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AR LR, AT ] T B2 Bt T BE A TR RO
BREERE, HAEAUA225 ppm!". 55 T 5, #EId 75% )2
BRALE J& ) 70T R B 5T 701 Bk 2RI 2 Fh A 3R
TUAR, 44y 5 (Graphite)s 492K 4 NIl f5 (Nanodiamonds)-.
BRALEE(SIC). AE45 1% (Amorphous Carbon, 13554k
JE 45 & B Hydrogenated Amorphous Carbon, HAC). %
75 7 J& (Polycyclic Aromatic Hydrocarbon Molecules,
PAHSs). & 14 (LA Ceo, Cro A AUER) LA B A 28 I A gt 44
K& (Carbon Nanotubes) 55 1A 972 J2 b 42 1% 1) 2 L
AR, IX e AR AR A 9 R R BV 0162175 ABE I
SN INAR R 1P NI T L G e R SR R
I AT REBAA.

ARG BR B ik J5T 24 25 B AP TR T A A
K. FE. WHEAA RS AT 20, IR R B R
BRI WS RFAE 5 R SO 285 R AT XS L, R —FH
6] AR BER 2R G Ab, oo B2 I 23 M) o B B 5T 2R 8 BT 5 b A
TE B R A DA B S5 34T IR

1 M5 EFRLER

A2 bR {H Y6 (Extinction) F1 414k (Reddening) 4 2 b 2%
() H [ A B R R A AE SR A T AR, X R,
FERR SR A B A 2 L= AR I O &5 4k, B bR Ak
IR, O B BRi e & E 1 40%-60% (BT A&
B = FE AU ), 3% R R IR G 20 12 B DL 25 2k
W IE AAAE T B Br s ().

Tk AE B B A R A FE e i 5 AR,
FERIAE KRR REE R FERDL T
(Photoelectrons)ff I %, &8 i e FE F I #4 8 BRAE; M
BRI F(CD) — YRR 1 (CID RI3 YRR 25 1 (CTV) 25 1)
e 2 RV A B R U ) R AR, R IX S 2R
BIF 90 AT DASR A1 6 A0 A 1) 85 P AR . SR8, il T
SRR BRG] R CORI % B BRIT, {43 CO R T
A AR B R ERY).

X T RO VF 2 R A T, JTEAEANE R 2
- A AR, ONATT IR 3 R O e s R R AOE A A A
B 2R A Ok AT ARk, SEER ATERIR (B 7T 1k AT
TFHPMCT RN AE T HGH T, B4
PAHs. CHE4r ¥ CHIE, PLEBI T AR (Coon 152
Wi BRONOKE S5 TE B PR (B I AEAE . R VA &
H B A ZERDETEREE, BRI Ak B bR ) 3

FIH L. B H 2 T R n 23 [a] LM g 1R 0 o 45 44
WRAE T A s B, g o 24 BT B sp, sp’,
sp’ 3PP AL, RERS ARG . iR, &R, g
AFh g M AFAEN. 3R A AR F o I AL T et . A
|G ENIAER, 3 BAFRMER S SR
T Al B B o, G0 L2 Pl s
FHPEREMEPRRI 75 E iR, X
FRAE S SRl Rr 2 AR IR B T 8UEF 6. 1245 A1k,
A VF 2 75 B bR 2 )5 308 A7 7E (1) 5% iE 2R A i E
A, X EE R AE AR AR H A 0. X LR PR A ) G R R
FEFESE: (1) EFR2175 AT ale g, 1X 2 2 br s i i
S PRI IROSC G BE AR AIE ; (2) A2 B R B (Diffuse Interstellar
Bands, DIBs), iX ¥ W IE AN E B IE 2040, BINEE
Fryd o' it 26 1 B s Wy, LA 400 2%, BN

o0
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Figure 1 Carbon allotropes in space [3].
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Figure 2 Carbon with various hybridization states [5].
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AV T BB (3) W KALT3.3,62,7.7,8.6,11.3
FI12.7 pm ) — 5 BT AL ARAE o 53 37 19 240 51 45 4 1
i, B Dy HL A R A 8 T A 44 R B IR A Y 2L A
47 (Unidentified Infrared [UIR] Emission Bands)"”, iX
AT RS RIBE R HIK., RATERE S, 17
BREZR. REE R I RIREUR R B8
2L B, H A e 7 B R A ) BT (Aromatic
Hydrocarbon Materials) ) 4% 7iE ™.

