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NI, G S A AL 2R v A R A
FERHLEI AT T T el ) ek, BR AW
CCMs, WISCHE 7+ A& 2R 3R 4y T AEISM A 4
HRUOIT e A Tt AR TSM A (RS A 2 T AL 2
H T IPkR. CCMsAUABZRISM b 2 J B 1) 5 2%
PE, A BT 3 g1 R YOS R Bk A

CCMARIE LT THIGH . HTFEE. Kin
BT A MUK, R i) 2 2 Rz
(Polyynes, HC,,,NAICH;C,,,H)F 2k 5 i3
(Polyacetylenic Radicals, C,H). & = E &= HE
& L (polyacetylene, HC,,H), 1HH T E4T2IER AL
ST, DR AR e I B FE R BOUIIRIE A D, #E X 852K
KRR T Z R ICCM, BHECH .
C¢H . HC;N'. HCsN'. HC,;N", HCsNH".
HC,NH', CsH™5P0201 Jp H R E XA S = TMC-1
HINE] T 2 R 3L £ bk(Cyanopolyynes, HC,,.N)%>
T3S0 Mo g KRR HC  NU3230 Gt L ke
AR IEFEISM AR RN B 2 s . T TR E R 2
WA — N R E MRS, R BE R K T
BB HC N 55— AN7E 4% 18] v 3l 16 0 3] F) Bt 7>
TP AN EZ JGHC,N (n = 2, 3, 4, 5)3:5Fh4r 748
TMC- 1 R ZEERM B, B THC N, HR LR 18
IRC+10216H B4 MLHIE .

Z T AIE N E S 5 T G AR A, R T /N
I3 (WTHCN), HAG 4 m e gy, Rtk dnfa) Atk
B COMBHAT MUIE A R T IR AL 7ETRIB
ISMH, /N3 F(IPAHs AICCMZE) i] L i 3R 5 it 2
FEAELLAMNE S, CCMsor T I AR SRFIE & EL9% 7
2300-1700 cm™'. X B AL FIRBEFAEAR X 2
B, RCCMso T I % B GE T AT ITR A MFLEE. |
FRIEZ RIS LR EIE AR, KR T
T A AR S A E TR A
- F1 K= B (James Webb Space Telescope,
JWST)EL A W = 6 43 2R RRR 5 1) R, A EBAE LT
AN BRI 21X 20 1

BT, AR & A 2E T THC 0N
(n = [0, 8]) S H:PH B FHILLAMRESI GG, B2 fal EL 4t
WIFE AR B bR 7 3NN EE MR,
TR H RSO 78 5 B4 4 S0 AT B4

2 HEMBRRST

ARSCAf F Gaussian 16301, 3125 B2 s B I8
(Density Functional Theory, DFT)FI#E &% 5. XU E I
KIBIALPE(Coupled Cluster Singles and Doubles,
CCSD), #HHCy, N (n = [0, 8]) K FLFHE FHIZLAk
Wz, Lk TARMA R MR TE, Al
B3LYP/6-31G*. B3PW9l/cc-pVTZ. B3PW9l/aug-cc-
pVTZHICCSD/cc-pVTZ.

B3LYP/6-31G* 52 4F 7 i it LA B (I, fid
G RIRIBCR AR RN TV, R AT V0 L AMR-E
BT O R, RS A R R R T2 ),
T RS TR T 32 B 2R W 0. H R 6-31G* ik
AU, W R T AR R IR AN 78 7, X 95 4H
AR HREZE. B3PWI1/ce-pVTZI TR T K
FB3LYP/6-31G*, cc-pVTZZmm R EILL, XF U745
F B 4R 2 0 TR 2R T 6-31G*. M
B3PW91/aug-cc-pVTZA NN T VR R £, BoRHL 2GS 1
XTS5 AR ELAE AN SOR BT 2R R IOHA. A
SR AR 21 TR B B v T B R AR DY, CCSDA H A
S SN2 I ok FE IR R OV —, LA OG
PER b B A T DFT. {H 2 CCSDTHH 5548 J2& 1 HR 5
BRI B AR IR AL 7 EUA R E Ak
B CCSD/ee-pVTZ 5 vEAR# B i, 8% kit HoK
T30 T A &,

