
    
      Table 1 

      Parameters of the Galactic CR electron and proton spectra, Eq. (7).

      
        


	CR species (i)
	C
	E0 /eV
	α
	β − α





	e
	2.1 × 1018
	7.1 × 108
	−1.3
	3.2



	p (model ℒ)
	2.4 × 1015
	6.5 × 108
	0.1
	2.7



	p (model ℋ)
	2.4 × 1015
	6.5 × 108
	−0.8
	2.7



	p (model 𝒰)
	2.4 × 1015
	6.5 × 108
	−1.2
	2.7





      

      
Notes. C is in units of eV−1 s−1 cm−2 sr−1.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Ratio between the e-H2 excitation rates summed over the initial and final rotational states and the CR ionisation rate for model ℋ and N = 1020 cm−2 as a function of the upper vibrational level, vu. Each subplot shows results for a different lower vibrational level, vl. Solid green, violet, magenta, blue, and orange circles refer to the excitation of the B, C, B′, D, and a states from the ground state X, respectively. Empty black circles show a subset of previous estimates by Cecchi-Pestellini & Aiello (1992, see Sect. 3.5 for more details.)

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Histograms of the ratio between collisional and radiative excitation rates, CCR/Crad, for five representative column densities, from 1020 to 1022 cm−2, for an interstellar UV field with χ = 1, RV = 3.1, and model ℋ. The black dashed line shows where collisional and radiative processes equally contribute to excitation of H2.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Comparison of the optical depth, τ, of dust (black solid lines) to that of para- and ortho-H2 (blue and cyan solid lines, respectively, upper-left panel), H (orange solid lines, upper-right panel), CO (green solid lines, bottom-left panel), and N2 (purple solid lines, bottom-right panel) at N(H2) = 1021 cm−2. The H2 optical depth is shown for model ℋ and H2 o:p = 3:1. The H, CO, and N2 optical depths have been computed by assuming constant abundances [image: equation] and the photoabsorption cross sections presented in the Leiden Observatory database (https://home.strw.leidenuniv.nl/~ewine/photo/; see also Heays et al. 2017).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Same as Fig. 6, but for H2 o:p = 1:0.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Mean intensity, Jv, of the total emission in the wavelength range 72 < λ/nm < 250 for a molecular cloud illuminated by one side. From top to bottom the four panels show the expected mean intensity from H2 lines, H2 continuum, H lines (Lyα and Lyβ), and ISRF at four different column densities, from N = 1021 to 4 × 1022 cm−2. Insets show the components of Jv at 400 < λ/nm < 700, highlighting three lines of the Balmer series (Hα, Hβ, and Hγ). Results are shown for model ℋ, χ = 1, H2o:p=0:1, and Rv = 3.1.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Photon fluxes, ΦUV, as a function of the H2 column density, N, below and above 180 nm (upper and lower panel, respectively) for χ = 1. Both panels show the integrated flux of CR-generated UV photons as a function of the three models of CR proton flux (ℒ, ℋ and 𝒰) and the ISRF UV flux. The cyan dotted lines show the integrated photon flux from H2 and Η lines generated by collisional radiative excitation (labelled 'rad. exc.'). The three curves for each model correspond to RV = 3.1 (lower curve), 4.0 (intermediate curve), and (5.5 upper curve). Arrows on the righthand side of the upper panel show previous estimates of ΦUV, independent of column density: Prasad & Tarafdar (1983, PT83), Cecchi-Pestellini & Aiello (1992, CPA92), and Shen et al. (2004, S+04).

      

    

  
    
      Table A.1 

      CR excitation rates, [image: equation], normalised to the CR ionisation rate, [image: equation] .

      
        


	state S
	[image: equation]



	
	G89
	this work





	B
	0.19
	0.151



	C
	0.077
	0.131



	B′
	0.01
	0.014



	D
	0.01
	0.017



	B″
	0.005
	0.004



	D′
	0.005
	0.011



	a
	0.03
	0.029



	b
	0.42
	0.378





      

      
Notes. The normalised CR excitation rates are computed separately for each excited electronic state, S .




