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Cosmic	Dust	Analyzer	(CDA)

Srama et	al.,	2004



Cosmic	Dust	Analyzer	(CDA)

Cationic	ToF	Mass	SpectrumDust	Impact-Ionization	Mechanism
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Compositional	Types	in	the	E	ring

Type	1	(≈	65%) Type	3	(≈10%)

almost	pure	water	ice salt-rich	water	ice	

This	talk	à Organic	Enriched	Ice	Grains;	Type	2 (≈25%)

Postberg	et	al.	2008,	2009,	2011



Comparison	of	ice	impact	and	
laser	dispersion

Similar	molecular	ions	and	cluster	ions	are	formed

Impact	of	a	micron	sized	ice	grain	 Laser	dispersion	of	a	liquid	water	beam

Postberg	et	al.	2009
Beinsen 2008,	2011

Wiederschein et	al.	2015	



CDA	Spectrum
Type	1

Lab	Spectrum
- NaCl 10-6	mol/L
- KCl 10-8	mol/L



 

 

lo
g 

Am
pl

itu
de

(H
2
O)H

Na

(H
2
O)

2
H

(H
2
O)

3
H

(H
2
O)

4
H

(H
2
O)

5
H

(H
2
O)

6
H
(H

2
O)

7
H

2005−303/07:39:04 (1509350871)

0 1 2 3 4 5 6
Time (µs)

(c
) M

PI
−K

 S
pe

ct
ru

m
G

ui
 * 

20
15
−0

3−
16

T1
0:

37
:0

4 
 <

sp
ec

tra
_2

00
5_

30
2_

30
3_

3.
1.

bi
n>

C3Hx
+

• C2H3
+

• C2H4
+

• C2H5
+

• CHO+

• CH2O+

• CH3O+

• NH2CH2
+
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m/z	~	26-31
29u	feature

Organic	Enriched	Ice	Grains
Type	2	Grains

This	talk	à Organic	Enriched	Ice	Grains;	Type	2 (≈25%)



Credits:	Trends	 Credit:	Trends	

The	identification	of	different	classes	of	organic	
compounds	on	the	basis	of	their	characteristic	
fragment	cations	observed	in	CDA	TOF-MS	

of	Enceladus’	ice	grains

Organic	Enriched	Plume



Compositional	Profile	of	Enceladus’	Plume

Nozair,	Khawaja et	al.,	2017



Organic	Flavors	in	Ice	Grains
O-Bearing	Type	2

C2Hx
+

CHxO+

Impact Speed: ~ 4.5 km/s @ 4.8 RS

(H3O)+.(H2O)n	
water cluster

acylium ion:

C3Hx
+

Khawaja et	al.,	2017	internal	review



C2Hx
+

CHO+

Impact Speed: ~ 4.5 km/s @ 4.8 RS

Type-2

(H3O)+.(H2O)n	
water cluster

Organic	Flavors	in	Ice	Grains
Lab	spectrum	of	butanal in	water



Impact Speed: ~ 7 km/s @ 6.2 RS

(H3O)+.(H2O)n	

Na+C2Hx
+

C3Hx
+

NH4
+	/ (NH3

+)	

CH2NH2
+

NH4
+	(H2O)	

Organic	Flavors	in	Ice	Grains
N-Bearing	Type	2

Khawaja et	al.,	2017	internal	review



Organic	flavors	in	the	E	ring

C2Hx
+

C3Hx
+

Impact Speed: ~ 7 km/s @ 6.2 RS

Type-2

(H3O)+.(H2O)n	
water cluster
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Organic	Flavors	in	Ice	Grains
Lab	spectrum	of	butylamine in	water



C3Hx
+

Impact Speed: ~ 7 km/s @ 6.2 RS

(H3O)+.(H2O)n	
water cluster

Na+C2Hx
+

C3Hx
+
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+)	
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+
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Khawaja et	al.,	2017	internal	review

Organic	Flavors	in	Ice	Grains
N-Bearing	Type	2



C2Hx
+

CH3
+

CnHm(m≥n) (n≤3)(H3O)+.(H2O)n	

+

aliphaticwater cluster

C3Hx
+

Impact Speed: ~ 7 km/s, @5.6 RS

Organic	flavors	in	Ice	Grains
Aromatic	Type	2

Postberg	&	Khawaja et	al.,	2017	in	review



C2Hx
+

CH3
+

CnHm(m≥n) (n≤3)(H3O)+.(H2O)n	

+

aliphaticwater cluster

C3Hx
+ CnHm(m≤n) (n≥3)

aromatic + fragmentation

Impact Speed: ~ 7 km/s, @5.6 RS

Organic	flavors	in	Ice	Grains
Aromatic	Type	2

Postberg	&	Khawaja et	al.,	2017	in	review

? ? ? ? ? ? ? ?
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Lab	Spectrum	of	Aromatic	compounds

Postberg	&	Khawaja et	al.,	2017	in	review



l About	25%	of	E	ring	ice	grains	bear	organic	compounds	in	detectable	quantities.

l The	concentration	varies	greatly	from	grain	to	grain.

l Most	spectra	show	a	mixture	of	different	organics.

l Aromatic,	O	– and	N-bearing	species	have	been	identified	and	verified	with	
analogue	experimental	setup	in	Heidelberg	(IR-FL-MALDI-MS).

l Occasional	cations	of	more	complex	organics	have	been	observed	and	need	to	be	
verified.

Organic components exhibit a large variety in quality and quantity:

Summary


