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The continuous abuse of fentanyl and its derived analogue
substances continues to be a serious public health and safety
problem. Deaths related to overdose following ingestion of
fentanyl and its analogues are on the rise, as more of these
compounds emerge into the street drug supply [1-2].

Fentanyl analogues are compounds clandestinely synthesized to
produce similar psychotropic effects to that of fentanyl. These 
analogues are often produced with slightly different molecular
structures, which makes traditional screening approaches (e.g., 
Immunoassay or GC/MS) challenging for the investigator. High 
Resolution Mass Spectrometry (HRMS) provides the forensic
examiner a reliable and rapid tool for the analysis of emerging 

drugs; including opioids, fentanyl, and analogues. Furthermore,
the presence of HRMS in the forensic laboratory is essential to
support field authority investigations by providing more complete
chemical characterization (e.g., formulae finding, molecular
interpretation) of a potential fentanyl analogue found in a forensic
seized drug preparation or biological sample.

In this technical note, a non-targeted screening workflow for the 
identification of novel fentanyl analogues in forensic biological
samples is described. The workflow was streamlined using the 
SCIEX X500R QTOF System in combination with the SCIEX OS
Software formula finder feature and ChemSpider database 
searching.

Figure 1. Confidently Identify the Presence of Fentanyl Analogues in an Unknown Postmortem Blood Sample. Data analysis workflow for non-
targeted screening in SCIEX OS software. XICs are generated by non-target peak finding algorithms and a sample-control comparison is used to identify
relevant and distinct chromatographic features. Empirical formula finding and ChemSpider searching are used to more accurately identify compounds
present in a forensic sample. TOF-MS and MS/MS spectra were obtained to enable the identification of 4-ANPP, a precursor and/or metabolite of a
fentanyl analogue in a postmortem blood sample.
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芬太尼及其衍生类似物的持续滥用仍然是严重的公共健康和

安全问题。随着芬太尼及其类似物更多地进入街头药店，过量摄

入这些化合物导致的死亡人数在不断上升 [1-2]。

芬太尼类似物是暗中合成以产生类似于芬太尼精神药物效应

的化合物。这些类似物的分子结构往往略有不同，因此研究人员

使用传统的筛查方法（如免疫测定法或 GC-MS）难以有效地筛

查。高分辨率质谱（HRMS）为公安法医实验室提供了可靠而快速

的工具来分析新兴药物：包括阿片类药物、芬太尼及其类似物。
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而且，公安法医实验室使用 HRMS 是必要的，它可以对法医扣押

的药物制剂或生物样品中发现的潜在芬太尼类似物提供更全面的

化学表征（如分子式查找、分子结构解析），从而支持现场权威

调查。

本文介绍了用于鉴定法医生物样品中全新芬太尼类似物的非

靶向筛查工作流程。使用 SCIEX X500R QTOF 系统结合 SCIEX OS 

软件分子式查找工具和 ChemSpider 数据库搜索，大大简化了此工

作流程。

图1. 可靠地鉴定未知尸检血样中是否存在芬太尼类似物。利用在 SCIEX OS 软件进行非靶向筛查的数据分析的工作流程。XIC 由非靶向寻峰算法生成，对

照样品比较用于鉴定相关和不同的色谱特征。经验式分子式查找和 ChemSpider 搜索用于更准确地鉴定法医样品中的化合物。TOF-MS 和 MS/MS 质谱数据

用于鉴定尸检血样中芬太尼类似物4-ANPP，以及芬太尼类似物和/或其代谢物。

100 µL 
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SCIEX X500R QTOF 系
统

SCIEX OS 软件
分子式查找工具可以检索匹配的 

ChemSpider 候选药物

对照

化合物鉴定：
4-ANPP

芬太尼类似物代谢物
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案例样品
 XIC

电脑模拟 MS/MS 预测 + ChemSpider 搜索
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Features of SCIEX X500R QTOF 
System for Identifying Novel 
Fentanyl Analogues
• The X500R QTOF System acquires high

resolution MS data to enable the quick
identification of drugs of abuse, including
fentanyl and its analogues in forensic samples.

• SCIEX OS Software enables the user to quickly
identify unknown compounds with greater
confidence using integrated library searching
capabilities, formula finder, and fragmentation
prediction tools to aid in true unknown spectral
interpretation and strucutral elucidation.