ZHTHIIETT R IR L7 VRS T CCMI AL b
WRsheil. BRI kCcm K> SR, cCMfLr
HMIRBIERE T EANAE T 6-31G* 541, oy kA3 K
g IR, RN B> THC,, NBHES IG5, fEA
SO, JRATE T ARIRS LB AR SR T B T I HEAT T
5, HAEREHAD SN TR GRE R, &
JECCMZLAM G I RGMEMT 7T, I EEATHC N T
ARG, FRATIEKE LS DL AFh T 7 VR I A
FERIER T CRAE JG TR 1R).

3 FER51E
3.1 HC;NHILISh it
FATVEE 4Rz R EEH T H THCNRZAMES) G

1) 32643 F 3L ISOM = £L /MU £ 0 20U S R S i W0 s L5001,
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wE LR S A R R HERE M B3LYP/6-31G*.
B3PWO91/cc-pVTZ. B3PW91/aug-cc-pVTZH
CCSD/cc-pVTZ. 1 NHCNSZEG 55t i ) te
R, Hrszig itk B National Institute of Standards
and Technology (NIST)”. H1T-¥7G Wi o B ) SL 56
B, AT H R A AR 5 5 . T iR B JBE R Y
KR H e, TR, A EIH R K, max, SV
#, AR A2 4 58 (FWHM) LS em ™,

F R T A4 SR AT A, SOk 3320 em T REAE
K C—HEE (IR ARSI(CHstr); 2260 em™ 'L & 57417
o 2T 3 () TR AE B C N 5 C C o o i 3R 30 48 &

(CNstr) 45 C—HAE A TH 4h 25 1 4% 3 (CHoop) fir T
660 cm ™' PR, EHIEITAT L, SEAR G H1300 em™ b AT
— R RHE, EETA TR T R L. R A
W, &8 ACHoop M5 #i#k5). B3PW91/ce-pVTZ.
B3PW91/aug-cc-pVTZFCCSD/cc-pVTZ 3F 7kt 5
P HEIAFAES 10 em™ B ICCH BARBIIGAE, 14
S R SRR 1 R LRARFAE.

BT CONstrilf 4, A1 BIRFAFPA F I vE T
B RAT TR KRIE(WME LR, 2KRIE).
B3LYP/6-31G*. B3PW91/aug-cc-pVTZ. B3PW9l/cc-
pVTZHICCSD/cc-pVTZARN 7 AR Z K E R 173l
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B3PW91/aug-cc-pVTZ. B3PW91/cc-pVTZHICCSD/ce-pVTZ 4Fh ik T3 e 55l i xt . Bl Yo i L T3S AE AR
KAEAT T VA — A0 AL B, AT A AT TR IE, BIEK 43712909505, 0.953. 0.9511F10.945. A 1 5 4FH T IE S50 e i,

VBRI B 2915 om!

Figure 1 (Color online) This image compares the experimental (black) and calculated (red) infrared spectra of HC;N, with the experimental data
obtained from NIST. Panels (a)—(d) display the spectra computed using the following methods: B3LYP/6-31G*, B3PW91/aug-cc-pVTZ, B3PW9lcc-
pVTZ, and CCSD/cc-pVTZ, respectively. Each calculated spectrum is contrasted with the experimental spectrum. All spectra are normalized based on
the maximum intensity of their spectral features. Frequency corrections were applied with factors of 0.9505, 0.953, 0.9511, and 0.945. To match the

experimental spectrum, the calculated spectra utilize a full width at half maximum of 15 cm™ .

