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Abstract. We have produced new types of carbonaceous camalog for the dust producing the 250 nm absorption arou
densates from the ejecta of a hydrocarbon plasma. Th&&:18 Sgr. This laboratory analog is a carbonaceous mate
condensates are named Quenched Carbonaceous Compasieed quenched carbonaceous composite (QCC), and itis g
(QCC). There are various types of QCC formed around the cetuced in the ejecta from a hydrocarbon plasma (Sakata et
ter of the ejecta that show an absorption feature in the sp&&94). We have previously shown that such material has sp
tral range 220-250 nm. The QCC with an absorption featuretet! properties which have much in common with that of th
220nm is composed of onion-like spherules; that with an aimterstellar extinction curve (Sakata et'al. 1983, 1994, 1995).
sorption feature at 230—240 nm are composed of polyhedral phis paper we show that one type of hydrogen-deficient QCC ¢
ticles; and that with an absorption feature at 250 nm is composadtch the 250 nm absorption band observed in V348 Sgr, a
of ribbons with bent graphitic layers. The 240-250 nm absone also show the structure of this material with high resolutia
tion feature of the hot evolved star V348 Sgr can be matcheddigctron micrography.
the ribbon-like QCC, suggesting that this type of QCC may be
present in the circumstellar shell of this star.

2. Experiment and results
Key words: stars — RCB stars-carbon: laboratory — dust, e

=Y %"1. Production of QCC with different types
tinction

of source gas mixtures

QCC is formed from the ejecta of a plasma which is generat
1. Introduction py amicrowave discharge us_ing CHsa source gas. The exper
imental setup was reported in the previous papers (Sakata e
The origin of the strong interstellar 217 nm absorption is alongg94). We measured the UV and infrared spectra of the QC
standing problem of astrophysics (Draine 1989). One approagith a Hitachi U3300 spectrophotometer with a resolution g
to the problem is to study the variations of the absorption bagts nm and with a Perkin Elmer FTIR spectrometer (Spectru
in various circumstellar enV|ronments. A promising avenug00) with a resolution of 2 cm. Three kinds of source gas
has been the study of the ultraviolet absorption in hydrogeRere used for the QCC formation as described below.
deficient, post-asymptotic giant branch stars such as those of
the R Coronae Borealis (RCB) type (Greensfein 1981, Hecht . )
et al.[1984, Buss et &I, 1989, Drilling & Shbernei 1989, Experiment 1: Source gas 0f0%), CH;(100%). Pure CH

Drilling et al.[1997). Such stars have an ultraviolet absorptic?r(i’urce gas was used previously by Sakata et al. (1994). At

maximum near 250 nm (Jeffery 1995b) and are thought to genter of the ejecta from the plasma, “dark QCC" was formg

0st-AGB stars in the final stage of helium shell flash (Claytdi} the pointwhere the ejecta struck the substrate and conden
p g ( y\/%%deposited the dark QCC shows an absorbance peak at 2

1996). Because they are active producers of dust, they pro A . )
important clues about the nature of the absorbing material. &10 nm as §hown N Fig. 1(a). By washing the dark QCC wit
etone using a pipette we can remove much of the orga

V348 Sgr is an important member of this class of stars. 3¢
is a hot extreme helium star which exhibits RCB characteri@-‘merijal from thi dfa;rk QCCr:]: The_ci]ark QCC shows a 220n
tics (Clayton 1996). It is one of the few that are bright enougi?‘Pslgr gncehpea ?:i er was fmy? W('jt Ecetcc:)ge. low-b
to obtain good ultraviolet spectra, and therefore it has been uring the production of the dark QCC, a yellow-brow
extensively studied (Drilling et al. 1997; Hecht et al. 19985n_ater|al is produced on the walls of the vacuum chamber. T

; ; ; ; Imy QCC” has interesting properties and has been report¢
Wi tin th dence f ble laboratofy™Y
© present In this paper evidence for a possible fabora 0e rlier by Sakata et al. (1990). The filmy QCC has infrared a

Send offprint requests 1&. Wada sorption bands at 3.29-3.31, 3.38, 3.42, 3.49, 3.53, 6.2, 7.0,
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the hydrogen-rich plasmic gas contains only a small amount of
hydrogen.

