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Astrochemistry Laboratory, Code 691
NASA Goddard Space Flight Center

Greenbelt, MD 20771

Tel. (301) 614-6361







February 13, 2009

Michael Zolensky

                                     


Stardust Sample Curator, Mail Code KT

                                     


NASA Johnson Space Center
2101 NASA Parkway
                                     


Houston, TX 77058-3696
Dear Dr. Zolensky,


During the Stardust Organics PET we analyzed several samples of Stardust flight aerogel and foil for the presence of organic amines.  We detected enhanced levels of the amines methylamine and ethylamine, and possible the amino acid glycine in the Stardust flight aerogel and foil compared to the flight aerogel witness coupon (Fig. 1) that may indicate that these compounds are cometary in origin (Sandford et al. 2006, Science 314, 1720-1724; Glavin et al. 2008 MAPS 43, 399-413).  Although the slightly elevated levels of glycine relative to background controls suggest an interstellar origin for this amino acid, we were not able to confirm this hypothesis due to a lack of isotope data.  We have since been working with our recently acquired gas chromatograph-combustion-isotope ratio mass spectrometer (GC-C-IRMS) to optimize methodology for compound-specific isotope analyses (CSIA) of carbon and nitrogen in these compounds to establish if they are in fact cometary.  Preliminary examination of Stardust foils C029N,0 and C2047N,2 resulted in an isotopic measurement for glycine of 13C  = -1.6 ± 9.9‰, consistent with a possible extraterrestrial origin for some of the glycine (Fig. 2).  We were also able to established that the amino acid -amino-n-caproic acid (EACA) found in the foil extract had an identical carbon isotope value to Nylon-6 (13C ~ -25‰) indicating that EACA is a terrestrial contaminant from storage and curation of the Stardust samples.  Unfortunately, the concentration of glycine was very low in the C2029N,0 and C2047N,2 foil extracts (~0.3 nmol total) and only one carbon isotope analysis was possible, necessitating the request of more samples to confirm this preliminary data. This research is part of a funded 2007-09 ROSES SRLIDAP grant (PI: Jason Dworkin).
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	Fig. 1. Enhanced methylamine and ethylamine levels, and possibly glycine in Stardust comet exposed aerogel and foil suggest that these compounds may be cometary in origin (Glavin et al. 2008). Compound specific isotope analysis will be necessary to establish the origin of these amines.
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	Fig. 2. Carbon isotope analysis of amino acids extracted from Stardust foil by GC-QMS/IRMS. A carbon isotope value for glycine of 13C  = -1.6 ± 9.9‰ was found in the combined extract of C2047N,2 and C2029N,0 which is heavier than most amino acids of terrestrial origin.  This result may indicate that some of the glycine is cometary (Elsila et al. 2009, unpublished result).


Stardust samples being returned:

Stardust Flight Foils that have been analyzed (to be returned to JSC)
(a) C2029N,0: Stardust foil, LC-ToF-MS analysis of amines and GC-IRMS analyses of compound specific carbon isotopic abundances (non-destructive technique).

(b) C2047N,2: Stardust foil, same as above.

(c) C2125N,2: Stardust foil, same as above.

(d) C2126N,0: Stardust foil, same as above.
Stardust Flight Aerogel destroyed
(a) WCARMI1CPN,8: Stardust witness aerogel coupon, 0.1 mg, aerogel extracted in hot water, then dissolved remaining aerogel in base to look for amines trapped inside aerogel matrix (destructive technique).  Analysis has not yet been performed.
(b) WCARMI1CPN,9: Stardust witness aerogel coupon, 0.09 mg, same as above.
Stardust Flight Foil not in our possession

(a) C2126N,1: Stardust foil, transferred to Maegan Spencer on 2/24/06 (see attached documentation).

Description of the analytical technique:

The processing and analytical procedure for the aerogel and foil samples is shown below (Fig. 3).  The aerogel and foil samples will be extracted in hot water and then acid hydrolyzed under 6M HCl vapor.  Approximately 0.1% of the extract will be derivatized with OPA/NAC and then analyzed by liquid chromatography with UV fluorescence detection and time of flight mass spectrometry (LC-FD/ToF-MS) as previously described (Glavin et al. 2008 MAPS 43, 399-413).  For this study, Glavin and Dworkin will perform the extractions and LC-FD/ToF-MS analyses of the foils at NASA GSFC.  Once the amine abundances have been determined the bulk of the extract will be derivatized with TFAA and isopropanol to form the N-TFA isopropyl esters required for isotopic analysis of the amino acids using GC-QMS/IRMS. 
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	Fig. 3. The processing and analytical procedure for isotopic analyses of amines in Stardust material by GC-QMS/IRMS.  LC-FD/TOF-MS and stand-alone GC-QMS require only a fraction of the sample and are used for initial characterization of the amines in the samples. 


