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~ Ices form in molecular clouds
& evolve during star formation.
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Are ices inherited
or totally reset?
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Image credits: NASA (L), Bill Saxton, NRAO, L. 1. Cleeves (R) _ Diffuse ISM
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(" Goals of laboratory experiments

{

Ice identification & optical properties

® Abundantices & rarer complex organic molecules (COMS)
e Determination of optical constants for modeling

Ice physical structure

® Measuring grain sizes & porosity

Ice chemical environment

o Efficiency of formation pathways
® Measuring reaction rates

Ice processing

® Thermal & irradiation evolution
® Mass loss rates
® Desorption temperatures




‘( Goals of laboratory experiments ... Outline of talk

.: \~" \‘~.—"‘___.~~~

Ice identification & optical properties I, ~
® Abundantices & rarer complex organic molecules (COMS) ® Growing astrophysical ice analogs \‘
® Determination of optical constants for modeling ® Techniques for characterizing ices '-

e Common experimental sequences

Ice physical structure

® Measuring grain sizes & porosity ','

® Physical structure N

lce chemical environment e Chemical environment ]
o Efficiency of formation pathways ® Thermal processing IR

...
y
N

® Measuring reaction rates

Ice processing e Exploration of thermal cycling
® Thermal &irradiation evolution e Trapping with larger molecular sizes

® Mass loss rates ® |nteractions with silicates
® Desorption temperatures




é Growing astrophysical ice analogs (SURFRESIDE*)

*SURFace REaction SImulation DEvice

SURFRESIDE?

2 - GOLD SUBSTRATE (12-300 K)

3 - QMS
4 - FTIRSPECTROMETER
5 - FTIR EXTERNAL OPTICS
6 - PURGE BOXES
,
8
9

Ultra-high vacuum chamber
P~10-19 mbar

- MCT DETECTOR
- ATOM LINE |
- HABS
10 - DOSING LINE HABS
11 - DOSING LINE MAIN CHAMBER
12 - ATOMLINE Il
13 - MWAS
14 DOSING LINE MWAS
15 - MICROWAVE CAVITY
* - UHV GAUGES

loppolo et al. (2013)



é Growing astrophysical ice analogs (SURFRESIDE)

*SURFace REaction SImulation DEvice

Ultra-high vacuum chamber
P~10-10 mbar

Cryogenically cooled substrate
T=10K/(cloud)-160 K (disks)

loppolo et al. (2013)
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- MAIN CHAMBER

- GOLD SUBSTRATE (12-300 K)
- QMS

- FTIR SPECTROMETER

- FTIR EXTERNAL OPTICS

- PURGE BOXES

- MCT DETECTOR

ATOM LINE |

- HABS

- DOSING LINE HABS

- DOSING LINE MAIN CHAMBER
- ATOM LINE |l

- MWAS

DOSING LINE MWAS

- MICROWAVE CAVITY
- UHV GAUGES



é Growing astrophysical ice analogs (SURFRESIDE)

*SURFace REaction SImulation DEvice

Ultra-high vacuum chamber
P~10-10 mbar

Cryogenically cooled substrate
T=10K/(cloud)-160 K (disks)

Gas dosing lines
Deposit gas on substrate to condense,

strict dosing to control layer thickness
thin layer = <20 monolayers (ML)

typical layer ~4000 ML 10 '/

S e \f
Note: Sometimes use laser to ;”/ \C'\ "
measure ice layer thickness, \
to make optical constants v ,\-j’?

loppolo et al. (2013)
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SURFRESIDE-®

- MAIN CHAMBER

- GOLD SUBSTRATE (12-300 K)
- QMS

- FTIR SPECTROMETER

FTIR EXTERNAL OPTICS

- PURGE BOXES
- MCT DETECTOR

ATOM LINE |

- HABS

- DOSING LINE HABS

- DOSING LINE MAIN CHAMBER
- ATOM LINE I

- MWAS

DOSING LINE MWAS

- MICROWAVE CAVITY
- UHV GAUGES



x Techniques to analyze astrophysical ice analogs

Fourier-Transform InfraRed Spectrometer (FTIRS)
Measures spectra of ice layer on substrate.