2) https://webbook.nist.gov/chemistry/.
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4 0.9505. 0.953. 0.9511%10.945. F#H'B3LYP/6-31G*
(194 2% 4% 1F Rl 7 5 Allamandolas A\ P21 CCM 20
AN SR AR R IE R F-0.95 1 A — 5, B3R
T ESRRIE N TR AR S H, 75 B R 46 1
[F&: B3LYP/6-31G* /711560 (1) CHoopFF1IF 55 5K
I B A A, FWZ 5 A KB T B R
PR IER (L E 1 (a)). HAR3FITEEMERIEZ
Ji, B A K48 S S e 1 T AT A AT

KNG H T LI 4RI+ 5 77545 B CNstrfl
CHstrRFE I FR 43 58 b I on/Icn, M CNstrAICHoop ik
(IR 53 88 L Ton/ Icmoop. BT B I LU 586 5 1

1 HCSNE@]CN/ICHjFuICN/ICHoop
Table 1 The /en/ley and Ien/Icpoop for HC3N

B Ien/ Ien Ien/Ichoop, 285 H B IE A CCMZLAMR SN
Heitb it S5k BF AT W, B3LYP/6-31G* J7i ™ 5 i
fiti T Ien/Ien M en/Ichoop. B3PW91/aug-cc-pVTZEL
B3PWO1/ce-pVTZ it 545 K 0 B S8 E, REIMA
SRELER B 2 EE COMIH G B e i I, 2>
e i i A ) (KR X SR EE. CCSD/ee-pVT /71245 31 (1)
SR BRGNS REE —EmE, (HH4M
g I S E Y. 45 b, FATEWUE FHCCSD/cc-
pVTZHK i HCCMIN L AMRE S

3.2 EHTFCCSD/cc-pVTZHIHC,, {NAVLT SMHIE

B2 d TR FCCSD/ce-pVTZ T %45 5 1)
HC,,+ N (n = [0, 3) L HFHE T AN, BT
TR SRR IR ), AT FE R = 3, BIHC,NAI

Method: Ien/I IentIctio L NP
. o o HCN'. T 545 KB, ON5CCHIB MRS 48 &

Experiment 0.182 0.149 L 5 . s
BLYP/6.31G* 0.393 0311 #iRZ(CNstr)”. B EI2(a) T WL, #2250 em ™ BT I CNstr
B3PW91/aug-ce-pVTZ 0.284 0.310 (PR R B RFAE 1 5 B B o5 RS I KT oK, HLAF

B3PW91/cc-pVTZ 0272 0.286 TEPE AN R E.
CCSD/ce-pVTZ 0.236 0.226 L BI I, CNstrdRshRFE i 3 1L E2(b)), 2%
1.0 1“ T T T T 3.0 1e4 T
@ (b)

S
- -]
T

S
[}
T

Absorbance (L mol™! cm™)
=
L T

HC,N

HCsN 1
Jt HC3N A

e
(S

e
=

_1 HCN L

A HC;3;N* A

HCN* l

0.0+
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B2 (MK E) CCSD/cc-pVTZ I HHC,, (N, n= [0, 3]-F () & F B T ()L SR IEE T50.945. AT

A ML DL C S50 6, TSGR 2 i A 9 915 em™!

Figure 2 (Color online) The infrared spectra of neutral HC,,. N, n = [0, 3] (a) and its cations (b), computed by CCSD/cc-pVTZ. Frequency
corrections were applied with factors of 0.945. To match the experimental spectrum, the calculated spectra utilize a full width at half maximum of

15cm™.

3) FHIBEIZITEE T VR, o nT DU AT SN B AIB3PWO 1 /cc-pVTZITEMT TH .

4) HCNBEAH CCRLAUFAE.
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WS R, ML T B IEAE. T HRE)E, A
F % 2 o5 F #LTE (Highest Occupied Molecular Orbital,
HOMO)ZE A~ 5 4 §LiE (Single Occupied Molecular
Orbital, SOMO), FEUEI & 1 ECHE FED, 1h)ZE
HUEREH BT, RIS — L8507 B ) 1] I ] R A
Fr. HESEEA R, BTSRRI
MR b T HC,, N, HUES S HLfr v] B R 23 &
BAENR TP, S0P EAERF K. IR
FRAE 2L A o P O T FEAR AR I R, ML 5 3
CN R F% B sl 1 98 2 W 7 30 70 =) JAE NS 1 B 3 1)
g5

