
    
      Fig. 1 
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            C18O J = 3 → 2 (left panel) and H2CO JKa,Kc = 51,5 → 41,4 (right panel) line integrated intensity maps (W in K km s-1) in the 10−11 km s-1 velocity interval observed with the IRAM 30 m telescope at ~329 GHz and ~351 GHz, respectively (colour scale). Black contours are the H[image: equation]v = 1 → 0 S(1) emission delineating the H2 dissociation front (DF, Walmsley et al. 2000). The red contours represent the O i  fluorescent line at 1.32 μm (Walmsley et al. 2000) marking the position of the ionisation front (IF) that separates the H ii region and the neutral cloud. The blue contours represent the H13CN J = 1 → 0 emission tracing dense molecular clumps inside the Bar (Lis & Schilke 2003). The target position of the Orion Bar survey, close to the DF, is indicated with a blue circle. The IRAM 30 m beam at 1 mm is plotted in the bottom left corner (black circle). 

          

    

  
    
      Fig. 4 
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              Example of ortho- and para-H[image: equation]CO lines (black histogram spectra). A non-LTE LVG model (Tk≃ 200 K, n(H2) ≃ 1 × 106 cm-3, N(o-H[image: equation]CO) = 7.3 × 1011 cm-2, and N(p-H[image: equation]CO) = 2.3 × 1011 cm-2) is shown overlaid in red (see Sect. 5.2).

            

    

  
    
      Fig. 5 
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              Example of ortho- and para-H2CS lines (black histogram spectra). Single excitation temperature models are shown overlaid in red (see Sect. 5.4).

            

    

  
    
      Fig. 6 
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              Example of HNCO detected lines (black histogram spectra). A single excitation temperature model is shown overlaid in red (see Sect. 5.4).

            

    

  
    
      Fig. 10 
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              Observed emission lines from the J = 5 → 4 transitions of CH3CN. Transitions with different K but the same J occur in narrow frequency regions despite they have different level energies.

            

    

  
    
      Fig. 12 
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              Example of A- and E-CH3OH lines (black histogram spectra). A non-LTE LVG model (Tk≃ 40 K, n(H2) ≃ 3 × 107 cm-3, N(A-CH3OH) = 1.2 × 1013 cm-2, and N(E-CH3OH) = 1.9 × 1013 cm-2) is shown overlaid in red (see Sect. 5.2).

            

    

  
    
      Fig. 14 
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            Normalised intensity crosscuts for C18O J = 3 → 2 (blue curve), H2CO JKa,Kc = 51,5 → 41,4 (red curve), and H[image: equation] (black curve) as a function of distance from the IF (in arcsec). The vertical dot-dashed line indicates the H2 dissociation front. FUV radiation comes from left.

          

    

  
    
      Fig. 15 
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              Grid of LVG excitation and radiative transfer models for CH3CN, H2CO, CH3OH, and HC3N lines towards the PDR position assuming uniform beam filling and using column densities shown in Table 3. The best fits are those with the higher rmsmin/rms value.

            

    

  
    
      Fig. 16 
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              Rotational population diagrams for A-CH3CN computed with a non-LTE excitation code. All models adopt the same gas temperature (Tk = 150 K) and column density (Ntot = 5 × 1011 cm-2), but three different n(H2) values. For simplicity, only rotational transitions in the Ka = 0 (filled symbols) and 3 (empty symbols) ladders are shown.

            

    

  
    Table 6 

              Abundances relative to H2 in different environments (in units of 10-10).

            
              
                	 Molecule
                	Orion Bar1*
                	Horsehead
                	
                	Orion KL
                	L1157-B17
                	IRAS 16293-24228
                	B1-b9
              

              
                	
                	
                  

                
                	
              

              
                	
                	
                  

                
                	
              

              
                	
                	PDR
                	PDR2∗
                	Core3∗
                	
                	HC4
                	CR5
                	Outflow
                	Hot corino
                	Dense core 
              

              
                	
                  

                
              

              
                	 HCO
                	1.7
                	8.4b
                	<0.8b
                	
                	–
                	<0.36,g
                	–
                	<2.0
                	0.2n
              

              
                	 HNCO
                	0.2
                	–
                	–
                	
                	780h
                	–
                	605k
                	1.7
                	0.7p
              

              
                	 H2CO
                	9.0
                	2.9c
                	2.0c
                	
                	1200h
                	440h
                	4000l
                	7.0
                	4.6q
              

              
                	 H2CS
                	0.8
                	–
                	–
                	
                	150h
                	74h
                	1100l
                	–
                	0.9q
              

              
                	 t-HCOOH†
                	0.2a
                	0.5d
                	0.1d
                	
                	800i
                	–
                	–
                	<3.0
                	0.1n
              

              
                	 CH2NH
                	0.2
                	–
                	–
                	
                	42h
                	–
                	–
                	<5.0
                	– 
              

