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Figure Captions

Fig. 1.  Schematic of projectile and target assemblies.  The lexan projectile body is loaded into the front end of the barrel and propelled down the length of the gun.  The steel flyer plate impacts a stationary target, consisting of the capsule and associated spall plug and rings.  Steel components are machined from 303L stainless.   The samples are contained in a wafer-shaped volume (≈50 µl) in the interior of the capsule. 

Fig. 2.  (a) Gun schematic.  Projectiles loaded in to the breech along with gunpowder are accelerated along a barrel 12 m-long with an 80 mm-inside diameter to reach final velocities in the nominal range of 0.5-2.5 km/s.  Impact occurs in the first chamber (experiment tank) and debris is collected in the second chamber (catch tank); both are shown in (b) as they are configured for shock recovery experiments.  Inside the catch tank is a sample recovery tank that is filled with wet and dry wool felt to gently decelerate the shocked sample chamber.  Extending from this recovery tank into the catch tank is a hollow pipe that ends in a 25.4 cm diameter steel anvil with a 2.5 cm diameter through-hole.  This anvil stops the spall ring, flyer plate, and other energetic material so that it can not follow the shocked sample chamber into the recovery tank.  Not shown are two 2.54 cm thick expendable steel plates and four 1.9 cm-thick expendable plywood plates that are attached to the anvil with nylon threaded rod.  These extra plates, which have 2.54 cm through-holes aligned with that of the anvil, protect the anvil from damage during the experiment.

Fig. 3.  Volume-averaged 1D computation of (a) sample pressure history, and (b) sample temperature history, for sample #67.  These profiles reach a plateau state where the pressure equals the pressure that the sample assembly would have reached if solid (without a fluid-filled sample region).

Fig. 4.  Volume-averaged 1D computation of (a) sample pressure history, and (b) sample temperature history, for sample #70.  The pressure reaches the ideal value (that would have been obtained if the capsule were solid) to within 1%, but is immediately released, so no plateau is observed.

Fig. 5. Representative Total Ion Chromatogram (TIC) (50-500 m/z) of a standard solution (Table 2) illustrating the different elution times for the 5 amino acids used in the experiments.  A reverse-polar ion exchange column was used as the stationary phase; the gradient for the mobile phase is described in the text.  Peaks correspond to: Lys (4.5 min), Amb (5.4 min), Pro (5.7 min), Nor (7.8 min), Phe (13.0 min).  Peak at 12.88 min. corresponds to column bleed, verified through comparison with a water blank.  
Fig. 6.  Calibration of the LCMS response to the 5 amino acids in this study.  A series of Standard C aliquots, decreasing from 15 to 1 µl, was injected into the column; known concentrations were compared with the MS response.  The system yields a reproducible, linear response for low concentrations (<2 g on column) but the detector response is better described by a 2nd-order polynomial, particularly for Phe, at higher concentrations.  This calibration was used to determine quantitative yields for two experiments.

Fig. 7.  Variations in amino acid stabilities over a range of P,T conditions in samples that experienced the same duration of peak conditions (i.e., ≈ 1 µsec). The procedure used in determining the ordinate values is described in the text. Values graphed are averages of the analyses reported in Table 5.

Fig. 8.  Influence of kinetic control on amino acid reactivity.  Two samples experienced similar peak conditions (20 GPa, 810 K) for different lengths of time. Values graphed are averages of the analyses reported in Table 5.
Fig. 9.  Representative TIC and Selected Ion Chromatograms measured for the sample from Shot 72, which contained 5 amino acids.   Note that the majority of the peak areas in the TIC are accounted for by the 5 amino acids.  Other peaks identified correspond to higher m/z-value products - having the same mass as dimers and cyclic dimers formed from the five initial amino acids.  Several of these peaks are illustrated here; see Table 6 for a listing.  Note the relative scaling factors for the dimer products on the right side of the corresponding chromatogram; the areas of these compounds are substantially smaller than areas attributed to amino acids.  No products associated typically with pyrolysis were identified in our mass scans.

Fig. 10.  Amino acid dimers that have been identified in our samples and confirmed through comparison of elution times with those of known compounds purchased from Aldrich Chemical Co.
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