L B9 J5 CNstrR 2 A8 S5 ARG B N B0, 5B
IR, HARSREEHEOR, HIL 7RSI & L.
DRI A FRL RS S {8 20 B FR T FE BB 0 AT, IE F i JRy 4
. FLART IR R A 2 BSO8R T IR LT A AT, B SRR
BE(CUNCNER) AR FE AR, AT E— 2P PR 2 A =X
(B RIRE &, RN B axd b B R I B e, ANy
THINRA R BRI, SRR R, BT il 5 A n e
SPAET, CNBEZIG SR CCREIN TS, BB F %
JIEBOERE R AEX Moo, fMIIERAKAERSE. X
HC,, (N7 T EAR LRI NCCHCNIR B HE & LA AHT
IR ZN A A B = I

T4 T A BIMHC,, N X BB 7 ICN
PRANIMZFNSRSE. B2 0] L, it 731 B CNstedR B ¢
TiE KA T-2230.9-2278.8 em ™. Xt TBHES 1,
ZRHIE KBS R B K K fe 8h,  HamfEAR
K.

TR R B, 2RI ST CRG LR I IE
W\, IREEREFALYISIH,CNET I F ALY C,H,CNE
PAK REEBRAS B HCSCNPY, CNSEF 4 T4 T
TR, S 1 HAE S H s B R I i mT me k.
[F] If CN = (A1 PR R I 4R A0 A1 T AR D 21 40 3 B R X
Koy TR ERA. BB AT R, 2R 2 3805
)& (CN-PAHs, Cyano-Substituted Polycyclic Hydro-

carbons)7E 2 Fr 2 (Al A IE A, LE & FE 5 4% (CN-
CoH)M I EE(CN-C,Ho) 7 BL K 3 7 (CN-
CoH DML T CON-PAHS I FE 7] i K THCy,4 N,
Jei 5 FICNR B FAE T e 24 A 26 i Esposite! i
JU T CN-PAHs3E W L0 AMRBh 6 1%, K ILCN-PAHSs
FICNF B AEAL T-462270-2310 cm ™!, HRTMA. H
Feonl W, B THCN, HHHEHC,, NIFCNYRSIF AL T
2230.9-2278.8 cm™!, TMHC,, N AICNEFAEAE K I Bt
55, FEHETFCN-PAHs, HC,,. NHICNSLHHES) 13
KK, HCyp NI THZEH, nrl T BRE 238, (HES
SRR R S A BR ). CNBEE I Js L 5 B B ) m ik &R
e, BT ONBERIAROIE R, SEIRIIMEAE
B, 1 CN-PAHH LRI RrdLdifk R A CNEE
TR, W0 ENPUETRSA. CNIIJIE SR A,
{EHRFIRTER. AT HC,, N T, BRBES ] JCNEE
(RS, BRAGEESL. CN-PAHIK 75 7 B0 B 1 RN 43
BEGRCNEE AR E, M. LRMEB T4 ERS
FHHC,, (N2 T 5CN-PAHZ) T CNF7AHEFE (14
IR LI B ERARF. CNIRSHFAE T LAAE 9204k
JeE iz TR, FRXIHC,, (NFICN-PAH, ikf
AIAELL AW B8 25 2 I CNSE L BT s i i R
& CN-PAHSFITHC,,, N F{ICNZEE [F ) £ AR SRR 9
AL, (ETWST/NIRSpecftl i REUEM IR T,
HHEX RS T HICNIRSNRHE. AT 4R N
F T CNIRBFFAETENHC,,, (N7 T, M X 73 AN [RJCNEY
R FIIRBNFFIESE (L T B 1K 4.