              
                	 H2CCO
                	0.9
                	1.5d
                	0.5d
                	
                	–
                	51h
                	–
                	1.8
                	0.2n
              

              
                	 HC3N
                	0.07
                	0.06e
                	0.08e
                	
                	81h
                	–
                	100l
                	0.3
                	3.1r
              

              
                	 CH3OH
                	5.0
                	1.2f
                	2.3f
                	
                	22 000h
                	12 000h
                	115 000l
                	44
                	31r,s
              

              
                	 CH3CN
                	0.2
                	2.5e
                	0.08e
                	
                	300h
                	120h
                	–
                	1.5
                	0.4r
              

              
                	 CH3CHO
                	0.8
                	0.7d
                	0.2d
                	
                	9.5i
                	–
                	250m
                	1.0
                	0.1n
              

              
                	 CH3CCH
                	<1.0
                	4.4d
                	3.0d
                	
                	24i
                	1336,i
                	–
                	6.5
                	5.0r
              

            


              Notes. bundances with respect to total hydrogen nuclei. † To date, the cis conformer of HCOOH has only been detected towards the Orion Bar PDR (Cuadrado et al. 2016), therefore, we only provide the abundances of the trans conformer. (1) This work. Abundances calculated assuming uniform beam filling. References: (a)Cuadrado et al. (2016). (2) Low-UV field Horsehead PDR (χ ≈ 60; NH = 3.8 × 1022 cm-2) and (3) condensation shielded from the UV field (dense core, NH = 6.4 × 1022 cm-2) behind the Horsehead PDR edge. Ref.: (b)Gerin et al. (2009), (c)Guzmán et al. (2011), (d)Guzmán et al. (2014), (e)Gratier et al. (2013), (f)Guzmán et al. (2013). (4) Orion KL Hot Core (HC); and (5) Orion KL Compact Ridge (CR). (6) Abundances calculated for the Extended Ridge. Ref.: (g)Blake et al. (1987), (h)Crockett et al. (2014), (i) B. Tercero, priv. comm.. (7) Peak B1 in the blue lobe of the L1157. Ref.: (k)Mendoza et al. (2014), (l)Bachiller & Pérez Gutiérrez (1997), (m)Codella et al. (2015). (8) Low-mass protostar (hot corino) IRAS 16293-2422. The abundances are computed for a N(H2) = 2 × 1023 cm-2. Abundances averaged over a ~20′′ beam (van Dishoeck et al. 1995). (9) Quiescent dark core Barnard 1-b (B1-b), N(H2) = 1.3 × 1023 cm-2 (see e.g. Hirano et al. 1999; Lis et al. 2002). Ref.: (n)Cernicharo et al. (2012), (p)Marcelino et al. (2009),(q)Marcelino et al. (2005), (r) N. Marcelino, priv. comm., (s) see also Öberg et al. (2010). 

              (*) A


            


  
    
      Fig. 21 

      
        [image: thumbnail]
      

      
              Isobaric PDR model for the Orion Bar with Pth/k = 108 K cm-3 and χ = 2 × 104. The thick horizontal bars show the inferred abundances of HCO, H2CO, and CH3OH towards the PDR edge. In this model, these molecules are formed only through gas-phase reactions.

            

    

  
    Table B.2 

              Line parameters of H2CO.

            
            
                	Transition
                	Sym.∗
                	Frequency
                	
                  
                    E
                    u
                    /
                    k
                  
                
                	
                  
                    A
                    ul
                  
                
                	
                  
                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
                	
                  [image: equation]
                
                	
                  Δv
                
                	
                  [image: equation]
                
                	
                  
                    S
                    /
                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  (JKa,Kc)u → (JKa,Kc)l
                
                	
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	21,2 → 11,1
                	
                  
                    ortho
                  
                
                	140 839.516W
                	6.8
                	5.30 × 10-5
                	1.5
                	5
                	13488(28)
                	–
                	–
                	–
                	423 
              

              
                	20,2 → 10,1
                	
                  
                    para
                  
                
                	145 602.951W
                	10.5
                	7.80 × 10-5
                	2.0
                	5
                	5611(67)
                	–
                	–
                	–
                	95 
              

              
                	21,1 → 11,0
                	
                  
                    ortho
                  
                
                	150 498.335W
                	7.5
                	6.46 × 10-5
                	1.5
                	5
                	10 850(97)
                	–
                	–
                	–
                	208 
              

              
                	31,3 → 21,2
                	
                  
                    ortho
                  
                
                	211 211.449F
                	16.9
                	2.27 × 10-4
                	2.7
                	7
                	13 732(26)
                	10.6(0.1)
                	2.3(0.1)
                	5519
                	338 
              

              
                	30,3 → 20,2
                	
                  
                    para
                  
                
                	218 222.187F
                	21.0
                	2.81 × 10-4
                	3.0
                	7
                	6567(22)
                	10.6(0.1)
                	2.2(0.1)
                	2771
                	311 
              

