SRSLEBAT (2012-07-10)

Isotopic fractionation through water vapor condensation:
The Deuteropause, a cold trap for deuterium in the
atmosphere of Mars

J.-L. Bertaux & F. Montmessin, JGR 106, 2001



abstract

o 1998FD/N\YT I ERFEBT, KRELERIHPTDHD/H2ANTEKX
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Fractionation Effect, PHIFE (JefERf B2 IZH (T D RALIA D B HNEE
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Mechanisms and Observations for Isotope Fractionation
of Molecular Species in Planetary Atmospheres
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Chemical and physical processes which may give rise to isotope fractionation of molecular species in
the atmospheres of both Earth and other planets are reviewed, along with observations of isotopically
substituted molecules in planetary atmospheres. Mechanisms for production of isotope fractionation
considered include escape and effect of isotope substitution on equilibrium constants (including those of
phase changes), photolysis rates, and chemical reaction rates. The isotopes considered for compounds in
the terrestrial atmosphere include D, T, '3C, 4C, '*N, !80, and **S. Compounds for which data about
isotopic composition in the terrestrial atmosphere are summarized include CO, CO,, O;, N,0O, NH,,
SO,., H,S, H,0, H, H,, and CH,. Planetary atmospheres discussed include those of Venus, Mars,
Jupiter, Saturn, Uranus, and Titan; isotopes reviewed are D, '*C, !°N, and '®0O. Suggestions for ad-
ditional research in the area of isotopically substituted molecules in atmospheres are offered.
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Fig. 2. Plot of equilibrium fractionation factor x associated with
HDO and H,'®*0O vapor pressure isotope effects as a function of
temperature. HDO curves (left ordinate) are for solid-vapor (solid
line) and liquid-vapor (dashed line). Data are from Merlivat and Nief
[1967] and Dansgaard [1964]. Dotted lines are extrapolations to tem-
peratures below those of Merlivat and Nief [1967]. H,'%0 curves
(right ordinate) for solid-vapor (solid line) and liquid-vapor (dashed
line) data are from Jancsoe and van Hook [1974]) and Dansgaard
[1964]. Dotted lines are low-temperature extrapolations.
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Chemical and physical processe Fig. 3. Arrhenius plot (logarithm of rate constant versus inverse
the atmospheres of both Earth an{ temperature) for the reactions O + H,— OH + H (open circles),
substituted molecules in planetarzl O + HD— OH + D, OD + H (open triangles), and O + D,— OD
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Fig. 1. Fragment of the
HST spectrum (thick sol-
id ling) near the H Ly o
line of the martian upper
atmosphere. Geocoro-
nal H (dashed line) and
interplanetary H (dotted
line) emissions are also
shown. Their subtraction
results in the martian hy-
drogen line (thin solid
ling). The geocoronal line
is the difference of spec-
tra recorded in the illumi-
nated and shaded parts
of the HST orbit.
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Fig. 2. Fragment of the
HST spectrum that shows
the martian and telluric D
Ly a lines at 1215.29 and
1215.34 A, respectivaly. A
is the initial weighted mean
spectrum, B is that spec-
trum scaled by a factor of
10, Cis binned to 4 pixels
and scaled by afactor of b,
D is binned to 8 pixels and
scaled by afactor of 4, and
E is binned to 16 pixels
and scaled by a factor of 3.
Dashed horizontal lings in-
dicate the local back-
ground baselines. The po-
sitions of the martian and
telluric D and H lines are
shown; subscript Mand E
refer to Mars and Earth,
respectively.
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GEOPHYSICAL RESEARCH LETTERS, VOL. 26, NO. 24, PAGES 3657-3660, DECEMBER 15, 1999

Photo-Induced Fractionation of Water Isotopomers
in the Martian Atmosphere Cheng, et al. (1999)
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CEFE

o AREENXDOEHW : PHIFEDZEZE(ZLSHHDO/H20 D LB/ TREZEMERBA (2-31F)
TIEXFHBALYING WD ZE HHEEICKDAEETHIALEISIEWLSEHA.

 HDODAMNEFELZ LN (H20DALRIARTEPT LY. EETKERIERLEL,
FTNNENEEL TRRXKATERE. > H2OHDAERTAHEEBRRHFT
DKFEHDO ZF o9 hE.