3.3 ETFDFTHEMHC,, (NBYZL I EE

KI3-543 il €7~ T B3LYP/6-31G*. B3PW91/aug-
cc-pVTZFIB3PWI1/cc-pVTZit 5 FT3HC,, (N7 F(n
= [0, 8D HHEF L FMGIE. RECCSD/cc-pVTZ
JHiEH ECCMBILL AN 5 e, (H21H R TR IR
il T BRI CCMARATT A fig R FH 588 B ) v 557 k.
BT UL E3MITE, BRATACK S H KRS CCMI)

F 2 CCSD/ce-pVTZITEIH AT EIHC,, N, n = [0, 3] S FH S T IO ONL AR S LA A0 38 (R IE )
Table 2 The intensity and scaled frequency of CN stretching feature for H,,.1N with n = [0, 3] computed by CCSD/cc-pVTZ

Neutral Wavenumber (cm™')  Intensity (km mol™") Cation Wavenumber (cm™')  Intensity (km mol™")
HCN 2055.7 0.4 HCN' 1826.9 17.9

HC;N 2230.9 8.9 HC;N' 1875.6 320.1

HCsN 2278.8 229 HCsN' 2075.0 1291.4

HC;N 2267.1 45.6 HC/N' 2185.7 732.5
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Figure 3 (Color online) The infrared spectra of neutral HC,,+ 1N, n = [0, 8] (a) and its cations (b), computed by B3LYP/6-31G*. Frequency
correctilons were applied with factors of 0.9505. To match the experimental spectrum, the calculated spectra utilize a full width at half maximum of
15em™.
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é 2 LA HC“N A 1.0 1ICIINJF J' k " A
g HC,N L HC,N* M R
5 [u___HCN M A HC,N* NE .
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B 4 (W4 HRFE) B3PWIl/aug-ce-pVTZIEIHHC,, N, n = [0, 8] 14(a) KILHIE T (b) FLLAMEHE. SRAKIER T
0.953. J9 1 L PLRCSL g0 1, TF OB m 2 % 415 em ™!
Figure 4 (Color online) The infrared spectra of neutral HC,,.|N, n = [0, 8] (a) and its cations (b), computed by B3PW91/aug-cc-pVTZ. Frequency

corrections were applied with factors of 0.953. To match the experimental spectrum, the calculated spectra utilize a full width at half maximum of
15em™.

LM, OB 5T 4 7 R X6 1 i 2 FHIOETRER I . RFAEATR F i FE AR AL, HOG g RS
Xt L3-S AT AN, ASFEITHE TS HBTHC,, (N2 RSP R BEE. /NRSFHC,, (N (n < 4)IF)
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Figure 5 (Color online) The infrared spectra of neutral HC,,, N, n = [0, 8] (a) and its cations (b), computed by B3PW91/cc-pVTZ. Frequency
corrections were applied with factors of 0.9511. To match the experimental spectrum, the calculated spectra utilize a full width at half maximum of

15cm™.
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LT E IS AR R CCRE. HaBE S T IR R
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X Bk, CNSCChifh ik R A 5 1R
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It K s . HHEHC,, (NS FHEEE,
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FHh AL B, CNF R R 3K, [ H 3
CH$Z 50 B3, M CCHfp R E oI SR, PAH
P it R I HE AL B 5 )

W ESCHTIA, BT DFT VA B B G AR L.
B3PW91/cc-pVTZAIB3PWI1/aug-cc-pVTZH F 5 1 i
XAET &N T orses . Wit B RKE, &

SRR BN TSRS R BRI AR /N, DFT 728t B 1
B P AT ABA T S AR AR R AT 15 21 41 A0 1 IR R
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TEAE AN 5 B S i K S SEBS BB oA &, BRI FRAT)
BVAEFHCCSD/ec-pVTZ it Hmi 73141/ 1E.

239511-7



RS, PERRE WELE 1% RO 2026 4 S S6 & 3

BAVEBA RS T < SERSKECNS: HHiARRF. 3T CCSD/ce-pVTZIii%k, WATELH T

HSCChifffRsiE G, HHEEMRMEI T, HCo,y | NJ» T B2 He BH B 7 1) CNL A % 5 45 2 38 i
AR, HCy, (N4> F I CNHEBNAHAIE 1 T2 HH I £E2230.9— X Bl P A0 G A R 40 A S A (BT WS T) 4 -
2278.8 cm™'JuE N, 1X 5CN-PAHS7 T2270-2310 cm ™! FEINHC,, (N T HAEHE 1Sk 3.

