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K74 Analytical Method Development and Robustness Evaluation for Gas 
Chromatographic Analysis of Piperazine Designer Drugs

Kathleen K. Luo, BS*, 107 Whitmore Lab, University Park, PA 16802; and Frank Dorman, PhD, 107 Whitmore Labs, University Park, 
PA 16802

$IWHU� DWWHQGLQJ� WKLV� SUHVHQWDWLRQ�� DWWHQGHHV�ZLOO� KDYH� D� EHWWHU� XQGHUVWDQGLQJ� RI� DQ� DQDO\WLFDO� VFUHHQLQJ�PHWKRG� IRU� SLSHUD]LQH�
GHVLJQHU�GUXJV�E\�*DV�&KURPDWRJUDSK\��*&��FRXSOHG�WR�ERWK�0DVV�6SHFWURPHWU\��06���)ODPH�,RQL]DWLRQ�'HWHFWRU��),'���DQG�1LWURJHQ�
3KRVSKRUXV�'HWHFWRU��13'��

This presentation will impact the forensic science community by demonstrating thorough development of a GC analytical method 
IRU�WKH�GHWHFWLRQ�RI�SLSHUD]LQH�GHVLJQHU�GUXJV���7KLV�PHWKRG�ZRXOG�SURYLGH�FULPH�ODERUDWRULHV�ZLWK�D�PRUH�UREXVW�*&�DQDO\WLFDO�PHWKRG�
IRU�VFUHHQLQJ�SLSHUD]LQH�GHULYHG�GUXJV�DQG�LPSURYH�RYHUDOO�DFFXUDF\�RI�EDVH�W\SH�GUXJ�DQDO\VLV�

6\QWKHWLF�GHVLJQHU�GUXJV�DUH�DPRQJ�WKH�PRVW�FRPPRQO\�DEXVHG�GUXJV�RQ�WKH�PDUNHW�1� �'HVLJQHU�GUXJV�DUH�FRPSRXQGV�WKDW�DUH�
V\QWKHVL]HG�WR�VLPXODWH�WKH�VWUXFWXUHV�DQG�HIIHFWV�RI�LOOHJDO�GUXJV�RI�DEXVH���7R�HYDGH�WKH�ULVN�RI�EHLQJ�FKDUJHG�ZLWK�XVLQJ�GUXJV��WKHUH�
KDV�EHHQ�D�WUHQG�WRZDUG�FRQVXPSWLRQ�RI�GHVLJQHU�GUXJV�LQVWHDG�RI�WKH�LOOHJDO�GUXJV�RI�DEXVH���6\QWKHWLF�SLSHUD]LQH�GHULYHG�GUXJV�DUH�RQH�
RI�WKH�PDQ\�HPHUJLQJ�W\SHV�RI�V\QWKHWLF�GHVLJQHU�GUXJV�RQ�WKH�PDUNHW���3LSHUD]LQH�GHULYHG�GUXJV�DUH�QRW�RQO\�EHLQJ�FRQVXPHG�GLUHFWO\��
EXW�DOVR�EHLQJ�DGGHG�WR�PXOWLSOH�GLIIHUHQW�VWUHHW�GUXJV���'HYHORSLQJ�D�PHWKRG�WR�DQDO\]H�DQG�GHWHFW�SLSHUD]LQH�FRPSRXQGV��L�H���%=3�DQG�
7)033��ZLOO�DLG�WKH�VFUHHQLQJ�IRU�HPHUJLQJ�V\QWKHWLF�SLSHUD]LQH�GUXJV��

7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�LV�WR�RSWLPL]H�WKH�FRQGLWLRQV�DQG�SDUDPHWHUV�IRU�D�PHWKRG�XVLQJ�VLPXOWDQHRXV�*&�06�),'�13'�LQ�
RUGHU�WR�VFUHHQ�IRU�DQG�GHWHFW�SLSHUD]LQH�GHULYHG�FRPSRXQGV���$Q�13'�KDV�KLJKHU�VHQVLWLYLW\�WKDQ�DQ�),'�DQG�D�VLQJOH�TXDGUXSOH�06�
V\VWHP��EXW�LW�LV�OHVV�VSHFL¿F�WKDQ�06���'XH�WR�WKH�DPLQH�JURXS�RI�WKH�SLSHUD]LQHV��13'�ZDV�XVHG�WR�TXDQWLWDWH��SURYLGLQJ�D�ORZHU�OHYHO�
RI�GHWHFWLRQ�WKDQ�WKH�06���$GGLWLRQDOO\��WKH�13'�LV�OLNHO\�WR�H[KLELW�OHVV�LQVWUXPHQWDO�GULIW�WKDQ�WKH�06��PDNLQJ�LW�D�SRWHQWLDOO\�EHWWHU�
FKRLFH�IRU�TXDQWL¿FDWLRQ���,Q�DGGLWLRQ��SLSHUD]LQHV�PD\�H[KLELW�FKHPLFDO�UHDFWLYLW\�LQ�WKH�*&�VDPSOH�SDWKZD\���$�VHULHV�RI�FRPPRQO\�
XVHG�SLSHUD]LQH�GUXJV�ZHUH�HYDOXDWHG�DV�SDUW�RI�D�VWXG\�WR�LQYHVWLJDWH�WKH�FKHPLFDO�UHDFWLYLW\���'XULQJ�WKH�FRXUVH�RI�WKLV�UHVHDUFK��WKH�
impact of the deactivation chemistry of the inlets and columns was evaluated, with results ranging from poor to excellent.  Based on 
chromatographic probes, including tailing factor, the best combination of column and inlet liner was chosen. 

7KH�UDSLGO\�FKDQJLQJ�V\QWKHWLF�SLSHUD]LQH�PDUNHW�DQG�UHJXODWLRQ�RI�WKHVH�FRPSRXQGV�KDV�FUHDWHG�D�QHHG�IRU�GHYHORSLQJ�D�PRUH�
UHOLDEOH�VFUHHQLQJ�WHFKQLTXH��ZKLFK�DOORZV�FULPH�ODERUDWRULHV�WR�KDQGOH�YDULRXV�NLQGV�RI�SLSHUD]LQH�GHULYHG�FRPSRXQGV���7KLV�PHWKRG�
increased the accuracy of the analysis by comparing the chemical reactivity in the GC pathway and increased the sensitivity and 
VHOHFWLYLW\�E\�FRXSOLQJ�ERWK�06�DQG�13'���7KLV�FRPSOHWH�LQYHVWLJDWLRQ�RI�WKH�FKURPDWRJUDSKLF�YDULDEOHV�DV�GLUHFWHG�WR�ERWK�QDWLYH�
SLSHUD]LQHV��DQG�WKHLU�UHOHYDQW�PHWDEROLWHV��LQ�ERWK�UHFUHDWLRQDO�GUXJ�VDPSOHV�DQG�KXPDQ�XULQH�ZLOO�DOORZ�IRU�D�FRQVROLGDWHG�DQDO\WLFDO�
PHWKRGRORJ\�WKDW�LV�PRUH�HI¿FLHQW�LQ�D�FRPPHUFLDO�ODERUDWRU\�

Chart 1  Column Comparison Based on Average Tailing Factor Using a Restek-Based Deactivated Gooseneck Inlet Liner

�ŽůƵŵŶ �ǀŐ͘�dĂŝůŝŶŐ�&ĂĐƚŽƌ
5W[��06 1.728±0.127
5[L��6LO06 2.395±0.164
Rtx-5 Amine 2.021±0.062
Rtx-35 1.892±0.106
5[L����6,O06 2.094±0.27
Rtx-1301 2.611±0.13
Rxi-1301Sil 1.949±0.132

Chart 2  Gooseneck Inlet Liner Comparison Based on Average Tailing Factor Using a Rxi-35 SilMS Column

>ŝŶĞƌ �ǀŐ͘�dĂŝůŝŶŐ�&ĂĐƚŽƌ

%DVH�'HDFWLYDWHG 2.09±0.273

6LOWHN�'HDFWLYDWHG 1.99±0.137
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,3�'HDFWLYDWHG 2.163±0.148

6N\�/LQHU 2.652±0.215

Ultra Inert Liners 2.01±0.083

Reference:
1. $UER��0�'���%DVWRV��0�/���&DUPR��+�)��3LSHUD]LQH�&RPSRXQGV�DV�'UXJV�RI�$EXVH��'UXJ�$OFRKRO�'HSHQG����������������±���

Piperazine, GC/MS/NPD, Inertness