              
                	32,2 → 22,1
                	
                  
                    para
                  
                
                	218 475.634F
                	68.1
                	1.57 × 10-4
                	1.7
                	7
                	2600(9)
                	10.7(0.1)
                	2.1(0.1)
                	1148
                	175 
              

              
                	32,1 → 22,0
                	
                  
                    para
                  
                
                	218 760.062F
                	68.1
                	1.58 × 10-4
                	1.7
                	7
                	2582(12)
                	10.7(0.1)
                	2.1(0.1)
                	1145
                	151 
              

              
                	31,2 → 21,1
                	
                  
                    ortho
                  
                
                	225 697.772F
                	18.3
                	2.77 × 10-4
                	2.7
                	7
                	11 382(39)
                	10.6(0.1)
                	2.4(0.1)
                	4537
                	269 
              

              
                	41,4 → 31,3
                	
                  
                    ortho
                  
                
                	281 526.919F
                	30.4
                	5.87 × 10-4
                	3.8
                	9
                	15 275(49)
                	10.5(0.1)
                	2.4(0.1)
                	6032
                	409 
              

              
                	42,3 → 32,2
                	
                  
                    para
                  
                
                	291 237.765F
                	82.1
                	5.20 × 10-4
                	3.0
                	9
                	2870(19)
                	10.6(0.1)
                	2.1(0.1)
                	1266
                	100 
              

              
                	43,2 → 33,1
                	
                  
                    ortho
                  
                
                	291 380.441F
                	125.8
                	3.04 × 10-4
                	1.8
                	9
                	3815(19)
                	10.6(0.1)
                	2.0(0.1)
                	1755
                	138 
              

              
                	43,1 → 33,0
                	
                  
                    ortho
                  
                
                	291 384.360F
                	125.8
                	3.04 × 10-4
                	1.8
                	9
                	4282(21)
                	10.7(0.1)
                	2.3(0.1)
                	1744
                	138 
              

              
                	42,2 → 32,1
                	
                  
                    para
                  
                
                	291 948.066F
                	82.1
                	5.24 × 10-4
                	3.0
                	9
                	2863(19)
                	10.6(0.1)
                	2.2(0.1)
                	1244
                	101 
              

              
                	41,3 → 31,2
                	
                  
                    ortho
                  
                
                	300 836.630F
                	32.7
                	7.17 × 10-4
                	3.8
                	9
                	9897(49)
                	10.7(0.1)
                	2.5(0.1)
                	3668
                	135 
              

              
                	51,5 → 41,4
                	
                  
                    ortho
                  
                
                	351 768.637F
                	47.3
                	1.20 × 10-3
                	4.8
                	11
                	8551(88)
                	10.7(0.1)
                	2.4(0.1)
                	3294
                	61 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from MADEX code, that fit to all rotational lines reported by Bocquet et al. (1996), Brünken et al. (2003), and Eliet et al. (2012). 

            


  
    Table B.3 

              Line parameters of H[image: equation]CO. 

            
                          
                	Transition
                	Sym.∗
                	Frequency
                	
                  
                    E
                    u
                    /
                    k
                  
                
                	
                  
                    A
                    ul
                  
                
                	
                  
                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
                	
                  [image: equation]
                
                	
                  Δv
                
                	
                  [image: equation]
                
                	
                  
                    S
                    /
                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  (JKa,Kc)u → (JKa,Kc)l
                
                	
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	21,2 → 11,1
                	
                  
                    ortho
                  
                
                	137 449.954W
                	6.6
                	4.92 × 10-5
                	1.5
                	5
                	298(53)
                	–
                	–
                	–
                	7 
              

              
                	21,1 → 11,0
                	
                  
                    ortho
                  
                
                	146 635.669W
                	7.3
                	5.98 × 10-5
                	1.5
                	5
                	73(29)
                	–
                	–
                	–
                	5 
              

              
                	31,3 → 21,2
                	
                  
                    ortho
                  
                
                	206 131.619F
                	16.5
                	2.11 × 10-4
                	2.6
                	7
                	251(12)
                	10.5(0.1)
                	2.4(0.1)
                	97
                	11 
              

              
                	30,3 → 20,2
                	
                  
                    para
                  
                
                	212 811.190F
                	20.4
                	2.61 × 10-4
                	3.0
                	7
                	84(13)
                	10.3(0.1)
                	2.1(0.4)
                	37
                	4 
              

              
                	31,2 → 21,1
                	
                  
                    ortho
                  
                
                	219 908.481F
                	17.8
                	2.56 × 10-4
                	2.7
                	7
                	151(12)
                	10.7(0.1)
                	2.0(0.2)
                	70
                	7 
              

              
                	41,4 → 31,3
                	
                  
                    ortho
                  
                
                	274 762.103F
                	29.7
                	5.46 × 10-4
                	3.8
                	9
                	180(16)
                	10.8(0.1)
                	2.3(0.3)
                	74
                	6 
              