    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Total CR ionisation rate as a function of the H2 column density. Theoretical models ℒ (lower solid black line), ℋ (dotted black line), and 𝓤 (upper solid black line). Expected values from models also include the ionisation due to primary CR electrons and secondary electrons. Observational estimates in diffuse clouds: solid down-pointing triangle (Shaw et al. 2008), solid up-pointing triangle (Neufeld et al. 2010), solid left-pointing triangles (Indriolo & McCall 2012), solid right-pointing triangles (Neufeld & Wolfire 2017), empty right-pointing triangles (Luo et al. 2023a), empty left-pointing triangles (Luo et al. 2023b); in low-mass dense cores: solid circles (Caselli et al. 1998), empty hexagons (Bialy et al. 2022), empty circle (Maret & Bergin 2007), empty pentagon (Fuente et al. 2016), empty up-pointing triangle (Redaelli et al. 2021); in high-mass star-forming regions: stars (Sabatini et al. 2020), black and grey small symbols (Sabatini et al. 2023), solid diamonds (de Boisanger et al. 1996), empty diamonds (van der Tak et al. 2000), empty thin diamonds (Hezareh et al. 2008), solid thin diamonds (Morales Ortiz et al. 2014); in circumstellar discs: empty squares (Cec-carelli et al. 2004); in massive hot cores: solid squares (Barger & Garrod 2020).

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Energy loss function for electrons colliding with H2 (solid black line). Coloured lines show the different components and the following references point to the papers from which the relative cross sections have been adopted: momentum transfer (‘m.t.’, solid blue; Pinto & Galli 2008); the rotational transition J = 0 → 2 (solid green line; England et al. 1988); vibrational transitions v = 0 → 1 (solid red line; Yoon et al. 2008) and v = 0 → 2 (dashed red line; Janev et al. 2003); electronic transitions summed over all the triplet and singlet states (solid orange and magenta lines, respectively; Scarlett et al. 2021); Lyman series (solid pink lines; van Zyl et al. 1989; Ajello et al. 1991, 1996); Balmer series (solid brown lines; Möhlmann et al. 1977; Karolis & Harting 1978; Williams et al. 1982); ionisation (solid cyan line; Kim et al. 2000); bremsstrahlung (solid grey line; Blumenthal & Gould 1970; Padovani et al. 2018a); and synchrotron (solid yellow line; Schlickeiser 2002). Dash-dotted grey lines show the Coulomb losses at 10 K for ionisation fractions equal to 10−7 and 10−8 (Swartz et al. 1971) and the solid yellow line shows the synchrotron losses (Schlickeiser 2002).

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Energy loss function for protons colliding with H2 (solid black line). Coloured lines show the different components and the following references point to the papers from which the relative cross sections have been adopted: momentum transfer (‘m.t.’, solid blue; Pinto & Galli 2008); the rotational transition J = 0 → 2 (solid green line; Gianturco & Tritella 1977; Linder 1980); vibrational transitions v = 0 → 1 and v = 0 → 2 (solid and dashed red lines, respectively; Gentry & Giese 1975; Herrero & Doering 1972; Schinke 1977; Niedner et al. 1987; Janev et al. 2003); dissociation (solid orange line; Janev et al. 2003); Lyα (solid pink line; van Zyl et al. 1967, 1989; Phelps 1990); Hα (solid brown line; Williams et al. 1982); electron capture (solid purple line; Gilbody & Hasted 1957; Curran et al. 1959; De Heer et al. 1966; Toburen & Wilson 1972; Rudd et al. 1983; Gealy & van Zyl 1987; Baer et al. 1988; Phelps 1990; Errea et al. 2010); ionisation (solid cyan line; Rudd 1988; Krause et al. 2015); and pion production (solid yellow line; Krakau & Schlickeiser 2015). Dash-dotted grey lines show the Coulomb losses at 10 K for an ionisation fraction of 10−7 (Mannheim & Schlickeiser 1994).

