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Laboratory Production of Protein-Skeleton Cyanate Ion and its Spectroscopic
Measurement to Clarify Origin of Extraterrestrial Organic Materials
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We focused on the cyanogen halide radical cation, another candidate of the interstellar molecule, because of the

unexpected difficulty of laboratory production of the isocyanate cation NCO™ that was a sample in a planning phase. A

rotationally resolved gas-phase absorption spectrum of the electronic transition of the cyanogen iodide radical cation ICN*

was observed by cavity ring-down spectroscopy for the first time. This cation was produced in a supersonic planar

discharge jet through a mixture of ICN in helium. Using the molecular-spectrum analysis and simulation program

PGOPHER, the rotational constants and the band origin wavelength were accurately determined from the spectrum. The

molecular structure variation S, which determines the rotational profile of the absorption band in space, was derived to be
— 2.8%. The f values for FCN*, CICN™, BrCN", and ICN* were also evaluated theoretically by using Gaussian 09W. The

rotational profile for CICN", one of the important candidates for unidentified optical absorption bands, was simulated,

aiding us in identifying this cation as in interstellar space.
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Fig. 1. The electronic spectrum of the A 2£*-X 2[13, transition of ICN*. (a) Uncorrected cavity ring-down

spectrum observed in a pulsed supersonic slit jet expansion of ICN. (b) Simulated spectrum of the sub-product

iodine molecules, I», using the reported molecular constants and FC factors [21,22]. (¢) Subtraction of (b) from

(a) giving a spectrum free from iodine molecules. The 11 lines marked by P and R come from an unknown

contaminated molecule. (d) Simulated spectrum of ICN* using the molecular parameters determined in the

present experiment.

HIMEwiL 722, 2O FOEFEBOREITTT
WZIEFEIZ D02 TWA[L], & 2AD, BEFERIZL
DRI DERD, - FREEDOELED D)o T
W, Wz, BEEZERIZRT D WIER O a7
a7y AN (A7 MVR) BPHITERY, B
FEBOWEICINZ TZORBET 1 7 7 A L5 H
AT, RFE D AT & 2 D53+ D1ER & i
L. AIETCZ5AEENRH D, ZOREET a7 74
INOHEE Z AR OH -7/ B E Lz,

ZD7=H, KAEWINT 2 ERICFESEO S EEE b

EEIZTICNUZEHR Liz, 2001 DAY bV,

IIVE TITHFREREE D, AL ADNN—B /L KFIC
BOWTHEEY zy NHIZ Ty ET 4=V T4
U U EEE I LD HIE LTV (Fig. 1a), Lav L,
RO > 7 F IV KEITIRG L, T T& 220k
WZH o7z,

AHFFETIL, ICN* D5 FAIE LA b B A R D> DIk
EL.ZENZE CICNIZSHT 52 &IC LT, 5 &,
CICN* O B[R ZE I 31T 2 WINFR D elis 7' 1 7 7 A
N IEREICHEE CEX D L9 1c2%, LT, 205
FAZ R D RIFE D AT HRIRIHRO [ E A FTREIZ 72 D 6

HREBE - B

ARSI D WM AT | 7V % i Gy R 70> i Jik
EICHETE2HEEL LT, Sy ET =V I X
U ot E e,
DFOAERIE, vk Yy —FEFEXD A=z 3
2 b= =LV 7o/, 2OV Ialb—F—FZ
NETEHRELIEAEE LTHWD Z R TE R0
S, I T, AEIOUED DI, BERETHD A
Uiy T VICN ZEATE 5 L5, FEEHORERE
NE&E LTz, TOENPBZILLIZICN &~V &
LAERAELT, Va2 b—F —OESITEALTL,
BCEEIZIX, £ & 10 em, PNES 11 mm [I{5 % e &
LCE L, ZoRmbhchal Y — NikE21T
-7,
ZOEMTFT, WET DL, Fig lalc b bt
WIRIERD 5 BEERENTE S -, Tnbikd
U#ET L ORI L —B L, A a v ESF
ThDH I ENF LMo 7-, Fig. la OIEEIFH D
AVESTDANRT MVEEFARXT POV a
L—3 3> Y7 k PGOPHER % W\ CHHL L 7= (Fig.
1b), TDO¥ I 2 b— g &HWT, Fig la DES
AN "N B I VR GTOTEEELGIWEL, £
OFER, I TES T EEEZRVICN O AT FLH



B/ (Fig. 1c),

FDANRT MUE T OO (Pr, Qi. Par. Ry,
Qui. Ry) WWRETHZ ENTE (Fig. 1d), 21
LOEBREZ L LIC, FERER, EFEBERR L
DT EREREEITHRIE LT, £ORMFE, 205
FII TSGR p 23— 2.8%Th D Z &V
Lz, BT a7 7 A VTREIKGET 528, 20
D EITEo T, [EEOREICE N TICN?
DEER T v 7 7 A VE TR TEDH Lo T,

ICN*D g B BT T272, B E%E
MAWT, —#HD 1 F {7 FCN', CICN',
BrCN*| ICN*®D g OFt R &1 T o7z, Z Dlf, FEHITK
WIZICN'O pAHAETELL HH T 5 ko2, &
BIEOFRBEEATo 1=, T OREFE. ICNTLSL O A
TED5yFE FCN*, CICN", BrCN'® 22\ T,
WE e Bh Z EmMTET,

AR TRk BN B &M T, Diffuse Cloud 12
CICN*FAE LIZRE DR T V7 7 A NV EHEET D
Z LT & 72, Diffuse Cloud TTAEIILS5 25K, 14.5
K. 2.73K ® 3 FDOIREDYA % Fig. 2 1R LT,

I DORER, 5% ORIBIHIT CICN OEFE
BRHBLT 2 EEVSERE S, 2050 OWRIRA
B SR, BfiE7e 7 A v0—BckY ., IE
He\CRET D Z ENAREIC e o T2, A1 D KB
DHIFFSN D,

(ABFZEIT TR RFERD 2 125484 T 5.)

XY ETA—YIITEI UL —-XI—TFT«
>4 2021 - 2022 MHBEARE
http://molecules-in.space/umcs/

2021 4E 12 A 17 B & 2022 42 12 H 16 HICENZE
. BIEEFE 4RO Y ET =V T H TS
=P =X =T 4 7 QOREELY XY ET
4 ==Y =X —F 4 TIZWHFR) & zoom I
TR L7z, HfFmEIT. SEEZTh., TEA
AN KD Shui-Ming Hu #4% & Louisville K220
Jinjun Liu 220 bW 27202, #EEITENER S
fEE& 4 kT, BMFEFENENS6 AL 52 AThHo
7oo 2021 B OFH LWEAA L LT, B2 REED
tyvar, B¥EEZBREOEYy v a L, HEE
FgEsE & UCRMBE Lo, WAL & BISFeikim &
TR TN T=,

35
(a)25K ;
37 ’
(b) 14.5K
(€)2.73K
8546 8548 8550 8552 8554 8556 8558

Wavelength in Air (A)

Fig. 2. The estimated profiles of the A 22X T3,
transition of CICN* at three different ambient
temperatures. Red dotted lines; reported peak
positions of the two isotopologues in the emission
spectra [1]. Black solid lines; band-origin positions
assumed for reproducing that the simulated peak
maxima meet with red dotted lines. The abundance
ratio; 3°C1:37Cl = 3:1, and the molecular structure
variation; f# = 1.6. Due to the experimental error, an

uncertainty of 0.3 A needs to be considered.
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