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-Stratosphere: acids (HNO3, HCI, etc) interact strongly with surfaces
of ice particles (PSC clouds): formation of various hydrates,
heterogeneous reactions > Ozone destruction during winter in polar
stratosphere

-Troposphere:
-ice particles in cirrus clouds (cover 30% Earth's surface) and ice
from snowpack
-Presence of Volatile Organic Compounds (VOC) in Troposphere (singh
et al., Nature (2001). Interaction of VOC with ice ?
--> Adsorption on ice (AHads ~ -60 kJ/mol), sokolov & Abbatt JPC A (2002),
Winkler et al., PCCP (2002), Peybernés et al., JPC B (2004) consistent with H-Bonds
formation (strength ~ 20 kJ/mol) with water molecules at the
surface
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- In upper troposhere : correlation between high H,CO and CH;OH concentration (Jaegle et
al, J. Geophys. Res. 105 (2000) 3877-3892)

Species Concentration obs. (pptv) | Model prediction (pptv) Ratio
Gas phase Gas phase

H,CO ~ 350 50 X 7

uv
Methanol m % w Formaldehyde
CH,OH %" % H,CO
—
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- In snowpack:
ey Concentration Model prediction Ratio (A.L. Sumner et al., Atmos.
Measured (pptv) Gas phase (pptv) Environ. 36 (2002) 2553-2562 ; S.
Perrier et al., Atmos. Environ. 36
H,CO 200 0 = (2002) 2695-2705)
CH,CHO 80 40 X2
NO, 25 1 x 25
HONO 20 1 x 20
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- Close problematic of gas incorporation but at lower p and T |

-Interstellar medium : Ice possesses a high capacity for capture of gases
(ex: H,CO, CH;0H etc...) and there exists possibility for ice to reject them
in different temperature ranges (lower T° and P)

-Sequestration of gases by condensation have potential interest in
order to understand the evolution and history of comets
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Objectives:

- Study the co-deposition of a VOC and water i.e. which structure it forms
- How gas and water partitioned in ice : concentration ?

&> o Determination of the nature of the solid phases formed by co-
condensation or separate condensation (crystalline, amorphous,
hydrates, separated phases ect., ) by Raman spectroscopy, X-ray
diffraction
o Determination of the [VOC]

o Attempt to answer more fundamental questions concerning gas-ice
interactions in condensed thin films
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Protocol: control of the gas phase concentration before deposition
- collection of the gas phase above aqueous solutions at equilibrium

water/formaldehyde
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Gas collected above aqueous solutions of H,0:H,CO
Mass spectrometry
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© This work, T=295K
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Xn,co  (solutions PR Gas phase Solide phase
aqueuses) "° " mol% obs. mol% (calc.)

mol% Gas Xh,co Xh,co

1 262:1 0.38 0.3

5 127:1 0.8 0.6

10 92.1 d=T 0.8

15 57:1 1.7 13

20 62:1 1.6 1S

30 43:1 2.3 1.7

PHZCO = Xgaz* Ptot GGS thSZ

1

Ah,co = I
e L Solide phase

1+

H,co TH,co MHZO

Dominé & Thibert, Geophys. Res. Lett. 1996
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Experimental protocol

-P

Vacuum

Controlled T° (Liquid N,)

Regulation: +/- 0.1 °C Aqueous solutions
Rate: 0.1-40°C/min

Ice film thickness: ~ 170 um
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Temperature evolution of the ice film under vacuum

(H,0:H,CO)s ~ 120:1 mixtures

208 Ky
C-H stretch i
of H,CO 168 Ko
distributed :
molecularly in '
158 K |
ASW :
158 K :

! | . |! ! | ! | ! | ! | ' [ T |: T T T

2600 2800 3000 3200 3400 3600 2600 2800 3000
Raman shift [cm™] Raman shift [cm™]

Chazallon et al. PCCP (2008) in print
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Temperature evolution of the film under N, atmosphere