      

    

  
    
      Table D.1 

      Photodissociation rates normalised to the CR ionisation rate, [image: equation], for H2 o:p=0:1 and H2 o:p=1:0 and for RV = 3.1.

      
        


	RV = 3.1
	[image: equation]
	
	[image: equation]
	
	[image: equation]



	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0





	Al
	–
	–
	Ca+
	–
	–
	NH2CHO
	1.292(3)
	1.294(3)



	AlH
	1.641(1)
	1.644(1)
	Cl
	–
	–
	NH3
	6.266(2)
	6.093(2)



	C
	–
	–
	Cr
	–
	–
	NO
	1.715(2)
	1.673(2)



	C2
	1.368(2)
	1.368(2)
	Fe
	–
	–
	NO2
	6.022(2)
	6.046(2)



	C2H
	8.184(2)
	9.006(2)
	H
	–
	–
	Na
	–
	–



	C2H−
	–
	–
	H−
	-
	-
	NaCl
	5.030(1)
	5.036(1)



	C2H2
	1.086(3)
	8.684(2)
	H2
	4.048(2)
	3.912(2)
	NaH
	2.323(2)
	2.368(2)



	C2H3
	1.567(2)
	1.566(2)
	[image: equation]
	3.238(2)
	3.290(2)
	Ni
	–
	–



	C2H4
	1.450(3)
	1.450(3)
	H2CO
	6.247(2)
	6.054(2)
	O
	–
	–



	C2H5
	2.278(2)
	2.262(2)
	H2CS
	9.744(2)
	9.734(2)
	O2
	3.077(2)
	3.106(2)



	C2H5OH
	1.466(3)
	1.479(3)
	H2O
	4.715(2)
	4.670(2)
	[image: equation]
	1.380(1)
	1.420(1)



	C2H6
	1.264(3)
	1.284(3)
	H2O2
	3.846(2)
	3.893(2)
	O3
	5.534(2)
	5.633(2)



	C3
	2.642(3)
	2.600(3)
	H2S
	1.387(3)
	1.407(3)
	OCS
	2.319(3)
	2.260(3)



	C3H3
	2.762(1)
	2.765(1)
	[image: equation]
	2.295(−1)
	1.746(−1)
	OH
	2.646(2)
	2.681(2)



	C3H7OH
	2.434(3)
	2.470(3)
	HC3H
	3.659(2)
	3.708(2)
	OH+
	8.375
	8.063



	C4H−
	–
	–
	HC3N
	2.909(3)
	2.901(3)
	P
	–
	–



	C6H−
	–
	–
	HCN
	1.052(3)
	1.069(3)
	PH
	3.450(2)
	3.318(2)



	CH
	4.598(2)
	4.468(2)
	HCO
	2.211(2)
	2.110(2)
	PH+
	5.632(1)
	5.736(1)



	CH+
	2.045(2)
	1.927(2)
	HCO+
	3.049
	3.770
	Rb
	–
	–



	CH2
	1.398(2)
	1.383(2)
	HCOOH
	9.896(2)
	1.006(3)
	S
	–
	–



	[image: equation]
	7.252(1)
	7.117(1)
	HCl
	1.090(3)
	9.841(2)
	S2
	3.176(1)
	3.168(1)



	CH3
	9.999(1)
	1.058(2)
	HCl+
	6.558(1)
	6.413(1)
	SH
	3.782(2)
	3.720(2)



	CH3CHO
	8.908(2)
	8.989(2)
	HF
	1.022(2)
	1.031(2)
	SH+
	4.309(2)
	4.220(2)



	CH3CN
	1.955(3)
	2.006(3)
	HNC
	9.632(2)
	9.729(2)
	SO
	2.791(3)
	2.827(3)



