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Table 1 The integrated intensity, integrated intensity ratio, column density, abundance and abundance
ratio of each molecule of each type of source, and the statistical results

Property Prestellar Protostellar Hu/PD

Integrated intensity /(K -km-s™')

I(CN) 210 1.72 1.24 509 300 420 1013 7.08 7.51
I(HCN) 528 3.50 3.04 642 424 523 1475 13.07 831
I(HCO™) 277 040 2.86 511 429 3.84 11.05 6.58  9.83
T(HNC) 314 2551 259 402 225 402 595 482  4.59
Integrated intensity ratio

I(CN)/I(HNC) 038 012 042 150 079 142 176  0.62  1.78
I(HCN)/I(HNC) .79 052 1.88 1.69 088 1.50 254 0.90 2.32
I(HCO™)/I(HNC) 1.68 052 194 154 091 135 197 055 1.72
I(CN)/I(HCO™) 075 029 075 1.06 0.19 097
I(HCN)/I(HCO™) 141 038 116 135 061 123 158 013  1.52
I(CN)/I(HCN) 029 010 029 056 023 049 064 022 0.56
Column density/cm ™2

N(Hz) (x10?%) 355 1.82 3.08 3.67 246 328 441 558 223
N(CN) (x10"?) 2.62 209 160 7.04 455 557 1200 842  9.09
N(HCN) (x10'?) 14.57 10.56 8.52 16.88 11.94 14.44 4807 45.12 25.39
N(HCO™) (x10'?) 2.54 037 267 502 4.66 335 13.07 7.90 11.41
N(HNC) (x10%2) 506 442 390 620 343 6.01 11.14 962  8.02
Abundance

N(CN)/N(Hz) (x1071%) 037 021 022 161 114 116 516 4.05 3.42
N(HCN)/N (Hz) (x1071%) 3.67 1.12 417 415 294 394 1970 13.03 14.16
N(HCO™)/N(Hg) (x10719) 0.92 027 0.85 092 068 086 474 445 299
N(HNC)/N (Hz2) (x1071) .12 043 100 173 132 163 525 457 3.56
Abundance ratios

N(CN)/N(HNC) 029 0.08 034 137 080 139 117 041 1.16
N(HCN)/N(HNC) 313 092 326 295 156 263 450 162 4.11
N(HCO™)/N(HNC) 1.06 033 123 100 062 083 126 037 1.09
N(CN)/N(HCO™) 1.05 044 098 1.08 0.19 1.03
N(HCN)/N(HCO™) 397 110 324 366 1.79 348 439 027 431
N(CN)/N(HCN) 013 0.03 013 028 012 027 025 0.08 0.22
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Fig.1 Different band radiation images of the target source G18.60-0.07. The left image is a three-color infrared radiation

image, with different bands observed by the Spitzer Space Telescope: red is 24 pm, green is 8 pm, blue is 3.6 um. The contour

lines overlaid on the image represent 870 pm dust radiation observed by the APEX radio telescope, with the yellow circle size

indicating the effective radius of the source. The background of the right image is 70 pm dust radiation observed by the

Herschel Space Telescope, with contour lines overlaid representing 870 pwm dust radiation.
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Fig.2 Average spectra of rotational transitions 1-0 of HNC,
CN, HCN, and HCO™ molecules in source G18.60-0.07, with
the black solid line representing the Gaussian fit to the

spectra.
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Fig.3 The left panel shows the median values of the integrated intensities of I(HCN), I(HNC), I(HCO™), and I(CN) spectral

lines in sources at different evolutionary stages plotted in a schematic histogram. The vertical axis is in units of K-km-s™'. The

dark bars represent the Prestellar phase, the vertical bars represent the Protostellar phase, and the slanted bars represent the

Hiu/PDR phase. The right panel illustrates the ratios of integrated intensities at different evolutionary stages in a schematic

histogram.
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Chemical Properties of HCN, HNC, HCO™" and CN in the Early
Stages of High-mass Clumps