2.2. High resolution imaging of QCC samples

We obtained high resolution images of the dark QCC that were
washed with acetone. A Hitachi H-9000EM electron micro-
scope was used. Onion-like spherules are found in the dark
QCC with a peak at 220nm and these results are discussed
separately by Wada et dl. (1998). In contrast, the particles con-
taining in the dark QCC with a peak around 230-240 nm have a
polyhedral concentric shell structure (Fig. 2a, 2b). As the shells
become larger they become more polyhedral in shape and the
absorbance peak shifts to longer wavelengths.
In the QCC showing the 249 nm absorbance peak, ribbon-

R T T like patterns are observed (Fig. 2c). The ribbons have 3—13 lay-

200 300 400 ers with an interlayer distance similar to that of graphite. The
Wavelength (nm) number of the layers in the ribbons is nearly the same as the
numbers of shells of the onion-like spherules formed in Exper-
iment 1. The ribbons extending more than 10 nm are bent very
abruptly. In the QCC sample shown in Fig. 2(c), we cannot see
particles such as seen in Fig. 2 (a, b). Furthermore, we cannot
see the ends of the ribbon-like structure. This suggests that it is
composed of fused polyhedrons or long entangled bent ribbons.

7.6,8.8,11.4,12.0, and 13.2n. Itis composed of various typeswe do not see flat graphitic particles which are constructed from

of organic condensates, such as polycyclic aromatic hydrocd49€ sheets of PAH. The image has some similarities to those of
bons, polyenes and polyynes. After washing with acetone, {pelyhedral particles of carbon black heated e_;tt high temper_ature
dark QCC also has some of the infrared absorption bands lis§P00 C). cokes, and glassy carbon (Oberlin 1989; Jenkins &

above. However, the absorption bands at 3.3, 12.0, and.3.2 K_awamura 1971). These are all carbon materials produced at
are weaker. high temperature.

Absorbance (relative)

Fig. 1. UV spectra of various QCCs. (a) Formed from %) and
CH, (100%). (a) After washing (a) with acetone. (b) Formed from H
(50%) and CH (50%). (b) After washing (b) with acetone. (c) Formed
from Hy (70%) and CH (30%).

Experiment 2: Source gas of,i50%), CH,(50%). The dark 2.3. Comparison to the UV absorption of V348 Sgr

QCC as deposited shows a broad absorbance peak around 24UV extinction of the dust surrounding V348 Sgr has an
230 nm (Fig. 1b). The material shows a set of infrared absorptighsorption feature located at 242—250 nm (Drilling et al. 1989,
bands similar to the condensate of Experiment 1, although alifgg7). In Fig. 3 we compare the V348 Sgr feature with that of
the absorption bands are weaker. After removal of OrganiC MBe dark QcCcC with 246 nm peak_ Matching of the absorption
terial from the dark QCC by washing with acetone, the materiglaximum wavelength and width is good. Since the spectrum of
shows an absorbance peak30 nm. V348 Sgr is noisy at the shorter wavelength side of the absorp-
tion maximum, the profile of the feature is not known precisely.
Experiment 3: Source gas of,70%), CH,(30%). The dark We assume the structure inthe spectrum at 200-250 nm iS noise
QCC as deposited shows a peak at 235-250 nm as showA' that a smooth fitting curve is appropriate.
Fig. 1(c). After washing the dark QCC with acetone, the spec-
trum was unchanged. The filmy QCC was not produced on the
vacuum wall of the apparatus, and this confirms that the orgagicDiSCUSSiOn
condensates were not produced in abundance with this source
gas mixture. In the infrared spectrum of the dark QCC, wedihe circumstellar dust of carbon-rich evolved stars tend to show
absorption bands at 3.38, 3.42 and 3;6t are detected, but an absorption maximum at 230—-250 nm. For example, the UV
the bands at 3.3 and 11-13n are not. The 3im bands seem absorption maximum occurs at 230nm in HD 213985 (post
to be caused by a small amount of methyl groups or hydrog@GB star, Buss et al. 1989), 240-250 nm in RY Sgr and R CrB
atoms attached to the carbon atoms on the periphery of the Q@CB stars; Hecht et dl..1984) and 242.5-250 nm in V348 Sgr
particles. The lack of 3.3 and 11-13n bands indicates little (hot RCB star/WR star; Drilling et dl. 1989, 1997). The tempera-
or no aromatic C—H bonds. This suggests that the hydrocarre of the central stars are estimated to be 9,000 Kin HD 213985
bon radicals in the plasma reacted with hydrogen to form CKBuss et al. 1989), 6,900 K in R CrB (Asplund et al. 1997), and
again, and the ClHwas subsequently removed by the vacuu22,000 K in V348 Sgr (Jeffery 1995a). The extremely high car-
pump in the apparatus. Therefore the dark QCC formed frdmon to hydrogen ratio and high effective temperatures of these
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Fig. 2a—c. Images of QCCs by high resolution electron microscopy. QCCs with a peaR38 nm,b 241 nm, and 249 nm, respectively. The
insert at the lower left of each figure shows the diffraction pattern of the sample. The interlayer distance is 0.386 nm in