	CH3NH2
	1.777(2)
	1.755(2)
	HNCO
	1.431(3)
	1.449(3)
	SO2
	1.528(3)
	1.534(3)



	CH3OCH3
	9.651(2)
	9.637(2)
	HO2
	8.162(1)
	8.122(1)
	Si
	–
	–



	CH3OCHO
	1.171(3)
	1.177(3)
	K
	–
	–
	SiH
	1.852(2)
	1.867(2)



	CH3OH
	8.862(2)
	8.892(2)
	Li
	–
	–
	SiH+
	6.804(2)
	6.981(2)



	CH3SH
	1.197(3)
	1.203(3)
	LiH
	1.522(2)
	1.518(2)
	SiO
	5.673(2)
	5.855(2)



	CH4
	9.917(2)
	9.972(2)
	Mg
	–
	–
	Ti
	–
	–



	[image: equation]
	1.852(2)
	1.840(2)
	MgH
	8.085(1)
	9.088(1)
	Zn
	–
	–



	CN
	4.287(2)
	4.350(2)
	Mn
	–
	–
	c-C3H
	1.668(2)
	1.645(2)



	CO
	1.192(2)
	6.450(1)
	N
	–
	–
	c-C3H2
	2.523(2)
	2.554(2)



	CO+
	4.960(1)
	5.239(1)
	N2
	3.372(1)
	4.319(1)
	l-C3H
	1.326(3)
	1.281(3)



	CO2
	5.850(2)
	6.443(2)
	N2O
	9.807(2)
	9.976(2)
	l-C3H2
	1.454(3)
	1.432(3)



	CS
	6.416(2)
	5.137(2)
	NH
	1.932(2)
	1.860(2)
	l-C4
	4.637(2)
	4.654(2)



	CS2
	2.868(3)
	2.687(3)
	NH+
	1.678(1)
	1.647(1)
	l-C4H
	2.321(3)
	2.314(3)



	Ca
	–
	–
	NH2
	3.539(2)
	3.559(2)
	l-C5H
	4.787(1)
	4.790(1)





      

      
Notes. The photodissociation rate is given by [image: equation]. Parameterisations for [image: equation]are given in Table B.1. Numbers in brackets indicate the power of ten, namely m(n) = m × 10n.




    

  
    
      Table D.2 

      Photoionisation rates normalised to the CR ionisation rate, [image: equation], for H2 o:p=0:1 and H2 o:p=1:0 and for Rv = 3.1.

      
        


	RV = 3.1
	[image: equation]
	
	[image: equation]
	
	[image: equation]



	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0





	Al
	1.023(3)
	9.708(2)
	Ca+
	1.585
	1.465
	NH2CHO
	3.739(2)
	3.681(2)



	AlH
	6.841(1)
	6.918(1)
	Cl
	5.409(1)
	5.322(1)
	NH3
	1.887(2)
	1.896(2)



	C
	2.333(2)
	2.381(2)
	Cr
	4.909(2)
	4.967(2)
	NO
	1.793(2)
	1.791(2)



	C2
	2.193(2)
	2.055(2)
	Fe
	2.064(2)
	2.093(2)
	NO2
	1.032(2)
	1.009(2)



	C2H
	4.367(2)
	4.197(2)
	H
	4.078
	3.615
	Na
	6.693
	6.704



	C2H−
	6.119(2)
	6.107(2)
	H−
	9.240(2)
	9.247(2)
	NaCl
	–
	–



	C2H2
	3.733(2)
	3.603(2)
	H2
	5.451(−2)
	5.717(−2)
	NaH
	–
	–



	C2H3
	1.335(3)
	1.349(3)
	[image: equation]
	–
	–
	Ni
	4.789(1)
	4.887(1)