2 BERERSRICRN

AT DU I 2 BR Ot IR A2 A G A%
IBEFT o BTk 1R PR B IR s R AR R
SRRSO R, R R P, B AR R I AR K
AR RME.

2.1 2175 AGEFeTelg

50 % 4E i, Stecher' "'7E 7 6 H 28 19 28 41 3% 2175 A
(4.6 um', 5.7 eV) Bt I e B — 2% AR 98 A4 B WAL, 3
24 75 4 %8 (Full Width at Half Maximum, FWHM) % iy
1pm™". 2175 A 06 ) 3 BRRRAE 2 2 i 4 T2 b 45 W
DUER I 1) SO T AR 4K, T A O3 K L PR REANAE.

M2175 AR R INZ A, KT FHaAA RN TAE—
JERE R R R N 3V i L S O s U CF S A 2
AR ET . AR S 2R
L. SR IE B A — Fh ) 03 B8 0% AR 47 b i R o e K
FEARANBE R AR 1 O X — W s, H e
ZAEZ R R, 2175 AT 60 06 3R 2 05 & B ik
YI, AT PAHS B 1X — K4 5 (1 &4,
2.1.1 AE52175 AN TElE

Stecher " FL#E 50 2 R R AL AR H, A SR AT L2175
AV R AE B B, A SR ) R, mARI KA
a8 R a] DUE452175 AW R R AR o8, B H ok K
B RS B e T e, 3K AN RF . 3T S84 Jager S
NUTE L S a6 T B A Y, — LR AR 6 nm A7 A4 Bk
IRAT 58 Ok AT DAAR R SR 482175 AVH JCHRAE, SR, A2
o 2 ) H S BIOK B  — ROSF (1) S5 0RE ] B8 R A )N
A, BN R T A S AL AR, DA A% g
W (RE R £h 5 A 28 /E N A%, PAHSTE N 7B 5), 16—
FEFE L A BT A UURHE 5 B - 0 A K I — ]
THASHE A2, 2925% Tk LA S2 40 BURLAF £ T B B

2 1)U, R R FLAT AR L R B s 18] () SRR AL T
WEREEN MG, Lo il TR0 8 SR M
B A RO B R AL

2.1.2 PAHsH12175 A ETeig

KT PAHs IR 482175 AW 6 BE IE B R B 72—
BAEHATH. 29K, BTS2 LR ARG, AHE
bR R (220 KT 4045k J5 1) I PAH 73 1 1 HL - BRAE
WA AR B, SR St R e, B BE L, R
P (1 o5 A 45 AT RT DATE SI2 56 8 I rp 25 R SF (304
B SR 1) B K R SF GBIt 4041 SR 1) I PAH 3 1+ R
W, 25 R, A PECaoH 1 CauH s 7E2175 A BT
2 I HE AR SR IR SRR FE, 9 HLCaoHus R PH 85 1 FR 7
4233, 6.2,7.7, 8.6, 11.3 112 umZL S48 545 4F i PAH
S FAERSE FOREH Y. Rk, PAHs P /E 2175 AYH
SBR[ BB T R Z . Tielens™ AN, F
2% [ ~10% [ % LAPAHs I T 30A7AE, F 8 (181 (Cross
Section)%) 9107 ecm®/H™", Lif1Draine ) & 5 22 15 45
BN N 15% 1) 22 BB 9 PAHS.

iR RPAHsHT, W ¥ A £ 5 2B REk. N
) L, 240 B R B i, SR AR L R
T PAHs. 2% TPAHsHIKIEAH — PR R /2, I3 2 bRl
Bk SR AR 5 AR 2 R AR, § O R AR
PR, TN e P X P T PAHRI AR, 4
X BN 1 B A5 (5 293004 C IR 1) 5 55 72 58 Z I 2
PR AR Z I, 328 R PAH 27, T 58K
PAHHIREAE L AP T 40 Fa e
2.1.3 EEER2175 AH A TElE

S 5 7 Coo B0 DI £01E2175 A5 i A0 W% i,
SR T Coo & $IBTE B PR R T P & AR
AR AR A X6 2175 A AR H R B Moutou s
PR SRR E I S R ZNGCT7023 1, £ 2 450.27% 1
CLLCoMITEAFAE, 8 20.26% I CELE ECoo . I L
SRR I 45 TR B, CoofF1E T B (1 2 R0 B2 B dA 155
HPT K L450.1%1.5% ) B ACso - 30A77E. Rubin
2 NSRS P R S 2 PRI 21 oo, Roberts S5 N P7E 1L
N FE R E A KK (Young Stellar Object, YSO). Herbig
Ae/BefH FEHD 97300 ) J 47 F2 2R B 4k . post-AGB &
HR 4049 FTHD 52961% L& RARIAEE N R E] T Coo 731
Cataldo fllIglesias-Groth"” /& Il & {1t & #11/% (Fulleranes)
CooHse E2175 At A — Wil e, S Ak & B Mt 2 vl g
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H 3R AR i 2 —.
2.1.4 SCIELERERFN2175 AE TR UE