              
                	40,4 → 30,3
                	
                  
                    para
                  
                
                	283 441.868F
                	34.0
                	6.39 × 10-4
                	4.0
                	9
                	32(13)
                	10.7(0.2)
                	0.9(0.5)
                	33
                	4 
              

              
                	41,3 → 31,2
                	
                  
                    ortho
                  
                
                	293 126.495F
                	31.9
                	6.63 × 10-4
                	3.8
                	9
                	140(13)
                	10.5(0.1)
                	2.3(0.3)
                	58
                	6 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from MADEX code, that fit to all rotational lines reported by Müller et al. (2000).

            


  
    Table B.4 

              Line parameters of H2CS.

            
            
                	Transition
                	Sym.∗
                	Frequency
                	
                  
                    E
                    u
                    /
                    k
                  
                
                	
                  
                    A
                    ul
                  
                
                	
                  
                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
                	
                  [image: equation]
                
                	
                  Δv
                
                	
                  [image: equation]
                
                	
                  
                    S
                    /
                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  (JKa,Kc)u → (JKa,Kc)l
                
                	
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	31,3 → 21,2
                	
                  
                    ortho
                  
                
                	101 477.810F
                	8.1
                	1.26 × 10-5
                	2.67
                	7
                	79(8)
                	10.8(0.1)
                	1.1(0.1)
                	68
                	10 
              

              
                	32,2 → 22,1
                	
                  
                    para
                  
                
                	103 039.907F
                	62.6
                	8.25 × 10-6
                	1.67
                	7
                	⟩ 53(5)
                	10.9(0.1)
                	1.8(0.2)
                	28
                	9
              

              
                	30,3 → 20,2
                	
                  
                    para
                  
                
                	103 040.452F
                	9.9
                	1.48 × 10-5
                	3.00
                	7
              

              
                	32,1 → 22,0
                	
                  
                    para
                  
                
                	103 051.847F
                	62.6
                	8.25 × 10-6
                	1.67
                	7
                	19(7)
                	10.5(0.3)
                	1.5(1.3)
                	10
                	3 
              

              
                	31,2 → 21,1
                	
                  
                    ortho
                  
                
                	104 617.040F
                	8.4
                	1.38 × 10-5
                	2.67
                	7
                	85(5)
                	10.7(<0.1)
                	1.3(0.1)
                	59
                	14 
              

              
                	40,4 → 30,3
                	
                  
                    para
                  
                
                	137 371.210W
                	16.5
                	3.65 × 10-5
                	4.00
                	9
                	182(18)
                	–
                	–
                	–
                	2 
              

              
                	41,3 → 31,2
                	
                  
                    ortho
                  
                
                	139 483.682W
                	15.1
                	3.58 × 10-5
                	3.75
                	9
                	149(22)
                	–
                	–
                	–
                	4 
              

              
                	51,5 → 41,4
                	
                  
                    ortho
                  
                
                	169 114.079W
                	22.7
                	6.68 × 10-5
                	4.80
                	11
                	229(35)
                	–
                	–
                	–
                	10 
              

              
                	50,5 → 40,4
                	
                  
                    para
                  
                
                	171 688.117W
                	24.7
                	7.28 × 10-5
                	5.00
                	11
                	1447(217)
                	–
                	–
                	–
                	9 
              

              
                	51,4 → 41,3
                	
                  
                    ortho
                  
                
                	174 345.223W
                	23.5
                	7.32 × 10-5
                	4.80
                	11
                	300(106)
                	–
                	–
                	–
                	3 
              

              
                	61,6 → 51,5
                	
                  
                    ortho
                  
                
                	202 924.054F
                	32.5
                	1.19 × 10-4
                	5.83
                	13
                	206(10)
                	10.9(<0.1)
                	0.8(0.1)
                	245
                	18 
              

              
                	60,6 → 50,5
                	
                  
                    para
                  
                
                	205 987.858F
                	34.6
                	1.28 × 10-4
                	6.00
                	13
                	75(7)
                	10.9(<0.1)
                	0.7(0.1)
                	104
                	10 
              

              
                	63,4 → 53,3
                	
                  
                    ortho
                  
                
                	206 052.602F
                	138.3
                	9.59 × 10-5
                	4.50
                	13
                	⟩ 76(14)
                	10.9(0.1)
                	1.3(0.4)
                	55
                	5
              

              
                	63,3 → 53,2
                	
                  
                    ortho
                  
                
                	206 052.602F
                	138.3
                	9.59 × 10-5
                	4.50
                	13
              

              
                	62,4 → 52,3
                	
                  
                    para
                  
                
                	206 158.602F
                	87.3
                	1.14 × 10-4
                	5.33
                	13
                	48(7)
                	10.9(0.1)
                	1.0(0.1)
                	47
                	5 
              