• The implementation of this revolutionary QTOF
technology in combination with SCIEX OS
Software empowers the forensic examiner with a
streamlined tool to detect every component
present in a forensic sample of interest.

Experimental Methods
Sample Preparation: Forensic postmortem
blood samples were extracted using a protein 
precipitation, and forensic urine samples were 
centrifuged and diluted for analysis.

LC-MS/MS Instrumentation: HPLC separation 
was performed on a Phenomenex Kinetex
Phenyl-Hexyl column using the SCIEX
ExionLC™ AC system. TOF-MS and MS/MS 
data were collected using SWATH® Acquisition 
on the SCIEX X500R QTOF System

Data Analysis: Non-targeted processing was
performed using SCIEX OS Software for analyte
identification based on two different confidence
criteria: Formula Finder Confidence and Library
Score. Subsequently, a combined score was
computed based on these two confidence 
categories with custom weighting.
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SCIEX X500R QTOF 系统用
于鉴定全新芬太尼类似物的
功能

• X500R QTOF 系统采集高分辨率

MS 数据来快速鉴定滥用药物，

包括法医样品中的芬太尼及其类

似物。

• SCIEX OS 软件利用整合的谱库搜

索功能、分子式查找工具和碎裂

预测工具协助对未知化合物进行

质谱数据解析和结构剖析，帮助

用户更加可靠地快速鉴定未知化

合物。

• 这一革命性的 QTOF 技术与 SCIEX

OS 软件相结合，为公安法医提供

了简便的工具来检测法检目标样

品中的每种化合物。

实验方法

样品制备：法医尸检血样使用蛋白

沉淀萃取，法医尿样则进行离心处理

和稀释以供分析。

LC-MS/MS 仪器：SCIEX Exion LC 

AC和X500R QTOF系统。色谱柱：

Phenomenex Kinetex Phenyl-Hexyl； 

数据采集：SWATH数据采集方法，

同时获得TOF MS和MS/MS数据

数据分析：使用 SCIEX OS 软件进

行非靶向处理，并根据两种不同的置

信度标准进行分析物鉴定：分子式查

找和谱库得分。然后，根据这两种置

信度类别，使用自定义加权计算综合

得分。

样品数据（TOF-MS、MS/MS）

对照数据（TOF-MS、MS/MS）

显著组分

ChemSpider 搜索 可能的分子式

检索结果、核查、电脑模拟 MS/MS 预测

并匹配观察到的质谱，看其一致性

图2. 简化的全新芬太尼类似物发现流程。SCIEX OS 软件中的分子式查找功能使用质量精度和同位素

模式计算可能的分子式。计算理论精确质量碎片并与 MS/MS 质谱对比，以减少匹配的分子式列表。

最后，软件算法查找其他加合物形态以预测无电荷分析物的正确分子式，使用 TOF-MS 与 MS/MS 综

合得分获得最高匹配度的结果。

定义数据

分析工作流程

谱库搜索

查找分子式

限定条件和覆盖率

图3. SCIEX OS 软件提供直接的数据分析。通过定义三个参数可以轻松地编程非靶向数据处理：谱库搜

索算法、基于指定元素的分子式查找和峰值检测灵敏度，检索法医样品中的所有可能的化合物。
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High Quality MS/MS Acquisition Leads to 
Reliable Fentanyl Analogue Characterization

The understanding of the core molecular structure of fentanyl
and its resulting MS/MS fragmentation pattern is a key
component in identifying new analogues as they emerge in the 
field. 

Figure 4 shows the structure of Fentanyl (C22H28N2O) and its
exact mass MS/MS fragment ions produced. Chemical
modifications to fentanyl are often performed by substitutions of
or on the phenethyl, piperidine, aniline, and/or propanamide
portions of the structure, creating potential positional isomers
and structurally variable species, many of which retain the 
desirable and adverse opioid properties.

These modifications subsequently complicate the 
characterization process [3], but become extremely useful for the 
determination of analogue core structure present, due to
reproducible and predictable fragmentation patterns.

The SCIEX X500R QTOF system generates comprehensive and 
high-quality MS/MS spectra, which enables compound 
fragmentation for the confident identification of novel opioids
fentanyl analogues. Figure 5 shows the XIC and TOF-MS
spectra of a forensic urine sample suspected of containing a 
fentanyl analogue.