Mennellas A4 A SRR AR B 14 53 F 70 A0
SEBRBURLLE SR A0 BT [ S BB, $2 H AL RS A
Tk (HAC) F] e XF 2175 AJH 36 A B 5T k. Gadallah
2 NPUHIRTHACH 35 7] 1 2175 AT 604 (14 R4 otk
HHEAT THEE, I, HACTE — & B ADEIR T T
2175 AMEIE 28 — A itk gt > BRI, 22 A X — 3 ok
Vg T 75 BB = B Oz v T AR B AR R P BT (R
Uk, HACRETS N2175 AT eI E ke fr itk — 2
W7t

22 EFRRETH

B BRYRECHT 1990 2 45 AT 4 ML R I LARSY, 515k
TRICFR IS T I T2 R0, X WA Ah 2
LT AN ST IR B2 R B R B s a) T AR AE 2
ARGyl RG24 R R AR RO B
400 % DIBs 4 WL il 27,

KT DIBsEAR FIIEIN TAE — B2 RS T4

S0 S T S G L B LA I D AT e A2 DIBs R #iA
)i . Foing Al Ehrenfreund”* I\ N9577419632 AR Biis
AIRESK F T Coo'. H A BE 5 9 ik 12 52 (1 W i 42 DIBs
ST B AR T B H B B BRIE 51, Maier
A NP0 B e 1 FAT A2 I HC,H, Cay, C,H, HC,H,
(C) fENE SRR, W — i 7t {EPAHS !
B H B FAE ADIBsE AR BT 5% B, LAk, KT
KE B FERIT R BT, 45 R AR — Le g K8 1
FL T R 2470 2 B R 50 10 0 1 5 e oy ) 3
S2 B B 1A Ik, B PR K B H R 1 P A i
KHER T 6 S LR BT FRIE. 8 T RGKE = R R
FSA B B SR 0T DA B AR IE DG R AE I 84,
B N B R 219995 W DIB A RE 4R 4
o 5 &

2.3 3.4 pmZL AR USTHFAE

3.4 umB R AE T-201H 40 704 AR 1E TR 85 B A Joit
g R I, — AN A A I R (Aliphatic) B AL A4
() C-HAR 45 455 30 T 80 73X — 4 AE, SR 1T, X F-3.4 pm PR
WCRAE R0 Je 3 B F AR AR B 52 AEINEY, 4k, 18

F1  DIBHEAKF L. R E 48]

Table 1  Abundances of DIB carrier candidates. Table was translated
from ref. [48]

Wi FREGHEEH) Fc* )5 ik
PAHs 107 2x107" IR 4% 5t
Ceo? 6x10™" 10° IR %8 51
CH 5x107° 107 N 22 0
C2 3x107° 10 I i
CsH, 107 3x10°° () 2K 4w 5
BREEY  <<4x107/Nc <<107 AN bt B IR

a) AL TERA T R G R FE; b) S E A E N E BE+
FEBE w15 ©) NGC 7023 I B 25 o B v 1 B2 R B9 351 b i 3 2, S
SR A5 1 2 B 1 ) TRAR S vk B TR BE I 4 A S R
P, N2 BN B S 8% (0 B 5 7~ 38 2 H

FUE YT HE A I X — TR RFAE. Sandford %6
NN A3 .4 PR USCHEAE (A5 e S A b R e (240
15 C=F ¥ [)4%), Greenberg2s NN A f& AR 1R [ UK 5%
JETE AN R 7= A 10 B WL IR 5% 42 P (Organic
Residue), Duley5 AP\ & S AL AR S Sk (41 5 CE
JE 120%-25%).

