
    
      Table 1 

      Reactions and rate coefficients used in the NCHO net chemical network.

      
        


	Forward reaction
	Tmin
	Tmax
	Notes





	OH + H2 → H2O+ H
	250
	2580
	Elementary



	OH + CO → CO2 +H
	300
	2000
	Elementary



	O + H2 → OH + H
	300
	2500
	Elementary



	H + H + M → H2 + M
	100
	5000
	Elementary



	CH4+H2O → CO+3H2
	300
	3451
	Net



	CH4 + CH4 → C2H2 + 3H2
	300
	3451
	Net



	CH4 + CO → C2H2 + H2O
	300
	3451
	Net



	NH3 +NH3 → N2 + 3H2
	300
	3451
	Net



	CH4 + NH3 → HCN+ 3H2
	300
	3451
	Net



	CO + NH3 → HCN+ H2O
	300
	3451
	Net





      

      
Notes. We note that ‘M’ indicates a neutral third body species. Readers can refer to Tsai et al. (2022a) for the rate coefficients.




    

  
    
      Table 2 

      Adopted GCM simulation parameters for WASP-39b and HD 189733b.

      
        


	Symbol
	WASP-39b
	HD 189733b
	Unit
	Description





	Tint
	358
	382
	K
	Internal temperature



	Tirr
	1652
	1694
	K
	Irradiation temperature



	P0
	220
	220
	bar
	Reference surface pressure



	M/H
	10×
	1×
	–
	Metallicity times solar



	CP
	11 335
	12637
	J K−1 kg−1
	Specific heat capacity



	R
	3221
	3561
	J K−1 kg−1
	Ideal gas constant



	κ
	0.284
	0.282
	–
	Adiabatic coefficient



	gp
	4.26
	21.8
	ms−2
	Acceleration from gravity



	Rp
	9.14 × 107
	8.14 × 107
	m
	Radius of planet



	Ωp
	1.79 × 10−5
	3.38 × 10−5
	rad s−1
	Rotation rate of planet



	∆thydro
	30
	30
	s
	Hydrodynamic time-step



	∆trad
	30
	30
	s
	Radiative time-step



	∆tchem
	1500
	1500
	s
	Chemical time-step



	Nv
	54
	54
	–
	Vertical resolution



	d4
	0.16
	0.16
	–
	𝒪(4) divergence dampening coefficient





      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        WASP-39b VMR 1D vertical plots. The coloured lines show the variation of VMR with longitude at the equator, while the black dashed line shows the VMR at a polar region. Dotted lines denote the VMR at CE, with the black dotted line denoting the polar region.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        WASP-39b VMR latitude–longitude maps at the 10 mbar pressure level of the atmosphere, showing the variation of VMR with the latitude and longitude of the planet. Left: results from the mini-chem coupling. Right: results assuming CE.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        HD 189733b VMR 1D vertical plots. The coloured lines show the variation of VMR with longitude at the equator, while the dashed line shows the VMR at a polar region. Dotted lines denote the VMR at CE, with the black dotted line denoting the polar region.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Transmission (left) and emission spectra (right) of the WASP-39b GCM simulation coupled to mini-chem (cyan) and assuming CE (magenta). The NIRSpec PRISM observational data are taken from The JWST Transiting Exoplanet Community Early Release Science Team (2022).
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