S5 30k

19
20

21
22
23
24

25
26

Stecher T P. Interstellar extinction in the ultraviolet. Astrophys J, 1965, 142

Chen X H, Li A G, Xiang F Y, et al. Interstellar carbon dust (in Chinese). Sci Sin-Phys Mech Astron, 2017, 47: 089501 [[%:75 &, Z=Z AR, [FI4E
G, 2. SRR P R AR, R E RN ESE 5 RS, 2017, 47: 089501]

Wang Q, Yang X J, Li A G. Interstellar 2175 A extinction bump (in Chinese). Sci Sin-Phys Mech Astron, 2023, 53: 219811 [L1&, 518, 2%
R, B Br2175 ATt ie e, hERl Y WS 115 R0, 2023, 53: 219811]

Cami J, Bernard-Salas J, Peeters E, et al. Detection of Cgy and C in a young planetary nebula. Science, 2010, 329: 1180-1182

Sellgren K, Werner M W, Ingalls J G, et al. Cq in reflection nebulae. Astrophys J, 2010, 722: L54-L57

Wenzel G, Cooke I R, Changala P B, et al. Detection of interstellar 1-cyanopyrene: A four-ring polycyclic aromatic hydrocarbon. Science, 2024,
386: 810-813

Berné O, Tielens A G G M. Formation of buckminsterfullerene (Cg) in interstellar space. Proc Natl Acad Sci USA, 2012, 109: 401-406
Dickens J E, Langer W D, Velusamy T. Small-scale abundance variations in TMC-1: Dynamics and hydrocarbon chemistry. Astrophys J, 2001,
558: 693-701

Inostroza N, Huang X, Lee T J. Accurate ab initio quartic force fields of cyclic and bent HC,N isomers. J] Chem Phys, 2011, 135: 244310
Friesen R K, Medeiros L, Schnee S, et al. Abundant cyanopolyynes as a probe of infall in the Serpens South cluster-forming region. Mon Not R
Astron Soc, 2013, 436: 1513-1529

Wu Y, Liu X, Chen X, et al. Carbon-chain molecules in molecular outflows and Lupus I region-new producing region and new forming
mechanism. Mon Not R Astron Soc, 2019, 488: 495-511

Maier J P, Walker G A H, Bohlender D A. On the possible role of carbon chains as carriers of diffuse interstellar bands. Astrophys J, 2004, 602:
286-290

Turner B E. Detection of interstellar cyanoacetylene. Astrophys J, 1971, 163: L35

Loison J C, Wakelam V, Hickson K M. The interstellar gas-phase chemistry of HCN and HNC. Mon Not R Astron Soc, 2014, 443: 398-410
Zack L N, Maier J P. Laboratory electronic spectra of carbon chains and rings. Proc IAU, 2013, 9: 237-246

Fuentetaja R, Cabezas C, Agundez M, et al. Discovery of CH,CCHC,4H and a rigorous detection of CH,CCHC;N in TMC-1 with the QUIJOTE
line survey. Astron Astrophys, 2022, 663: L3

McGuire B A, Burkhardt A M, Kalenskii S, et al. Detection of the aromatic molecule benzonitrile (c-CgHsCN) in the interstellar medium.
Science, 2018, 359: 202-205

Cernicharo J, Heras A M, Tielens A G G M, et al. Infrared space observatory’s discovery of C4H,, C¢H,, and benzene in CRL 618. Astrophys J,
2001, 546: L123-L126

Cernicharo J, Guélin M, Pardo J R. Detection of the linear radical HC4;N in IRC+10216. Astrophys J, 2004, 615: L145-L148

McCarthy M C, Gottlieb C A, Gupta H, et al. Laboratory and astronomical identification of the negative molecular ion C¢H™. Astrophys J, 2006,
652: L141-L144

