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Chemical and thermal stability of carbyne-like structures in cluster-assembled carbon films
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Nanostructured carbon films consisting s chains (polyynes and polycumulenegmbedded in arsp?
matrix are grown using supersonic carbon cluster beam deposition in ultrahigh vacuum at room temperature.
All the specimens have been analyzedibysitu Raman spectroscopy. The use of different excitation wave-
lengths(532 and 632.8 ninconfirms the presence of distinct carbynoid species. Chemical stability aipthe
species has been studied by exposing the as-deposited films to 500 mbgar ldeH\,, and dry air. Gas
exposure produces an exponential decay of the carbynoid fraction slightly affectingptheomponent.
Helium, hydrogen, and nitrogen do not chemically interact withghehains whereas oxygen reacts with the
carbynoids species causing their fast and almost complete destruction. The films have been also thermally
annealed at 20°, 100°, 150°, and 200 °C. The amount of carbynoid species is rapidly and strongly reduced at
temperature larger than room temperature. The relevance for material science and interstellar chemistry of the
production of a bulk form of carbon whesp andsp? hybridizations coexist is addressed.
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[. INTRODUCTION and high temperature modification of carbon-based s@lids
or on chemical strategies aiming at the elimination of sub-
The combination ofsp®, sp?, andsp hybridized atoms stituents from a linear organic molecule to end the naked
can give rise to a large number of carbon allotropic formslinear carbon backbone'® This latter strategy includes cata-
and phases, however only carbon solids based os@ll lytic dehydropolymerization of acetylert2 dehydrohaloge-
(diamond andsp? (graphite, fullerengare well known and nation of chlorinated polyacetylerair promoted coupling
characterized.In addition there are innumerable transitional reaction of dicopper acetylidd, electrochemical reductive
forms of carbon whersp? andsp® hybridization bonds co- carbonization of poltetrafluoroethylene’
exist in the same solid such as in amorphous carbon, carbon The material obtained with the “chemical” approach is
black, soot, cokes, glassy carbon, &tt. formed by carbon chains separated by reaction byproducts
Solids based omsp hybridization, although subject of in- (for example alkali metal fluoridepreventing cross-linking
tense experimental efforts, seem to be the most elusive of theaction between adjacent carbynic chains and decomposi-
different carbon families.The existence of linear chains of tion in a reactive environmertThese systems are conceptu-
carbon atoms linked by alternating single and triple bondslly similar to the matrix-isolated ones where polyyne of
(polyyne or double bondgpolycumuleng with stabilizing  polycumulene species are kept isolated and protected form
molecular complexes at the end of the chains, has been rechain—chain and chain—moisture interactfon.
ognized in interstellar molecular clouds and can be artifi- Recently we have shown the possibility of growing a pure
cially produced by different chemical routés carbon solid containing a significant amount of carbynoid
Polyyne and polycumulene are very fragile and reactivestructures by supersonic carbon cluster beam deposition
exposure to oxygen and/or water completely destroys thes(SCBD) at room temperature in an ultrahigh vacuum
species:® Isolated carbon chains have been extensively studdUHV).??n situ Raman spectroscopy has confirmed the pres-
ied only in the gas phas®&*?or by means of matrix isolation ence of polyynes and polycumulenes in a nanostructsip?d
spectroscopy at very low temperatdfe’® The high reactiv- matrix. Thesesp hybridized linear carbon structures are
ity of unsaturatedsp chains and their tendency to undergo metastable even in UHV at room temperature. When exposed
chain—chain cross-linking reaction causing the evolution toto oxygen, the carbon network structure rapidly evolves to-
wards asp® phasé generated a deep skepticism about thewards a more common mainkyp?® amorphous phase, with
possibility of assemblingp carbon chains to form a soltd. only a small residual amount ofp linear aggregates.
Despite their fragility, the existence of an elemental car-Polyyne chains appear to be more stable under oxygen ex-
bon solid formed solely byp chains known as “carbyne” posure than polycumulenés.
has been proposed by many authors and it has been subjectA deeper understanding of the stabilitysgcarbon struc-
of controversy?® Several results have been published mainlytures and of their role in the nanostructured carbon network
on the crystallographic characterization of this hypotheticalabundance, stabilization mechanisms, interconnectivity
material, however no compelling evidence of the existencavould provide a new insight in the physics and chemistry of
of carbyne solid has been provided so¥ar. linear carbon chains and it would address the long sought
sp chains synthetic routes are based on the high pressumportunity of combining carbon building blocks with differ-
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ent hybridization to produce new forms of carbon with tai- mounted on the sample holder. The final temperature can be
lored structural and functional propertie: reached in a few minutes and it can be kept constant within
Here we present a Raman spectroscopy characterizatiah2 °C by means of an electronic controller.
of sp carbon chains embedded in a nanostructured carbon The deposition chamber was also equipped with a preci-
thin film deposited by SCBD. The evolution ap carbon  sion leak-valve and a capacitance manometer in order to al-
chains when exposed to different inert or reactive atmolow the introduction of pure gases after the deposition and a
spheres(He, N,, H,, and dry aiy, or when annealed in careful control of their pressure.
vacuum at various temperatures up to 200 °C has been fol-
lowed by monitoring the variation of the Raman peaks asso-
ciated to polyynes and polycumulenes in order to achieve IIl. EXPERIMENTAL RESULTS
detailed information about the chemical and thermodynami- o . i
- . A. Raman characterization of the as-deposited films
cal stability of these species.
Raman spectra of cluster-assembled carbon films grown
Il. EXPERIMENTAL SETUP in ambient conditions are characterized by the presence of
the so-calleds and D bands in the 1300—1600 crh spec-
Nanostructured carbon thin films containing carbynoidtra| region?® Their position and shape can be related to the
species were grown in UHV conditions by the depositiongegree of structural disorder of the film and to the distribu-
apparatus CLARACIuster Assembling Roaming Apparalus tjon of bond lengths and angle distortioifsA weak feature
described in detail in Ref. 25. CLARA consists of three dif- i, the 2000-2200 cmt spectral region is also preséit.
ferentially pumped vacuum chambers equipped with a pulsegthjs feature can be interpreteal posteriori as due tosp
microplasma cluster sour¢®MCS (Refs. 26,27 and a lin-  chains protected from oxidation by trep? carbon matrix
ear time-of-flight mass spectrome(@OF-MS). (see Fig. 2
The PMCS produces a pulsed beam of carbon clusters A peak at 2100 cm! dramatically increases in intensity