              
                	61,5 → 51,4
                	
                  
                    ortho
                  
                
                	209 200.620F
                	33.5
                	1.30 × 10-4
                	5.83
                	13
                	190(9)
                	10.9(<0.1)
                	0.8(0.1)
                	231
                	17 
              

              
                	71,7 → 61,6
                	
                  
                    ortho
                  
                
                	236 727.020F
                	43.8
                	1.92 × 10-4
                	6.86
                	15
                	105(14)
                	10.9(<0.1)
                	0.5(0.1)
                	185
                	7 
              

              
                	70,7 → 60,6
                	
                  
                    para
                  
                
                	240 266.872F
                	46.1
                	2.05 × 10-4
                	7.00
                	15
                	107(13)
                	10.8(<0.1)
                	0.9(0.1)
                	116
                	8 
              

              
                	72,6 → 62,5
                	
                  
                    para
                  
                
                	240 382.051F
                	98.8
                	1.88 × 10-4
                	6.43
                	15
                	24(6)
                	10.8(0.1)
                	0.3(0.2)
                	76
                	3 
              

              
                	73,5 → 63,4
                	
                  
                    ortho
                  
                
                	240 393.037F
                	149.8
                	1.68 × 10-4
                	5.71
                	15
                	⟩ 122(14)
                	10.5(0.1)
                	1.6(0.2)
                	72
                	6
              

              
                	73,4 → 63,3
                	
                  
                    ortho
                  
                
                	240 393.762F
                	149.8
                	1.68 × 10-4
                	5.71
                	15
              

              
                	72,5 → 62,4
                	
                  
                    para
                  
                
                	240 549.066F
                	98.8
                	1.89 × 10-4
                	6.43
                	15
                	62(11)
                	10.7(0.1)
                	1.5(0.2)
                	54
                	5 
              

              
                	71,6 → 61,5
                	
                  
                    ortho
                  
                
                	244 048.504F
                	45.2
                	2.10 × 10-4
                	6.86
                	15
                	185(11)
                	10.9(<0.1)
                	0.8(0.1)
                	260
                	14 
              

              
                	81,8 → 71,7
                	
                  
                    ortho
                  
                
                	270 521.931F
                	56.8
                	2.90 × 10-4
                	7.88
                	17
                	128(16)
                	10.8(0.1)
                	0.9(0.2)
                	139
                	6 
              

              
                	80,8 → 70,7
                	
                  
                    para
                  
                
                	274 521.931F
                	59.3
                	3.08 × 10-4
                	8.00
                	17
                	60(9)
                	11.1(0.1)
                	0.7(0.1)
                	77
                	5 
              

              
                	82,6 → 72,5
                	
                  
                    para
                  
                
                	274 953.744F
                	112.0
                	2.90 × 10-4
                	7.50
                	17
                	36(9)
                	11.0(0.1)
                	0.9(0.2)
                	39
                	3 
              

              
                	81,7 → 71,6
                	
                  
                    ortho
                  
                
                	278 887.661F
                	58.6
                	3.18 × 10-4
                	7.87
                	17
                	195(13)
                	10.9(<0.1)
                	0.7(0.1)
                	245
                	14 
              

              
                	91,9 → 81,8
                	
                  
                    ortho
                  
                
                	304 307.709F
                	71.4
                	4.17 × 10-4
                	8.89
                	19
                	75(8)
                	10.7(0.1)
                	0.7(0.1)
                	101
                	5 
              

              
                	101,10 → 91,9
                	
                  
                    ortho
                  
                
                	338 083.195F
                	87.6
                	5.77 × 10-4
                	9.90
                	21
                	108(30)
                	10.6(0.1)
                	0.9(0.3)
                	113
                	3 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from CDMS catalogue.

            


  
    Table B.6 

              Line parameters of CH2NH.

            
            
                	Transition
                	Frequency
                	
                  
                    E
                    u
                    /
                    k
                  
                
                	
                  
                    A
                    ul
                  
                
                	
                  
                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
                	
                  [image: equation]
                
                	
                  Δv
                
                	
                  [image: equation]
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                    /
                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  (JKa,Kc)u → (JKa,Kc)l
                
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	40,4 → 31,3
                	105 794.062F
                	30.6
                	1.62 × 10-5
                	5.0
                	9
                	55(13)
                	11.3(0.5)
                	4.2(1.3)
                	12
                	3 
              

              
                	11,1 → 00,0
                	225 554.609F
                	10.8
                	2.79 × 10-4
                	3.0
                	3
                	120(26)
                	10.5(0.2)
                	2.9(0.9)
                	39
                	4 
              

              
                	41,4 → 31,3
                	245 125.866F
                	37.3
                	3.85 × 10-4
                	11.2
                	9
                	106(14)
                	11.1(0.1)
                	2.3(0.4)
                	43
                	4 
              

              
                	60,6 → 51,5
                	251 421.265F
                	64.1
                	2.73 × 10-4
                	9.2
                	13
                	72(13)
                	11.0(0.3)
                	3.1(0.6)
                	22
                	4 
              

              
                	40,4 → 30,3
                	254 685.137F
                	30.6
                	4.60 × 10-4
                	12.0
                	9
                	314(12)
                	10.8(0.1)
                	2.0(0.1)
                	147
                	14 
              

              
                	41,3 → 31,2
                	266 270.024F
                	39.8
                	4.93 × 10-4
                	11.2
                	9
                	117(12)
                	10.9(0.1)
                	2.0(0.2)
                	54
                	5 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from CDMS catalogue. 