LI Hong-jie':? HE Yu-xin?3+4 ZHOU Jian-jun®3*  ESIMBEK Jarken?3*4
ZHOU Dong-dong?34

(1 College of Physical Science and Technology, Xinjiang University, Urumgqi 830046)
(2 Xinjiang Astronomical Observatories, Chinese Academy of Sciences, Urumgqi 830011)
(8 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)

(4 Xingiang Key Laboratory of Radio Astrophysics, Urumqi 830011)

AsstracTt We selected 67 relatively isolated massive star-forming clumps and studied their overall
chemical properties using four molecular spectral lines (HCN(1-0), HNC(1-0), HCO*(1-0), and CN(1-0),
where the numbers in parentheses represent the transition from rotational energy level 1 to rotational
energy level 0) and infrared band data. Based on the statistics of the source’s integral intensity, column
density, molecular abundance and abundance ratio at different evolutionary stages, we found that the
median values of the integral intensity and column density of the massive star forming clumps CN(1-0),
HCO*(1-0), HCN(1-0) and HNC(1-0) all showed an increasing trend with the increase of the evolutionary
stage, which is consistent with the theoretical expectation. However, the statistical results of column
density and abundance based on a single molecule have large errors. The stage of evolution used to trace
is very limited. The integral intensity ratio of I(CN)/I(HNC), I(CN)/I(HCN) and I(HCN)/I(HCO™)
increases with the evolution stage (I represents the integrated intensity of the molecule), which is a
potential probe to trace the evolution of massive star forming clumps. The median values of N(CN)/N (H,),
N(HNC)/N(H) and N(HCN)/N(HCO™) increase monotonically with the evolution stage (N represents
the column density of the molecule), which is promising as a chemical probe to trace the evolution of
massive stars. It should be noted that due to the limitations of the observational data in this study, optical
depths of individual molecules cannot be obtained. As a result, reliable column densities and abundances
cannot be determined, which ultimately affects the testing of abundance ratio chemical clocks.

Key words interstellar medium (ISM): molecules, ISM: abundances, stars: formation, ISM: lines and
bands
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Table 3 Source molecular spectral line integrated intensity and integrated intensity ratio

Integrated intensity Integrated intensity ratio

+
Source I(CN) I(HON) I(HCO™) I(HNC) I(CN) I(HCN) 1(Hcot) _I(CN) I(HCN)  I(CN)

T(HNC) I(HNC) I(HNC) I(HCOT) I(HCOT) T(HCN
J(K-km-s™1) /(K-km-s7!) /(K-km-s™!) /(K-km-s~1) ( o P > ) o )

A15.00+0.00 2.51 2.16 1.11 2.26 2.18 1.35 -
A27.46+0.11 - - - - - - - - - -
A29.22+0.02 - 3.75 5.27 - - - - - 0.71 -
A30.32+0.29 - - - - - - - - - -
A49.25-0.41 - 3.04 2.70 1.26 - 2.42 3.67 - 1.35 -
G10.61-0.03 - - - - - - - - - -
G10.97-0.09 - 2.88 1.90 - - - - - 1.52
G11.05-0.09 - 1.70 1.09 2.10 - 0.81 0.52 - 1.56 -
G11.12-0.12 - - 1.82 2.86 - - 0.64 - -
G12.49-0.22 - 5.64 3.71 4.14 - 1.36 0.90 - 1.52 -
G13.95-0.40 - 6.25 3.20 3.33 - 1.88 0.96 - 1.95 -
G14.32-0.53 - - - - - - - - - -
G14.64-0.11 - 3.21 3.17 4.20 - 0.76 0.75 - 1.01 -
G14.68-0.22 - - 0.57 0.80 - - 0.71 - - -
G16.30-0.52 - - - - - - - - - -
G16.37-0.61 - - - - - - - - - -
G16.43-0.66 - - - - - - - - - -
G17.91-0.48 0.54 1.28 1.16 - - - - 0.47 1.10 0.42
G18.60-0.07 3.72 8.54 3.58 4.13 0.90 2.07 0.87 1.04 2.39 0.44
G19.73-0.65 - - - - - - - - - -
G20.89-0.17 - - - 4.66 - - - - - -
G22.374-0.44 0.89 9.24 2.70 - - - - 0.33 3.42 0.10
G23.20-0.37 - 5.32 4.95 3.67 - 1.45 1.35 - 1.08 -
G24.00+4-0.48 - 3.92 3.84 - - - - - 1.02 -
G25.15-0.29 - 3.50 - - - - - - - -
G28.27-0.16 - - 3.02 - - - - - - -
G31.464-0.18 - 0.92 0.66 1.98 - 0.46 0.33 - 1.40 -
G32.00-0.19 - 3.23 2.34 - - - - - 1.38 -
G34.73-0.11 - - - - - - - - - -
G38.95-0.46 - 6.96 5.04 4.02 - 1.73 1.25 - 1.38 -
105358+-3543 7.53 14.75 16.45 8.83 0.85 1.67 1.86 0.46 0.90 0.51
11851740437 6.26 16.09 - 6.26 1.00 2.57 - - - 0.39
12012644104 11.01 15.42 16.65 6.52 1.69 2.37 2.56 0.66 0.93 0.71
12029343952 5.71 8.73 8.11 7.28 0.78 1.20 1.11 0.70 1.08 0.65
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Table 3 Continued