seeded in helium with a mass distribution with an approxi-iy the in situ spectrum(we will refer to it as ‘C” peak), as
mately log-normal shape peaked around 600 atoms/cluster

and extending up to several thousands atgRig. 1). The
kinetic energy of the clusters is roughly 0.3 eV/atom. High
resolution TOF/MS characterization amdsitu x-ray photo-
emission spectroscopy indicates that no contaminamég-
gen, nitrogen, hydrogerare present in the beam and on the
deposited filmg®

Cluster-assembled films were prepared and characterizes
by Raman spectroscopy in a small UHV chamber connectecz
to CLARA, where a substrate on a holder intercepts the clus-§
ter beam. Clusters have been deposited on a silicon substraZ
kept at room temperature up to a thickness of 200 nm, esti-
mated by means of a quartz microbalance rate measuremer
The deposition rate was typically 4 nm/min. The excitation
light was the 532 nm line of a frequency-doubled Nd-Yag or
the 632.8 nm line of a He—Ne laser. Backscattered light was

analyzed by a Jobin-Yvon T64000 spectrometer in triple FiG. 2. Raman spectra of cluster-assembled carbon films grown

grating configuration and detected by a liquid nitrogenat room temperature. The two spectra were colleeteditu(gray)
cooled CCD camera. Spectral resolution is below 3 tm  andin situ in UHV conditions (black. For thein situ spectra we

The substrate temperature has been varied after the filghow the two fitting curves of the carbyne peak, identifying the
deposition up to 350°C by means of a tungsten heatepolycumulengleft) and polyyne(right) contributions.
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FIG. 3. (Color onling In situ Raman spectra of cluster as-  FIG. 4. Decay behavior of the relative peak intensity as a

sembled carbon films obtained with different excitation wave-function of UHV residence time and different gases exposure times.
lengths: a frequency-doubled Nd-Y&32 nm and a HeNg632.8
nm). In the inset: dispersion of polycumulene peablid circles B. Gas exposure

and polyyne peaksolid triangles The sp chains are metastable and have the tendency to