	C2H4
	2.668(2)
	2.617(2)
	H2CO
	2.703(2)
	2.683(2)
	O
	2.668
	2.358



	C2H5
	2.401(2)
	2.425(2)
	H2CS
	1.066(3)
	1.065(3)
	O2
	3.338(1)
	2.656(1)



	C2H5OH
	3.620(2)
	3.484(2)
	H2O
	2.289(1)
	2.106(1)
	[image: equation]
	–
	–



	C2H6
	1.827(2)
	1.687(2)
	H2O2
	1.804(2)
	1.730(2)
	O3
	3.324(1)
	3.048(1)



	C3
	9.367(1)
	9.051(1)
	H2S
	5.771(2)
	5.735(2)
	OCS
	5.284(2)
	5.053(2)



	C3H3
	1.022(3)
	1.035(3)
	[image: equation]
	–
	–
	OH
	1.662(1)
	1.569(1)



	C3H7OH
	5.667(2)
	5.468(2)
	HC3H
	1.290(3)
	1.306(3)
	OH+
	–
	–



	C4H−
	5.022(2)
	5.013(2)
	HC3N
	1.696(2)
	1.575(2)
	P
	1.330(3)
	1.359(3)



	C6H−
	3.042(2)
	3.036(2)
	HCN
	1.401(1)
	1.136(1)
	PH
	–
	–



	CH
	1.621(2)
	1.624(2)
	HCO
	5.843(2)
	5.904(2)
	PH+
	–
	–



	CH+
	–
	–
	HCO+
	–
	–
	Rb
	1.095(1)
	1.102(1)



	CH2
	–
	–
	HCOOH
	2.035(2)
	1.966(2)
	S
	7.989(2)
	7.278(2)



	[image: equation]
	–
	–
	HCl
	4.771(1)
	4.243(1)
	S2
	1.667(3)
	1.699(3)



	CH3
	2.433(2)
	2.458(2)
	HCl+
	–
	–
	SH
	9.110(2)
	9.244(2)



	CH3CHO
	6.120(2)
	6.256(2)
	HF
	1.026(−2)
	9.336(−3)
	SH+
	–
	–



	CH3CN
	9.682(1)
	8.834(1)
	HNC
	1.518(2)
	1.370(2)
	SO
	4.034(2)
	4.298(2)



	CH3NH2
	1.157(3)
	1.160(3)
	HNCO
	7.642(1)
	7.172(1)
	SO2
	1.056(2)
	9.662(1)



	CH3OCH3
	8.670(2)
	8.654(2)
	HO2
	5.597(1)
	5.442(1)
	Si
	2.030(3)
	2.000(3)



	CH3OCHO
	2.178(2)
	2.114(2)
	K
	1.608(1)
	1.606(1)
	SiH
	3.141(3)
	3.146(3)



	CH3OH
	2.314(2)
	2.256(2)
	Li
	1.130(2)
	1.126(2)
	SiH+
	–
	–



	CH3SH
	1.354(3)
	1.379(3)
	LiH
	–
	–
	SiO
	–
	–



	CH4
	2.330(1)
	2.039(1)
	Mg
	4.863(1)
	4.797(1)
	Ti
	1.299(2)
	1.312(2)



	[image: equation]
	–
	–
	MgH
	–
	–
	Zn
	4.198(2)
	3.045(2)



	CN
	7.371
	5.584
	Mn
	1.444(1)
	1.453(1)
	c-C3H
	9.757(2)
	9.857(2)



	CO
	1.438(1)
	1.029(1)
	N
	9.865(−1)
	8.447(−1)
	c-C3H2
	1.227(3)
	1.243(3)



	CO2
	–
	–
	N2
	1.759(−1)
	1.312(−1)
	l-C3H
	9.998(2)
	1.012(3)



	CO2
	1.144(1)
	9.550
	N2O
	1.079(2)
	1.061(2)
	l-C3H2
	–
	–



	CS
	6.684(1)
	6.861(1)
	NH
	7.819
	6.735
	l-C4
	–
	–



	CS2
	2.770(2)
	2.782(2)
	NH+
	–
	–
	l-C4H
	–
	–



	Ca
	1.116(2)
	1.110(2)
	NH2
	6.265(1)
	6.122(1)
	l-C5H
	–
	–





      

      
Notes. The photoionisation rate is given by [image: equation]. Parameterisations for [image: equation] are given in Table B.1. Numbers in brackets indicate the power of ten, namely m(n) = m × 10n.