Integrated intensity Integrated intensity ratio

+
Source I(CN) I(HCN) I(HCO™) I(HNC) [(CN)  I(HON) 1(HGO+) _I(CN) IHON)  1(ON)

I(HNC) I(HNC I(HNC + + I(HCN
J(K km-s~Y) /(K-km-s~1) /(K km-s~1) /(K-km.s—1) O THNOHENGO IHCOT) 1(HCOT) THON

12034344129 10.22 12.30 - 5.30 1.93 2.32 - - - 0.83
C41.1-0.21 2.14 2.59 1.71 1.07 2.01 2.43 1.60 1.26 1.52 0.83
C48.93-0.29 17.60 20.79 14.27 7.00 2.51 2.97 2.04 1.23 1.46 0.85
C49.00-0.30 22.44 - 23.76 13.83 1.62 - 1.72 0.94 - -
C49.38-0.30 10.95 - 7.77 6.52 1.68 - 1.19 1.41 - -
C51.36-0.00 5.25 9.02 - 5.14 1.02 1.75 - - - 0.58
C52.94-0.59 1.72 5.32 - 2.17 0.79 2.45 - - - 0.32
D53.644-0.24 1.09 2.36 - 1.06 1.02 2.22 - - - 0.46
12213445834 3.77 4.84 2.90 2.00 1.89 2.42 1.45 1.30 1.67 0.78
12255146221 4.20 - 3.94 1.14 3.69 - 3.45 1.07 - -
12257045912 3.19 - 3.94 1.22 2.62 - 3.23 0.81 - -
12303345951 3.57 9.40 11.85 3.84 0.93 2.45 3.09 0.30 0.79 0.38
12313945939 2.79 - 4.26 1.96 1.42 - 2.17 0.65 - -
10120246133 3.59 - 4.17 3.07 1.17 - 1.36 0.86 - -
10303545819 6.89 - 5.98 3.52 1.96 - 1.70 1.15 - -
1190784-0901 19.55 38.56 - 19.97 0.98 1.93 - - - 0.51
11909740847 7.62 7.60 - 4.04 1.89 1.88 - - - 1.00
11911141048 13.00 - 13.47 8.32 1.56 - 1.62 0.97 - -
1194424-2427 20.93 - 17.34 7.42 2.82 - 2.34 1.21 - -
12008143122 9.36 - 11.75 5.94 1.58 - 1.98 0.80 - -
12311646111 16.95 31.77 18.17 6.73 2.52 4.72 2.70 0.93 1.75 0.53
12313346050 4.93 - 5.11 2.09 2.36 - 2.44 0.97 - -
12313845945 7.41 - 9.83 3.28 2.26 - 3.00 0.75 - -
G22.354-0.41 0.55 2.85 - 2.59 0.21 1.10 - - - 0.09
G23.60+-0.00 1.24 - - 2.94 0.42 - - - - -
G34.4340.24 4.50 11.74 - 8.98 0.50 1.31 - - - 0.38
118223-1243 6.69 6.34 - 8.83 0.76 0.72 - - - 1.05
118306-0835 1.86 4.25 - 2.83 0.66 1.50 - - - 0.44
118337-0743 - - - 1.75 - - - - - -
118151-120 8.21 - 7.94 4.03 2.04 - 1.97 1.03 - -
118310-082 - 2.21 3.17 2.27 - 0.97 1.39 - 0.70 -
118445-022 2.46 5.14 - 1.22 2.01 4.20 - - - 0.48
1185304021 4.67 7.29 5.34 6.62 0.71 1.10 0.81 0.87 1.36 0.64

