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Pentaerythritol Tetranitrate (PETN) Surveillance by 
HPLC-MS:  Instrumental Parameters Development 
 
 
Summary: 
 
Surveillance of PETN Homologs in the stockpile here at LLNL is currently carried out by high 
performance liquid chromatography (HPLC) with ultra violet (UV) detection.  Identification of unknown 
chromatographic peaks with this detection scheme is severely limited.  The design agency is aware of the 
limitations of this methodology and ordered this study to develop instrumental parameters for the use of a 
currently owned mass spectrometer (MS) as the detection system.  The resulting procedure would be a 
“drop-in” replacement for the current surveillance method (ERD04-524).  The addition of quadrupole mass 
spectrometry provides qualitative identification of PETN and its homologs (Petrin, DiPEHN, TriPEON, 
and TetraPEDN) using a LLNL generated database, while providing mass clues to the identity of unknown 
chromatographic peaks. 
 
Experimental: 
 
Standards Preparation 
 
Stock standards were made in acetonitrile (ACN) from the following bulk materials. 
 

• Pentaerythritol Tetranitrate (PETN): Lot B-331 
• Pentaerythritol Trinitrate (PETRIN): Unknown lot, Russ Sanborn owner 
• Dipentaerythritol Hexanitrate (DIPEHN): Unknown lot, Mound purified 
• Tripentaerythritol Octanitrate (TRIPEON): Unknown lot, Mound purified 
• Tetrapentaerythritol Decanitrate (TETRAPEDN): Unknown lot, Mound purified 

 
Calibration standards (50% ACN: 50% Water) were produced from these stocks in a concentration range 
from 0.5 mg/L to 22 mg/L 
 
Calibration 
 
Peak areas were recorded for both UV and MS detectors.  Acceptable linearity was demonstrated with UV 
detection.  The MS detector, while providing powerful qualitative information, did not provide linear 
response over the selected calibration range. 
 
 
HPLC Conditions 
 
After systematic evaluation of chromatographic parameters, the HPLC conditions were set as follows and 
are detailed in Appendix A. 
 
 

• Column:  Agilent LiChrospher RP-8, 125mm x 4mm ID, 100 Ǻ pore size, 5 µm particle size. 
• Eluent: 65% Acetonitrile and 35% Organic free Water with 0.05M Ammonium Formate as a 

modifier. 
• Flow Rate: 0.25 ml/min. 
• Column Temperature: 40ºC. 
• UV Detector Monitor: 204 nm, 4 nm bandwidth, 360 nm reference, 100nm bandwidth. 
• Injection volume: 25 μl. 
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Mass Spectrometer Conditions 
 
Run conditions of the LC/MSD are as follows.  Additional detail is found in Appendix A. 

• Ion polarity: Negative 
• Ionization mode: Atmospheric Pressure Ionization-Electrospray (API-ES). 
• Scan mass range: 50 to 1000 amu. 
• Spray chamber 

o Gas Temperature: 250ºC. 
o Drying Gas Flow: 10 L/min 
o Nebulizer Pressure: 50 psig 
o Capillary Voltage: 3000 V positive, 4000 V negative. 

 
 
Method Detection Limits (MDL) 
 
Standards representing sample homolog concentrations of 0.1 to 0.2 % were run seven times to determine 
the MDL for each analyte.  The results were calculated by the following formula and are found in Table 1.  
Raw data in the form of chromatograms can be found in Appendix B. 
 

MDL (7) = s*3.14 
 

s = Standard Deviation 
 
 
Table 1: Method Detection Limits 
 

UV detector PETRIN PETN DIPEHN TRIPEON TETRAPEDN 
Run 1 0.206159 0.120998 0.107454 0.107503 0.109236 
Run 2 0.20391 0.112308 0.106364 0.104392 0.111241 
Run 3 0.208033 0.118146 0.107324 0.10715 0.108766 
Run 4 0.203682 0.119003 0.106294 0.105741 0.106282 
Run 5 0.206018 0.118078 0.106296 0.107912 0.104756 
Run 6 0.206406 0.115106 0.111418 0.11308 0.104134 
Run 7 0.213287 0.116912 0.111839 0.107123 0.105963 