(H,0:H,CO)s ~ 120:1 mixtures

208 K
198 K
2805 cm™ j illgg ﬁ
2823 cm} ¥ 158 K
2887cm? ‘““‘l 118 K (re-cooling)
2805 cm'l 148 K (FOR-B)

e 128
m e
108 K
PhClSZ 1 NM/M et rmte 0O K
e 88 K + N
1 S T (210 [
| ' | . | . | 5 | ' | ' | % |
2600 2800 3000 3200 3400 3600 3800 4000

Raman shift (cm™)
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Molecular spectra of
different formaldehyde
based compounds  u_(H-C-H) v__(H-C-H)

WJ\/ELv rmromamsmeenides P @FAfOrmaldehyde

For-10 mol%
aqueous solution (295 K)

J. Phys. Chem. B, 2005 109, 432

| hydrate (223 K) (frozen
: For-10 mol% aqu. sol.)

Phase 2 (148 K)

Mixed phase 1 + 2 Phase 1 (138 K)

|

'.

|
e H,CO(s) 88K
2700 2850 3000 3150 3300 3450

Phase 1 = H,CO(s) Raman shift [cm™]
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Ripmeester et al. J. Phys. Chem.1996
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—> Ice + type I H,CO-hydrate

Figure 1. X-ray powder diffraction pattern of (a) a vapor deposit of
water vapor and formaldehyde gas prepared from a paraformaldehyds
precursor at 90 K: (b) after annealing at 130 K (c) after annealing at

MK
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Molecular spectra of
different formaldehyde
based compounds  u_(H-C-H) v__(H-C-H)

WJ\/ELv rmromamsmeenides P @FAfOrmaldehyde

For-10 mol%
aqueous solution (295 K)

J. Phys. Chem. B, 2005 109, 432

| hydrate (223 K) (frozen
: For-10 mol% aqu. sol.)

Phase 2 = Clathrate

hydrate «— Phase 2 (148 K)

Phase 1 (138 K)

Phase 1 = H,CO(s)

|

'.

|
e H,CO(s) 88K
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Raman shift [cm™]
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N, stretching mode spectral region
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Raman intensity: Ideally T,/ I =0.33 =>Type I
Ia IO Ni 0!" f Idea”y ILC / ISC - -Type II
H,CO in H,cO
large cage in small
cage
/ H,CO hydrate
type I

N, added at 118 K

L2805/ T2781 ~ 0.3

148 K

Mixed N,-H,CO
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148 K I2805/IZ781 ~0.7

N, added at 88 K Mixed N,-H,CO-
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Crystallization of ice influenced by occlusion of gaseous N, and H,CO

(H,0:H,C0). ~ 120:1

—e@— Ilce with N2 @ 118 K
—%—H. O:HCOwithN2 @ 118 K |8K

2 2
—v— H,0:H,CO with N2 @ 108 K
—A—H,0:H,CO with N2 @ 98 K
—0— H,0:H,CO with N2 @ 88 K

Only H,CO in the co-deposit - ice Ic crystallization T° reduces
N,/H,CO increases > ice Ic crystallization T° increases
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v (OH) [cm™]

v (OH) [cm™]
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220 i —&— Ice with N2 @ 118 K
31401 1 3 mol% H2CO .
3130- P
3120 L g o /9/
] e/a/§§$/@/ & v —v— N2 @ 108 K
3110 T *\ e —% N2 @ 118 K
: *— %g/*/v —e—lcewithN2 @ 118 K
3100 - ol
8|O | 1(I)O ' 1é0 | 1210 | léO | 1é0 | 2(I)O | ZéO ' 2210 | 2é0 |

Temperature [ K]
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Co-deposition
Ethanol/H,O
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» Vapor Liquid Equilibrium (VLE) data at 295 K: Ethanol/Water