SURFRESIDE?

1 - MAIN CHAMBER

2 - GOLD SUBSTRATE (12-300 K)
3 QMS

4 - FTIRSPECTROMETER

5 - FTIR EXTERNAL OPTICS

6

7

PURGE BOXES
- MCT DETECTOR

8 - ATOMLINE |

9 - HABS
10 - DOSING LINE HABS
11 - DOSING LINE MAIN CHAMBER
12 - ATOMLINE Il
13 - MWAS
14 DOSING LINE MWAS
15 - MICROWAVE CAVITY

* - UHV GAUGES

loppolo et al. (2013)



x Techniques to analyze astrophysical ice analogs

Fourier-Transform InfraRed Spectrometer (FTIRS)

. SURFRESIDE?
Measures spectra of ice layer on substrate.

- MAIN CHAMBER
- GOLD SUBSTRATE (12-300 K)
- QMS
- FTIR SPECTROMETER
- FTIR EXTERNAL OPTICS
- PURGE BOXES
- MCT DETECTOR
ATOM LINE |
- HABS
- DOSING LINE HABS
- DOSING LINE MAIN CHAMBER
- ATOM LINE |l
- MWAS
DOSING LINE MWAS
- MICROWAVE CAVITY
- UHV GAUGES

Temperature Programmed Desorption (TPD)
Heats ice to pre-determined temperatures
until it desorbs into gas phase.
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loppolo et al. (2013)



x Techniques to analyze astrophysical ice analogs

Fourier-Transform InfraRed Spectrometer (FTIRS)
Measures spectra of ice layer on substrate.

SURFRESIDE-®

- MAIN CHAMBER
- GOLD SUBSTRATE (12-300 K)
- QMS
- FTIR SPECTROMETER
- FTIR EXTERNAL OPTICS
- PURGE BOXES
- MCT DETECTOR
ATOM LINE |
- HABS
- DOSING LINE HABS
- DOSING LINE MAIN CHAMBER
- ATOM LINE I
- MWAS
DOSING LINE MWAS
- MICROWAVE CAVITY
- UHV GAUGES

Temperature Programmed Desorption (TPD)
Heats ice to pre-determined temperatures
until it desorbs into gas phase.

O 00 N O O & FJOEN -

Quadrupole Mass Spectrometer (QMS)
dentified molecules in desorbed gas by
mass-to-charge ratio.
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Typical experimental sequences

1. Ice identification

Make astrophysical ice analog =) Take FTIR absorption spectra



1. Ice identification. Simple ices & complex organic molecules (COMs)

|

FTIRS

Wavelength (pm) \
20.0 10.0 8.0 6.0 5.0 4.0 3.0 2.5
°1 * acetaldehyde - CH,CHO Qﬂ{! gO % R\O O 0
5 i NN symmetric stretch as\ mmetrlc stretch bend
o Y xR ethanol ~J|_~ ~ CH,CH,OH ’ ’
h s dimethyl ether CH,OCH, * Y
o 3
D H,O
< 2
Absorbance
L Column density
0 carbon monoxide L C-Hstretch O-Hstretch co *
|A,dv
500 1000 1500 2000 2500 3000 3500 4000 N _— [Cm—Z]
1 X~
Wavenumber (cm) SX
® Atomic motion (e.q. stretches) produce "functional groups” at similar wavelengths T

Band strengths

® Line ratios between all functional groups can identify ices

Terwisscha van Scheltinga et al. (2018), Animation credit: http://www1.Isbu.ac.uk/water/water_vibrational_spectrum.html


http://www1.lsbu.ac.uk/water/water_vibrational_spectrum.html

Typical experimental sequences

1. Ice identification

Make astrophysical ice analog ——> Take FTIR absorption spectra

2. Ice chemical & physical structure

Make thin astrophysical ice analog Take FTIR absorption spectra
(Pathway #1 vs Pathway #2) Reflection Absorption Infrared Spectroscopy (RAIRS, thin film < 20 ML)

