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Erratum for: A&A, 682, A150 (2024), https://doi.org/10.1051/0004-6361/202347441
 A follow-up study on TiO2 nucleation revealed a unit conversion error in the calculation of the original TiO2 nucleation rates. This error concerns all two-body association and dissociation reaction rates of TiO2 clusters, which were overestimated in the numerical evaluations.
A re-analysis with the correct nucleation rates was performed and confirmed the qualitative conclusions of the original manuscript. However, several results changed quantitatively. The corrected rates for TiO2 cluster sizes 1 to 4 can be seen in Fig. 1, where
[image: equation](1)
Evaluating the kinetic chemistry with the correct reaction rates leads to a slower nucleation of TiO2 (see Fig. 2). The depletion of oxygen-bearing gas-phase species is not affected by this change. The change in the CH4 number density due to the SiO-SiO2 cycle is slightly less significant (see Fig. 3). Our analysis of the kinetic nucleation of TiO2 reflects the longer nucleation timescales and the nucleation rate peaks between 0.1 to 1 second, which is two orders of magnitudes higher than before (see Fig. 4). However, the temperature range for which the formation of larger TiO2 clusters is favoured changes by less than 50 K compared to the original manuscript (see Fig. 5). Lastly, our simulations of HD 209458 b show a lower nucleation rate (see Figs. 6, 7, and 8). The lower nucleation rate also leads to a temporary increase in the average cloud particle size. This is relevant if the cloud formation timescales are to be compared to other chemical or dynamical timescales in exoplanet atmospheres.
Still, the conclusion of the original work stands, that cloud particle surface reactions allow a catalytic SiO-SiO2 cycle, which affects the CH4 gas-phase number density. Nucleation is now found to reach constant cloud particle number densities within 100 seconds.

	[image: thumbnail]	Fig. 1 Reaction rate coefficients for the formation of TiO2 clusters up to (TiO2)4. All solid lines assume pgas = 0.002 bar. Top: association reactions. Bottom: dissociation reactions.






Table 1 
Offset values between number densities of given molecular species for different chemical networks.




	[image: thumbnail]	Fig. 2 Concentrations of selected gas-phase species for pgas = 0.002 bar at Tgas = 1378 K using different chemical kinetics networks. The diamond marker shows GGchem results that including equilibrium condensation.




	[image: thumbnail]	Fig. 3 Differences in CH4 abundance between chemical equilibrium and the full network for various temperatures and pressures.




	[image: thumbnail]	Fig. 4 Cloud particle number densities (top) and nucleation rates (bottom) for TiO2 nucleation with different Nmax at pgas = 0.02 bar and Tgas = 1379 K.




	[image: thumbnail]	Fig. 5 Cloud particle concentrations for TiO2 nucleation for a range of temperatures and pressures.




	[image: thumbnail]	Fig. 6 Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) at the sub-stellar point, evening terminator, anti-stellar point, and morning terminator at pgas = 0.002 bar. The sub-stellar point does not form clouds.




	[image: thumbnail]	Fig. 7 Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) for logarithmically spaced pressures along the evening terminator.




	[image: thumbnail]	Fig. 8 Volume fractions for Tgas - pgas points of HD 209458 b. The sub-stellar point (pgas = 0.002 bar, Tgas = 2026 K) is not shown since no cloud formation occurs.






Table 2 
Bulk growth reactions considered for this study.




Acknowledgements
The authors thank Laura X. Worutowicz for her help with finding and correcting the unit conversion error.

References
	Helling, Ch., Gourbin, P., Woitke, P., & Parmentier, V. 2019, A&A, 626, A133[See]


All Tables
Table 1 
Offset values between number densities of given molecular species for different chemical networks.
In the text

Table 2 
Bulk growth reactions considered for this study.
In the text

All Figures
	[image: thumbnail]	Fig. 1 Reaction rate coefficients for the formation of TiO2 clusters up to (TiO2)4. All solid lines assume pgas = 0.002 bar. Top: association reactions. Bottom: dissociation reactions.
In the text



	[image: thumbnail]	Fig. 2 Concentrations of selected gas-phase species for pgas = 0.002 bar at Tgas = 1378 K using different chemical kinetics networks. The diamond marker shows GGchem results that including equilibrium condensation.
In the text



	[image: thumbnail]	Fig. 3 Differences in CH4 abundance between chemical equilibrium and the full network for various temperatures and pressures.
In the text



	[image: thumbnail]	Fig. 4 Cloud particle number densities (top) and nucleation rates (bottom) for TiO2 nucleation with different Nmax at pgas = 0.02 bar and Tgas = 1379 K.
In the text



	[image: thumbnail]	Fig. 5 Cloud particle concentrations for TiO2 nucleation for a range of temperatures and pressures.
In the text



	[image: thumbnail]	Fig. 6 Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) at the sub-stellar point, evening terminator, anti-stellar point, and morning terminator at pgas = 0.002 bar. The sub-stellar point does not form clouds.
In the text



	[image: thumbnail]	Fig. 7 Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) for logarithmically spaced pressures along the evening terminator.
In the text



	[image: thumbnail]	Fig. 8 Volume fractions for Tgas - pgas points of HD 209458 b. The sub-stellar point (pgas = 0.002 bar, Tgas = 2026 K) is not shown since no cloud formation occurs.
In the text





    
      Fig. 1 
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        Reaction rate coefficients for the formation of TiO2 clusters up to (TiO2)4. All solid lines assume pgas = 0.002 bar. Top: association reactions. Bottom: dissociation reactions.