An intense peak was found at 2.56 min (371.2128 Da). The use 
of the formula finding feature, based on the isotope pattern 
generated by the TOF-MS data, enabled the proposition of
candidate formulae. The best fitting formula was C22H27N2O2F,
which is similar in element count to fentanyl, suggesting the 
presence of a fentanyl analogue

The high-quality MS/MS fragmentation generated from SWATH®

Acquisition enabled the further identification of the fentanyl
analogue in the forensic urine sample.

Figure 4. Fentanyl Core Produces Key MS/MS Fragments for
Analogue Characterization and Identification. Four fragment ions
have been characterized as key components for the identification of
emerging fentanyl substances in forensic samples.

Figure 5. Formula Finder Combines Available Accurate Mass Information to Generate a List of Potential Matching Formulae. A forensic case 
urine sample analyzed with the SCIEX X500R QTOF System containing a presumptive fentanyl analogue. (Left) Shows the XIC and TOF-MS spectra of
a relevant feature, and (Right) formula finder lists the top candidate formulae associated with the peak based on the isotopic pattern obtained.

105.0704

XIC TOF-MS
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高质量 MS/MS 采集保证可靠的芬太尼类似物表
征

了解芬太尼的核心分子结构及其生成的 MS/MS 碎片模式，是

鉴定现场出现的新类似物的关键。

图 4 显示了芬太尼的结构 (C22H28N2O) 及产生的精确质量 MS/

MS 碎片离子。芬太尼的化学修饰经常通过取代结构的苯乙基、哌

啶、苯胺和/或丙酰胺部分来进行，产生潜在位置异构体和结构上可

变的种类，其中许多会保留现有的或更加有害的阿片类药物属性。

这些修饰使得这类化合物的表征变得复杂[3]，但由于可重现和

可预测的碎裂模式，对确定是否存在类似物核心结构极为有用。

SCIEX X500R QTOF 系统生成全面的高质量 MS/MS 质谱数

据，促进化合物碎裂，从而对全新阿片类药物芬太尼类似物进行

可靠的鉴定。图 5 显示了疑似含有芬太尼类似物的法医尿样的 

XIC 和 TOF-MS 质谱。

在 2.56 分钟时发现强峰 (371.2128 Da)。根据 TOF-MS 数据

生成的同位素模式使用分子式查找功能，可以推测出候选化合物
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105.0704

XIC TOF-MS

图4. 芬太尼核心产生用于类似物表征和鉴定的关键 MS/MS 碎片。四

个碎片离子已被用作鉴定法医样品中新兴芬太尼物质的重要组分。

的分子式。最佳拟合分子式是 C22H27N2O2F，它类似于芬太尼中的

元素组成，表明存在芬太尼类似物SWATH® 采集所生成的高质量 

MS/MS 碎片可用于进一步鉴定法医尿样中的芬太尼类似物。

图5. 分子式查找工具结合可靠的精确质量信息生成潜在匹配分子式。使用 SCIEX X500R QTOF 系统分析的法医尿样，包含假定的芬太尼类似物。（左）显

示相关特征的 XIC 和 TOF-MS 质谱图，以及（右）分子式查找工具根据获取的同位素模式列出与峰值最相关的候选药物分子式。

法医尿样

芬太尼分子式：C22H28N2O 
最佳拟合分子式：C22H27N2O2F
（基于分子式得分）

2.56 分钟时 

371.2128 m/z，

潜在芬太尼类似物呈“阳性”
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Figure 6 shows the MS/MS spectra comparison between a
fentanyl positive sample and the case sample investigated. The 
188 m/z and 105 m/z fragments of fentanyl and the in silico
MS/MS predictions suggest the presence of +F and +O atoms,
and removal of one -H atom. The data was further evaluated 
against the ChemSpider database, which enabled the confident
identification of Ocfentanil in this forensic urine sample.

Streamlining Fentanyl Analogue Analysis for 
Postmortem Samples

As new fentanyl related substances continue to emerge in the 
street drug supply, investigators often rely on their chemistry
knowledge to decrypt signs as to what chemical modifications
have been made to the fentanyl core structure. The application 
of HRMS has been a key component to help streamline the 
characterization of new synthetic opioids [4], including new
fentanyl analogues.