Average 0.206785 0.117222 0.108141 0.107557 0.107197 
Std. Dev. 0.003237 0.002821 0.002433 0.002717 0.002604 
MDL (%) 0.010 0.009 0.008 0.009 0.008 

      
MS detector PETRIN PETN DIPEHN TRIPEON TETRAPEDN 

Run 1 0.172987 0.165535 0.128442 0.126056 0.123501 
Run 2 0.167646 0.160089 0.120958 0.117041 0.107316 
Run 3 0.174055 0.1672 0.125997 0.1202 0.137822 
Run 4 0.162921 0.130496 0.116445 0.128098 0.117446 
Run 5 0.162582 0.156809 0.114358 0.123708 0.109512 
Run 6 0.168198 0.181352 0.114748 0.119172 0.101854 
Run 7 0.156901 0.190846 0.119167 0.121275 0.112809 

Average 0.16647 0.164618 0.120016 0.122221 0.115751 
Std. Dev. 0.006105 0.019241 0.005491 0.003928 0.011986 
MDL (%) 0.019 0.060 0.017 0.012 0.038 

 
 
Data Analysis 
 
Data reduction and results calculation was done by Agilent Chemstation software.  Calibration curves and 
integration parameters are found in the detailed method listing in Appendix C. 
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Results and Discussion: 
 
Method Sensitivity 
 
The MS detection platform proved unable to hit the RM Spec detection limit of 0.01%.  However, the UV 
detector meets this requirement for all analytes.  Since the UV detector is non-destructive, it is 
recommended that it be used in series prior to the MS.  This will meet current RM Spec criteria while 
providing qualitative analyte identification. 
 
Key Method Constraints 
 
The use of currently owned technology due to the limited scope and budget of this work led to the 
following constraints. 
 

• Limiting the analysis to HPLC-MS eliminated the possibility of exploring other techniques 
potentially better suited to detect PETN breakdown products. 

• The silica cartridge based column employed precludes the use of very acidic or basic conditions, 
limiting our chromatographic flexibility. 

• Quadrupole mass spectrometry has limited mass accuracy (± 1 amu), which prevents positive 
identification of molecular formula. 

• HPLC-MS detection with electrospray introduction leads to adduction of the eluted compound to 
co-sprayed ions due to conditions found in the mass spectrometer source.  The effective use of 
“user generated” libraries is highly subject to run conditions.  Stringent control of method 
parameters and chemical quality is absolutely necessary to maintain functionality. 

 
Recommendations   
 
The focus of this work was on producing a method with the currently owned quadrupole detection platform 
and chromatography system.  It must be emphasized that this instrumentation is not the optimum set-up to 
generate the best liquid chromatography-mass spectrometry data available today.  A broadened scope and 
funding is required to produce a truly “enhanced” methodology for the characterization of PETN powders.  
In my opinion, while somewhat underwhelming in overall performance, the procedure produced in this 
work is an adequate replacement for the current HPLC-UV method used in detonator surveillance (ERD04-
524). 
 
Currently published work (1), using the exact same instrumentation employed in this work, showed no 
evidence of newly identified breakdown products.  Additionally, work published here at LLNL suggests 
that potential breakdown products may not be physically amenable to HPLC analysis (2).  This suggests that 
other methodologies must be pursued to potentially unlock degradation pathways not yet documented in 
stockpile relevant samples.  Industrial partnerships with companies willing to run demonstration samples 
on “state of the art” instrumentation could provide us with vital information to solidify the path an 
improved understanding of PETN aging in the enduring stockpile. 
 
 
References 
 

1. Brackett C., “Contaminants and Decomposition Products in Naturally Aged PETN”, Dissertation, 
University of Pacific, 2005. 

 
2. Chambers D. M., “Perspectives on Pentaerythritol Tetranitrate (PETN) Decomposition”, UCRL-

ID-148956, July 1, 2002. 
 
 
 

UCRL-XX-XXXX
Chemistry & Chemical Engineering Division

November 4, 2005

3 of 31



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 
 

HPLC Run Method 
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Appendix B 
 

MDL Raw Data 
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Appendix C 
 

Data Reprocessing Method 
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