      

    

  
    
      Table 1 

      Offset values between number densities of given molecular species for different chemical networks.

      
        


	
	H2
	H2O
	CO2
	CH4
	TiO2
	SiO2
	Mg





	P(A, Equilibrium, VULCAN)
	4.84e-05
	7.35e-03
	1.58e-02
	6.35e-02
	–
	–
	–



	P(A, VULCAN, VULCAN+)
	5.66e-11
	1.34e-07
	1.16e-05
	1.17e-07
	7.43e-04
	5.25e-02
	–



	P(A, VULCAN+, VULCAN+poly)
	1.14e-07
	1.32e-04
	1.36e-04
	1.32e-04
	1.907
	1.32e-04
	–



	P(A, VULCAN+poly, full)
	1.35e-03
	0.107
	9.52e-02
	1.304
	4.847
	0.837
	1.218





      

    

  
    
      Fig. 2 
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        Concentrations of selected gas-phase species for pgas = 0.002 bar at Tgas = 1378 K using different chemical kinetics networks. The diamond marker shows GGchem results that including equilibrium condensation.
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        Differences in CH4 abundance between chemical equilibrium and the full network for various temperatures and pressures.
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        Cloud particle number densities (top) and nucleation rates (bottom) for TiO2 nucleation with different Nmax at pgas = 0.02 bar and Tgas = 1379 K.
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        Cloud particle concentrations for TiO2 nucleation for a range of temperatures and pressures.
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        Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) at the sub-stellar point, evening terminator, anti-stellar point, and morning terminator at pgas = 0.002 bar. The sub-stellar point does not form clouds.
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        Concentrations of selected gas-phase species (top), cloud particle number density (upper middle), mean cloud particle size (lower middle), and selected volume fractions (bottom) for logarithmically spaced pressures along the evening terminator.
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        Volume fractions for Tgas - pgas points of HD 209458 b. The sub-stellar point (pgas = 0.002 bar, Tgas = 2026 K) is not shown since no cloud formation occurs.

      

    

  
    
      Table 2 

      Bulk growth reactions considered for this study.

      
        


	No.
	Reaction
	s0
	s1 (K)
	s2 (K2)
	s3 (K3)
	∆V (cm−3)





	c1
	Ti + 2 H2O → TiO2[s] + 2 H2
	6.374e+01
	–1.001e+05
	–5.915e+06
	1.099e+09
	3.136e-23



	c2
	TiO2 → TiO2 [s]
	6.194e+01
	–6.731e+04
	–5.024e+06
	9.890e+08
	3.136e-23



	c3
	TiO + H2O → TiO2[s] + H2
	6.431e+01
	–7.986e+04
	–5.635e+06
	1.084e+09
	3.136e-23



	c4
	TiS + 2 H2O → TiO2[s] + H2S + H2
	6.319e+01
	–7.968e+04
	–7.124e+06
	1.461e+09
	3.136e-23



	




	c5
	2 Mg + SiO + 3 H2O → Mg2SiO4[s] + 3 H2
	1.805e+02
	–1.680e+05
	–1.550e+07
	3.046e+09
	7.278e-23



	c6
	2 MgOH + SiO + H2O → Mg2SiO4[s] + 2 H2
	1.311e+02
	–1.581e+05
	–1.225e+07
	2.445e+09
	7.278e-23



	c7
	2 Mg(OH)2 + SiO → Mg2SiO4[s] + H2O + H2
	7.494e+01
	–1.277e+05
	–7.661e+06
	1.588e+09
	7.278e-23



	c8
	2 Mg + SiS + 4 H2O → Mg2SiO4[s] + H2S + 3 H2
	1.795e+02
	–1.654e+05
	–1.600e+07
	3.153e+09
	7.278e-23



	c9
	2 MgOH + SiS + 2 H2O →Mg2SiO4[s] +H2S+2H2
	1.302e+02
	–1.555e+05
	–1.275e+07
	2.552e+09
	7.278e-23



	c10
	2 Mg(OH)2 + SiS → Mg2SiO4[s] + H2 + H2S
	7.404e+01
	–1.252e+05
	–8.161e+06
	1.695e+09
	7.278e-23



	c11
	2 MgH + SiS + 4 H2O → Mg2SiO4[s] + H2S +4H2
	1.320e+02
	–1.732e+05
	–1.463e+07
	2.863e+09
	7.278e-23