Table 1 shows the characteristic MS/MS fragment ions, based 
on similar core structures, obtained from the individual analysis
of different fentanyl analogue reference standards. The 
characterization of these ions has simplified the drug 
identification workflow as compounds with common cores
provide similar fragmentation patterns.

Hence, the table presented can be used as a guide to determine
what core fentanyl-type structure is present, based solely off the 
identification of these characteristic fragments. For example, if 
an unknown fentanyl analogue is suspected in a sample and 
fragment ions 202.1596 Da and 105.0704 Da are present, the 
analyst can have certainty that this unknown analogue contains
the core structure associated with or similar to a 3-methylfentanyl
variant.

Table 1. Characteristic MS/MS Fragment Ions for Unknown Fentanyl
Analogue Identification

Variation of Core Structure** MS/MS Fragment Ions (Da)

Fentanyl Core 
(Propanamide Variants)

281.2012 188.1439 105.0704

α/β-Methyl Substituents 295.2169 202.1596 119.0861

3-Methyl Substituents 295.2169 202.1596 105.0704

α/β-Hydroxy Substituents
297.1962 204.1388 121.0653

279.1856 186.1283 105.0704

Ortho-, Meta-, Para-Methyl
Substituents

295.2169 188.1439 105.0704

Carfentanil
(Piperidine Variant)

279.1856 186.1277 105.0704

Thiofentanil
(Phenethyl Variant)

287.1577 194.1003 111.0268

**These analyte classifications hold true for all fentanyl analogues encounter
to date. There are additional core classifications not listed.

Figure 6.  The Combination of SWATH® Acquisition and ChemSpider searching increases compound identification confidence. The
differences between MS/MS spectra obtained for Fentanyl (Top) and suspected Fentanyl analogue (Bottom). The in silico MS/MS predictions and 
ChemSpider database searching led to the confident identification of Ocfentanil in this forensic urine sample.

+O, +F, -H
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图 6 显示芬太尼阳性样品与调查的案例样品之间的 MS/MS 

质谱数据比较。芬太尼的 188 m/z 和 105 m/z 碎片以及电脑模拟 

MS/MS 预测表明存在 +F 和 +O 原子，并且移除了一个 -H 原子。 

根据 ChemSpider 数据库对数据进行进一步评估，可靠地鉴定了此

法医尿样中的奥芬太尼。

图6. SWATH®采集与 ChemSpider 搜索相结合，可提高化合物鉴定的置信度。芬太尼（上）和疑似芬太尼类似物（下）获取的 MS/MS 质谱数据差异。电

脑模拟 MS/MS 预测和 ChemSpider 数据库搜索有助于可靠地鉴定此法医尿样中的奥芬太尼。

芬太尼 MS/MS 质谱

“芬太尼类似物”MS/MS 质谱

MS/MS 碎片与电脑生成的碎片完全匹配。

奥芬太尼列在 ChemSpider 候选药物清单顶部

简化尸检样品的芬太尼类似物分析

随着新的芬太尼相关物质陆续进入街头药店，研究人员往往

依靠其化学知识来判断对芬太尼核心结构做了哪些化学修饰。应

用 HRMS 是帮助简化表征新型合成阿片类药物[4]（包括新的芬太尼

类似物）的关键。

表 1 展示了基于类似核心结构的典型 MS/MS 碎片离子，获取

自不同芬太尼类似物参考标准品的分析。这些离子的表征简化了

药物鉴定工作流程，因为具有共同核心的化合物会提供类似的碎

裂模式。

因此，显示的表格可用作确定存在哪种核心芬太尼类型结构

的指南，完全根据对这些典型碎片的鉴定来确定。例如，如果怀

疑样品中有芬太尼类似物，并且存在碎片离子 202.1596 Da 和 

105.0704 Da，则分析员可以确定此未知类似物包含与 3-甲基芬太

尼变体相关或类似的核心结构。

表1. 用于未知芬太尼类似物鉴定的典型 MS/MS 碎片离子

核心结构的变化** MS/MS 碎片离子 (Da)

