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B63 Trace Chemical Signatures of Calcium Hypochlorite:  Implications for the 
Attribution of Hypergolic Mixtures
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VA 23229; Stephanie R. Harrold, Virginia Commonwealth University, 1015 Floyd Avenue, Richmond, VA 23284; Monique Jones, 
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University, Dept of Chemistry, Richmond, VA 23284; Sarah C. Rutan, PhD, Virginia Commonwealth University, 1015 Floyd Avenue, 
Richmond, VA 23284; and Christopher J. Ehrhardt, PhD, Virginia Commonwealth University, Dept of Forensic Science, 1015 Floyd 
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After attending this presentation, attendees will understand the basis of chemical variation among sources of inorganic chlorine-

based incendiary mixtures and the potential for this variation to support forensic investigations.

This presentation will impact the forensic science community by introducing a new signature system that can determine the source 

RI�XQNQRZQ�FKHPLFDO�UHVLGXHV�IURP�D�FULPH�VFHQH�ZKLFK�PD\�EH�XVHG�WR�HVWDEOLVK�LQYHVWLJDWLYH�OHDGV�
&ULPLQDO�XVH�RI�VHOI�LJQLWLQJ��RU�K\SHUJROLF��PL[WXUHV�LV�D�VLJQL¿FDQW�LVVXH�IRU�ODZ�HQIRUFHPHQW�DQG�IRUHQVLF�ODERUDWRULHV���0DQ\�

of the possible reactants are available as inexpensive commercial products and chemical ignition of the mixture is easy to execute.  As 

such, hypergolic reactions have been encountered in a range of illicit activities including arson, person-on-person crime, and deployment 

RI�LPSURYLVHG�H[SORVLYH�GHYLFHV���2QH�RI�WKH�PRUH�FRPPRQ�UHFLSHV�LQYROYHV�FRPELQLQJ�LQRUJDQLF�SRRO�FKORULQH��VSHFL¿FDOO\�FDOFLXP�
K\SRFKORULWH��ZLWK�HWK\OHQH�JO\FRO�EDVHG�SURGXFWV��H�J���DXWRPRWLYH�EUDNH�ÀXLG����'HVSLWH�WKHLU�SUHYDOHQFH��WKHUH�UHPDLQ�IHZ�WHFKQLTXHV�
WKDW�FDQ�EH�XVHG�WR�DQDO\]H�FKHPLFDO�HYLGHQFH�IURP�K\SHUJROLF�UHDFWLRQV�IRU�WKH�SXUSRVHV�RI�DWWULEXWLRQ�

The goal of this research was to investigate variation in trace metal composition across different sources of calcium hypochlorite 

ERWK�DV�SUHFXUVRU�FRPSRXQGV�DQG�ZLWKLQ�WKH�SRVW�UHDFWLRQ�UHVLGXHV���0HWDOV�DUH�OLNHO\�WR�GLIIHU�DFURVV�VRXUFHV�RZLQJ�WR�GLIIHUHQFHV�LQ�
synthesis routes, trace mineral additives, and levels of purity.  Four different types of calcium hypochlorite, three household commercial 

products, and one laboratory-grade sample were prepared in nitric acid for analysis with Inductively Coupled Plasma/Optical Emission 

Spectroscopy (ICP/OES).  Small-scale reactions with two grams of hypochlorite and one milliliter of polyethylene glycol were made and 

WKH�UHVLGXHV�DOVR�DQDO\]HG�ZLWK�,&3�2(6���5HVXOWV�VKRZHG�WKDW�HDFK�K\SRFKORULWH�VRXUFH�H[KLELWHG�GLVWLQFW�YDULDWLRQ�LQ�WKH�SUHVHQFH�DQG�
relative abundance of certain elements that was consistent in both pre-and post-reaction residues.  For example, aluminum was enriched 

in one sample group (~40ppm) compared to the other sources which were all less than 7ppm while boron was enriched in another 

sample group (~2ppm) compared to the other sources which were all below the limit of detection.  Strontium concentrations were 

VOLJKWO\�HOHYDWHG�LQ�WKH�ODERUDWRU\�JUDGH�VDPSOHV�YHUVXV�WZR�+LJK�7HVW�+\SRFKORULWH��+7+��FRPPHUFLDO�EUDQGV�E\�����SSP���6LPLODUO\��
concentrations of iron were enriched in two sample sources, in comparison to the other commercial source (~8-9ppm vs ~6ppm).  Error 

rates for all measured elements were less than 0.01ppm.

To enhance signature detection and differentiation among reaction residues, ICP/OES data across all 13 elements examined was 

DQDO\]HG�ZLWK�'LVFULPLQDQW�)XQFWLRQ�$QDO\VLV��')$����5HVXOWV�VKRZHG�UREXVW�VHSDUDWLRQ�DPRQJ�DOO�WKUHH�UHDFWLRQ�VDPSOH�JURXSV�DORQJ�
WKH�¿UVW�WZR�IXQFWLRQV���)XQFWLRQ�FRHI¿FLHQWV�UHYHDOHG�WKDW�$OXPLQXP��$O���&KURPLXP��&U���&RSSHU��&X���3RWDVVLXP��.���1LFNHO��1L���
and Strontium (Sr) contributed the most variation among the groups.  These may be promising candidates for stand-alone chemical 

PDUNHUV�IRU�FRPSDULQJ�UHVLGXH�VDPSOHV���2YHUDOO��WKLV�ZRUN�VXJJHVWV�WKDW�WUDFH�PHWDO�YDULDWLRQ�FDQ�EH�XVHG�WR�GLIIHUHQWLDWH�HDFK�VRXUFH�
RI�FDOFLXP�K\SRFKORULWH�DQG�WKDW�PXOWLYDULDWH�PHWDO�SUR¿OHV�PD\�EH�D�XVHIXO�IRUHQVLF�VLJQDWXUH�IRU�WKH�DWWULEXWLRQ�RI�K\SHUJROLF�PL[WXUHV�
involving this type of reactant.
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