Atmospheric chemistry and
aerosols (1)

Dust in the Martian atmosphere

Martian dust storms span the entire planet, in June 2018.
The image was taken from the NASA's rover Curiosity



Dust in the Martian atmosphere

Micrometer-sized small mineral
particles float in the atmosphere with a
background optical thickness of 0.1-
0.5.

The dust loading changes with time
and space.

The dust serves as a heat source in
the atmosphere by absorbing sunlight.

Seasonal variation of optical thickness
in infrared
(Smith et al. 2004)
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Fig. 7. Globally-averaged daytime (local time ~ 1400) dust optical depth
at 1075 cm™! (scaled to an equivalent 6.1-mbar pressure surface) as a
function of season (L;). Three martian years are represented: Mars Year
24 (MY 24) (W), MY 25 (0J), MY 26 (x). During the planet-encircling
dust storm of 2001 (MY 25), globally-averaged dust opacity reached 1.3 at
Ly =205-215°.
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Dust as a heat source

* Absorption of solar radiation

— much stronger than the greenhouse effect of CO,, which is only several
kelvins

— much stronger than cloud albedo effect and latent heat
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Fro. 1. Martian temperature calculations. The stippled area
represents t tures reported by Kliore et al. 8%72) P 21‘“5‘"" as Fig. 1 except that ﬂ'&
Hanel et al. (1972). The lines are theoretical profiles for a ms:nd ham' ber, evenly m‘”dh“:f
pure COs atmosphere, at 1600 and at 0600 hours (the coldest s ving an optical dept 0.1
time). Both theory and observation refer to mid-latitude summer NOte the weak boundary layer at 1600.
conditions. The tags indicate the ground temperatures. In the case
of the 1600 theoretical profile a strong boundary layer is indicated.
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Dust storms on Mars

regional storm

Seasonal variation of optical

thickness in infrared
(Smith et al. 2004)

Dust devils

Source of background atmospheric
dust ?
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P Smith et al. (2004)
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“Rocket dust storm”
Modeling by Spiga et al. (2013)

Dust plumes continuously get
buoyancy through solar heating

Figure 12. The LMD-MMM storm simulation with lifting and no initial dust perurbation. Same as Figure 4
except that local times range from 0800 to 1800 and longitude-altitude sections are obtamed at latitude 1.5°S,



Global dust storm

Mars » Global Dust Storm

T
June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2

NASA, J. Bell (Cornell), M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) » STScl-PRC01-31

* Global dust storms tend to occur in southern spring-summer
* Positive feedback between dust heating and the intensification of
winds is expected in the development of global dust storms.

H,O ice clouds on Mars

HST Mars image

color composite blue (410 nm)



Seasonal variation of dust, clouds, and H,O vapor observed by an
infrared spectrometer (TES) on Mars Global Surveyor
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Seasonal cycle of Martian water
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Figure 3. Chart describing the principal cvents affecting the Martian water cycle over the course of a
year. NPCS stands for North Polar Cap Sublimation; SCR stands foc Scasonal Cap Recession.



Polar caps: H,O ice + CO, ice

» Seasonal variation
* Residual polar caps in summer
— H,0 only on the north
— H,0O + CO, on the south < mystery
» Southern CO, ice seems to serve as a cold trap of H,O

North

Water transport by Hadley circulation

« \Warmer southern summer than northern favors
net northward transport of water.
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Supersaturation of water vapor on Mars
SPICAM on Mars Express (Maltagliati et al. 2011)
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Vertical distribution of water vapor on Mars during the course of a Mars year
Shaposhnikov et al. (2019)

Annual water cycle. MY28
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Mars Odyssey
Neutron Spectrometer (NS) and S u bS u r'fa ce |Ce

High-Energy Neutron Detector

(HEND) o
Global Distribution of Water on Mars
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Chemistry of gas giants

Many of the gases observed in their
atmospheres are hydrides, which
are thermodynamically stable forms
in the H,-rich atmospheres (e.g.,
CH,4, NH3, H,0, H,S, PH;, GeH,, and
AsHs).

These gases (except H,0 and H,S)
are photochemically destroyed by
UV sunlight in the stratosphere to
produce disequilibrium species (e.g.,
ethane C,Hg, acetylene C,H,, and
ethylene C,H,, hydrazine N,H,).

The disequilibrium species react
with H, to reform hydrides once
they are transported downward into
the hot, high pressure regions.