Non-ideal solution Xeth (LIQUID) | YEth (GAS) Pevont Przo Xeth (SOLID)
Ethanol:water Mol% Mol% (GAS) Mol%
0.6¢ 5.8 1:16 3.70
Gas Phase (Wilson model) 1 0.2 19.9 29
1.9¢ 15.7 1:5.4 10.4s
Y., = Peion Veion X eron 2.9 21.7 1:3.6 14.8
P 4 5 29.2 1:2.4 20.5¢0
5.6 33.3 1:2.0 23.7
Condensed phase 8.9a 423 1:14 3140
Xen = (1+ PHZO“HZOMJ 10 445 1:12 334
Pen@enyMuzo 12.7 49 1:10 375
Dominé & Thibert, Geophys. Res. Lett 1996 174 54.2 1:0.8 42 5He
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g —R— VLE 303K, Y1 (Ohe)
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2. Comparative Raman analysis of co-deposits / aqueous solutions

~ -2
V(CO)+r(CH)+5(COH)  8(CH,) v.(CH) Peron ~ 4.10 Torr

I I I Ll I I I I I . L) I ) I
800 1000 1200 1400 1600 2800 3200 3600

Raman shift [cm-1] Raman shift [cm-1]

Chazallon et al. Vib. Spectrosc. (2006)
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Raman spectra of co-deposited EYOH and EtOH:H,0O

Water Interfaces in Physics, Chemistry and Biology: A Multi-Disciplinary A h 5 gm g A
arer Lnrerraces in ySICS, emisiry an 1ology uitr=oiscipiinary Approac. - 'GE r ' a P%@:i‘:
< 0

o862 Pure Ethanol 88 K
VS(CHz) 5. Vs(CHs) 2930.8 |
S\ v' (CH,) 2977 :
/ S 3
2934 : 3.7 mol%
2974 |
2965 | ‘ 2981 2989
158 K ; i
2880 — 3172 10 mol%
2840— =stt !
Crystal 138k
i 20 mol%
128 K
| i 31 mol%
118 K
| 42.5 mol%
88 K i EtOH pur
| ! | | | ! | | ! | ! |
2700 2850 3000 3150 3300 2800 2900 3000
Raman shift [cm™] Raman shift [cm™]

Chazallon et al. PCT proc. (2007)
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4.v,(CH,)

vS(CH3) [cm™]

e STIRIN (s
IChamlIC, T i ST~ 3 ¢
NN N T
2936 N N —O— Pure EtOH
* = S\\\ \
2935 ﬁ‘\ -
N
O
\
2933 - O \
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2931 - o \E §
\@\ 3
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% " [
A e e B T e (A B B P o m———
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Temperature [K]

Chazallon et al. PCI (2007) conf. Proc.
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EtOH @ 31 mol% Hydrate 1 = cubic

Indexed in terms of type I clathrate

L Lattice dimension a = 12.006(3) A @ 143 K

O Hydrate 2 - L

® Hydrate 1 =

* Sample holder -

|
|
N -
0 A ."'0" .F‘o‘ﬁ ) \ 203 K

59 reflections 0.0 & oy 00 S ’. .V'thﬁo @ Do & .\&!o 193 K

17 reflections

20 Chazallon et al. PCI (2007) conf. Proc.
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ETOH @ 15 mOIO/o
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ETOH @ 4 mOIO/o

m Ice lh ® Hydrate 1
@ Icelc

188 K
183 K

173 K

163 K
163 K

e 153 K
e ﬁ 143 K

131 K

o
20 22 24 26 28 30 32 34 36 38 40 42 44 46 4
20
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Deposition @ 183 K

:cerla

.
PoATT

Intensité(unité arbitraire)

Y

L v's (CH3)
coal

Gas phase

!