Please let us know if you have any additional questions about the proposed research.

Best regards,
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Jason Dworkin
Sample Information Sheet

Sample ID:
C2029N


Sample type (select one): 


(6) foil

Type of analysis performed:  LC-MS, GC-IRMS

State of sample pre-analysis: Marked foil

State of sample post-analysis (select one): deformed and hot water extracted

Minerals or other phases identified:
(1) a. Glycine (C2H5NO2)
b. See below for additional information
Contaminant phases identified: -amino-n-caproic acid

Additional Notes: 

The extract from this sample was combined with that from C2047N,2. GC-IRMS analysis of the combined extract measured glycine (~0.3 nmol) with a 13C isotope ratio of -7.6 ± 9.9‰ and -amino-n-caproic acid with a 13C isotope ratio of -26.2  ± 1.4‰
Sample Information Sheet

Sample ID:
C2047N,2


Sample type (select one): 


(6) foil

Type of analysis performed:  LC-MS, GC-IRMS

State of sample pre-analysis: Marked foil

State of sample post-analysis (select one): deformed and hot water extracted

Minerals or other phases identified:

(2) a. Glycine (C2H5NO2)
b. See below for additional information
Contaminant phases identified: -amino-n-caproic acid

Additional Notes:  The extract from this sample was combined with that from C2029N,0. GC-IRMS analysis of the combined extract measured glycine (~0.3 nmol) with a 13C isotope ratio of -7.6 ± 9.9‰ and -amino-n-caproic acid with a 13C isotope ratio of -26.2  ± 1.4‰
Sample Information Sheet

Sample ID:
C2125N,2


Sample type (select one): 


(6) foil

Type of analysis performed:  LC-MS, GC-IRMS

State of sample pre-analysis: Marked foil

State of sample post-analysis (select one): deformed and hot water extracted

Minerals or other phases identified:

(3) a. Glycine (C2H5NO2)

b. attempted to measure 13C composition; interferences prevented measurement

c.  0.22 ± 0.4 nmol

Contaminant phases identified: -amino-n-caproic acid (4.8 ± 2.4 nmol)
Additional Notes: The extract from this sample was combined with that from C2126N,0.  GC-IRMS analysis of the combined extract showed a 13C isotope ratio of -28.1 ‰ for the -amino-n-caproic acid.
Sample Information Sheet

Sample ID:
C2126N,0


Sample type (select one): 


(6) foil

Type of analysis performed:  LC-MS, GC-IRMS

State of sample pre-analysis: Marked foil

State of sample post-analysis (select one): deformed and hot water extracted

Minerals or other phases identified:

(1) a. Glycine (C2H5NO2)

b. attempted to measure 13C composition; interferences prevented measurement

c.  1.1 ± 0.1 nmol

Contaminant phases identified: -amino-n-caproic acid (2.3 ± 0.3 nmol)
Additional Notes: The extract from this sample was combined with that from C2125N,2.  GC-IRMS analysis of the combined extract showed a 13C isotope ratio of -28.1 ‰ for the -amino-n-caproic acid: 

Sample Information Sheet

Sample ID:
WCARMI1CPN,8


Sample type (select one): 


(7) Other: witness coupon

Type of analysis performed:  LC-MS

State of sample pre-analysis: Aerogel fragment

State of sample post-analysis (select one): consumed

Minerals or other phases identified: none
Contaminant phases identified: -amino-n-caproic acid, ethanolamine
Additional Notes: 

Sample Information Sheet

Sample ID:
WCARMI1CPN,9


Sample type (select one): 


(7) Other: witness coupon

Type of analysis performed:  LC-MS

State of sample pre-analysis: Aerogel fragment

State of sample post-analysis (select one): consumed

Minerals or other phases identified: none
Contaminant phases identified: -amino-n-caproic acid, ethanolamine
Additional Notes: 