undergo cross-linking reactions to form ts@’ phas€’. In
shown in Fig. 2, wherea§& and D bands undergo small order to characterize thep metastable decay we have moni-
changes fronmex situto in situ deposition. tored thesp chain stability through the evolution of the
The C peak has a remarkably strong intensity and appeargeak intensity, either keeping the sample under UHV for
to be structured and composed of a main broad peak at aboggveral daysat a pressure of about 20~° Torr) or expos-
2100 cm' and a weaker shoulder centered aroundnd it to different atmospheres giiHe, N, and dry aif. In
1980 cni’l, as evidenced by a two-Gaussian(§iee Fig. 2 the case of UHV cqnditions, we have observed a slow de-
The peaks at 2100 and 1980 cthcan be assigned to the crease of the intensity of .both the two components ofCGhe
vibrational frequencies of the C—C bond in both polyyine P€ak and small changes n the shape of@handD bands.
and polycumulene chains respective?! The relativeC ~ The temporal evolution offc |s|we|| descrlb/ed by an expo-
peak intensity of the as-deposited carbon, expressed by tftential decay plus a constaig'=Ro+R.e"'" (see Fig. 4.
ratio between its integrated intensity and heG band in- This tprOtVIdECEjS fa?h estlmjlte Iof the cr;a(rjafcter;_stlc (;Iecaz t|m_3
; el . constant and of the residual nonreacted fraction of carbynoi
tegrated intensitylc=Ic/Ip g) is roughly 45%. structures. A characteristic decay time of the order of %/2 h,
resulting in a reduction of¥' to a 29% of the as-deposited
value has been observéske Table)l It is worth noting that
is residual intensity is almost one order of magnitude
reater than the intensity measuredeix situsamples, and

el - . at it remains stable even after 18 days from the deposition.
peaklc is directly related to the carbyne amount in the |, order to characterize the effect of gas exposure on

network and was thus chosen as the main parameter relatiRg|yynes and polycumulenes, we have monitored the evolu-
to their evolution. Owing to the amorphous character of thgjon of I® in films exposed to the different gases at the
material, Gaussian fitting functions have been chosen for thgressure of 500 mbar. Figure 5 shows the temporal evolution
analysis of Raman peaks. of the Raman spectrum of a film exposed tg. NSimilar

In Fig. 3 we report the Raman spectra of the clusterspectra have been obtained for helium and hydrogen expo-
assembled material immediately after deposition in UHV

conditions, obtained with different excitation wavelengths TABLE I. Fitting parameters for the exponential plus a constant
(532 nm and 632.8 nmUsing an excitation wavelength of decay of the relativ€ peak intensities under exposure of different
632.8 nm we observe & peak shift towards a lower fre- gases.

quency (roughly 30 cm'!) and anlp/lg increase with re-

An accurate quantitative determination of thig content
with respect tas p? is not possible by Raman spectroscdpy,
since the actual Raman cross section of linear chains a
rings embedded in the carbon amorphous network is no
known. Nevertheless, the integrated intensity of the carbyn

spect to the case in which a 532 nm wavelength is used. This Ro 7 (h)
reflects the typical dispersion behavior f8rand D features UHV 28.8+ 0.5% 20+ 3
in mainly sp?> amorphous carboft. Ircel is smaller at 632.8 H, 12.0+0.8% 1143
nm in agreement with the observation on polymeric carborye 14.10.3% 20-0.1
reported in Ref. 9. By varying the laser excitation energyy, 13.0+0.2% 1.0:0.1
also the relative polycumulene/polyyne intensity ratio variesdry air 3.6+0.2% 0.58-0.03

and it is larger at 632.8 nm than at 532 nm.
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FIG. 6. Left panel: Raman spectra of a 200 nm thick sample
exposed to dry air at different time; as depositéd, after 50 min

FIG. 5. Raman spectra of a 200 nm thick sample exposed to 5083): 2.5 h(C), 15 h(D), and 70 h(E). Right panel: evolution of the
mbar of molecular nitrogen after different exposure times: as depostorresponding carbyne peak and Gaussian fit of its two components.
ited (A), after 50 min(B), 2.5 h(C), 18.5 h(D), and 44.5 h(E).  The arrow underlines the blueshift of the carbyne peak occurring
Gaussian fit of the two components of the carbyne peak is als@uring its decay.
reported.
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Raman spectrum during exposure to dry air. As reported in

sure indicating that the evolution of the polyyne and pol cu-TabIe |, theC peak decay is faster for dry air than for the
9 POy POlyCU- o her gas {;=0.6 h, with a partial pressure of oxygen of

mulene peaks is substantially similar for all these gases. D%OO bay, and th di i l'?' lUe i
air induces a different behavior that will be discussed later.” > P&, an € corresponding asymplolie value 15
significantly smaller Ry=3%-4%) and comparable to