            


  
    Table B.8 

              Line parameters of HC3N.

            
            
                	Transition
                	Frequency
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                    /
                    k
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                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
                	
                  [image: equation]
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                  [image: equation]
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                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  
                    J
                    u
                  
                  →
                  
                    J
                    l
                  
                
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	9 → 8
                	81 881.462F
                	19.6
                	4.22 × 10-5
                	9.0
                	19
                	50(19)
                	10.8(0.2)
                	2.1(0.6)
                	23(s)
                	6 
              

              
                	10 → 9   
                	90 978.989F
                	24.0
                	5.81 × 10-5
                	10.0
                	21
                	86(11)
                	10.5(0.2)
                	2.9(0.4)
                	28
                	6 
              

              
                	11 → 10
                	100 076.385F
                	28.8
                	7.77 × 10-5
                	11.0
                	23
                	80(14)
                	10.5(0.2)
                	1.8(0.3)
                	42
                	6 
              

              
                	12 → 11
                	109 173.637F
                	34.1
                	1.01 × 10-4
                	12.0
                	25
                	76(8)
                	10.7(0.1)
                	2.0(0.2)
                	37
                	10 
              

              
                	15 → 14
                	136 464.402W
                	52.4
                	1.99 × 10-4
                	15.0
                	31
                	164(59)
                	–
                	–
                	–
                	3 
              

              
                	16 → 15
                	145 560.949W
                	59.4
                	2.42 × 10-4
                	16.0
                	33
                	95(59)
                	–
                	–
                	–
                	4 
              

              
                	17 → 16
                	154 657.288W
                	66.8
                	2.91 × 10-4
                	17.0
                	35
                	162(36)
                	–
                	–
                	–
                	5 
              

              
                	18 → 17
                	163 753.404W
                	74.7
                	3.46 × 10-4
                	18.0
                	37
                	162(20)
                	–
                	–
                	–
                	8 
              

              
                	19 → 18
                	172 849.285W
                	83.0
                	4.08 × 10-4
                	19.0
                	39
                	169(17)
                	–
                	–
                	–
                	2 
              

              
                	23 → 22
                	209 230.199F
                	120.5
                	7.27 × 10-4
                	23.0
                	47
                	54(16)
                	10.8(0.2)
                	1.7(0.6)
                	30
                	5 
              

              
                	24 → 23
                	218 324.709F
                	131.0
                	8.26 × 10-4
                	24.0
                	49
                	16(4)
                	10.9(0.1)
                	0.6(0.2)
                	24
                	4 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from MADEX code, that fit to all rotational lines reported by de Zafra (1971), Mbosei et al. (2000), Creswell et al. (1977), Chen et al. (1991), Yamada et al. (1995), Thorwirth et al. (2000).

            


  
    Table B.9 

              Line parameters of CH3CN.

            
             
                	Transition
                	Sym.∗
                	Frequency
                	
                  
                    E
                    u
                    /
                    k
                  
                
                	
                  
                    A
                    ul
                  
                
                	
                  
                    S
                    ul
                  
                
                	
                  
                    g
                    u
                  
                
                	[image: equation]dv
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                  [image: equation]
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                    /
                    N
                  
                
              

              
                	
                  

                
                	
              

              
                	
                  (JK)u
                  →
                  (JK)l
                
                	
                	[MHz]
                	[K]
                	[s-1]
                	
                	
                	[mK km s-1]
                	[km s-1]
                	[km s-1]
                	[mK]
                	
              

              
                	
                  

                
              

              
                	54 → 44
                	E
                	91 958.726F
                	119.5
                	2.28 × 10-5
                	1.8
                	11
                	26(13)
                	12.5(0.5)
                	2.0(1.0)
                	13
                	3 
              

              
                	53 → 43
                	A
                	91 971.130F
                	77.5
                	4.06 × 10-5
                	6.4
                	22
                	103(9)
                	10.2(0.2)
                	4.0(0.4)
                	24
                	6 
              

              
                	52 → 42
                	E
                	91 979.993F
                	33.8
                	5.33 × 10-5
                	4.2
                	11
                	84(16)
                	10.6(0.3)
                	3.0(0.7)
                	26
                	6 
              