1 | T B

Figure 1. Vertical profile of the depletion factor &, of HDO
with respect to H,O due to preferential condensation of HDO
on icy grains. The thin curve is for a fractionation factor «
constant below 230 K, while the thick curve (more realistic) is
: for a value of « extrapolated for temperatures lower than 230
E K, the lowest-temperature laboratory measurements. Note
that HDO is depleted by a factor of 10 above 10 pascal pres-
sure level and slightly enriched near the surface (below 300
pascal).

& ME2EGCM (Montmessin et al., 2001)
HIEEERICKLHETERBE.
KNEBRDA M KYIRENZRB LA S
AEHEFERALI-HER.

Frezsure, Po
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Sv=100x {(R/Rref)-1};  KTBEAEEZDI(E, 25 kmiZE 20
R=(HDO/H20), R ref=17E3 BEKLYTTHDO MEEICKE=EA.

= HDO-cold trap, Deuteropause
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Figure 2. The dotted line is the photolysis rate of H,O in the atmosphere of Mars (in molecules cm ™ s71)
as taken from Cheng et al. [1999] as a function of altitude. The curve labeled PHIFE (also from Cheng ef al.
[1999]) is the photolysis rate of HDO, if its mixing ratio were equal to the mixing ratio of H,O. It illustrates
the effect of a lower photodissociation cross section of HDO. The dashed curve labeled CEFE illustrates the
effect of the HDO depletion of Figure 1. The thick curve labeled CEFE+PHIFE indicates their combined
effect. The integrated photolysis rate of this last curve is 9.5 times lower than for H,O. which explains why
there are so few deuterium atoms in the upper atmosphere of Mars.
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Discussion

CEFEQEEWE, VB UERIZFEENEHFED) OCEMYEBEETILOE S
1258 <{KTFT 5. PHIFEE & P>t T Krasonopolsky et al. DERA{EZFERBAL
£2&ELT-5E, PHIFEIXEAA KGFXRIEAIZIKTFT 5.

S SEOBIXTIET—HGERE, Ls~60)LMARLTHEDLT, ETILERENESE
DIREREATEHLTIXUVEL..,

D, SERLEFOZEB RN —XIE, EARKIZRIVWTWWSREATITELS %
DOFEATHRELCEFEDIEN B =ELVDD T L, RICKNBI1ETEHZLS -
ELTHCEFEONBENKRESTABIESNASAZEIEILENTHAS.

S EDFHX T/RLT= CEFE + PHIFE DN E(E, EERKXKK[TDAELE-TULNVS
A BAREIZERBATES. (Krasnopolskyb [ZE>TEHINTF- R =0.09 Mok
I2ENAHDOFTEEEZE MDdepletion ~ 1.6/0.09 = 18 EULVSFER(E, R=0.09%
KODFEDBILEZRBADFEIZELD)

KELDIL, CEFEIZL>TIHDON7ETE LIRS E | Deuteropause M HE BT &
NIZESTERRIADDDEEMNARECHE DL, DOXRREUEZEL (112)
INEKTED. = BEMSIREICH,ITT, DIFFAERITTWVEWNWEEZONS.
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Discussion

IREDH20H—/N\—=IZXHLT, BED)H—/IN\—B%FKHBE, 6.221Z(2.

IRFED) Y —/N\—E% 9m [Zuberetal, 1988] LIRTET HE, BIF9 X 6.22=
55 m DH20') HF—/A—MREFof=. 55-9=46 miE Y AN FHZEMIZEHRLT-.
ZDFUEEL Kass and Yung, 1995 DET JLETEE (BUR AT EE/S B K{E) 80 m
DFEMBWNEDS, ZDO80m DRBHYIEMGYBIRLTIES.

46 MR HBRELUNDECAIZT YV FE-TWNVSEITEZIZLLN.

SEIDFHXTDEEIL, HDO-cold trapk W+ EZETIE H20EHDOD KF MV ST
BT HERETFLTILNS. LKL, EEOXNEDBEITEFSEILESALY(HDO-
cold trapH¥30 km{FiEIZHEY 55 E18H5).

ZNBYDEFIL IRITGCMZEF =S HNDEE.