S



2. Ice chemical environment. Some ices form faster within H,O-rich ice matrix.

a Wavelength (um)

L o, 10_;/;.41 755 7.69 7.84 8.00
RAIRS + FTI RS C +H;exp. 1.1
H atoms C atoms exp. 1.2
o . exp. 1.3
E E . 1.65x 107
Methane formation pathway #1 ®
£ 1.0x10
gi
C + H — CH4 Amorphous carbon — | CH,
M
7.68 um
nert aold substrate 10 K 1,302 cm™
N g — . 1 " :
Methane formation pathway #2 o o Mgt
H atoms H,O C atoms exp.2.2
exp. 2.3
15x107 |

C+H+H,0— CHs4

10x10°% F

Absorbance

Amarphous carbon 50 x

Qasim et al. (2020) Nature Astronomy Yields reaction rates for chemical models.



Typical experimental sequences

1. Ice identification

Make astrophysical ice analog ——> Take FTIR absorption spectra

2. Ice chemical & physical structure

Make thin astrophysical ice analog Take FTIR absorption spectra
(Pathway #1 vs Pathway #2) Reflection Absorption Infrared Spectroscopy (RAIRS, thin film < 20 ML)

3.Thermal ice processing

TPD experiment — Take FTIR absorption spectra: confirm remaining ices

Make astrophysical ice analog =——p> _
10-150 K, AT=20 _,

| QMS measurements: confirm sublimated ices



3. Ice thermal processing. Heating ices shifts profile & reduces amplitude.

| Y
k‘ TPD experiment Wavelength (m)
1 ' — | ' ' ' '

A
1l r. Je | &O‘LQ&OQ H20 crystallizes
- ® s § Q&O&O&O T>130K
;ﬁ, 0.6 ASW — [, crystalline ice — I, crystalline ice
5
> 041
2 -
02 3
' &
| il
0 =5 I — - ' R

1500
Wavenumber (cm™)

3500 3000 2500

Leiden Ice Database entry for Ehrenfreund et al. (1999): CO,:H,0 (1:1) ratio, T=10 K- 187 K, Credit: Christopher AuYeung



3. Ice thermal processing. Heating ices shifts profile & reduces amplitude.

[ |
k‘ TPD experiment 4
1 |
. & §
0.8 4 o
| s
: i
2 3
3 o . -
\_“,i, 0.6
®
O
% i —_
a - & 0.00
S 0.4+ == f
O i O 2310 2300 2290 2280 2270
< ‘ | | Wavenumbers / em™
0.2
0 =rh P . i —

o

III'IIIIIII

Mass loss due to
sublimation

80

100

120

Temperature / K

3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Leiden Ice Database entry for Ehrenfreund et al. (1999): CO,:H,0 (1:1) ratio, T=10 K- 187 K, Fig. 2 Fayolle et al. (2011)
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3. Ice thermal processing. Desorption temperatures in pure vs mixed ices.

pure H,0 /\

|
/

B

50 100 150
Temperature [K]

o]

\ TPD curve

—
O

O
5y

Desorption rate [ML/K]

O
=)

Figs. 2, 4, 5 from Kruczkiewicz et al. (2021), Fayolle et al. (2011), Lauk et al. (2015), Simon et al. (2019)