Kentarou K, Fujimori R, Aimi S, et al. Observation of CgH™ toward IRC+10216. Publ Astron Soc Jpn, 2007, 59: L47-L50

Marcelino N, Agindez M, Tercero B, et al. Tentative detection of HCsNH" in TMC-1. Astron Astrophys, 2020, 643: L6

Cabezas C, Agiindez M, Marcelino N, et al. Discovery of a new molecular ion, HC;NH", in TMC-1. Astron Astrophys, 2022, 659: L8
Cernicharo J, Agindez M, Cabezas C, et al. Discovery of CsH" and detection of C3H" in TMC-1 with the QUIJOTE line survey. Astron
Astrophys, 2022, 657: L16

Cabezas C, Agindez M, Endo Y, et al. Discovery of the interstellar cyanoacetylene radical cation HC;N. Astron Astrophys, 2024, 687: 1.22
Cernicharo J, Cabezas C, Agindez M, et al. QUIJOTE discovery of the cation radicals HCsN* and HC;N". Astron Astrophys, 2024, 686: L15

239511-8


https://doi.org/10.1360/SSPMA2016-00343
https://doi.org/10.1360/SSPMA-2022-0167
https://doi.org/10.1126/science.1192035
https://doi.org/10.1088/2041-8205/722/1/L54
https://doi.org/10.1126/science.adq6391
https://doi.org/10.1073/pnas.1114207108
https://doi.org/10.1086/322292
https://doi.org/10.1063/1.3671389
https://doi.org/10.1093/mnras/stt1671
https://doi.org/10.1093/mnras/stt1671
https://doi.org/10.1093/mnras/stz1498
https://doi.org/10.1086/381027
https://doi.org/10.1086/180662
https://doi.org/10.1093/mnras/stu1089
https://doi.org/10.1017/S1743921313015949
https://doi.org/10.1051/0004-6361/202243857
https://doi.org/10.1126/science.aao4890
https://doi.org/10.1086/318871
https://doi.org/10.1086/426439
https://doi.org/10.1086/510238
https://doi.org/10.1093/pasj/59.5.L47
https://doi.org/10.1051/0004-6361/202039251
https://doi.org/10.1051/0004-6361/202142972
https://doi.org/10.1051/0004-6361/202142992
https://doi.org/10.1051/0004-6361/202142992
https://doi.org/10.1051/0004-6361/202451081
https://doi.org/10.1051/0004-6361/202450801

RS, PERRE WELE 1% RO 2026 4 S S6 & 3

27
28
29
30

31
32

33

34

35

36

37

38

39
40

41

42

43

Avery L W, Broten N W, MacLeod J M, et al. Detection of the heavy interstellar molecule cyanodiacetylene. Astrophys J, 1976, 205: L173
Broten N W, Oka T, Avery L W, et al. The detection of HCgN in interstellar space. Astrophys J, 1978, 223: L105

Kroto H W, Kirby C, Walton D R M, et al. The detection of cyanohexatriyne in Heiles’s cloud 2. Astrophys J, 1978, 219: L133

Loomis R A, Burkhardt A M, Shingledecker C N, et al. An investigation of spectral line stacking techniques and application to the detection of
HCy;N. Nat Astron, 2021, 5: 188-196

Taniguchi K, Gorai P, Tan J C. Carbon-chain chemistry in the interstellar medium. Astrophys Space Sci, 2024, 369: 34

Allamandola L J, Hudgins D M, Bauschlicher C W Jr, et al. Carbon chain abundance in the diffuse interstellar medium. Astron Astrophys, 1999,
352: 659-664

Gaussian 16. Revision A.03. Gaussian, Inc. 2016

Sousa S F, Fernandes P A, Ramos M J. General performance of density functionals. J Phys Chem A, 2007, 111: 10439-10452

Bartlett R J, Musiat M. Coupled-cluster theory in quantum chemistry. Rev Mod Phys, 2007, 79: 291-352