              
                	51 → 41
                	E
                	91 985.313F
                	12.4
                	6.09 × 10-5
                	4.8
                	11
                	114(12)
                	10.5(0.1)
                	2.6(0.4)
                	40
                	9 
              

              
                	50 → 40
                	A
                	91 987.087F
                	13.2
                	6.35 × 10-5
                	5.0
                	11
                	138(13)
                	10.9(0.1)
                	2.8(0.4)
                	46
                	11 
              

              
                	63 → 53
                	A
                	110 364.353F
                	82.8
                	8.35 × 10-5
                	9.0
                	26
                	151(11)
                	10.8(0.1)
                	2.7(0.2)
                	53
                	8 
              

              
                	62 → 52
                	E
                	110 374.988F
                	39.1
                	9.89 × 10-5
                	5.3
                	13
                	87(10)
                	10.7(0.1)
                	2.0(0.3)
                	40
                	7 
              

              
                	61 → 51
                	E
                	110 381.371F
                	17.7
                	1.08 × 10-4
                	5.8
                	13
                	144(10)
                	10.8(0.1)
                	2.1(0.2)
                	65
                	10 
              

              
                	60 → 50
                	A
                	110 383.499F
                	18.5
                	1.11 × 10-4
                	6.0
                	13
                	137(10)
                	10.8(0.1)
                	2.1(0.2)
                	62
                	11 
              

              
                	74 → 64
                	E
                	128 739.669W
                	131.0
                	1.20 × 10-4
                	4.7
                	15
                	75(49)
                	–
                	–
                	–
                	2 
              

              
                	73 → 63
                	A
                	128 757.029W
                	89.0
                	1.46 × 10-4
                	11.4
                	30
                	181(59)
                	–
                	–
                	–
                	3 
              

              
                	72 → 62
                	E
                	128 769.435W
                	45.3
                	1.64 × 10-4
                	6.4
                	15
                	112(62)
                	–
                	–
                	–
                	4 
              

              
                	71 → 61
                	E
                	128 776.880W
                	23.8
                	1.75 × 10-4
                	6.8
                	15
                	⟩ 425(59)
                	–
                	–
                	–
                	6
              

              
                	70 → 60
                	A
                	128 779.363W
                	24.7
                	1.79 × 10-4
                	7.0
                	15
              

              
                	83 → 73
                	A
                	147 149.068W
                	96.1
                	2.31 × 10-4
                	13.8
                	34
                	149(31)
                	–
                	–
                	–
                	4 
              

              
                	82 → 72
                	E
                	147 163.243W
                	52.3
                	2.52 × 10-4
                	7.5
                	17
                	98(33)
                	–
                	–
                	–
                	2 
              

              
                	81 → 71
                	E
                	147 171.751W
                	30.9
                	2.65 × 10-4
                	7.9
                	17
                	⟩ 385(41)
                	–
                	–
                	–
                	8
              

              
                	80 → 70
                	A
                	147 174.587W
                	31.8
                	2.69 × 10-4
                	8.0
                	17
              

              
                	94 → 84
                	E
                	165 518.064W
                	146.0
                	3.09 × 10-4
                	7.2
                	19
                	85(23)
                	–
                	–
                	–
                	3 
              

              
                	93 → 83
                	A
                	165 540.376W
                	104.0
                	3.43 × 10-4
                	16.0
                	38
                	177(20)
                	–
                	–
                	–
                	9 
              

              
                	92 → 82
                	E
                	165 556.321W
                	60.3
                	3.66 × 10-4
                	8.6
                	19
                	108(19)
                	–
                	–
                	–
                	7 
              

              
                	91 → 81
                	E
                	165 565.890W
                	38.8
                	3.81 × 10-4
                	8.9
                	19
                	⟩ 419(24)
                	–
                	–
                	–
                	14
              

              
                	90 → 80
                	A
                	165 569.080W
                	39.7
                	3.86 × 10-4
                	9.0
                	19
              

              
                	113 → 103
                	A
                	202 320.442F
                	122.6
                	6.58 × 10-4
                	20.3
                	46
                	140(11)
                	10.7(0.1)
                	2.0(0.2)
                	64
                	8 
              

              
                	112 → 102
                	E
                	202 339.920F
                	78.8
                	6.87 × 10-4
                	10.6
                	23
                	78(9)
                	10.7(0.1)
                	1.5(0.2)
                	49
                	6 
              

              
                	111 → 101
                	E
                	202 351.610F
                	57.4
                	7.05 × 10-4
                	10.9
                	23
                	103(13)
                	10.7(0.2)
                	2.9(0.4)
                	33
                	5 
              

              
                	110 → 100
                	A
                	202 355.507F
                	58.3
                	7.11 × 10-4
                	11.0
                	23
                	135(11)
                	10.7(0.1)
                	2.3(0.2)
                	55
                	7 
              