3. Ice thermal processing. ID'ing sublimated ices using mass and charge.

IQ 1 Y | " | ! I . |
~— '3 » -
= pure HyO \ ‘ m/Am = 3463 m/Am = 15233 2015-08-23-106.tof
= 1.51
o L, . | /Am = 6668 0
S 1.0 | s |
= | 0.8 a 1 2.2 | < 0.6 ;‘i
- ' 3 } ’
O 0.7 '? 120 i : |
— 0.5- ’:\ Il 3 .i 05 | A .
o / L ‘ [ | | 6 4 | | |
o 00 RS B ; ~ | 0 1 00052 | | 0.4 || 0.09
A = 2| 1.4 i - 00021 | | .
50 100 150 E - | [, | | 00042 | W 0.08
I K T | | 007 |
emperature [K] s | | Lo | L, | |
S ) | 08 | - g ! 0.06
o . \
= : 3 0.6 '1 « | ! i .
S 01 f P ] 0.1 ‘ A 0.0S :. ]
C:., D.1 . e’ 0.4 \ - | | d 1 0.0022
*tenet ‘o |\ J o,.. . — 4 -
= 0.0 102 ’ < 0.0Lesness : g 00 ‘ T
P> 18.00 1801 1802 -~ r , 31 08 31.99 32.00 3
= I \ 0.0 Neetme NN 0.03 i
S 1+ 4+ 2798 2800 2802 | B
Q ' ‘ ) o’
O H,O > z o 1
3 o+ -
0.0l
N V: |
) 0.00f " l ]
- 39 05 3906 3097
L
Ar
° ° o fo ; I 1 - » L l 1 i
Peaks indicate specific molecules | , ] | , ' ‘ , , , 1 ,
20 25 30 35 40 45

mass/charge (m/q)

Figs. 2, 4, 5 from Kruczkiewicz et al. (2021), Fayolle et al. (2011), Lauk et al. (2015), Simon et al. (2019),Fig. 3, Simcic et al. (2021)



3. Ice thermal processing. Desorption temperatures in pure vs mixed ices.

AR~ Phase transformation

AR H,0 crystallizes @ ;
Qaaa

irreversible @ T >154 K,
total desorption @ T>170 K

50) 100 156 | ASW — [, crystalline ice — Iy, crystalline ice

O
&)

Desorption rate [ML/K]
L\\/
- -

okske

Temperature [K]

o]

\ TPD curve

Figs. 2, 4, 5 from Kruczkiewicz et al. (2021), Fayolle et al. (2011), Lauk et al. (2015), Simon et al. (2019)



3. Ice thermal processing. Desorption temperatures in pure vs mixed ices.

Desorption rate [ML/K]

1.9

1.0

0.5

0.0

0.3-

0.2-

0.1-

0.0

pure H,0 /\

llllllllllllllll

Temperature [K]

Figs. 2, 4, 5 from Kruczkiewicz et al. (2021), Fayolle et al. (2011), Lauk et al. (2015), Simon et al. (2019)
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3. Ice thermal processing. Desorption temperatures in pure vs mixed ices.

H,0 W
15 PHETR | Volcano peak
10 \ / H,0 crystallizes irreversibly @ T >154 K,
0.5- Forces out less volatile ices trapped inside its matrix A
goo-——_—————,———J., : L .
= 03] | oureCO™ | 04 pure CO, | pure NH3 /
% 0.3- / 0.6-
= 0.2- - / | /
.-'C:,LOJ- \ 01l /! 0.34 /
§ 0.0 )\\\I ............ 0.0-"‘*.‘"7*“,“*,“"7/ ————r 0.0 +=————r= = ./ . IL ————
15/ H20+CO f 2.0-: H,0 + CO; | 0% HO+NHs /\
| 1.0- J -
0.5- / £y //\ //\ 0.1-
0.01—=‘/=/;=~\-,=?-F—-|—|—-—|—|—-|=’,“‘.‘J,/ L 0.0:|—|—|—|——|—|—|—-——;\\—‘ﬁ—r—~7—.‘.2,/\‘.“17—‘ 00 t——m——— &"L_’
50 100 150 50 100 150 50 100 150
Temperature [K] Temperature [K] Temperature [K]

Figs. 2, 4, 5 from Kruczkiewicz et al. (2021), Fayolle et al. (2011), Lauk et al. (2015), Simon et al. (2019)



Typical experimental sequences

1. Ice identification

Makeastiopysicaliceanaiog —>Takef  Alternative: Irradiate ices instead of TPD

2. Ice chemical & physical structur

(with similar FTIR & QMS measurements)

Make astrophysical ice analog

(Pathway #1 vs Pathway #2) Refl See poster by Chun-Yi Lee
f | "Carbon Chain and CO; Formation Induced by EUV Irradiation”