40-18



65 15 AN RURB BOR B & FE ITHCN. HNC. HCO' FICNAL 2 M B it 7t 4

T4 BOSTHEZEEMERE

Table 4 Source molecular column density and abundance

Column density Abundance
+ N(CN) N(HCN) N(HCO1) N(HNC)
Source N (Hz) N(CN) N(HCN) N(HCO™) N(HNC) (o) (o) (o) N(5)

/(10%2° em~2) /(10%° cm~2) /(102%° cm~?) /(10%° ecm™2) /(10%° em™2) (x107!%) (x1071%) (x1071%) (x 10719)

A15.00+0.00 254.08 - 6.25 1.93 1.57 - 2.46 0.76 0.62
A27.46+0.11 365.65 - - - - - - - -
A29.22+0.02 299.08 - 5.25 2.56 - - 1.76 0.86 -

A30.32+0.29 216.67 - - - - - - - -

A49.25-0.41 200.13 - 8.52 2.71 2.01 - 4.26 1.36 1.00
G10.61-0.03 318.51 - - - - - - - -
G10.97-0.09 395.94 - 7.15 1.67 - - 1.81 0.42 -
G11.05-0.09 303.42 - 4.55 1.03 3.23 - 1.50 0.34 1.06
G11.12-0.12 335.66 - - 1.56 4.09 - - - 0.46
G12.49-0.22 339.91 - 14.16 3.40 6.05 - 4.17 1.00 1.78
G13.95-0.40 308.16 - 15.94 2.89 4.89 - 5.17 0.94 1.59
G14.32-0.53 277.51 - - - - - - - -
G14.64-0.11 331.18 - 7.93 2.82 6.25 - 2.40 0.85 1.89
G14.68-0.22 423.50 - - 0.51 1.15 - - 0.12 0.27
G16.30-0.52 432.10 - - - - - - - -
G16.37-0.61 288.13 - - - - - - - -
G16.43-0.66 214.39 - - - - - - - -
G17.91-0.48 211.85 0.88 3.20 1.01 - 0.42 1.51 0.48 -
G18.60-0.07 334.64 6.33 21.98 3.33 6.24 1.89 6.57 1.00 1.87
G19.73-0.65 168.30 - - - - - - - -
G20.89-0.17 276.58 - - - 6.62 - - - 2.39
G22.374-0.44 328.21 1.45 22.97 2.41 - 0.44 7.00 0.73 -
G23.20-0.37 1514.62 - 14.98 4.94 5.92 - 0.99 0.33 0.39
G24.004-0.48 241.65 - 9.63 3.35 - - 3.99 1.39 -
G25.15-0.29 291.18 - 9.23 - - - 3.17 - -
G28.27-0.16 414.06 - - 2.62 - - - 0.63
G31.464-0.18 666.27 - 2.27 0.57 2.79 - 0.34 0.09 0.42
G32.00-0.19 193.46 - 8.19 2.12 - - 4.23 1.09
G34.73-0.11 145.66 - - - - - - - -
G38.95-0.46 293.79 - 17.36 4.57 5.97 - 5.91 1.55 2.03
10535843543 - 11.15 39.87 18.00 14.22 - - - -
11851740437 - 9.28 43.87 18.00 9.72 - - - -
12012644104 - 16.70 41.84 18.16 10.24 - - - -
12029343952 529.22 3.73 13.85 8.75 12.42 0.70 2.62 1.65 2.35
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Table 4 Continued

