of the carbon 

environment has led to an estimated carbon-fluorine separation of 

0.140 nm. This represents only a modest elongation with respect 15 

to the 0.136±0.003 nm bond length present in any common 

organic fluorochemical, while one may expect interatomic 

distances to strongly vary in case of charge separation. A 

structural model was proposed in which the carbon planes are 

buckled, contrarily to all previous models, indicating that orbital 20 

overlap between fluorine and sp3 carbons, i.e. covalence, prevails. 

Some theoretical calculations19 have since also confirmed that the 

energetically favourable configuration in the intermediate form of 

graphite fluoride necessitates the realization of an sp3 

hybridization state for those carbon atoms directly linked to a 25 

fluorine atom, again refuting the statement of ionocovalence. 

 In summary, the ionocovalent model in the intermediate phases 

of fluorographites should be replaced by a conventional covalent 

bonding mode, softened by some effects to be clarified in future 

works. Sato et al.18 shortly discussed the reason for bond 30 

weakening in this kind of compounds and reasonably inferred 

that the latter effect should result from the participation of the 

valence shell of the fluorine atom in a hyper-conjugation 

phenomenon with the subsisting conjugated -scheme present in 

a carbon sheet. Such an effect is indeed well-known to occur in 35 

some conjugated organic fluorocarbon molecules. 

Conclusions 

 Given the now firmly established obsoleteness of the 

ionocovalent description of some fluorographites, it seems clear 

that the same must hold true for any fluorinated carbon 40 

nanostructure and that less energetic, but nevertheless fully 

covalent bonds do form in these compounds. Consequently, 

extrapolation of the latter bond polarization model to the 

interpretation of their reactivity, solution or surface/interface 

properties and of their spectral data must be discarded. 45 

 The main effects contributing to the evolution of the C-F bond 

energy in fluorocarbon materials have been here experimentally 

visualized and arise from the carbon lattice initial curvature and 

fluorine addition scheme. 

Experimental section 50 

 Fluorinated samples were prepared by heating the former 

carbonaceous materials under a molecular fluorine gas flow in a 

Monel reactor, initially purged with nitrogen until the synthesis 

temperature was reached. Temperatures of 600, 520, 300, 320, 

320 °C and reaction times of 8, 1, 2, 3, 8 hours were used, with 55 

respect to the order first cited in the text for the different carbon 

allotropes used. All samples were rapidly cooled under fluorine. 

Further details about the experimental procedures might be found 

in previous work.6,11 

 The standard white compound poly(monocarbon 60 

monofluoride) (CF)n, saturated with fluorine,2,3 resulted from the 

high temperature fluorination of graphite. The short duration 

employed to fluorinate the MWNTs ensured halogenation to 

saturation of the outermost layers only, while maintaining a pure 

inner carbon core.10,11 The associated apparent average 65 

composition, deduced from weight uptake after fluorination, was 

CF0.2. The SWNT-based fluorotubes prepared present surface 

fluorine addends under the form of two major distinct addition 

schemes.12 These two main categories of bonds are clearly 

revealed in the corresponding IR spectrum, while the large width 70 

features inherent to C-F bonds can be resolved with 2 

components in the C1s and F1s spectra (fig. 1 + table 1). XPS 

analysis indicated a final composition CF0.5. Finally, the 

fluoro[70]- and [60]-fullerenes each correspond to a CF0.8 

compound (i.e. C70F56 and C60F48, respectively). 75 

 FTIR spectra were obtained in the transmission mode from 

anhydrous KBr pellets. Preliminary TEM observations performed 

on the raw single-walled and multi-walled tubes showed outer 

diameters set near 2 nm and 30±10 nm, respectively. XPS spectra 

were collected twice from two different spectrometers equipped 80 

with hemispherical analyzers (pass energy 20 eV) and Mg or Al 

K radiations (240-300 W), respectively. The curve-fitting of the 

spectra was carried out with Gaussian/Lorentzian product 

functions (G/L mixing ratio of about 0.7). The relative sensitivity 

factor F:C was adjusted from PVDF as standard. Care was taken 85 

to properly correct binding energies with respect to possible 

charging effects, especially for non-conducting samples, and all 

spectra were referenced against the position of the C1s peak from 

non-halogenated carbons at 284.6 eV, of either adventitious 

origin or from some samples themselves. The minor C1s signal of 90 

>CF2 groups, forming on edges or at local defects sites upon 

fluorination of the carbonaceous precursors, could sometimes 

also be used as an additional check of the correctness of the 

respective peak positions. The accuracy expected in the binding 

energies comparisons is thus better than ±0.1 eV in the absence of 95 

excessive peak overlap. 