3.Thermal ice processing

—— Take FTIR absorption spectra: confirm remaining ices

TPD experiment
10-150 K, AT=20 _,,

| QMS measurements: confirm sublimated ices

Make astrophysical ice analog =



* Ex. Ice Age ERS (Pl McClure): Darkest ices detected within molecular clouds

e

.- -

Class | protostar

/ Ced 110 IRS 4

@<+ Ay ~ 60 background star
| NIR 38

Credit: NASA, ESA, CSA, M. Zamani (ESA/Webb), Fengwu Sun (Steward Observatory), Zak Smith (The Open University + Leiden)




Laboratory spectra enabled ID and column densities for darkest cloud ices

10° ]
_ 10" - F
> . F
> :
= :
5 ! CH,OH  H,Olib. I
@ -
> See poster by Burcu Giinay
£ 10° ! for ice mapping. E
H,O stretch :
) See talk by Monique Aller
(OH-strectch) for extragalactic ices.
10° Ll
3 4 5 6 7 8 9 10 11 12 13 14

%{ Wavelength [um]
McClure et al. (2023) Nature Astronomy, Smith et al. (2025) Nature Astronomy



Lab-derived optical constants permit derivation of physical structure from RT modeling.

[l
2‘ = }
e A
T 0 . l \] i
T Bl it L e
R 1 Waveleslgth( m) i =
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> B e
= B
L
- MMW:
© s ¥ |
g 0.8 """“'Mwmvﬂm
© o
- - =
c 0.6
= 2
04— s
B ’ amax (UM) 7
0.2+ | Sl o
B — MRN
O-O | | ] | | | J/I | | | | I | |
2.5 oD 4.0 4.5 50

Wavelength (um)

Scattering distortions indicate grain growth to 1 ym!
Dartois, Noble, et al. (2024), Dartois et al. (2022)




Lab ices match dangling OH, suggest that cloud ices are porous and mixed.

O-H stretch at 3 um caused well-
bonded water.

Option 1: d-OH suggests water ice has porous
structure

Option 2: d-OH implies mixture of other ices
In water ice matrix.

Noble et al. (2024) Nature Astronomy




Pathway experiments & absorption spectroscopy confirm ice mixing in H,0.

0.00 | | | l
s \Y } \ / Tsub, cHa & Tsub, co2 << Tsub, H20
S 0.10- |
S o5 C0, (pure) (more volatile ice mixed in less volatile ice.)
S €0.:CO

0.20 -

13C0, |
0.25- CO,:CH5;0H
4.36 4.38 4.40 4.42

Wavelength (um)

CO + OH — CO, (H,0-rich environment)

50% of CO, forms this way in chemical models.

@ Pontoppidan et al. (2003) for CO ice, McClure et al. (2023), Jimenez-Serra et al. (2025)



Pathway experiments & absorption spectroscopy confirm ice mixing in H,0.

—0.3——

Early COM formation in H,0 ice
in lab (Chuang et al. 2020)
and in chemical models

Matches lab spectra of
and

Wavelength (um)

= ~0-25 acetaldehyde:H,0 ‘ a

S (Jin etal.'22, Garrod et al. '22) | T 1
3 o5 ' CO, (pure) :
O “ o E
© 020 i g
13CO, H | :
0.25 - \/  C0x:CH;0H
4.36 4.38 4.40 4.42 :

AV=§-95 mag 7

CO + OH — CO, (H,0-rich environment)

o1k IRAS 15398-3359 _

50% of CO, forms this way in chemical models.

@ Pontoppidan et al. (2003) for CO ice, McClure et al. (2023), Jimenez-Serra et al. (2025), Chuang et al. (2020)




Do ices mixed into H,0 ice matrix become trapped? JWST disk observations prove it!

[Fe Il]
|
-

N

A
[Ni Il]
» [Ne |l]
[Ne IIl]

4 | ;g z Hrecombinatic';ir%
§ L L 1 ™
Mll
10} . .
Jet &|disk wind

ol emission lines
>
£
Vs

4 um
MIRI + model: Sturm, McClure et al. (2024);
NIRSpec: Sturm, McClure et al. (2023d) HST



CO ice should desorb just above midplane, if pure...but it does not!