Vichietti R M, Haiduke R L A. The infrared fundamental intensities of some cyanopolyynes. Spectrochim Acta A, 2012, 90: 1-11
Cernicharo J, Agundez M, Velilla Prieto L, et al. Discovery of methyl silane and confirmation of silyl cyanide in IRC +10216. Astron Astrophys,
2017, 606: LS

Belloche A, Garrod R T, Miiller H S P, et al. Detection of a branched alkyl molecule in the interstellar medium: iso-propyl cyanide. Science,
2014, 345: 1584-1587

Cernicharo J, Cabezas C, Endo Y, et al. The sulphur saga in TMC-1: Discovery of HCSCN and HCSCCH. Astron Astrophys, 2021, 650: L14
Cernicharo J, Cabezas C, Fuentetaja R, et al. Discovery of two cyano derivatives of acenaphthylene (C,,Hg) in TMC-1 with the QUIJOTE line
survey. Astron Astrophys, 2024, 690: L13

Wenzel G, Gong S, Xue C, et al. Discovery of the seven-ring polycyclic aromatic hydrocarbon cyanocoronene (C,4H;;CN) in GOTHAM
observations of TMC-1. Astrophys J Lett, 2025, 984: L36

Esposito V J, Fortenberry R C, Boersma C, et al. CN stretches around 4.4 microns dominate the IR absorption spectra of cyano-polycyclic
aromatic hydrocarbons. Mon Not R Astron Soc-Lett, 2024, 531: L87-L93

Yang X J, Li A, He C Y, et al. Deuterated polycyclic aromatic hydrocarbons in the interstellar medium: The C-D band strengths of
multideuterated species. Astrophys J Suppl Ser, 2021, 255: 23

239511-9


https://doi.org/10.1086/182117
https://doi.org/10.1086/182739
https://doi.org/10.1086/182623
https://doi.org/10.1038/s41550-020-01261-4
https://doi.org/10.1007/s10509-024-04292-9
https://doi.org/10.1021/jp0734474
https://doi.org/10.1103/RevModPhys.79.291
https://doi.org/10.1016/j.saa.2012.01.005
https://doi.org/10.1051/0004-6361/201731672
https://doi.org/10.1126/science.1256678
https://doi.org/10.1051/0004-6361/202141297
https://doi.org/10.1051/0004-6361/202452196
https://doi.org/10.3847/2041-8213/adc911
https://doi.org/10.1093/mnrasl/slae037
https://doi.org/10.3847/1538-4365/ac0bb5

R, hER WESE it RO 2026 5 B S6 B A5 3 M

On the infrared spectra of HC,,, 1N families and their cations
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The HC,,+ 1N families are important components of the interstellar molecules, and are also proposed as the potential
carriers of diffuse interstellar bands (DIBs). Therefore, they are of great astrophysical significance. They have been
detected through radio emission. However, the weak intensity of these emissions has restricted their identification. We
aim to study their infrared emission theoretically and therefore, supply new clues for their identification. We
systematically calculated the infrared vibrational spectra through quantum chemical approaches for the neutral and
cationic HC,,+ N (n=[0, 8]). We employed four methods, including B3LYP/6-31G*, B3PW91/aug-cc-pVTZ, B3PWI1/
cc-pVTZ, and CCSD/cc-pVTZ. We compared the calculated and experimental spectra of HC;N to check the accuracy of
our methods. We find that the CCSD/cc-pVTZ method provides the best accuracy with respect to the experiment. For
HC,,+1N molecules, short neutral chains (with #n < 5) show more prominent coupling between the CN stretching and CC
stretching modes, and such coupling becomes even more significant upon ionization. The CN stretching vibrational mode
for HC,,. N neutrals is located in the range of 2230.9 to 2278.8 cm™', which differs from other CN-substituted
molecules, and therefore could be the possible characteristic bands for the identification of such molecules.

interstellar dust, infrared spectrum, carbon chain, cyanopolyynes
PACS: 98.38.Jw, 98.58.Ca, 98.58.Bz
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