              
                	124 → 114
                	E
                	220 679.287F
                	175.1
                	8.22 × 10-4
                	10.7
                	25
                	44(12)
                	10.9(0.3)
                	1.8(0.5)
                	23
                	4 
              

              
                	123 → 113
                	A
                	220 709.016F
                	133.2
                	8.68 × 10-4
                	22.5
                	50
                	100(15)
                	10.7(0.1)
                	1.8(0.4)
                	52
                	8 
              

              
                	122 → 112
                	E
                	220 730.259F
                	89.4
                	9.00 × 10-4
                	11.7
                	25
                	61(15)
                	10.6(0.3)
                	1.7(0.0)
                	34
                	6 
              

              
                	121 → 111
                	E
                	220 743.009F
                	68.0
                	9.20 × 10-4
                	11.9
                	25
                	122(15)
                	10.4(0.1)
                	1.7(0.2)
                	72
                	11 
              

              
                	120 → 110
                	A
                	220 747.259F
                	68.9
                	9.26 × 10-4
                	12.0
                	25
                	69(15)
                	10.9(0.2)
                	1.7(0.3)
                	38
                	6 
              

              
                	133 → 123
                	A
                	239 096.495F
                	144.6
                	1.12 × 10-3
                	24.6
                	54
                	94(16)
                	10.8(0.1)
                	1.9(0.5)
                	46
                	7 
              

              
                	132 → 122
                	E
                	239 119.503F
                	100.9
                	1.15 × 10-3
                	12.7
                	27
                	20(11)
                	10.6(0.3)
                	1.0(0.8)
                	19
                	3 
              

              
                	130 → 120
                	A
                	239 137.914F
                	80.3
                	1.18 × 10-3
                	13.0
                	27
                	52(9)
                	10.5(0.2)
                	1.3(0.4)
                	23
                	3 
              

              
                	144 → 134
                	E
                	257 448.128F
                	199.0
                	1.36 × 10-3
                	12.9
                	29
                	29(10)
                	10.6(0.3)
                	1.5(0.6)
                	19
                	3 
              

              
                	143 → 133
                	A
                	257 482.790F
                	157.0
                	1.41 × 10-3
                	26.7
                	58
                	57(17)
                	10.6(0.2)
                	1.5(0.3)
                	36
                	5 
              

              
                	142 → 132
                	E
                	257 507.560F
                	113.3
                	1.45 × 10-3
                	13.7
                	29
                	55(10)
                	10.7(0.1)
                	1.3(0.3)
                	40
                	6 
              

              
                	141 → 131
                	E
                	257522.425F
                	91.8
                	1.47 × 10-3
                	13.9
                	29
                	53(11)
                	10.8(0.3)
                	2.0(0.5)
                	24
                	4 
              

              
                	140 → 130
                	A
                	257 527.381F
                	92.7
                	1.48 × 10-3
                	14.0
                	29
                	42(8)
                	10.9(0.1)
                	1.0(0.2)
                	38
                	5 
              

              
                	153 → 143
                	A
                	275 867.809F
                	170.2
                	1.75 × 10-3
                	28.8
                	62
                	61(14)
                	10.5(0.2)
                	1.5(0.4)
                	38
                	4 
              

              
                	152 → 142
                	E
                	275 894.339F
                	126.5
                	1.79 × 10-3
                	14.7
                	31
                	31(9)
                	10.3(0.1)
                	0.7(0.3)
                	40
                	2 
              

              
                	151 → 141
                	E
                	275 910.261F
                	105.1
                	1.81 × 10-3
                	14.9
                	31
                	30(12)
                	10.7(0.2)
                	0.7(0.2)
                	40
                	2 
              

              
                	163 → 153
                	A
                	294 251.460F
                	184.4
                	2.14 × 10-3
                	30.9
                	66
                	55(13)
                	10.1(0.2)
                	1.2(0.2)
                	43
                	4 
              

              
                	162 → 152
                	E
                	294 279.748F
                	140.6
                	2.18 × 10-3
                	15.7
                	33
                	33(15)
                	10.4(0.2)
                	0.9(0.3)
                	34
                	4 
              

              
                	161 → 151
                	E
                	294 296.726F
                	119.2
                	2.21 × 10-3
                	15.9
                	33
                	34(9)
                	10.2(0.1)
                	1.0(0.2)
                	32
                	4 
              

              
                	160 → 150
                	A
                	294 302.386F
                	120.1
                	2.22 × 10-3
                	16.0
                	33
                	27(9)
                	10.9(0.2)
                	0.8(0.2)
                	32
                	2 
              

            


              Notes. Frequencies, Eu/k, Aul, Sul, and gu from MADEX code, that fit to all rotational lines reported by Kukolich et al. (1973), Boucher et al. (1977), Kukolich (1982), Pavone et al. (1990), Cazzoli & Puzzarini (2006), Šimečková et al. (2004), Müller et al. (2009).
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