Peak optical depth

Vertical Ice Profile
gh e 1o 1@ 14 1.50

2D

0.50

Peak optical depth
o
~
o
e
e
|

0.25

0.00

100

F, (L)y)

:\f)gl\pg f’)g O <'>Q «\/QQ\/"JQ ' S S T DEng s O
Z (au)
r (au)

Sturm, McClure et al. (2023d), CO iCe trapped in COZ or HZO!

Lab studies: Lauk et al.(2015), Simon et al.(2019)




Ice profiles fit by RT modeling using new laboratory optical constants
confirm that the mixed cloud ices become trapped in H,0 matrix!

H>,O CO; CO CO,
v 1.07 \ - — Layer [ i ‘ i ,
0 009 N
@ H20:C02:CO © 0.5 \
® o000 = \
XN =
Foo/ M M LW L
2.75 3.00 3.25 4.2 4.3 465 4.70 15 16
Wavelength (um)
08- — 1.00
0.6- / 0.75-
@ @ P 04- 050-
> 0.2- 0.25-
0.0- 0.00-

275 3.00 3.25 420 425  4.30 4.65 4.70
Wavelength (um)

Bergner, Sturm, Piacentino, McClure et al. (2024)



Trapped CO blurs CO, CO, snowlines, more C-rich solids in inner disk

0y---

Classic

CO layer u

sublimates

H,O sublimates
at snowline H,O Snowline

Trapped CO
released

H,0

- Trapped -CH,
CO p Anen CO
Rocl|<y | | Model
Volcanic Desorption Crystallised H,O core Rocky H,O CO,

at T=130K core & CO

Williams et al. (2025), Pebble radial drift models with(out) CO ice trapping C-riCh e)(()pla net caiom pOSitiO n...



See ice crystallization & sublimation in protostars, but no trapped ices (yet).

Wavelength (um)
3.9 4.0 4.1

HOPS 370

Detect both cold amorphous and

hot crystalline HDO ice towards

hot, massive protostars!
Slavicinska et al. 2024

Flux (m]y) + C

L1448-mm X

o
-

DF Tau (Class I1) x 0.1

d 0.1 o
w_wwl | r Mjlf H-0 ice
serswM3xo1 U0 U] | o otion

o))
o

AN
-

Bla-NS x 0.1

20 -

OM

BHR71 IRS1 x 0.1
. produces

gas!

warm H->O

cold H->(O
LAALJ.M&_.
A s A

21.5 22.0 22.5

23.0 23.5 24.0 24.5 25.0 25.5
Wavelength (um) .
van Dishoeck et al. 2025

However, we have a good candidate!



Theinternational journal of science /17 July 2025

Exceptional protostar with strong gas absorption,
including H,0 & SiO: Full interstellar dust reset?

A. Solids

— Crystallized silicate rock: T<71400K
— H,O ice: T<700K 1

SiO
gas
T=475K
=450K

— COice: T<20K

CO gas Y
T=1200K ‘

>
-
E
0
P
O
-
-
L
Ro
S
m

6 7
Wavelength [microns]

INFIRE

Condensing mmerals 3 | | 5\
around a protostar | | | |

illuminateourSolar . - , é t's COMplicated

System’s infancy

Image credit: L. Calcada, for Nature PI McClure Fig. 2: McClure et al. (2025), Nature



E§ newe " Interstellar dust grains sublimate @ 1400 K, SiO gas cools

£ et i '-*r VY YTt
% 0'2 \ i kﬁ LU L “ .M‘LL Nl 'L l""“ 500 K SiO gas, Aveio (Width) -> Rsio ~ 1 AU
§ 0.4}
84 86 88
Si0 gas << 1400 K + specific minerals are
WM consistent with mineral re-condensation
c from cooling SiO gas with rapid
S condensate grain growth.
5

CO, ice blended with H,0 @ 130 K.