Lodders, 2010

Table 2. Composition of the Atmospheres of Jupiter, Saturn, Uranus,

ahd Neptune

Gas Jupiter? Saturn Uranus Neptune
Hz 86.4 +0.3% 88 2% ~82.5+3.3% ~80+3.2%
‘He 13.6 £0.3% 12+2% 152433 % 19.0£32%
CHs (1.81 £0.34) x 103 (4.7 +0.2) x 103 ~23% ~12%
NH3 (6.1£28)x 10% | (1.6%1.1)x 10+ <100 ppb <600 ppb
H20 520734 ppm 2-20 ppb
HzS 67 + 4 ppm <0.4 ppm <0.8 ppm <3 ppm
HD 45+ 12 ppm 110 + 58 ppm ~148 ppm ~192 ppm
13CHs 19+ 1 ppm 5142 ppm
CzHs 5.8+ 1.5 ppm 7.0+ 1.5 ppm
PH3 1.1 £0.4 ppm 4.5+ 1.4 ppm
CHzD 0.20£0.04 ppm | 0.30 = 0.02 ppm ~8.3 ppm ~12 ppm
C:Hz 0.11+0.03ppm | 0.300.10 ppm ~10 ppb 604" ppb
HCN 60 = 10 ppb <4 ppb <15 ppb 0.3 £ 0.15 ppb
HC3N <0.8 ppb <0.4 ppb
CaHy 7 +3 ppb ~0.2 ppb?
COz 5-35 ppb 0.3 ppb 40 £ 5 ppt
CyHg 10+ 1 ppb 1551 ppm
CHaCzH 2.5% ppb 0.6 ppb 0.25 £+ 0.03 ppb
cO 1.6 £ 0.3 ppb 1.4 £ 0.7 ppb <40 ppb 0.65 £ 0.35 ppm
CH3CN <5 ppb
GeHs 0.7%33 ppb 0.4 + 0.4 ppb
CsHz 0.3 0.2 ppb 0.09 ppb 0.16 £ 0.02 ppb
AsH3 0.22 £0.11 ppb 2.1+ 1.3 ppb
%3He 22.6+0.7 ppm, Ne 21=3 ppm, Ar 1643 ppm, Kr 81 ppb, Xec 0.80.1 ppb.

*assuming a total stratospheric column density of 1.54%610%% em 2,
From Lodders & Fegley 1998 and updates: Mahaffy et al. 2000, Atreya et al. 2003, Lodders 2004, Wong et al.
2004

Cycle of hydrogen-bearing species on giant planets

2CHj; + photons — CaHg + Ha

Catling & Kasting (2017)

ethane +hydrogen

2nCHy + photons — (C2Ha), + 3nH;

>

polyacetylene «hydrogen

6nCH4 + photons —

(CeHe ),' + 9nH,
N—, a—

polyaromatic hydrocarbons+ hydrogen

CH,

PH,

NH; Photolysis +
H.S chemistry

Hydrocarbons (CHg,C,H,. elc.)
Phosphorus, P,
Hydrazine, N,H,

Sulfur solids (Sg. H.S,(s).(NH,)S,(s)

Sedimentation
+ diffusion

+H, reactions

Hydrogenation at hot depths
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Thermal profiles

Clouds

Jupiter’s cloud structure

Saturn’s cloud structure
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Probe Mission

—— Probe entry (0 min, 1077 bars, 450 km)
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direct measurements begin
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Orbiter locks on radio signal
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Cloud layer
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Dry atmosphere ?

Brightness of the sky abruptly

drops off at a pressure level of 0.6

bars, indicating an ammonia
cloud layer above this height.
The tenuous cloud layer detected
by the NEP was not seen by this
experiment.

Clouds are patchy and that the
Probe went through a relatively
clear area.

Jupiter’s Net Fluxes
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The atmosphere has much less
oxygen than the Sun's
atmosphere, implying a
surprisingly dry atmosphere.
Planetary scientists had expected
oxygen to be enriched relative to
the solar value due to impacts by
comets and other small bodies over
the 4.5 billion years.

Jupiter's Atmospheric Composition
Compared to the Sun
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The probe apparently entered a special location

The Probe entry site is near
the edge of a so-called
infrared "hot spot". These
"hot spots" are believed to
represent regions of
diminished clouds on Jupiter.

Jupiter: 1995 July 27
NASA Infrared Telescope Facility
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Atmospheric chemistry on Titan
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Figure 7.1 Summary of our current understanding of
Titan's atmospheric chemistry, from N, and CH, to minor

gas species, then to macromolecules and organic acrosols.
The temperature profile is a smoothed version of the HASI
profile (Fulchignoni et al., 2005),
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Atmospheric composition of Titan
(Coustenis 2007)
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Huygens’ touchdown

Cassini's Visual and Infrared Mapping Spectrometer
(VIMS)