17,4 mol%
al83 K

23,3 mol%
a 183 K

32 mol%
al1l83 K

42,5 mol%
al83 K

47,5 mol%
a 183 K

53 mol%
a 183 K

' Co Ethanol put
2897, . 2965 ag8s K
' 12907 2952 J ' !
2900 3000 3100

Déplacement Raman en cm-1

o
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32 mol% Gas phase

17,4 mol% Gas phase

Intensité(Unité arbitraire)

Ethanol pur
Phase cubique

Ethanol pur
Phase monoclinique

20,8921,71% 22,86 25072547 27,2527,78 I " 33,66 1
22,07 25 30 35

2 Théta(®)
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Obergurgl Dec. 2007 DepOSiTion @ 183 K

] Ice

Hyd 2 + Hyd 3 mixture

A | Y 1= 32 mol%

U 37 mol%

10 15 20 25 30 35 40 45 Gas phase

Hyd 2 + Ice N JM'W\JJ wa 17 mol%
-

Tetragonal
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Summary

Co-deposition:

Formaldehyde
-Formaldehyde distributed molecularly in ASW @ 88 K, escape at ~ 140 K
-Influence of external gas pressure (1 atm of N,)
-Highly polar surface (dangling OH bonds?) and micro-porosity facilitate the

adsorption and incorporation of N, gas in the structure
-No N, in the structure when added @ T ~ 120K (no porosity)

-H2CO(s) at ~ 140 K (phase separation)
-Formaldehyde hydrate at ~ 150 K, mixed with incorporated N,

-Variation in N, / H,CO ratio - different clathrate hydrate structures

-Ethanol:
- Catalytic action of EYOH: T° of crystallization \ T< 140 K as [EtOH] ™)
-2 distinct EYOH-hydrate phases
-Direct crystallization @ 183 K > new hydrate phase

Perspective
* Solubility of VOC in ice at T° ~ 210-240 K
» Solubility of VOC in acid doped ice

W %
PoATT
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W %
PoATT

le+14

T=233K

le+13 E E E
s % ¢ °

[
[)

RN

® glace pure
® (glace dopee [HNO,] = 0.1IN

® glace dopée [HNO,] = 0.01IN

le+12 +

gi
I]f

4 2
N_, (molécules.cm )

le+10 T T T T
0 2e+12 4e+l12 6e+12 8e+l2 1e+13

[acétaldéhyde] (molécules.cm  °)

Le Calvé et al.
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6. Diffraction X

Powder diffractometer
Xpert-Pro Panalytical
Configuration ©-0
(Collaboration LDSMM,
Y.Guinet, F. Capet)

Cryogenic
chamber

Regulation +/- 0.5 K
rate: 0.5 K to 10 K /min Variable T° 273-77 K
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Depot sandwich H,O_H,CO @ 88K

ASW W
ASW 118K
88K 118K

118K

ﬁ? 108K
98K

evaporatign

88K

88K Glace + HZCO
W ol Blace T HLCO

88K Glace

T T T T T T T T T
2600 2800 3000 3200 3400 3600

Raman shift [cm™]
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Depot sandwich H,CO_H.,O @ 88K

128K
128K

118K
118K
108K

98K
88K
88K
+ 88K

| ' | ' | ' | ' | ' |
2600 2800 3000 3200 3400 3600

Raman shift [cm™]
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Co-deposition H,0:H,CO 6:1 @ 128 K

128K
158K

168K
178K
Pttt A W““ pov 2 188K
198K
AN A A AP ANl AT e NS - 218 K
| ! | ! | ! | = | 3 | !
2600 2800 3000 3200 3400 3600

wavenumber ( cm™)
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Co-dépot
H,CO/H20
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3. v(OH): Evolution with T°

Amorphous water-ethanol

Hydrate EtOH (1)

Amorphous ice I, A
-198F =183 " -1/3 . -163 « -153 -143" -133+ -123  -113.; »-103