Column density Abundance
Source N(Hy) N(CN) N(HCN) N(HCO™) N(HNC) %iﬁ’;; Nﬁ;;“)) N%’gf ) NA(,?IE’ZC))
/(10%° em~2) /(10%° cm™2) /(10%2° cm™2) /(10%° cm~2) /(10%° em™?) (x1071%) (x1071%) (x1071'%) (x 10719)

120343+4129  345.43 12.82 38.17 - 9.25 3.71 11.05 - 2.68
C41.1-0.21 76.61 2.54 8.08 1.87 1.88 3.32 10.54 2.44 2.45
48.93-0.29 256.45 20.85 68.97 16.85 13.09 8.13 26.89 6.57 5.11
€49.00-0.30 174.62 27.40 - 28.07 25.64 15.69 - 16.08 14.68
C€49.38-0.30 141.73 12.49 - 9.19 12.46 8.81 - 6.48 8.79
C51.36-0.00 58.59 6.28 28.13 - 9.19 10.71 48.01 - 15.69
C52.94-0.59 55.83 2.17 15.31 - 3.52 3.88 27.43 - 6.31
D53.64+0.24 52.30 1.40 6.56 - 1.68 2.67 12.55 - 3.21
12213445834  277.67 4.51 14.72 3.14 3.46 1.51 5.30 1.13 1.25
12255146221 - 6.22 - 3.75 1.68 - - - -
12257045912 - 4.65 - 4.18 1.80 - - - -
12303345951 - 5.17 24.77 11.79 5.80 - - - -
12313945939 - 4.04 - 3.97 - - - - -
10120246133 - 4.22 - 4.70 5.56 - - - -
103035+5819  256.93 8.09 - 6.90 6.42 3.15 - 2.69 2.50
11907840901 871.06 21.83 137.31 - 39.99 2.51 15.76 - 4.59
1190970847 188.88 9.39 22.65 - 6.86 4.97 11.99 - 3.63
11911141048  483.88 14.44 - 17.31 16.84 2.98 - 3.58 3.48
11944242427 710.80 25.02 - 21.28 13.94 3.52 - 2.99 1.96
120081+3122 - 13.77 - 11.06 8.96 - - - -
12311646111  2227.69 21.24 97.53 20.54 11.61 0.95 4.38 0.92 0.52
12313346050  617.10 5.87 - 5.68 3.67 0.95 - 0.92 0.59
123138+5945 - 8.79 - 11.41 5.84 - - - -
G22.35+0.41 331.47 0.74 7.56 - 3.90 0.22 2.28 - 1.18
G23.6040.00  717.12 1.60 - - 4.75 0.22 - - 0.66
G34.4340.24  829.18 5.53 34.59 - 15.50 0.67 4.17 - 1.87
118223-1243 337.81 9.84 16.52 - 6.98 2.91 4.89 - 2.07
118306-0835 305.49 2.39 11.90 - 4.53 0.78 3.90 - 1.48
118337-0743 296.26 - - - 2.80 - - - 0.94
118151-120 - 12.28 - 7.86 6.19 - - - -
118310-082 338.29 - 6.13 3.11 3.59 - 1.81 0.92 1.06
118445-022 362.04 2.94 15.66 - 2.10 0.81 4.33 - 0.58
1185304021 188.54 5.57 22.69 5.92 11.93 2.96 12.04 3.14 6.33
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Table 5 Source molecular abundance ratio