The intensity of theC peak decreases readily following an hat ob qi i N
exponential law and reaching an asymptotic value after a feW '?ho se;n:_e '."th St _Ltlmefa?rl;lremeln S- d ool |
hours from gas injectiofFig. 4). Table | presents the results € refative ntensity ot Iné polyyne and polycumuliene
contributions to theC peak is not constant during dry air

. . e| - . _
of thg anaIyS|.s of the evolution d¢, fitted with an expo exposure. In the right panel of Fig. 6 tlepeak evolution is
nential decay: the time constantaand the percentage, of : o
shown in detail: the polycumulene peak decreases much

the nonreacted fraction ofp chains for the different gas : R .
. more rapidly, and roughly 15 h after air injection there is no
exposures are shown, together with the parameters of thre

metastable decay in UHV as discussed above. emaining detectable signal from polycumulenic chains.
The gas exposure slightly affects tb@? component of
the carbon network. Since these changes are not relevant as C. Thermal stability
| . .
for the C band, ¢’ can be considered a reliable parameter |n order to investigate the thermal stability of linear car-

when following thesp component evolution. bon chains, we have characterizedsitu the C peak evolu-
Qualitatively the same behavior is observed for exposurgion in Raman spectra of thermally annealed films at differ-

to helium and molecular hydrogen, the analysis of the decagnt temperatureup to 200 °C) under UHV conditions. For

time constants and tt, for hydrogen, helium, and nitrogen each temperature, starting from RT we have taken a series of

shows that the values &, varies from 12% to 14% for the Raman spectra at fixed time intervals for a period of several

three gases, whiler is substantially different 7(N2=1 h,  days.

The=2 h, mh,= 11 h). The relative intensity of the polyyne In Fig. 7 we report thé’ce' evolution as a function of time

and the polycumulene components remains substantially urgt RT, 100°C, 150 °C, and 200 °C. This evolution cannot be
changed during the peak evolution and only a small blueshiftitted by a simple exponential decay; a better description can
is observed for both peaks. be obtained by using a sum of two exponential decays with
This indicates that exposure to a different atmosphere, adifferent time constantsig'=Ry+ Rye” "1+ R,e 72, The
the same pressure, mainly affects the kinetics of the decafirst time constant is of the order of tens of minutes, while
while the fraction ofsp chains surviving the gas exposure is the second is of the order of hours. The values of the two
independent of the specific gas.values are found to de- decay constants; and 7, and the asymptotic valuR, are
crease with increasing mass of the gas molecule: the high@eported in Table II.
the mass, the faster the decay. Thwend does not seemto  We observe threshold effects at different temperatures
be directly related to the gas molecule size. both for the slow decay constants and in the fraction of
A different interaction mechanism is expected and it issurviving carbynes after the thermal treatmBpt This has a
observed when the cluster-assembled films are exposed W@lue of roughly 29% after the metastable decay at RT, it
dry air, since oxygen is known to readily react chemicallydrops at 15% at 100 °C remaining constant up to 150 °C. We
with carbon chainé.Figure 6 shows the evolution of the observe another drop to 8% at 200 °C. This suggest the pres-

075422-4



CHEMICAL AND THERMAL STABILITY OF CARBYNE-. .. PHYSICAL REVIEW B 69, 075422 (2004

20°C observed a shift of the C-C pedhttributed to polyyine
100°C chaing from 1960 to 2080 cm® when the excitation energy
150°C changes from 1.9 to 3.1 eV. This dispersion effect in conju-
200°C gated systems is explained in terms of a correlation between
conjugation length and electronic structure and attributed to
a photoselective resonance proc&sAkagi et al. report a
dispersion of the polyyinic pealobserved at higher frequen-
cies, roughly 2100-2150 cm) of 60 cm Y/eV. We were
able to observe a similar dispersion behavior for both spec-
tral contributions (70-80 cit/eV for the polycumulene
— peak, 60 cr'/eV for the polyyne peak as shown in the inset
in Fig. 3). Moreover, both Akagiet al. and Kastneret al.
; observed an enhancement of fgeak intensity, relatively
0 20 40 60 80 100 to the G+D intensity, of an order of magnitude or more,
Time (hours) when changing the excitation source in the same interval. We
also observe an enhancement of the oveZaleak, but with
FIG. 7. Decay behavior of the relativ@ peak intensity during a larger increase of the polyyne peak with respect to the
temperature treatment of the sample. polycumulene peak. This represents a further indication of
e different electronic structure of the two components of
e carbynoid peak.
The interaction with H, N,, and He causes a decrease of
e carbynoid species. Since the decay times are related to
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. . . . t
ence of two activated processes with energy barriers S|tuate[H
between 25 and 40 meV.