	




	c12
	SiO + H2O → SiO2 [s] + H2
	6.335e+01
	–5.758e+04
	–5.536e+06
	1.075e+09
	3.768e-23



	c13
	SiS + 2 H2O → SiO2[s] + H2 + H2S
	6.244e+01
	–5.502e+04
	–6.037e+06
	1.182e+09
	3.768e-23



	c14
	SiH + 2 H2O → SiO2[s] + 2 H2 + H
	1.019e+01
	–5.931e+04
	–5.523e+06
	1.028e+09
	3.768e-23



	




	c15
	Fe → Fe[s]
	7.021e+01
	–4.042e+04
	–5.549e+06
	1.165e+09
	1.178e-23



	c16
	FeO + H2 → Fe[s] + H2O
	7.119e+01
	–5.026e+04
	–5.418e+06
	1.162e+09
	1.178e-23



	c17
	FeS + H2 → Fe[s] + H2S
	6.995e+01
	–3.716e+04
	–5.958e+06
	1.273e+09
	1.178e-23



	c18
	2 FeH → Fe[s] + H2
	6.301e+01
	–6.021e+04
	–3.612e+06
	7.350e+08
	1.178e-23



	c19
	Fe(OH)2 + H2 → Fe[s] + 2 H2O
	1.620e+01
	–1.834e+04
	–9.035e+05
	2.899e+08
	1.178e-23



	




	c20
	2 AlOH + H2O → Al2O3[s] +2H2
	6.682e+01
	–1.100e+05
	–1.031e+07
	2.079e+09
	4.265e-23



	c21
	2 AlH + 3 H2O → Al2O3 [s] + 4 H2
	7.537e+01
	–1.640e+05
	–3.412e+06
	1.000e+00
	4.265e-23



	c22
	Al2O + 2 H2O → Al2O3 [s] + 2 H2
	6.965e+01
	–1.078e+05
	–1.023e+07
	2.111e+09
	4.265e-23



	c23
	2 AlO2H → Al2O3 [s] + H2O
	6.786e+01
	–1.070e+05
	–7.709e+06
	1.656e+09
	4.265e-23



	




	c24
	FeO → FeO[s]
	5.784e+01
	–5.214e+04
	–5.698e+06
	1.137e+09
	1.992e-23



	c25
	Fe + H2O → FeO[s] + H2
	5.687e+01
	–4.231e+04
	–5.829e+06
	1.140e+09
	1.992e-23



	c26
	FeS + H2O → FeO[s] + H2S
	5.660e+01
	–3.904e+04
	–6.238e+06
	1.248e+09
	1.992e-23



	c27
	Fe(OH)2 → FeO[s] + H2O
	2.854e+00
	–2.023e+04
	–1.184e+06
	2.648e+08
	1.992e-23



	c28
	2 FeH + 2 H2O → FeO[s] + 3 H2
	3.438e+01
	–4.423e+01
	–5.116e+06
	9.073e+08
	1.992e-23



	




	c29
	2 Fe + 3 H2O → Fe2O3 [s] + 3 H2
	1.207e+02
	–8.487e+04
	–1.341e+07
	2.549e+09
	5.032e-23



	c30
	2 FeO + H2O → Fe2O3 [s] + H2
	1.227e+02
	–1.045e+05
	–1.315e+07
	2.542e+09
	5.032e-23



	c31
	2 Fe(OH)2 → Fe2O3 [s] + H2O + H2
	1.271e+01
	–4.071e+04
	–4.123e+06
	7.979e+08
	5.032e-23



	c32
	2 FeS + 3 H2O → Fe2O3 [s] + 2 H2S + H2
	1.202e+02
	–7.833e+04
	–1.423e+07
	2.764e+09
	5.032e-23



	c33
	2 FeH + 3 H2O → Fe2O3 [s] + 4 H2
	7.197e+01
	–1.076e+05
	–1.009e+07
	1.850e+09
	5.032e-23



	




	c34
	Mg + H2O → MgO[s] + H2
	5.870e+01
	–5.209e+04
	–4.378e+06
	8.392e+08
	1.869e-23



	c35
	2 MgOH → MgO[s] + H2
	3.566e+01
	2.285e+04
	–3.740e+06
	7.039e+08
	1.869e-23



	c36
	Mg(OH)2 → MgO[s] + H2O
	5.951e+00
	–3.197e+04
	–4.611e+05
	1.100e+08
	1.869e-23



	c37
	2 MgH + 2 H2O → MgO[s] + 3 H2
	3.748e+01
	5.190e+03
	–5.623e+06
	1.015e+09
	1.869e-23



	




	c38
	SiO → SiO[s]
	6.025e+01
	–4.653e+04
	–1.387e+06
	2.685e+08
	3.358e-23



	c39
	SiS + H2O → SiO[s] + H2S
	5.935e+01
	–4.397e+04
	–1.887e+06
	3.753e+08
	3.358e-23



	c40
	2 SiH + 2 H2O → SiO[s] + 3 H2
	3.556e+01
	–1.411e+03
	–3.550e+06
	6.028e+08
	3.358e-23





      

      
Notes. The list of reactions was taken from Helling et al. (2019). s0, s1, s2, and s3 are the fitting parameters of the vapour number density. ∆V is the volume increase per bulk growth reaction.
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