    

  
    
      Table D.3 

      Same as Table D.1, but for RV = 4.0.

      
        


	RV = 4.0
	[image: equation]
	
	[image: equation]
	
	[image: equation]



	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0





	Al
	—
	—
	Ca+
	—
	—
	NH2CHO
	1.371(3)
	1.374(3)



	AlH
	1.359(1)
	1.361(1)
	Cl
	–
	–
	NH3
	6.968(2)
	6.780(2)



	C
	–
	–
	Cr
	–
	–
	NO
	1.959(2)
	1.913(2)



	C2
	1.622(2)
	1.620(2)
	Fe
	–
	–
	NO2
	6.576(2)
	6.598(2)



	C2H
	8.901(2)
	9.808(2)
	H
	–
	–
	Na
	–
	–



	C2H−
	–
	–
	H−
	–
	–
	NaCl
	4.562(1)
	4.568(1)



	C2H2
	1.174(3)
	9.373(2)
	H2
	4.609(2)
	4.417(2)
	NaH
	2.189(2)
	2.237(2)



	C2H3
	1.353(2)
	1.352(2)
	[image: equation]
	3.614(2)
	3.673(2)
	Ni
	–
	–



	C2H4
	1.581(3)
	1.581(3)
	H2CO
	6.869(2)
	6.664(2)
	O
	–
	–



	C2H5
	2.202(2)
	2.185(2)
	H2CS
	1.063(3)
	1.063(3)
	O2
	3.293(2)
	3.323(2)



	C2H5OH
	1.635(3)
	1.650(3)
	H2O
	5.237(2)
	5.182(2)
	[image: equation]
	1.440(1)
	1.485(1)



	C2H6
	1.428(3)
	1.451(3)
	H2O2
	4.179(2)
	4.233(2)
	O3
	6.035(2)
	6.144(2)



	C3
	2.764(3)
	2.721(3)
	H2S
	1.528(3)
	1.551(3)
	OCS
	2.487(3)
	2.424(3)



	C3H3
	2.269(1)
	2.271(1)
	[image: equation]
	2.627(−1)
	1.996(−1)
	OH
	2.896(2)
	2.937(2)



	C3H7OH
	2.692(3)
	2.733(3)
	HC3H
	3.557(2)
	3.605(2)
	OH+
	1.030(1)
	9.962



	C4H−
	–
	–
	HC3N
	3.197(3)
	3.190(3)
	P
	–
	–



	C6H−
	–
	–
	HCN
	1.189(3)
	1.207(3)
	PH
	3.658(2)
	3.516(2)



	CH
	4.776(2)
	4.639(2)
	HCO
	2.300(2)
	2.193(2)
	PH+
	6.336(1)
	6.455(1)



	CH+
	2.497(2)
	2.361(2)
	HCO+
	3.612
	4.467
	Rb
	–
	–



	CH2
	1.442(2)
	1.426(2)
	HCOOH
	1.086(3)
	1.106(3)
	S
	–
	–
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	8.697(1)
	8.563(1)
	HCl
	1.240(3)
	1.121(3)
	S2
	2.870(1)
	2.862(1)



	CH3
	1.068(2)
	1.131(2)
	HCl+
	7.726(1)
	7.569(1)
	SH
	3.956(2)
	3.888(2)



	CH3CHO
	9.463(2)
	9.556(2)
	HF
	1.151(2)
	1.162(2)
	SH+
	5.163(2)
	5.062(2)