: — H,0:CO, ice blend - Forsterit ; IR : . -
1.75F —— Interstellar silicates — Observatuon : Flttmg ICE prOfl‘eS I NlRSpeC’
i - Enstatite ] . .
e - Ballieux et al. in prep.
2.00 10.0 12.5 15.0 17.5 20.0 22.5 25.0 PTEp
A [um]

Fig. 3: McClure et al. (2025), Nature



It's COMplicated . . o o o .
ibé mae Seeing warm ice silhouetted against hot inner disk!

Stay tuned for ice analysis!

Envelope

Ices
20-100 K

Jet

Launching
?

A V ", .

Protostar W

Calmum«AIummum Inclusmn

| (CM)

| Tl'r.ermpst'at‘ |

1 10
Radius [au]

Fig. 1: McClure et al. (2025), Nature Crystalline silicates are analogs to 1st Solar System solids!




Where to find publicly available ice laboratory data used in these examples?

* |ce Database

LIDA - Leiden Ice Database for Astrochemistry

IR spectra and optical constants of astrophysical ice analogues

@ Solid Spectroscopy Hosting Architecture of Databases and Expertise

N e ——— But do cite individual lab papers,
[ |8 Search spectra ] [ l:h! Search band lists ] [ L4 Search bands ] [ & scarch publications ] -+ data base pa per!

t;1b Due to the lapse in federal government funding, NASA is not updating this website. We sincerely regret this inconvenience.

- R - (X - tl’OChGMlstry abo a"tdl'y gT ' - - ﬁ N =
NA\JA HOME SEARCH MENU

= Organization Director ]
[ 9 y People & Organizations v Calendar Missions & Projects  Highlights v Publications

Astrobiology Analytical Laboratory Cosmic Ice Laboratory Hot Environments Lab SubLIME Theory and Observa tion Group & 691 Quick Links

The Cosmic Ice Laboratory - IR Spectra .+ Cosmic Ice Lab - Home



Future directions for lab experiments

e Simulate cyclic partial sublimation and re-condensation to study impact of
ice trapping during protostellar outbursts?

® How does molecular size impact ice trapping?
® [argerice molecules(e.g. CH3SH) may "cork" the H20 ice pores, enhancing trapping

efficiency. Narayanan et al. (2025)

® How do water ice and silicate substrate interact?

® \Vaterice can be trapped in silicates! Monday talk by Tushar Suhasaria
® See poster by Aki Takigawa on silicate/water vapor interaction at low-temperatures.
® Formation of phyllosilicates by water vapor chemisorption? Thi et al. (2018)



Summary: Lab experiments enable ice science!

Laboratory experiments allow us to:

[\/| Identify ices
[\ Characterize their physical structure and chemical environment

[\ Measure
[V Interpret

reaction and desorption rates
thermal history

Lab data allows inferences from JWST observations:

—P |ces form porous, grow to micron sizes in molecular cloud.

— \/olatile ices mixed with H,0 ice at every stage of star formation. Changes protoplanetary disk chemistry.

—p Protostellar ices are thermally processed and partially sublimated (< 130 K) in protostellar environments.

—P See silicate analogs to oldest solids in Solar System planet formation timeline. Meteoritics right about early reset?

Future laboratory experiments will address:

Q1. Cyclicalt

Q2. Impact of

nermal processing on ice chemical environment

molecular size of ice trapping

Q3. Interaction between silicate substrate and water ice or vapor



Summary: Lab experiments enable ice science!

Laboratory experiments allow us to:

[\/| Identify ices

[\ Characterize their physical structure and chemical environment
[\ Measure reaction and desorption rates

[\ Interpret thermal history

Lab data allows inferences from JWST observations:

—P |ces form porous, grow to micron sizes in molecular cloud.

— \/olatile ices mixed with H,0 ice at every stage of star formation. Changes protoplanetary disk chemistry.

—p Protostellar ices are thermally processed and partially sublimated (< 130 K) in protostellar environments.

—P See silicate analogs to oldest solids in Solar System planet formation timeline. Meteoritics right about early reset?

Future laboratory experiments will address:

Q1. Cyclical thermal processing on ice chemical environment ¢ '
Q2. Impact of molecular size of ice trapping &M ‘f 30 M p

Q3. Interaction between silicate substrate and water ice or vapor



