
    
      Fig. 3 
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        Ice compositions predicted by MAGICKAL for NIR38 for the models listed in Table 2. Left panel: predicted water ice column densities. Wide right panel: ice column density ratios with respect to water for the remaining species. The histograms are coloured and drawn as indicated in the upper right part of the panel. The visual extinction and dust temperatures assumed in the models are reported in the upper part of the panel. The black wide histograms report the observed Ice Age column density of water and ice column density ratios obtained by McClure et al. (2023). The 3σ error bars are also shown.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Comparison between the ice column densities predicted by all codes for the best-fit models, and with the Ice Age observed values. The different colours indicate different molecular species and the different symbols label the distinct astrochemical codes used in this work (see legend at top of figure). The horizontal lines show the observed ice column densities reported in Table 4 and the shaded areas indicate their associated errors.

      

    

  
    
      Table 6 

      Predicted CO depletion factors for the best models.

      
        


	
	NIR38 (AV = 60 mag)
	J110621 (AV = 95 mag)



	Code
	χ(CO)gas (10−4)
	fD(a)
	χ(CO)gas (10−4)
	fD(a)





	MAGICKAL
	0.04
	25
	0.03
	30



	MONACO
	0.0007
	1360
	0.001
	790



	Nautilus
	0.3
	~3
	0.0007
	≥1400



	UCLCHEM
	0.52
	~2
	0.53
	~2



	KMC
	0.5
	~2
	0.6
	1.7





      

      
Notes. (a)The depletion factor, fD, is calculated as 10−4/χ(CO)gas, with χ(CO)gas the abundance of CO in the gas phase predicted by the best model from each code (see Table 5).




    

  
    
      Table A.1 

      Grain-surface reactions included in UCLCHEM for HOCO and CO2.

      
        


	Reaction
	Energy barrier (K)





	CO + O →
	CO2
	
	2500



	CO + OH →
	HOCO
	(50%)
	150



	H + CO2
	(50%)
	150



	N + HOCO →
	NH + CO2
	(50%)
	0



	OH + OCN
	(50%)
	0



	O + HOCO →
	OH + CO2
	
	0



	H + HOCO →
	H2 + CO2
	(70%)
	0



	CO + H2O
	(20%)
	0



	HCOOH
	(10%)
	0





      

      
Notes. The third reaction, forming H and CO2, was already present in the default chemical network of UCLCHEM, but we updated the energy barrier from 1000 K to 150 K (Ruaud et al. 2015).




    

  
    
      Fig. B.2 
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        Time evolution for the species closely related to the formation of CH3OH and hydrides in the ice predicted by some of our NAUTILUS models (the extreme cases) for the phase 1 collapse phase.

      

    

  
    
      Fig. C.1 
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        Predicted ice compositions by MONACO for NIR38. Details are as for Fig. 3.

      

    

  
    
      Fig. C.2 
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        Predicted ice compositions by MONACO for J110621. Details are as for Fig. 3.

      

    

  
    
      Fig. C.3 

      
        [image: thumbnail]
      

      
        Predicted ice compositions by Nautilus for NIR38. Details are as for Fig. 3. Missing bars indicate ice abundance ratios ≤0.03% relative to H2O.

      

    

  
    
      Fig. C.4 
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        Predicted ice compositions by Nautilus for J110621. Details are as for Fig. 3. Missing bars indicate ice abundance ratios ≤0.03% relative to H2O.

      

    

  
    
      Fig. C.5 
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        Ice compositions predicted by UCLCHEM for NIR38. Details are as in Fig. 3.

      

    

  
    
      Fig. C.6 
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        Ice compositions predicted by UCLCHEM for J110621. Details are as in Fig. 3. Missing bars indicate ice abundance ratios ≤0.03% relative to H2O.

      

    

  
    
      Fig. C.7 
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        Predicted ice compositions by the KMC simulations for NIR38. For models 6 (nH = 2 × 105 cm−3, tcol=106 yr), 8 (nH = 2 × 106 cm−3, tcol=105 yr) and 9 (nH = 2 × 106 cm−3, tcol=106 yr), the final abundances are taken from simulations that completed 96.8, 99.5 and 94.7% of their intended collapse times, respectively. Missing bars indicate ice abundance ratios ≤0.03% relative to H2O.
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