	CH3CN
	2.230(3)
	2.288(3)
	HNC
	1.074(3)
	1.083(3)
	SO
	3.042(3)
	3.082(3)



	CH3NH2
	1.847(2)
	1.824(2)
	HNCO
	1.583(3)
	1.604(3)
	SO2
	1.698(3)
	1.705(3)



	CH3OCH3
	1.071(3)
	1.070(3)
	HO2
	8.531(1)
	8.467(1)
	Si
	–
	–



	CH3OCHO
	1.261(3)
	1.269(3)
	K
	–
	–
	SiH
	1.732(2)
	1.748(2)



	CH3OH
	9.874(2)
	9.915(2)
	Li
	–
	–
	SiH+
	7.474(2)
	7.673(2)



	CH3SH
	1.283(3)
	1.289(3)
	LiH
	1.392(2)
	1.388(2)
	SiO
	6.452(2)
	6.681(2)



	CH4
	1.135(3)
	1.141(3)
	Mg
	–
	–
	Ti
	–
	–
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	2.069(2)
	2.052(2)
	MgH
	8.493(1)
	9.560(1)
	Zn
	–
	–



	CN
	4.992(2)
	5.079(2)
	Mn
	–
	–
	c-C3H
	1.682(2)
	1.658(2)



	CO
	1.348(2)
	7.593(1)
	N
	–
	–
	c-C3H2
	2.638(2)
	2.669(2)



	CO+
	5.509(1)
	5.814(1)
	N2
	3.921(1)
	4.679(1)
	l-C3H
	1.359(3)
	1.313(3)



	CO2
	6.932(2)
	7.631(2)
	N2O
	1.098(3)
	1.118(3)
	l-C3H2
	1.551(3)
	1.528(3)



	CS
	6.976(2)
	5.576(2)
	NH
	2.187(2)
	2.105(2)
	l-C4
	4.224(2)
	4.239(2)



	CS2
	3.110(3)
	2.927(3)
	NH+
	1.972(1)
	1.938(1)
	l-C4H
	2.377(3)
	2.371(3)



	Ca
	–
	–
	NH2
	3.732(2)
	3.758(2)
	l-C5H
	4.208(1)
	4.210(1)





      

    

  
    
      Table D.4 

      Same as Table D.2, but for Rv = 4.0.

      
        


	RV = 4.0
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	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0





	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0
	Species s
	o:p=0:1
	o:p=1:0



	Al
	1.053(3)
	9.961(2)
	Ca+
	1.948
	1.810
	NH2CHO
	4.418(2)
	4.357(2)



	AlH
	7.480(1)
	7.565(1)
	Cl
	6.726(1)
	6.737(1)
	NH3
	2.194(2)
	2.205(2)



	C
	2.789(2)
	2.846(2)
	Cr
	5.332(2)
	5.394(2)
	NO
	2.098(2)
	2.099(2)



	C2
	2.720(2)
	2.565(2)
	Fe
	2.268(2)
	2.299(2)
	NO2
	1.238(2)
	1.212(2)



	C2H
	5.336(2)
	5.148(2)
	H
	4.804
	4.292
	Na
	7.395
	7.411



	C2H−
	6.534(2)
	6.524(2)
	H−
	9.110(2)
	9.122(2)
	NaCl
	–
	–



	C2H2
	4.535(2)
	4.392(2)
	H2
	5.939(−2)
	6.239(−2)
	NaH
	–
	–



	C2H3
	1.529(3)
	1.545(3)
	[image: equation]
	–
	–
	Ni
	5.050(1)
	5.152(1)



	C2H4
	3.175(2)
	3.117(2)
	H2CO
	3.214(2)
	3.195(2)
	O
	3.139
	2.786



	C2H5
	2.706(2)
	2.734(2)
	H2CS
	1.220(3)
	1.218(3)
	O2
	4.130(1)
	3.332(1)