sp chains causing the rearrangement of the metastable spe-
decrease suggests that the temperature only affects the decc’z&s_

kinetics. Cluster-assembled carbon film are very porous with a

pore diameter peaked at 3—4 nm, as shown by adsorption/
desorption isotherm analysi3The gases used in our experi-

Up to now it was widely accepted that polyyne chains canments have a molecular or atomic size much smaller than the
be stabilized in structures where a large interchain distance @verage pore size, so it is reasonable to assume that they
maintained by interdispersing foreign materialsloreover ~ equally diffuse in the mesoporous film network and interact
polycumulene structure have been predicted to be so fragmé/ith the same amount of linear carbon structures. This ex-
that the synthesis of a material containing this typespf plains the similaR, value observed for the three gases. The
chains has been considered extremely difficult if nottime required to reach the asymptotic valud Bfis affected
impossible® by the momentum transferred from the molecule to the film

Our experiments provide several novel aspects to the scéetwork during collisions, hence by the mass of the gas mol-
nario of sp chains production and assembling. In cluster-ecule. We note that Hdoes not seem to chemically interact
assembled films polyynes and polycumulenes can survive iwith sp chains.
ansp? carbon matrix at room temperature if oxygen is ab- A different behavior is observed for the interaction with
sent, moreover they can survive a landing process where ttexygen where a chemical reaction takes place. In this case
kinetic energy per atom is of several fraction of an®8V. we observe a much faster decay and a stronger shortening of

The presence of the different carbsp species is con- thespchains, as shown by a higher blueshift of the carbynic
firmed also by the behavior of Raman peaks at different exRaman peaks, indicating that a sort of chain cleavage is tak-
citation wavelength. So far, the only reported studies of théng place causing the shortening of polyynes and polycumu-
carbynoid peak dispersion behavior were performed by Kastenes (see Fig. 8 Both theoreticaf and experimental
neret al? for carbynoid chains obtained by carbonization of observation¥’ suggest that the vibrational frequency of car-
PTFE by alkali metals, and by Akagi al>® Kastneretal. ~ bon chains should increase with decreasing length. More-
over, we also observe that the cumulenic fraction is com-
pletely destroyed by oxygen exposure, whereas some
polyyne chains survive. This confirms the theoretical
predictions! that cumulenic chains are less stable with re-
spect to oxygen, and also explains why their contribution in

IV. DISCUSSION

TABLE II. Asymptotic value and exponential decay times ob-
tained by double exponential plus constant fit of the relafiymeak
intensities for different thermal annealing of the sample.

Ro ™1 (miry 2 () previous ex situ Raman spectroscopy studies was not ob-
20°C 29.0:0.9% e 21+5 served.
100°C 14.9-0.5% 27.0-2.1 18.3+2.2 During exposure to all the gases, a blueshifp to
150°C 15.5-0.3% 16-4 6.5-0.9 60 cm 1) and narrowing of theés peak, and an increase in
200°C 7.6-0.3% 12-3 6.1+1.2 the Ip /1 relative intensity were detected. These changes

(stronger in the case of oxygerlthough not dramatic, seem
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40 - A UHV ior of the sp chains in nanostructured carbon. Téephase
35] o e Hydrogen seems to be very sensitive to temperature variations even in
. ] © v Helium a small range. The presence of two very different decay
& 30'_ & . m  Nitrogen times may suggest that the faster one is related to structural
L o5 S a™ - ¢ Dry air rearrangements induced by temperature gradients. The
= 1 © g . slower one should be related to accelerated cross-linking pro-
@ 207 o © v cesses. Two different activation energies should correspond
2 15 MR . . to these two regimes.
o T vy Considering the formation and deposition process of car-
= 10'_ . v bon clusters by PMCS, it is reasonable to assume that the
£ 5- o’ carbynoid species are formed in the cluster source prior to
0] Aﬁm% boeo = depositior). The picturg coming put from our observatio_ns is
] characterized by relatively fragilep chains that are quite
51— —— T . surprisingly able to survive deposition at kinetic energies per
0.0 0.1 0.2 0.3 0.4 0.5  atom well above the thermal energy measured to induce the
1/ os sp rearrangement ansip? formation.