HEIT: Bk RKK[TIE, EBXRXRI[POD/HIEEB EPDEERELLY. XiFE
B 58 T HDO-cold trap M&HBIZEHBEH BT, fA[#K ? > CH3D Gt BB mE
TEELEZWV) AEE(ZDZFEA TA.
NEEFBXRXZHOD/HMNBHT/PHILNDIL, CHADNELNMNL? 2?2
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Modeling the annual cycle of HDO in the Martian atmosphere

F. Montmessin’

NASA Ames Research Center, Moffett Field, California, USA
T. Fouchet

LESIA, Observatoire de Paris, Paris, France

F. Forget

Laboratoire de Méteorologie Dynamique, Institut Pierre Simon Laplace, Paris, France

JGR 110, (2005)

It includes the major processes affecting
water vapor in the Martian atmosphere (except regolith adsorption); e.g. transport by
winds, exchanges with the surface, atmospheric condensation and sublimation as well
as sedimentation of icy particles. Water can either sublime (if ice is present on the
ground) or condense onto the surface depending on the difference in mixing ratios be-
tween the vapor in the first layer and that in contact with the surface. Water ice clouds
are supposed to form whenever water gets supersaturated with respects to ice,
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Modeling the annual cycle of HDO in the Martian atmosphere
F. Montmessin' JGR 110, (2005)

NASA Ames Research Center, Moffett Field, California, USA
T. Fouchet

LESIA, Observatoire de Paris, Paris, France
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Figure 2. (top) Latitudinal and seasonal distribution of the
zonally averaged abundances of HDO vapor in the Martian
atmosphere as predicted by the model. (bottom) Corre-
sponding values of the D/H ratio in the vapor phase. 18

Figure 5. Secasonal evolution of D/H in different latitu-
dinal bands as obtained by the model.
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Figure 5. Secasonal evolution of D/H in different latitu-
dinal bands as obtained by the model.
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Modeling the annual cycle of HDO in the Martian atmosphere
| JGR 110, (2005)
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Deuterated Water Deuterium Enrichment
of Water on Mars

B \ N ‘o
HDO Abundance ""\;'\.
Parts-per-telion |x 104
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D/H Ratio
Relative to VSMOW [1.56 x 104]

0 Nowdencs S 25 0 s = = . - 49.7°
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2 3456 7 8 L Late Northern Spring

VSMOW. Vienna Standard Msan Ocean Watsr on Earth

IRTFEE R EE LRV o 2 CTEUAIES N = XL EHDO/H20< v [Villanueva et al.

2008 (Conf. Proc.)]
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Measurement of the isotopic signatures of water on Mars; Implications for

studying methane

Icarus, 2011

R.E. Novak **, M.]. Mumma”, G.L Villanueva "~

L, =50.1°
26 Mar 2008, 4:00 UT

sub-Earth Position:
5°N, 153°W

Local time: 9:40 sol
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Fig. 2. (A) Column densities of HDD and Hz0 measured with spectral extracts at
three row intervals (LG arcsec) along the north—south meridian. (B) Ratio bebveen
HDOD and H.O compared to their ratio on Earth. Our results for L,=50F are
presented along with predictions of Montmessin et al. (2005) (multiplied by 1.32)
for the same season [mid-spring in Mars' northern hemisphene).
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Fig. 7. Comparison of estimated D/H ratios in Venus (D/H)y.,. in units of the
terrestrial ratio (D/H gy
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Modeling the distribution of H>O and HDO in the upper atmosphere
of Venus

Mao-Chang Liang'~ and Yuk L. Yung’

A new mechanism, the photo-induced isotopic fractionation effect
[FH]FE] of H,0O and HCl, is incorporated into our model. The observed enhancement of
HDO could be attributed to (1) preferential destruction of H,O relative to HDO via PHIFE
and (2) escape of hydrogen that enhances the abundance of D and hence its parent
molecule HDO. Over a wide range of the sensitivity of the results to the changes of the
two mechanisms, we find that the observed profiles of HD(O and H-O profiles cannot
be explained satisfactonily by current knowledge of chemical and dynamical processes in
this region of the atmosphere. Several conjectures to tackle the problems are discussed.
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Figure 4. Model HDO/H,0O corresponding to cases in Figure 1. Data are from Bertawee et al. [2007].
The two curves are indistinguishable below ~100 km. Line designation is the same as that in Figure 1.
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