	C2H5OH
	4.336(2)
	4.184(2)
	H2O
	2.840(1)
	2.637(1)
	[image: equation]
	–
	–



	C2H6
	2.249(2)
	2.094(2)
	H2O2
	2.189(2)
	2.107(2)
	O3
	4.109(1)
	3.807(1)



	C3
	1.154(2)
	1.120(2)
	H2S
	6.771(2)
	6.738(2)
	OCS
	6.375(2)
	6.117(2)



	C3H3
	1.150(3)
	1.166(3)
	[image: equation]
	–
	–
	OH
	2.053(1)
	1.967(1)



	C3H7OH
	6.789(2)
	6.568(2)
	HC3H
	1.453(3)
	1.471(3)
	OH2
	–
	–



	C4H−
	5.382(2)
	5.375(2)
	HC3N
	2.071(2)
	1.934(2)
	P
	1.538(3)
	1.570(3)



	C6H−
	3.265(2)
	3.261(2)
	HCN
	1.641(1)
	1.337(1)
	PH
	–
	–



	CH
	1.929(2)
	1.934(2)
	HCO
	6.736(2)
	6.807(2)
	PH+
	–
	–



	CH+
	–
	–
	HCO+
	–
	–
	Rb
	1.186(1)
	1.193(1)



	CH2
	–
	–
	HCOOH
	2.469(2)
	2.394(2)
	S
	9.387(2)
	8.552(2)
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	–
	–
	HCl
	5.844(1)
	5.239(1)
	S2
	1.883(3)
	1.919(3)



	CH3
	2.770(2)
	2.799(2)
	HCl+
	–
	–
	SH
	1.060(3)
	1.075(3)



	CH3CHO
	6.923(2)
	7.081(2)
	HF
	1.108(−2)
	1.007(−2)
	SH+
	–
	–



	CH3CN
	1.194(2)
	1.099(2)
	HNC
	1.856(2)
	1.686(2)
	SO
	4.658(2)
	4.975(2)



	CH3NH2
	1.322(3)
	1.326(3)
	HNCO
	9.352(1)
	8.823(1)
	SO2
	1.306(2)
	1.205(2)



	CH3OCH3
	9.970(2)
	9.954(2)
	HO2
	6.813(1)
	6.643(1)
	Si
	2.231(3)
	2.200(3)



	CH3OCHO
	2.619(2)
	2.550(2)
	K
	1.741(1)
	1.740(1)
	SiH
	3.564(3)
	3.572(3)



	CH3OH
	2.779(2)
	2.717(2)
	Li
	1.202(2)
	1.199(2)
	SiH+
	–
	–



	CH3SH
	1.534(3)
	1.563(3)
	LiH
	–
	–
	SiO
	–
	–



	CH4
	2.804(1)
	2.484(1)
	Mg
	5.105(1)
	5.035(1)
	Ti
	1.461(2)
	1.476(2)
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	–
	–
	MgH
	–
	–
	Zn
	5.035(2)
	3.639(2)



	CN
	8.578
	6.512
	Mn
	1.499(1)
	1.509(1)
	c-C3H
	1.109(3)
	1.120(3)



	CO
	1.675(1)
	1.199(1)
	N
	1.113
	9.547(−1)
	c-C3H2
	1.384(3)
	1.403(3)



	CO+
	–
	–
	N2
	1.899(−1)
	1.426(−1)
	l-C3H
	1.136(3)
	1.149(3)



	CO2
	1.341(1)
	1.124(1)
	N2O
	1.385(2)
	1.373(2)
	l-C3H2
	–
	–



	CS
	8.054(1)
	8.263(1)
	NH
	9.390
	8.174
	l-C4
	–
	–



	CS2
	3.258(2)
	3.273(2)
	NH+
	–
	–
	l-C4H
	–
	–



	Ca
	1.169(2)
	1.163(2)
	NH2
	7.638(1)
	7.490(1)
	l-C5H
	–
	–
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