\ I L) I L) I L) I L) I L) I L] I L) I L] I L] I
3130 =

P > /A§: .
3120 - A —
A@/ i
J 5 : %k = ﬁ/A

o ¥
= P15 g i
S ) e =
- % A
o 3110 — ><
~ VAN AN O]
= ' A A €& Amorphous Ice (Sceats et al.)
3105 — ) @ Ice lh (Sceats et al.)
] D —A— [ce (this data)
© —©— Ice |h cooled from 260 K
3100 H ® —&— 9 mol% EtOH/ice
i ) —0O— 23 mol% EtOHY/ice
—0O— 40 mol% EthOH/ice
3095 - o“/ —A— 54 mol% EtOH/ice
{4 @ @ —¥— 65 mol% EtOH/ice

T e e L L R N LR B | ma—
80 90 10 110 120 130 140 150 160 170

Temperature [K]

W %
PoATT

Crystalline ice (after annealing) Chazallon et al. Vib. Spectrosc. (2006)
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Hydrate EtOH (1)

Hydrate EtOH (2)

!

Temperature [C] B
©-1337-123 -113 -103 -93 -83 -73 -63 -53 -43 -33 -23 -13
l ) I ) l T l ) l T

NN

N

SN

R

N

2\

o

v(OH) [cm™]

€ Amorphous Ice (Sceats et al.)
@ Ice lh (Sceats et al.)

—A— [ce (this data)

—©0— Ice |h cooled from 260 K
—©&— 9 mol% EtOH/ice

—O— 23 mol% EtOH/ice

—0O— 40 mol% EthOH/ice

—A— 54 mol% EtOH/ice

—%— 65 mol% EtOH/ice

= L FE i RN DR A L BN B B < 1 W Do
140 150 160 170 180 /190 200 210 220 230 240 250 260

Temperature [K]

decomposition
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1. Gas + condensed phase composition of H,0:H,CO

Mass spectrometry: HO N,
Gas Phase: }©0+ H,CO HCO
,11 l H.CO - 0.047 mol frac

Liquide Phase: iy |

V1 A

e R R e T ,/WJ\J;";’I"«'\AMJ'A’\\'” N AR A g AT i e

Ol Ig omers (H O ( IjC O)nH) o ;: \’Nlts ) 20 2 s s o a4 s s 6 ' 6 - I

1E-114

> f\
Capteur de g 1E-12 ol N VMMWMMW’ \VMW”WWWWWMWWMWWNWWWWMvW%M
pression O 1104 15 / 2 2 3 35 4 45 50 55 60 6 70 75 8

E |

g { |

5 en it 0.029 mol frac

3 J

© ) I I\ .

WA N e e VY ‘\,w’“u,,.w\»,\/wmﬂum,.\a,,r»,ﬂ e Uyt P S A A | AR o o AP AR AT

1E-12-
T T T T T T T T T T T T T 1
C): 0 15 20 2 30 35 4 45 50 55 60 65 70 7 80
1E-11
| residuel
Isolation thérmigque
Vanne Pompe t 1E-124
séparatrice Z
:;—I B moléculd 10 15 2 2 3 s 40 45 50 55 60 65 70 75 &
= Masse m/Z

E@QLHE\\

Bain Jauge de

thermnsli Pression M48 (H OCH ZOH) absent

-
mm) next talk

Zolution H2CO — HyD
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sceria

B A
i

Influence of external gas phase conditions

F10% N,@ 108K

2800 3000 3200 3400 3600

Raman shift [cm™]

2781 2805

2700 2800 2900 3000 3100 3200 3300

F10% N,@ 118K

2700 2800 2900 3000 3100 3200 3300

% HCHO-hydrates free of Nitrogen
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3,0
28-
26-
S
2o
0=
1,8
g
1,4
129
1,0
0,8
0,6
0,4 -
0.2

Vapor pressure H,CO (Torr)

0,04

;gerla

—0— PFA 20 Maurer 293 K
® PFA 40 Maurer 313 K
—o— PFA 50 Maurer 323 K
/ Calc. vap 293K, 20T
) Calc. vap 313K, 40T
© Calc. vap 323K, 50T
—x— Calc. vap 273K, 0T
—vw— This work - 294 K

o- a0

A 4 = =T

v

T LT T BN RN N R [ e AL B
0,00 002 004 006 008 010 0212 0,14 016 0,18 0,20

XHZCO mol frac.

