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Abstract

This Application brief demonstrates the performance of 1.6 ym CORTECS Phenyl Columns for forensic

toxicology applications.

Benefits

As LC-MS/MS continues to grow as a forensic screening and quantification technique, high efficiency

columns with appropriate selectivities are needed to address the demands of modern laboratories.

Introduction

Analysis of broad toxicological panels by LC-MS/MS continues to grow as many laboratories replace
immunoassay based screening methods, GC-MS methods, update older LC-MS methods, or simply
consolidate multiple analyses into single panels.! While many reversed-phase columns have been used for
these applications, Waters has developed a solid-core particle bonded with a phenyl functionality. This
combination has resulted in a high efficiency column with unique selectivity that can be used to analyze a

wide variety of forensically relevant drugs.

Results and Discussion

UPLC-MS/MS methods were developed for a panel of forensically relevant drugs that include natural and
synthetic opioids and their metabolites, benzodiazepines, amine stimulants, PCP, and benzoylecgonine
(BZE). Chromatographic separations were conducted using both acetonitrile (ACN) and methanol (MeOH) as
organic mobile phases. This approach was taken to demonstrate differential column performance using the
two most popular organic mobile phases. The use of methanol maximizes the pi-pi bonding interactions
between the phenyl stationary phase and the aromatic rings of many of the compounds of interest, resulting
in different selectivity compared to acetonitrile. The general method parameters are listed in Table 1 and the

chromatographic conditions for each mobile phase combination are listed in Tables 2A and 2B.



LC system ACQUITY UPLC®I-Class System, FL with Column Manager (CMA)
MS system Xevo® TQD

Mobile phase A 0.1% Formic acid
Mobile phase B ACN with 0.1% formic acid; MeOH

CORTECS UPLC®Phenyl Column, 1.6 ym, 2.1 x 100 mm
(p/n 186008381)

Columntemp. 40°C

Column

Table 1. General parameters including column, instrumentation, and

mobile phases used for both separations.

Time (min)  Flow (mL/min) % MPA % MPB
0.0 0.5 98 2
4.0 0.5 40 60
4.1 (.5 98
5.0 (5 98

Table 2A. Gradient table for separations using acetonitrile as mobile phase B.

Time (min)  Flow (mL/min) % MPA % MPB
0.0 0.5 95 D
4.5 (.5 10 90
5.0 0.5 10 90
5. 0.5 95 95
7.0 0.5 95 5

Table 2B. Gradient table for separations using methanol as mobile phase B.



Both methods were rapid with all compounds eluting in under 4.5 minutes. These separations were also
highly efficient. Average peak widths for ACN and MeOH were 2.41 and 3.00 seconds, respectively. In each
case, baseline resolution was achieved for all isobaric compounds, such as morphine and hydromorphone, as
well as structural isomers with the same molecular mass, such as methamphetamine and phentermine.
Differential selectivity can be seen for several compounds. For example, benzoylecgonine (compound 22)
demonstrates a significant shift to a later retention time relative to other compounds when methanol is used
vs. acetonitrile (see Figures 1A and 1B). A selectivity difference can also be seen with methamphetamine and
phentermine, which have the same molecular mass and share an MRM transition. While baseline separated
using acetonitrile (1.47 vs 1.52 min.), the use of methanol significantly improves their separation from 3.0 to
9.6 seconds, which translates to a resolution increase from 1.88 to 4.85, a significant enhancement for two
compounds than can interfere with each other. The benzodiazepines also demonstrate selectivity differences
between the two mobile phases. Flunitrazepam and temazepam coelute with ACN but are baseline separated
when using MeOH. A similar change is seen with oxazepam and nitrazepam, whose retention time difference

changes from .02 minutes to .08 minutes.
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Figure 1A. Chromatography of all compounds using acetonitrile as mobile phase B.
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Figure 1B. Chromatography of all compounds using methanol as mobile phase B.
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Compound RT-ACN  RT-MeOH MW. M+«H*  Daughter ion

1 3-beta-morphine glucuronide 0.85 0.78 461.2 462.2 286.1
2 B-beta-morphine glucuronide 1.03 1.01 461.2 462.2 286.1
3 Morphine 1.03 1.01 285.2 286.2 201.1
4 Oxymorphone 1.09 1.09 301.2 302.2 284.2
5 Hydromorphone 1.7 1.18 285.1 286.1 185.0
6 Amphetamine 1.34 1.45 135.1 136.1 119.0
[{ Dihydrocodeine 1.37 1.52 301.2 302.2 199
8

253.2

163.0

1 Noroxycodone 1.46 1.62 301.1 3021 187.1
12 0O-desmethyl tramadol 1.50 1.70 249.2 250.2 58.2
13 Methamphetamine 1.47 1.60 149.1 150.0 119.1
14 Phentermine 1.52 1.76 149.1 150.0 133.1
15 6-acetyl morphine 1.53 1.68 327.2 328.2 165.0
16 Oxycodone 1.54 1.68 315.2 316.2 298.2

17

19

MDMA

MDEA

1.54

1.69

1.71

1.90

207.1

193.1

208.1

194.1

163.0

105.0

20 7-aminoclonazepam 1.80 2.34 285.1 286.1 121.0
21 Norfentanyl 1.75 2.12 232.2 2332 177.2
2 Benzoylecgonine 1.84 2.34 289.2 290.1 168.1
23 Tramadol 1.94 2.25 263.2 264.2 58.2
24 Norbuprenorphine 2.23 2.74 4133 414.3 101.1
25 PCP 2.48 2.84 243.] 2442 86.0
26 Fentanyl 2.60 2.96 336.3 3313 105.1
27 Buprenorphine 2.69 3.04 4674 468.4 101.1
28 Alpha-hydroxyalprazolam 312 381 324. 325.1 297.1
29 EDDP 2.85 3.07 278.2 278.2 234.2
30 Oxazepam 3.21 3.83 286.1 287.1 104.0
3] Lorazepam 3.27 307 320. 3211 229.0
32 Nitrazepam 319 3.75 281.2 282.1 207.2
33 Clonazepam 3.37 3.74 315.1 316.1 214.0
34 Flunitrazepam 3.56 3.87 3131 314. 239.2
35 Alprazolam 333 393 308.1 309.1 205.0
36 Methadone 3.04 343 309.3 3103 105.0
37 Temazepam 3.56 4.02 300.1 3011 177.0
38 Diazepam 37 4.21 284.] 285.1 154.0
39 Flurazepam 2.65 307 387.2 388.2 315.1

Table 3. Summary of all compounds analyzed in this application. Data includes retention times for acetonitri
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