TE AT B A23.4 pm 2 B B 5 5k S0 SCREAE 90 5
o, AL AR S5 SR (a-C:HERHAC) ™ >0 f £ 1 i ke 2
2 —. AEAE I, HACHI L0461 B A W 5 1 55
FI(3.3,6.2,7.7, 8.6, 11.3 um$F1E) FfIg [l 15 (3.4, 6.85,
7.25 um)R A R AL, I L8R AE AE R SO A g
iz M I 3, I T R B A5 2 R ) 4R R 3 b
A TS B B0, GadallahZs N PR ITHACRERS 7 4=
FEALF IR BUR BRA B (3.4 umBFAE, AP EAT 6.85
17.25 umWSCRFAE, 75K AR, HACKE e AE 5
2175 AT HEHRFAE AL B W S BE V. 3.4, 6.85F17.25 um
W VAL 43 ) E A 7 e e L s I CHAR R A X . CHL &
T A5 R CHL AR A58 351 2, R4 e 58 S X HAC
S AR R O et B St i R AL RE R BRI, #E3.3,
6.2,7.7, 8.6F111.3 umi Kb 1) 75 T fiE 3G o, 24F 1
FHIETE . Tones NV 37 i FRAG R I\ NHACH 45,
& T PAHTS & 7%, Scott5 N6 R, 752 Pras
8] H, HAC IR 24 1T BE 2 PAHAN & #1035 4 1 1 R IR

I AT 3.3 5 3.4 W SRR A SR EL, T
A 2 2L B i 7 B 2 1% 140 5% ek 5 R s 2 2 B9,
Chairs N\ N TR B BRA B 03,4 w5 4E 1
We#k A4 LSS & 1% A 3, B Dartois &5 NN g B UG
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2 UREUR BRI PRSP 0 A AR D A R A S A

Table 2  Fitting parameters of the diffuse ISM hydrocarbon features [64]

(L5 L (um) FWHM Av (cm ") W B (<107 em group ) K5 (x10" group cm )
CH; (sp) AEXT R 3.376 472 243 0.27
CH, (sp’) Xt Fk 3.420 42.8 15.2 0.44
CH; (sp’) X #k 3.474 41.0 23.7 0.21
CH, (sp’) ¥ #k 3.520 40.4 14.8 0.19
CH (sp) * 3.289 81.8 2.58 1.44
CC (sp?) 6.19, 6.25 15, 40 0.275 © 8.19

a) AR T B AR KA b) 20 AR S 55 & e i s 1, ”&Hlﬂi AL AR 55 B IR STty , A JEE AR A P 5 2 TR WS ol JEE 45
) 9 2 P U AT HY () A A ©) AR COME IR R 55 3 () 847 /2 om atom ™!

J5 1 5 gE v AT . YangZE NI HEAT T A% LA Hr

J&, % HFDartois® N 45 5, I\ N F Ay BAE T TR
FH B AR AIE 98 A —
24 EPrOSMEST

TRRE BRI RS B S — s A A I X R R

AN ST A3 AT, AN 2 RARBR B #E3.3, 6.2, 7.7, 8.6
A3 pm I T 1R 58 58 SR AE . b 4b, 752D 0Ok
53 1)3.43F13.53 pm &5 I K BTt R B 1 B0 R 4 A
H19894F LISk, 7E+ )L post-AGBT B 1 18 2 2 5 12
JZ WL 2] — N R 8 U 9% K 821 pm. FWHM N2
wm PRV SRR AE, BL % 1973 4F LUK, 76 5 B AGB A
post-AGB 2 . 17 B MR B 2= 55 e S 1E B2 3 A0 11 % N B
B, S5 0000 38 21 7 A1F 5 568 19 6 1 9% 4K A7 T30 pum
HI RS AR ST RFAE . BT X S 4T A58 0 6 i R A, AR 1
5 B o AR IR A R

2.4.1 3.43,3.53 pmig&t

19874F Lewis 25 N8 43 Hr B A i R 8L 1 RSh
2 nm 1) & WA Bk, =F & 21400 ppm, & M4 R FEE
IV RS, 22 IR 28 A AT R B, IR e gk & NIA & T
HT K BH 242 3% (Pre-solar), >k B 2 Fr 73 8], I T 15 2 J#
e . AR B PR B DA X SRR e NI 4
HNRSTRHE, 75/ BU LA RAR IR o0 21343, 3.53
e S RRAE (LB 3)7, S 97 P 2% 1 () (H-terminated)
gk & NlA
PG5 E R, 3.43 pmi B CH, A 45 B X 7~
A, 3.53 umi¥ A B CHAR 4 #3072 A= . Pirali®s A7V B9 f
FEEREZH, RSFAILADPIK A £ N4 (Diamon-
doids) (B Phsp’ 40 A A7 1E IF Hse A £ RIA),