Notes and references 

a Clermont Université, Université Blaise Pascal,. BP10448, F-63000 

Clermont-Ferrand 
b Laboratoire des Matériaux Inorganiques, CNRS UMR 6002, 24 Av. des 100 

Landais, 63171 Aubière Cedex, France. Fax: 33 473 407 108; E-mail: 

daniel.claves@univ-bpclermont.fr 

 

‡ Indicates the exo, endo, or recto-verso way addition can take place on a 

carbon sidewall and should be distinguished from the term « addition 105 

pattern », which refers to isomerism within a same addition scheme. 

 

1 H. Peng, P. Reverdy, V. N. Kabashesku and J.L. Margrave, Chem. 

Commun. 2003, 362; A.D. Darwish, I.V. Kuvytchko, X.W. Wei, 

O.V. Boltalina, I.V. Gol'dt, J.M. Street and R. Taylor, J. Chem. Soc, 110 

Perkin Trans. 2 2002, 6, 1118; X.W. Wei, A.G. Avent, O.V. 

Boltalina, A.D. Darwish, P.W. Fowler, J.P.B. Sandall, J.M. Street, 

and R. Taylor, J. Chem. Soc, Perkin Trans. 2 2002, 1, 41; A.G. 

Avent, O.V. Boltalina, J.M. Street, R. Taylor and X.-W. Wei, J. 

Chem. Soc, Perkin Trans. 2 2001, 6, 994; K. Ohkubo, R. Taylor, 115 

http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Darwish%20AD&ut=000175760700013&pos=1
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Kuvytchko%20IV&ut=000175760700013&pos=2
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Wei%20XW&ut=000175760700013&pos=3
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Boltalina%20OV&ut=000175760700013&pos=4
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Gol'dt%20IV&ut=000175760700013&pos=5
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Street%20JM&ut=000175760700013&pos=6
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Taylor%20R&ut=000175760700013&pos=7
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Wei%20XW&ut=000173397500004&pos=1
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Avent%20AG&ut=000173397500004&pos=2
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Boltalina%20OV&ut=000173397500004&pos=3
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Darwish%20AD&ut=000173397500004&pos=4
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Fowler%20PW&ut=000173397500004&pos=5
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Fowler%20PW&ut=000173397500004&pos=5
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Street%20JM&ut=000173397500004&pos=7
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Street%20JM&ut=000173397500004&pos=7
http://apps.isiknowledge.com.chimie.gate.inist.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=Z11pgMohKa8oehnHPM2&name=Taylor%20R&ut=000173397500004&pos=8


 

  

O.V. Boltalina, S. Ogo and S. Fukuzumi, Chem. Commun. 2002, 

1952 ; J.T. Robinson, J.S. Burgess, C.E. Junkermeier, S.C. Badescu, 

T.L. Reinecke, F.K. Perkins, M.K. Zalalutdniov, J.W. Baldwin, J.C. 

Culbertson, P.E. Sheehan and E.S. Snow, Nanolett. 2010, 10, 3001; 

G.A. Burley, A.G. Avent, O.V. Boltalina, I.V. Gol’dt, D.M. Guldi, 5 

M. Marcaccio, F. Paolucci, D. Paolucci and R. Taylor, Chem. 

Commun. 2003, 148; F.J. Owens, J. Mat. Chem. 2006, 16, 505; D. 

Claves, J. Phys. Chem. B 2005, 109, 12399. 

2 T. Nakajima, in “Fluorine-carbon and fluoride-carbon materials”, 

Ed. T. Nakajima, Marcel Dekker Inc., NY, 1995 and references 10 

therein. 

3 For a review, see A. M. Panich, Synth. Met. 1999, 100, 169. 

4 T. Mallouk and N. Bartlett, J. Chem. Soc. Chem. Commun. 1983, 

103. 

5 W. Zhao, C. Song, B. Zheng, J. Liu and T. Viswanathan, J. Phys. 15 

Chem. B 2002, 106 (2), 293;  P.E. Pehrsson, W. Zhao, J.W. Baldwin, 

C. Song, J. Liu, S. Kooi and B. Zheng, J. Phys. Chem. B 2003, 107 

(24), 5690; Y.-Q. Wang and P.M.A. Sherwood, Chem. Mat. 2004, 16 

(25), 5427. 

6 F. Chamssedine and D. Claves, Chem. Phys. Lett. 2007, 443, 102; F. 20 

Chamssedine and D. Claves, Carbon 2008, 46, 957; D. Claves, H. Li, 

M. Dubois, Y. Ksari Carbon 2009, 47, 2557. 

7 H. Selig, C. Lifshitz, T. Peres, J.E. Fisher, A.R. McGhie, W.J. 

Romanow, J.P. McCauley Jr and A.B. Smith III, J. Am. Chem. Soc. 

1991, 113, 5476;  K. Kniaz, J.E. Fisher, H. Selig, G.B.M. Vaughan, 25 

W.J. Romanow, D.M. Cox, S.K. Chowdhury, J.P. McCauley Jr, R.M. 