One possible mechanism for the stabilizatiorspthains
FIG. 8. Blueshift of the polyyne peak for different gas exposure.in the carbon matrix may be the formation of joints between
the chain ends andp? island adatoms. Jarrold and co-

to indicate a small trend towards ordering of 81 phase€”®  \workers have reported the observation of ball-and-chain
An increase of thé® component and a blueshift and narrow- dimers formed by fullerenes linked Isp chains obtained by
ing of the G band are also visible in the evolution of the |aser desorption of fullerene filnté. The same type of con-
Raman spectra as a consequence of thermal treatmentections could be formed in our films, rich of fullerenelike
While sp® phase changes during heating are certainly alsgragments*® thus allowing the stabilization of the carbynoid
related to the onset of an orderirigraphitization process species. Different type of stabilization sites could be present
due to annealing, similar changes need an explanation in the our films since we observe a metastable decay of the car-
case of exposure to oxygen and other gases. bynoid population.

In Fig. 9 we show the correlation betwe&peak posi- The landing process and the heating process are taking
tion andl¥'. It can be observed that the decreasing ofiffle place over two very different time scales. The landing pro-
corresponds to a shift of th® peak towards higher frequen- cess takes place on a short time scale and the kinetic energy
cies indicating a slight ordering of thep? network. This can be efficiently dissipated among a huge amount of de-
indicates that a crosslinking mechanisf{ proposed for the grees of freedom of the substrate and of the cluster itself,
breaking of both polyynic and polycumulenic chains, is tak-especially for large clusterS.On the other hand the thermal
ing place leading to the formation of ordered hexag@y®  heating is a process where vibrational modes are statistically
graphitic domains. populated: the time scale of the process is such that the

Carbynoid systems obtained from perfluorinated hydro-modes leading to rearrangement can be efficiently populated.
carbons have shown to decay faster when heated although a Our results address also another relevant aspect of carbon
systematic characterization of the effect of thermal annealinglusters that is the shape and the hybridization of the precur-
has not been providetWe observe that moderate thermal sor aggregates. As we have shown, we are depositing par-
heating in UHV conditions strongly affects the decay behaviicles in a mass range where fullerenelike shape spd

hybridization should be predominaift*' However an accu-

1580 1 A UHV rate analysis of the mass spectra shows that the contribution
o ¢ Hydrogen of odd clusters is not negligiblé-ig. 1). This suggests that
%}Q v Helium nonfullerene-type of clusters could be more aboundant than
1560 - N ® Nitrogen expected even for relatively large clusters. Another possibil-
- - o Dry Arr ity, supported by the studies of Jarrold and co-worKeis
E o' that fullerene like clusters can form complexes with the pres-
% 1540 e ence ofsp chains.
@ v . -
% g . " In any case the survival ability of polyyne and polycumu-
o v lenes upon landing indicates that they are somehow pro-
1520 4 k4 o tected by the aggregate where they have been formed, like a
282y Ce m kind of “cushion” capable of absorbing and dissipating the
“ag o deposition energy and to prevent the cross-linking reactions.
1500 T T T T T T T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5 V. SUMMARY AND CONCLUSIONS

Our experiments show unambiguously that a pure carbon
FIG. 9. Blueshift of theG peak versud ' for different gas  film rich of sp linear chains can be formed by assembling
exposure. carbon clusters at room temperature under ultrahigh vacuum.
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Polyyne and polycumulene species are present and stabilizéor the synthesis of novel carbon allotropic forms and
in all-carbon metastable structures without the need of hetianomaterial$, for the chemistry of the interstellar

eroatom terminal groups. Under Hep,Nand H, exposure

medium®?

the amount ofp species reduces with an exponential decay The production of a solid consisting sp?* andsp hybrid-

with time constants depending upon the mass of the gas. F
the investigated gases no chemical interactions have bedi @

observed.

Oxygen chemically reacts with polyynes and polycumu-

é#ed atoms support the theoretical prediction by Baughman
124 about the existence of a layered carbon phase con-
taining sp® and sp atoms dubbed graphyne.

Carbyne-containing carbon clusters may also be the ve-

lenes causing an almost complete degradation of these sp@icle for providing sp chains to different reactions taking

cies. Thermal treatments at moderate temperatures also ca
a substantial reduction of thgp contents favoring cross-

linking reactions. Threshold effects are observed at differen
temperatures suggesting the presence of activated rearrange-

ment processes.

L@gce in the interstellar medium even for conditions consid-

ered, up to now, unfavorable for the survival of nakgu
R}
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