Wavenumber (cm’)
3050 3000 2950 2900 2850 2800 12
(a)‘ T T T T ssom T
I Elias 1 10
5 09 .

i 33 um 3
.é . g
B osf §
% £
= 4 B
B
= oot

JJ
0.6 fracAr S A ™
12| (b)
HD 97048 110
10
0.8
g 2
3.43 pm &

é M/ 0.6 g
:E: 3.3 um \ g

- /ﬂ"/ [H V \ 04 8

. \ fo.
ob N e S \/\/ \“\/M 02
nregptnrn” / ; a— 00
33 34 3.3 36
Wavelength (um)

Bl 3 (a) Elias 1"'#1(b) HD 97048 (Herbig Ae/Be 2" )4
S DL K 40K 4 R A 70 35 300 KA W i i 076%)

Figure 3  (a) Spectroscopic comparison between the emission spectra
of Elias 1 [7] and (b) HD 97048 (Herbig Ae/Be star [68]) and the ab-
sorbance spectra of diamond nano-crystals measured at 300 K [67,69].

LSRG 1 R 0% 5 4 Hh 75 1E 22 Elias 1/THD 970481
3.43,3.53 umZLAME SIS BRAL, AT 1S R BR3.47
pm RSCRFAIE 2 B SN RST I S A WA 77 AR R 258
2.4.2 3.3,6.2,7.7,8.6F0111.3 pmZI MRS H
JUT-1E Fir A B R bR R AR R 58 R, 357 RE U0 $1)3.3,
6.2, 7.7, 8.6 F111.3 pmiX JL/M R B &2 1 20 4h 48 4 1%
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AU CENET SCHR B UIR, JEEEBE A — Le R 55 1 5
FH U ] 801, 77 A X e 2T M A S A R A T B B 2R 4R
AR B B 28 Bl 56

HLHINT X L UTR I E N 45 18 A PAH I 70 T IR B AR
RO E4) G T X e 21 Ah e 5 i 517, Hrp, 3.3
pum—C—H$7 f# 4% 3 (Streching), 6.2H17.7 pm—C—-C i
it X, 8.6 um—C—HF i 4 4 it (Bending) 1% 5, 11.3
um—F- [ A0 A 5. X EePAHS I R~ ML+ ASC
WEMBLEANC, BHE T 07 BIFERMGEK R T Bk
HI SCHE 3 & bR 2= M PAH 7> 7 I G & & & A
BRIt R B E110%—15%, 5 I [E B AAE— g &1
PAH B & A G K k. B+ PAH— MR SFAR /1N, A A
BT A E R, IR B TR PAHIN A il 3L
TEL AN BAR S R . — ROk, B bR dh e b
AN S (04 SR 1o FE 55 B A I, SR T I A AT Ao —
PAHTE &2 Br 25 [0 43 2RE N, 3¢ F PAHBE 75 RN H 52
(R UTR B AR 0 A £ 3E — 2B W 5t 5 1 [ i) g 17 e 121 7%
a5 B B A1 L IR I e B S A A o T BB N
UIR%MZ’SBI’&].

2.4.3 SiCHY11.3 pmiEST4HE

VF 2B L 0 615 # U ) T SiCH 1.3 pumi4R 5
FEAE™, A NGB A, 76 2 B2 8] p 5 R 0 31 Sic
FI11.3 pmHAE. 7E B B S M A B A R R B T SiC, T8
ik R A T 45 K0 B TR SIC ok H A BR8] A bR
2% [ PRI SIC AT B B BT M6 B 2 1 2 )2, 3
A3 v e B A 38 R B s ) e, R o R AR
RN B PRSI, SiCII11.3 umBFIE 2 B Si—CHE 1)
ME R 5] 2. WhittetZE N PR IR E PR 6 MI11.3 um
W AT AAE 45 HE R B 25 1) SiC 32 FEE A i 22 N BRReE TR 26
RS 5%, 2810, TRE I TIRE B ERE. ik
FETE & IR EE N Bl S0 DA % 2 B 2 3] PAHs F 4 S 5
IEJEEHE — 5 7 SIC 58 5T, 5 BUARAE A Br 2 18] o o0 Ul
FISICH HARAL 7 SiCH &, 74k, A vl fe 2 A
B R A R , 845 SIC 2 1 ke A U 17T 5 S04 4R 1)
SiC & A% T sz b & &

