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Left: calculated Kzz using Eq. (1). Right: calculated quenching levels by following a zeroth-order approach. In the blue regions the atmosphere is in thermochemical equilibrium, and orange highlights the regions that are expected to be affected by disequilibrium processes and at least one major species deviates from its thermochemical equilibrium abundance.


    

  
    
      Fig. 5 
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a, d, g: temporal variation of the H2O, CO2, and CH4
vertical abundances at the equator and longitude = 225°, i.e., nightside. b, e, h: gCV of abundances, from initial values to a steady state at ~ 5 × 109 s. A higher value represents a stronger variation of the abundance at any given pressure level. A choice of gCV = 0.05 seems to reasonably separate the chemical equilibrium and disequilibrium regions (dashed gray vertical lines). c, f, i: quenching timescales. An invariant abundance profile at the longer times ensures a new steady state. See Sect. 3.2 for more details. We note that the quenching level cannot be associated with one particular pressure for all species, but usually spans more than one order of magnitude in pressure.
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Top: latitude and longitude dependency of quenching pressures, calculated from the kinetic simulations including only diffusion. The quenching criterion is discussed in Sect. 3.2 Middle: similar to the top panel, but photochemistry is also considered. Bottom: difference between the quenching pressures of models with diffusion alone and models including both diffusion and photochemistry.


    

  
    
      Fig. 10 
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Carbon-to-oxygen ratio (C/O): top left: C/O after cloud formation as in Paper I according to ɛC ∕ɛO, Top right: C/O for initial condition of gas-kinetic calculations (from CH, CO, CO2, C2 H2, etc. Bottom left: C/O at the end of gas-kinetic calculations (t = 1012 sec) Bottom right: C/O change between initial condition (top right) and final gas-kinetic solution (bottom left).
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Prominent sources of molecular opacity under disequilibrium chemistry. The atmospheric pressure at which the vertical wavelength-dependent optical depth of species x reaches unity, p(τx(λ) = 1), is shown across the infrared. Several molecules included in both the kinetic model and the opacity database that do not reach τx(λ) = 1 by the 10 barlevel (e.g., C2H2) are omitted. See Paper I (Fig. 20) for opacity contributions due to species not included in the kinetic model (heavy-metal oxides, atoms, etc.). All opacities are plotted at a spectral resolution of R = 1000. Four equatorial regions are considered: (i) the antistellar point, (ii) the morning terminator, (iii) the substellar point, and (iv) the evening terminator. For comparison, the τ(λ) = 1 surface due to clouds from Paper I is overlaid.


    

  
    
      Fig. 12 
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Differences to the opacity contribution of observable molecular species due to disequilibrium chemical kinetics. The difference metric, [image: equation], is defined such that a positive difference implies stronger absorption after accounting for disequilibrium chemistry (i.e.,
p(τx (λ) = 1) occurs higher in the atmosphere). Only H2O, CO, and CO2
are plotted because these molecules offer the greatest detection prospect in the near-infrared (see Fig. 11). All opacities are plotted at a spectral resolution of
R = 1000. Four equatorial regions are considered: (i) the antistellar point, (ii) the morning terminator, (iii) the substellar point, and (iv) the evening terminator.


    

  
    
      Fig. A.1 
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Methane (CH4): left column: equatorial slices (θ = 0°), right column: terminator slices. Top: initial condition, [image: equation].
Middle: finalresult from the kinetic simulation, [image: equation].
Bottom: difference, [image: equation]
between the initial (equilibrium) values and the kinetic results.


    

  
    
      Fig. A.2 
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Water (H2O): left column: equatorial slices (θ = 0°), right column: terminator slices. Top: initial condition, [image: equation].
Middle: finalresult from the kinetic simulation, [image: equation].
Bottom: difference, [image: equation]
between the initial (equilibrium) values and the kinetic results.


    

  
    
      Fig. A.3 
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Methylidyne (carbyne) (CH): left column: equatorial slices (θ = 0°), right column: terminator slices. Top: initial condition, [image: equation].
Middle: finalresult from the kinetic simulation, [image: equation].
Bottom: difference, [image: equation]
between the initial (equilibrium) values and the kinetic results.


    

  
    
      Fig. A.4 
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Cyanide (CN): left column: equatorial slices (θ = 0°), right column: terminator slices. Top: initial condition, [image: equation].
Middle: finalresult from the kinetic simulation, [image: equation].
Bottom: difference, [image: equation]
between the initial (equilibrium) values and the kinetic results.
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