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Table 1.2 Molecules found in interstellar clouds

Simple neutral molecules

H,, CH, CN, CO, HCI, NH, NO, NS, OH, PN, SO, Si0, SiS, CS, HF, O,, SH, CH,, HCN, HCO,
H>O, H,S, HNC, HNO, N,0O, OCS, SO,, CO,, NH,, HO,, NH3, H,CO, H,CS, CHs3, H,0,, CH,4

lonic species

(Cation)

CH™, CO", SO", CF", OH", SH™, HCI", ArH", HCO™, HCS", HOC™", N,H", H5", H,O", H,CI",
OH;", HCNH", HCO,", CsH", H,COH", NH,", H,NCO", HC;NH"

(Anion)

C4H , C¢H , CgH

Carbon-chain molecules and their isomers

C,, Cs, C,H, C,0, C,S, c-C+H, 1-C3H, C5N, C:0, C5S, C,H,, Cs, C,H, 1-C;H,, c-CsH,, HCsN,
HCCNC, HNC3, CsH, 1-C4H,, CsN, CgH, CH;CCH, HCsN, CH;C3N, C¢H,, CH,CCHCN,
CH,C,4H, HC;N, CH;CsN, HCoN, CH;C¢H, HC; ;N

Complex organic molecules

HCOOH, CH,CO, CH;CN, CH;NC, CH;0H, CH;SH, HC,CHO, ¢-C5;H,0, CH,CNH,
HNCHCN, CH,CHCN, CH;CHO, CH3NH;, ¢-C,H,0, H,CCHOH, HCOOCHj;, CH3;COOH,
CH,OHCHO, CH,CHCHO, NH,CH,CN, CH;CHNH, CH3;CH,CN, (CH3),0, CH3CH,OH,
CH;CONH,, CsHeq, CH3CH,SH, (CH3),CO, (CH,OH),, CH;CH,CHO, C,HsOCHO,
CH;OCOCH;, CzHSOCH3, n-C3H7CN

Other molecules

FeO, HNCO, HNCS, H,CN, HCNO, HOCN, HSCN, CH,CN, H,CNH, NH,CN, HCOCN,
HNCNH, CH;0, NH,CHO

Note: Based on the Cologne Database for Molecular Spectroscopy (CDMS) (Muller et al. 2001,
2008). The classification of molecules 1s arbitrary
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S. Yamamoto (2017) “Introduction to Astrochemistry”
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e 1.2 Molecules found in interstellar clouds

wple neutral molecules

, CH, CN, CO, HCI, NH, NO, NS, OH, PN, SO, S10, SiS, CS, HF, O,, SH, CH,, HCN, HCO,
O, H,S, HNC, HNO, N,0, OCS, SO,, CO,, NH,, HO,, NH;, H,CO, H,CS, CH3, H,0,, CH,4

e species

1tion)

[, CO™, SO, CF", OH", SH", HCI", ArH", HCO™, HCS", HOC", N,H", H3", H,O", H,CI",
[;", HCNH", HCO,", C3H", H,COH", NH,", H,NCO", HC;NH"

1uon)

H, CcH , CgH

rbon-chain molecules and their isomers

'Cs, C,H, C,0, C,S, ¢-C3H, 1-C;H, CsN, C50, C3S, C,H,, Cs, C4H, 1-C3H,, c-C5H,, HCsN,
'CNC, HNC3, CsH, 1-C4H,, CsN, C¢H, CH;CCH, HCsN, CH;CsN, C¢H,, CH,CCHCN,
[,C,H, HC,N, CH5CsN, HCoN, CH3CeH, HC, N

mplex organic molecules

‘O0OH, CH,CO, CH3CN, CH3NC, CH;0H, CH;SH, HC,CHO, ¢-C5H,0, CH,CNH,
{CHCN, CH,CHCN, CH3;CHO, CH;NH,, ¢-C,H40, H,CCHOH, HCOOCH;, CH3;COOH,
[,OHCHO, CH,CHCHO, NH,CH,CN, CH;CHNH, CH;CH,CN, (CH3),0, CH3;CH,0OH,
[;CONH,, C3Hq, CH3CH,SH, (CH3),CO, (CH,OH),, CH;CH,CHO, C,HsOCHO,
[;OCOCH‘;, CzHSOCH3, n-C3H7CN

her molecules

J, HNCO, HNCS, H,CN, HCNO, HOCN, HSCN, CH,CN, H,CNH, NH,CN, HCOCN,
{CNH, CH;0, NH,CHO

e: Based on the Cologne Database for Molecular Spectroscopy (CDMS) (Muller et al. 2001,
8). The classification of molecules 1s arbitrary
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S. Yamamoto (2017) “Introduction to Astrochemistry”
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B4R (Spiral galaxy)
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B4R (Spiral galaxy)
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AR BUERA (irregular galaxy)
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data source: Mesa Isochrons & Stellar Track database
http://waps.cfa.harvard.edu/MIST/
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BRI D ARY N)LDHI data source: Kennicutt (1992)
The Astrophysical Journal Supplement Series, 79 255
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Cygnus ADAfEY( L), BIKR(ET), XER(AT) B
credit: X-ray: NASA/CXC/SAQO, NASA/STScl, NSF/NRAO/AUI/VLA
https://chandra.harvard.edu/photo/2015/iyl/more.html
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\ =5 \ \ . credit: X-ray: NASA/CXC/SAQO, NASA/STScl, NSF/NRAO/AUI/VLA
== A: D Lj: % 7b L—:= L 7 7 / 7 /—I_\ https://chandra.harvard.edu/photo/2015/iyl/more.html
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44 https://www.nao.ac.jp/news/sp/20190410-eht/images.html
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45 https://www.astroarts.co.jp/article/hl/a/ 12543 sgr_a
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M87 -- From 200,000 Light-Years to 0.2 Light-Year

&=,/ &Rl (radio galaxy)
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Credit: Frazer Owen (NRAQ), John Birella (STScl) and collsaguss.

The Naiional Radio si:onomyObselvaioy a facilly ol 1he
Naiio IS ience Foundalion, oparaled under coopaalive
H agreemeani by Associa iedU Nersrl s, Inc.

ERERIM87TDERY v b~
credit: F. N. Owen (NRAQO) et al., VLA, NRAO, AUI
47 https://apod.nasa.gov/apod/ap990216.html




9 T—Y—(quasar, QSOs)
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o)l SR = AN A

H57IT—Y—(k)EER)
credit: C. Steidel (Caltech), HST, NASA
https://apod.nasa.gov/apod/ap960818.html
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Sloan Digital Sky Survey(SDSS) 2.5m=z =iz

credit: Sloan digital sky survey
https://www.sdss.org/instruments/
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Sloan Digital Sky Survey(SDSS)HYEE S Hhvic U 7= R0

credit: Sloan digital sky survey
http://www.sdss3.org/images/gallery/sdss_pieZ.jpg