2.4.4 21F130 pmi2 5T

HLE 19894, Kwok 25 N VA 78 21 41 K 5 T & (In-
frared Astronomical Satellite, IRAS) )15 73 # 5 i %5
B, FE4 0 post-AGB B H K ILAE21 pm A — /> i

—————TT—
CC stretch

CH stretch Combination CHin-plane  CH out-of-plane

modes bending bending

T 1]

Plateau
140 |—1! 8

NGC 7027 |

Flux density (10" W m=2 um-")
8
T

Orion Bar (H2S1) |

3 4 5 6 7 8 9 10 20
Wavelength (um)

B4 (MKREE)EFREEZPCERX T ERES
NGC 70271 ZLAME S RHAE. KT & PAH 73 5| 221 4h
R ATRFIE I B A IR BN, A B R KR C-HAR i 5
BABN. C-CMgikt. C-HFmNZ . C-HP
1402 AL &) DUE B i1 T PAHSs R A2 72 7= 22 T
90T 5

Figure4 (Color online) The mid-infrared spectra of the photodissocia-
tion region in the Orion Bar and in the planetary nebulae NGC 7027 dom-
inated by a rich set of emission features. These features are labeled with
the vibrational modes of polycyclic aromatic hydrocarbon molecules at
the top. From left to right are respectively C—H stretch mode, combina-
tion modes, C—H stretch mode, C—H in-plane bending mode, and C—H
out-of-plane bending mode. There are broad plateau features produced
by PAHs clusters [21].
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Figure 5 (Color online) Three possible routes to form fullerenes. (a)
The route of PAH-Graphene-Cg is proposed by Berné and Tielens [49].
Micelotta et al. [103] think that the timescale of this path is longer than
the life time of NGC 7023; (b) Garcia- Hernandez et al. [102] suggest
that fullerenes may be formed by the dehydrogenation of HAC, Micelotta
et al. [103] suggest that the specific derivative structures of HAC which
is named “arophat- ic” cluster maybe the precursor of cosmic fullerenes;
(c) the growth of fullerenes through a closed network growth mechanism
by incorporation of atomic carbon and C,[104]. (a)—(c) Adapted from
refs. [49,103,104], respectively.
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Dehydrogenation & Fragmentation
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Figure 6 (Color online) (a) The chemical evolution of PAHs in the
ISM under the influence of UV photons combines the effects of dehy-
drogenation and fragmentation with those of isomerization, for instance,
graphene can be formed through dehydrogenation of PAHs; (b) schematic
illustration of conversion of graphene into Ce in 13 steps. Taken from
ref. [49] and Cadars (www.laurecadars.com).

1) Chen X H, Li A, Zhang K, et al. On graphene in space. 2016, in preparation.

089501-8


http://www.laurecadars.com
http://www.laurecadars.com

MRos %5, PEBY: MBS 5% R0 20174F 478 H8H

(=]
=y
N

&
o
@

Absorbance
o
Qo
[=2]

b
o
@

0.00

Energy (eV)

B 7 (P ROR ) A s 0 O A RO 3 (AL AR Yang 55
NV o — VS ST 4 R, B (AR Nelson S A1
K 23 BB Y P 45 45 1)

Figure 7 (Color online) Optical absorbance of graphene (red dots are
from first principle calculation by Yang et al. [107], black line is calcu-
lated from dispersion model values [108]).
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Carbon is the fourth most abundant element in the Universe after hydrogen, helium and oxygen. Synthesized at the
late evolutionary stage of stars, carbon is ejected from stars through mass loss of asymptotic giant branch stars and
explosion of supernovae and then enters the interstellar medium in the form of ions, atoms, molecules and solid dust
particles. Carbon-containing complex organic molecules are essential for the origins of life, and carbonaceous dust is a
major component of interstellar grains whose infrared absorption and emission spectra provide a powerful diagnosis of
the physical and chemical conditions of astrophysical regions where the dust is found. Carbonaceous dust materials such
as graphite, nanodiamonds, polycyclic aromatic hydrocarbon molecules, fullerene, and hydrogenated amorphous carbon
are ubiquitously present in the interstellar space and are the most promising candidate carriers of the unidentified 2175 A
extinction bump, the unidentified infrared emission bands at 3.3, 6.2, 7.7, 8.6, and 11.3 pm, and the mysterious diffuse
interstellar absorption bands. Here we focus on the observational properties of interstellar carbonaceous grains and their
physical and chemical characteristics. Also discussed are graphene and carbon nanotubes which may be present in the
interstellar space.
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