graphitic dark QCC with ribbon-like pattern shows a peak ne
- 250 nm and lower absorbance at the visual wavelength regic

A recent infrared spectrum of R CrB obtained with the In
frared Space Observatory presented by Walker et al. (19¢
shows no 11.3ym band. This means that there is little aro
matic C-H in the circumstellar dust like that of the graphitic
dark QCC (shown in Fig. 2c). We could detect small peaks
3.38, 3.42 and at 3.514m in the graphitic dark QCC that were
caused by a very small amount of hydrogen atoms attachec
sp>-hybridized carbon. However no peak was found at 3.3 a
11.3um.

Various types of carbon have been proposed as the car
of the UV absorption band in V348 Sgr. One is a glassy ca
bon which is proposed by Hecht et al. (1984). They calculate
, the UV absorption of the particles using the optical consta
400 of a bulk material although the glassy carbon is thought to |

Wavelength (nm) amorphous.
Another material is a soot produced by acetylene (Schnai

Fig. 3. Comparison of the UV absorption curve of V348 Sgr wit.h they g [1996). They deposited the soot in a solid argon matrix a
QCC formed from H (70%) and CH (30%). The dotted curve is a ,paineq the wavelength of the UV absorption feature afte
UV spectrum of a soot made from acetylene (after Sakatelefall 199c rrection for the matrix effect. They showed that the matri

isolated particles have a narrower band compared to coagula

particles. The absorption profile of the 250 nm feature of th

stars is very favorable for the formation of carbon solids sughatrix-isolated soot is very similar to that of V348 Sgr.
as amorphous carbon and graphite (Oberlin 1989). Another material which shows a 250 nm absorption ba
We have shown in the previous section that QCC with difs an amorphous carbon smoke which was produced by la
ferent absorption maxima can be produced and that the partictggporation (Stephens 1980). Particles of smokes with 13
in the QCC have different shapes and sizes as seen in the l8#gH 6 nm of mean radius showed an absorption maximum
resolution electron microscope images shown in Fig. 2. In a0 nm and at 235 nm, respectively. In another type of expe
dition, they contain different amounts of aromatic C-H bond#nent, Borghesi et al[ (1985) made amorphous carbon pa
The particles in the QCC showing a 220 nm absorption featues by arc discharge and burning benzene and xylene in
are onion-like spherules (Wada et al. 1098). As the particléBese materials produced an absorption band at 240-250
become larger, the peak of the QCC shifts toward longer wavihe very broad absorption of this material matches the UV a
lengths and the particles become more polyhedral in shape. Sagotion band of Abell 30 well but not that of V348 Sgr (Muc

Absorbance (a.u.)
Extinction (a.u.)

200
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