Strongin and A.B. Smith III, J. Am. Chem. Soc. 1993, 115 (14), 6060; 

T. Nakajima, Y. Matsuo, S. Kasamatsu and K. Nakanishi, Carbon 

1994, 32 (6), 1177; Y. Matsuo, T. Nakajima and S. Kasamatsu, J. 

Fluor. Chem. 1996, 78, 7; D. Claves, J. Giraudet, A. Hamwi and R. 30 

Benoit, J. Phys. Chem. B 2001, 105 (9), 1739. 

8 E.T. Mickelson, I.W. Chiang, J.L. Zimmerman, P.J. Boul, J. Lozano, 

J. Liu, R.E. Smalley, R.H. Hauge and J.L. Margrave, J. Phys. Chem. 

B 1999, 103 (21), 4318; P.R. Marcoux, J. Schreiber, P. Batail, S. 

Lefrant, J. Renouard, G. Jacob, D. Albertini and J.-Y. Mevellec, 35 

Phys. Chem. Chem. Phys. 2002, 4, 2278; V.N. Khabashesku, W.E. 

Billups and J.L. Margrave, Acc. Chem. Res. 2002, 35 (12), 1087; Y. 

Hattori, H. Kanoh, F. Okino, H. Touhara, D. Kasuya, M. Yudasaka, 

S. Iijima and K. Kaneko, J. Phys. Chem. B 2004, 108 (28), 9614; A. 

Felten, J. Ghijsen, J.-J. Pireaux, R.L. Johnson, C.M. Whelan, D. 40 

Liang, G. Van Tendeloo and C. Bittencourt, Carbon 2008, 46 (10), 

1271. 

9 Z. Gu, H. Peng, R.H. Hauge, R.E. Smalley and J.L. Margrave, 

Nanolett. 2002, 2 (9), 1009; Y.S. Lee, T.H. Cho, B.K. Lee, J.S. Rho, 

K.H. An and Y.H. Lee, J. Fluor. Chem. 2003, 120, 99; N.O.V. 45 

Planck, L. Jiang and R. Cheung, Appl. Phys. Lett. 2003, 83 (12), 

2426; N.O.V. Planck, G.A. Forrest, R. Cheung and A.J. Alexander, J. 

Phys. Chem. B. 2005, 109 (47), 22096;  E. Unger, M. Liebau, G.S. 

Duesberg, A.P. Graham, F. Kreupl, R. Seidel and W. Hoelein, Chem. 

Phys. Lett. 2004, 399, 280; Y.-S. Lee, J. Fluor. Chem. 2007, 128, 50 

392. 

10 Y.M. Shulga, T.-C. Tien, C.-C. Huang, S.-C. Lo, V.E. Muradyan, 

N.V. Polyakova, Y.-C. Ling, R.O. Loutfy and A.P. Moravsky, J. 

Electron Spectrosc. Relat. Phenom. 2007, 160, 22. 

11 F. Chamssedine and D. Claves, Chem. Phys. Lett. 2008, 454, 252. 55 

12 D. Claves and J. Rossignol, Chem. Phys. Lett. 2009, 468, 231; D. 

Claves, in « Carbon nanotubes: New research » – Chap. 11 ; 341-369, 

A.P. Ottenhouse Editor ; Nova Science Publishers, Inc. NY 11788, 

USA (2009). 

13 H. Muramatsu, Y.A. Kim, T. Hayashi, M. Endo, A. Yonemoto, H. 60 

Arikai, F. Okino and H. Touhara, Chem. Commun. 2005, 2002. 

14 K.N. Kudin, H.F. Bettinger and G.E. Scuseria, Phys. Rev. B 2001, 63, 

045413-1; K.A. Park, Y.S. Choi and Y.H. Lee, Phys. Rev. B 2003, 

68, 045429-1 

15 For a review, see D. Claves, J. Nanosci. Nanotechnol. 2007, 7 (4-5), 65 

1221 ; J. Giraudet, M. Dubois, D. Claves, J.-P. Pinheiro, M.-C. 

Schouler and P. Gadelle, Chem. Phys. Lett. 2003, 381, 306. 

16 H.F. Bettinger, K.N. Kudin and G.E. Scuseria, J. Am. Chem. Soc. 

2001, 123 (51), 12849. 

17 K. Guérin, J.-P. Pinheiro, M. Dubois, Z. Fawal, F. Masin and R. 70 

Yazami, Chem. Mat. 2004, 16 (9), 1786. 

18 Y. Sato, K. Itoh, R. Hagiwara,T. Fukunaga and Y. Ito, Carbon 2004, 

42, 3243. 

19 H.F. Bettinger, K.N. Kudin and G.E. Scuseria, J. Phys. Chem. A 

2004, 108 (15), 3016. 75 