Abundance ratio

Source N(CN) N(HCN) N(HCOt) N(CN) N(HCN) N(CN)
N(HNC) N(HNC) N(HNC) N(HCOT) N(HCO+t) N(HCN)
A15.00+0.00 - 3.98 1.23 - 3.24 -
A27.4640.11 - . - - B }
A29.2240.02 - - - - 2.05 -
A30.32+0.29 - - - . - ;
A49.25-0.41 - 4.24 1.35 - 3.14 -
G10.61-0.03 - - - - . }
G10.97-0.09 - - - - 4.27 -
G11.05-0.09 - 1.41 0.32 - 4.43 -
G11.12-0.12 - - 0.38 - - -
G12.49-0.22 - 2.34 0.56 - 417 -
G13.95-0.40 - 3.26 0.59 - 5.52 -
G14.32-0.53 - - - . - ;
G14.64-0.11 - 1.27 0.45 - 2.81 -
G14.68-0.22 - - 0.44 - - -
G16.30-0.52 - . - - - }
G16.37-0.61 - - - . - ;
G16.43-0.66 - - - - - }
G17.91-0.48 - - - 0.87 3.16 0.28
G18.60-0.07  1.01 3.52 0.53 1.90 6.60 0.29
G19.73-0.65 - - - . - ;
G20.89-0.17 - - - - - B}
G22.37+0.44 - - 0.60 9.55 0.06 -
G23.20-0.37  2.53 0.83 - 3.03 - -
G24.00+0.48 - - - 2.87 - -
G25.15-0.29 - - - - - B}
G28.27-0.16 - . - - )
G31.46+0.18 - 0.81 0.20 - 3.97 -
(G:32.00-0.19 - - - - 3.87 -
G34.73-0.11 - - - - - B}
G38.95-0.46 - 2.91 0.77 - 3.80 -
10535843543  0.78 2.80 1.27 0.62 2.21 0.28
11851740437  0.96 4.51 - - - 0.21
12012644104  1.63 4.08 1.77 0.92 2.30 0.40
12029343952  0.30 1.12 0.70 0.43 1.58 0.27
12034344129  1.39 4.13 - - - 0.34
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Table 5 Continued

Abundance ratio

Source N(CN) N(HCN) N(HCO'1) N(CN) N(HCN) N(CN)
N(HNC) N(HNC) N(HNC) N(HCO+) N(HCO*) N(HCN)
C41.1-0.21 1.35 4.30 1.00 1.36 4.31 0.31
C48.93-0.29 1.59 5.27 1.29 1.24 4.09 0.30
C49.00-0.30 1.07 - 1.09 0.98 - -
C49.38-0.30 1.00 - 0.74 1.36 - -
C51.36-0.00 0.68 3.06 - - - 0.22
C52.94-0.59 0.61 4.35 - - - 0.14
D53.644-0.24 0.83 3.91 - - - 0.21
12213445834 1.30 4.25 0.91 1.44 4.68 0.31
12255146221 3.70 - 2.23 1.66 - -
12257045912 2.58 - 2.32 1.11 - -
12303345951 0.89 4.27 2.03 0.44 2.10 0.21
12313945939 1.39 - 1.37 1.02 - -
10120246133 0.76 - 0.85 0.90 - -
10303545819 1.26 - 1.08 1.17 - -
1190784-0901 0.55 3.43 - - - 0.16
11909740847 1.37 3.30 - - - 0.41
11911141048 0.86 - 1.03 0.83 - -
11944242427 1.79 - 1.53 1.18 - -
12008143122 1.54 - 1.23 1.25 - -
12311646111 1.83 8.40 1.77 1.03 4.75 0.22
12313346050 1.60 - 1.55 1.03 - -
12313845945 1.51 - 1.96 0.77 - -
G22.3540.41 0.18 1.94 - - - 0.10

G23.604-0.00 0.34 - - - - -

G34.434-0.24 0.36 2.23 - - - 0.16
118223-1243 1.41 2.37 - - - 0.60
118306-0835 0.53 2.63 - - - 0.20

118337-0743 - - - - - -

118151-120 1.98 - 1.27 1.56 - -
118310-082 - 1.71 0.87 - 1.97 -
118445-022 1.40 7.46 - - - 0.19
1185304021 0.47 1.90 0.50 0.94 3.83 0.25
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