.
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Classification with the size of gas

molecule

I Structure I
Smal Large Cavity Small
5 56" Description 5°
2 6 Numbers of cavities / unitcell 16
3.95 4.33 Mean radius of a cavityj] 3.91
20 24 Coordination number 20
46 Number o&;]/\i/f(t;r”molecules / 13¢
G-5.75H0O Stoechiometry (max.) G-5.

Hydrate

Kr
No

._.02

CHga

Xe; st

COo,

CoHg

C‘CaHS

(CH2)3 0
CzHg

is0-CqHyg

n-C4Hio

“repria

Former

No Hydrartes

ZZzZzZzzZ2

524 H,0

53 Ho0

7% HL0

/44

17 H20

777222

sH Hydrates

- ~7
ﬂx.-l_—ﬂﬁ;i(:
Cavities

Sccupied

512 + 51264

("iz

5245262
SI

5|262
SI

Gl;?:
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Exper'imenTGI SQT-UP Sample holder cilr_ci:?ﬂ:t?on
XY-positioning
A PT100
Micro-Raman SPQCTPOSCOPY temperature

sensor

Spectrometre triple

///////

f1 <>
Low temperature stage
....... Liquide N,
Analyseur Electric
Y connection
for heating

Cellule
optique
asse T°

Régulation T°
77 K-400 K

Polariseur 3,2 Filtre

Raman spectrometer
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Central role of VOC in atmospheric chemistry

12 kmt
PROBLEMATIC : Re cirrus
fate of atmospheric ce Upperiop e
: : Aldehydes, ketones,
s Adsorption g:-sgzp:;l:ir'l"ion carboxylic acids
Heterogeneous reactions P - Sources of HOx
P OH, hv, day - VOC - action on
P ‘*Q 2 —— VOC N >h1' ozone budget
particles H Tl 3+ 3 M1 _ particles, etc.

cumulus

* AP,
56%% Al Vegetation
Transports Agriculture , ground
Industries, waste 18% 129 3304 4%

33%
0 Data: CITEPA 2005
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Discrimination between different structures
Raman shift and !
splitting of the C-H
band of methane (~ 10
cm1)

2904.8cm”  2913.9cm’ 2917.3 ecm”
A Gas phase @ 3.4MPa

[
l. /
1
|

|
|
|
|
|
|

CH; sl hydrate

CH,4 / THF-d;
sIT hydrate

Intensity (a.

2915 cm’”
Dissolved CH,

(31.7MPa)

.......

G
—_—
—
T ey T — i o

| Large cago | Small cage

T ! T
2880 2890 2900 2910 2920 2930 2940

el

>

Wavenumbers (in cm-1)

Subramanian & Sloan, Fluid Phase Equil. 158-160, 813 (1999)

Raman intensity: 0c/0s.=I,./(B3Is) Typel

IaI,Nof =
- Bc/Bsc=(RI )/ I  TypelIl
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Raman spectra of the natural gas hydrates
(Congo-Angola margin)
2916.4
| Hydrate 050 /6, ¢
2902.4 ZaiAngo 0.86+ 0.03
' Neris Il 0.81+0.02
| HMMV 0.8+0.1
2914.
A 9 \5 CH,-hydrate 0.78+0.02
/ ) CH4 gas
2388 8 ; 0.95+0.1

Synthetic CH4-Hydrate

H,S-hydrate

W;_A/_/\J‘\A“NGH-Nerisll

T T g T T T t T T Ly I T T T T GH_HMMV
2880 2890 2900 2910 2920 2930

! GH-ZaiAngo

Raman shift (cm™)

» Splitting of the C-H stretching
* Downshift / vapor phase

- Type I

Chazallon et al., Chem. Geol. 2007 (submitted)
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Conclusion: importance of in-situ experimental conditions control of (p, T, X)