芬太尼核心（丙酰胺变体） 281.2012  188.1439 105.0704

α/β-甲基取代物 295.2169 202.1596 119.0861

3-甲基取代物 295.2169 202.1596 105.0704

α/β-羟基取代物 297.1962 204.1388 121.0653

279.1856 186.1283 105.0704

邻、间、对甲基取代物 295.2169 188.1439 105.0704

卡芬太尼（哌啶变体） 279.1856 186.1277 105.0704

噻芬太尼（苯乙基变体）  287.1577 194.1003 111.0268

**这些分析物分类符合迄今遇到的所有芬太尼类似物。还有其他核心分类

未列出。
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空白对照与疑似阳性（323.2123 Da、C21H26N2O）直接比

较。通过生成电脑模拟 MS/MS 预测和搜索 ChemSpider 数据库进

一步评估数据，鉴定出乙酰芬太尼。

此表征的支持依据是鉴定出两种芬太尼核心碎片离子

（188.1441 Da 和 105.0697 Da）。217.0245 Da 碎片离子的存在

归因于 SWATH® 采集（Q1 窗口化采集）的性质，及其与类似物的

关系可通过比较离子图谱排除掉。
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此外，已经观察到，包含 α/β-甲基或 3-甲基取代芬太尼类

似物的疑似样品可根据 MS/MS 碎裂模式区分；由于甲基种类和苯

乙基部分的 alpha-剪切在碎裂期间的位置不同，可分为 119.0861

Da 离子的 α/β-甲基取代物碎片和 105.0704 Da 离子的 3-甲基取

代物碎片。

图 7 所示为由于鉴定出 4-ANPP 代谢物而怀疑含有芬太尼类似

物的尸检血样分析。
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Additionally, it has been observed that suspected samples
containing either α/β-methyl or 3-methyl substituted fentanyl
analogues could be distinguished based on MS/MS
fragmentation patterns; as α/β-methyl substituents fragment to a
119.0861 Da ion and 3-methyl substituents fragment to a
105.0704 Da ion, due to location of the methyl species and 
alpha-cleavage of the phenethyl portion during fragmentation.

Figure 7 shows the analysis of the postmortem blood sample
suspected of containing a fentanyl analogue, due to the 
identification of the 4-ANPP metabolite.

A blank control is compared directly against the suspected 
positive (323.2123 Da, C21H26N2O). The data was further
evaluated by generating in silico MS/MS prediction and searched
against the ChemSpider database, which enabled the 
identification of acetylfentanyl.

This characterization is supported by the identification of two 
fentanyl core fragment ions (188.1441 Da and 105.0697 Da).
Presence of the 217.0245 Da fragment ion is due to the nature of
SWATH® Acquisition (Q1 windowed acquisition), and its relation 
to the analogue can be ruled out by comparison of ion traces.

Figure 7.  Consolidated Data Processing through SCIEX OS Software. A forensic postmortem blood sample analyzed using the SCIEX X500R
QTOF System was automatically processed with a non-targeted screening workflow, which enabled the quick identification of Acetylfentanyl with high
confidence in the ChemSpider search results. The in silico MS/MS spectral match further affirmed the finding of the fentanyl analog in this case.

空白对照

尸检样品

化合物鉴定：
乙酰芬太尼

图7. 通过 SCIEX OS 软件进行的综合数据处理。使用 SCIEX X500R QTOF 系统分析的法医尸检血样通过非靶向筛查工作流程自动处理，从而在 ChemSpider 
搜索结果中高度可靠地快速鉴定乙酰芬太尼。电脑模拟 MS/MS 质谱匹配进一步确认在此样品中发现芬太尼类似物。
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结论

• 开发了用于表征新型芬太尼类似物的简化非靶向筛查方法，并

且已经使用 SCIEX X500R QTOF 系统成功地应用于不同的法医

生物样品。

• SCIEX OS 软件中的分子式查找功能通过生成电脑模拟 MS/MS

预测和搜索 ChemSpider 数据库来表征尿样和尸检血样中存在

的新型芬太尼衍生物（如奥芬太尼）。

• 在已知芬太尼类似物中发现的典型 MS/MS 碎片离子碎裂特

征，为法医研究人员提供了简化的鉴定工作流程，帮助他们应

对不断出现并具有此性质的新化合物。

• 虽然此工作流程可以简单地表征新兴芬太尼类似物，但如果在

现成的数据库（如 ChemSpider）中找不到获取的化学信息，则

新型未知芬太尼类型化合物的鉴定需要全面的 MS/MS 数据研

究。
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