» Gas incorporation at low pressure:
Co-deposition:
Amorphous phase @ 88 K > hydrate formation as T increases
Catalytic action of EYOH: T, “x (T< 140 K) as [EtOH]
Direct crystallization for deposmon @ 180 K (# growth mechanism)
Influence of external gas pressure
Molecular H,CO isolated by co-deposition (distinct hydrate

phases)
Micro-porosity facilitate the adsorption and incorporation of N,

gas in the structure
Incorporation of N, reduced when added @ T ~ 120K

* Gas incorporation at high pressure:

natural samples: methane hydrates structure I
Influence of the gas composition on the physical properties

Perspective

» Extension to other p, T, X conditions (closer to atmospheric conditions)

* Work out conditions for enhanced Raman scattering analysis (detection limit)
- Development of high pressure apparatus to study kinetics of hydrate
formation and trapping of CO,
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Frozen aqueous solutions H,CO 10 mol%

v_(0-C-0) o (H-C-H) v, (H-C-H)
5(0-c-0) v.(0-C-O0) ' ,(HcH :
( ) | } v( ) t (H-C-H) : mplanes(HCH)
| D3K bbb

A i el R iy |

” 228K MMW

Intensity (a.u.)

W %
PLAM*

o

C-OH E v_ (H-C-H)

: 1 : : : : R X
T T T T T T T /T T T T — T 1 T T 7/ T T
200300400500600 900 1000 1100 1200 1300 1400 1500 3000 3300 3600

Raman shift [cm'1] Raman shift [cm'1]
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Evolution of v(OH) with T°

120 140 160 180 200 220 240 260 280

1 . 1 . 1 : 1 . 1 . 1 1 .
phase | j

@ 0.1 mol% - 3120
B 5 mol% B
@ 7mol% N 31 10
& 10 mol%
¢ 15 mol% i
A 20 mol% — 3100
4 ; b O lce (ref. 32) L
3090 - : 2| © leedthiswork) |} 3ngq
. o Linear fit
3080 L] I L] I L I L] I L] I I L] I L] 3080
120 140 160 180 200 220 240 260 280

Temperature [K]
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Nouveau Dispositif expérimental

Cellule Linkam

Gamme de T°: 77 K - 400 K (extensible a 10 K)
Rampe jusqu'a: 130 K /min
Stabilité < 0.1 K
Surface de I'échantillon ~ 22 mm
Vide limite: 2. 10-7 mbar
Résistance en platine
Echangeur: inox / cuivre
4 + 1 ports d'entrée / spectrometre de masse
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\ Dispositif expérimental
Spectrometre
T64000 Collaboration avec Y. Guinet (LDSMM)
PhLAM 3 Focale: 800 mm

Réseaux:1800 traits/mm
Fente d'entrée: 200 pm
Puissance laser a
I'échantillon: ~5 mW @
514.5 nm

Focale: 640 mm Spec'rr'or!\efr-e
Circuit d’azote XY -Dilor
liquide
Capteur dg Gamme de T°: 77 K - 400 K

température PT100

Rampe jusqu'a: 130 K /min
Stabilité < 0.1 K

Surface de |'échantillon 22 mm
Vide limite: 10-3 mbar
Résistance en platine
Echangeur en argent

connection  Cellule Linkam FDCS 196

électrique
pour le
chauffage

Bras de
manceuvre
porte échantillo
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B g =

» NI
<| |>
Neige O
précipitation
M|I|eu multlp,haSIque complexe: gt /;XChangeS 2=
air, glace, aérosols and trace gases with
the atmosphere
Milieu idéal pour la détection des
: : b H,O Flux
interactions gaz-glace: >
» Glace/air plus favorable que | e () ok
nuages Q| (SR NZS S vze s SNORGtiC

» Acces facile

« Echantillonnage et mesures plus
aisees

* Processus semblables a ceux
des nuages




