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I 
 

ABSTRACT 
 

The misuse of controlled drugs is a major problem across many countries globally with a major part of 

this problem surrounding the misuse of cannabis. Recently, novel psychoactive substances, which 

originally started as ‘legal highs’, such as synthetic cannabinoids were developed to imitate the effects 

of cannabis. Alongside this, recently, e-cigarettes that were initially developed as an alternative 

method for the delivery of nicotine, started to acquire the interest of various drug users. As this 

method proved successful in the delivery of nicotine, numerous users explored the potential of the 

delivery of illicit drugs. This method became especially popular amongst cannabis users, which in turn 

also became a popular method for the delivery of synthetic cannabinoids. Therefore, the aim of thesis 

was to investigate the degradation of synthetic cannabinoids, alongside the potential presence of 

harmful substances created during the vaping of synthetic cannabinoids when using an e-cigarette.  

This aim was achieved through several objectives. These included the preparation of numerous 

synthetic cannabinoid e-liquids, in which six ‘legal high’ products were used, utilising three different 

extraction techniques and vaping solvents. In addition, these objectives also included the design and 

set-up of a vaping simulation, in which all sections of the ‘vape’, including the vapour and aerosol that 

are produced from the vaping process, could be trapped and collected for analysis via GC-MS. All 

samples, including the initial ‘legal high’ products, the prepared e-liquids and all post-vape samples 

were analysed via GC-MS, producing chemical profiles of each, which were scrutinised to observe the 

degradation of the synthetic cannabinoid and the possible production of harmful substances. 

Within the various ‘legal high’ products and e-liquids, six synthetic cannabinoids were identified, which 

included; 5F-PB-22, 5F-AKB48, AB-FUBINACA, BB-22, AB-CHMINACA and AKB48. From the analysis of 

the post-vape samples, it was indicated that four of these cannabinoids were able to withstand the 

vaping process and were transferred into the aerosol and vapour. Alongside this, it was established 

that further degradation of the cannabinoids occurred within the process as various degradation 

products were identified within these samples. In addition, two new species were identified within 

the post vape samples. These new species of indole and quinoline are thought to be produced as 

degradation products of 5F-PB-22 and were confirmed to be present within the samples. Furthermore, 

it is known that these substances are extremely toxic compounds and are thought to be very 

hazardous, causing a range of irritations, whilst having carcinogenic and mutagenic properties. 

Therefore, it was confirmed that some of the synthetic cannabinoids transfer through the vaping 

process into the aerosol and vapour, in addition to the further  degradation of these cannabinoids and 

the production of new harmful substances that were produced solely through the vaping process. 
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ABBREVIATIONS AND ACRONYMS 
 
UNODC – The United Nations on Drugs and Crime 

WDR – World Drug Report 

EMCDDA – The European Monitoring Centre for Drugs and Drug Addiction 

EDR – European Drug Report 

THC – Tetrahydrocannabinol 

ACMD – Advisory Council on the Misuse of Drugs 

CB1R – CB1 Receptor 

cAMP – Cyclic adenosine monophosphate 

CBD – Cannabidiol 

NPS – Novel psychoactive substances 

FDA – Food and Drug Administration 

CDC – Centre for Disease Control and Prevention 

GC-MS – Gas Chromatography – Mass Spectrometry 

LC-MS – Liquid Chromatography – Mass Spectrometry 

PG – Propylene glycol 

VG – Vegetable glycerin 

SOP – Standard operating procedure 

RDA - Retro-Diels-Alder reaction 

PEG – Polyethylene glycol 

EIC – Extracted ion chromatogram  
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Chapter 1. Introduction 
 

1.1. AN OUTLINE OF THE WORLD DRUG PROBLEM 

 

The misuse of controlled drugs is a major problem across many countries of the world. The United 

Nations on Drugs and Crime (UNODC) gathers data from various countries around the world, collating 

it to produce the World Drug Report (WDR), which is annually updated. The data collected mostly 

consists of surveys and questionnaires from member states, from the two previous years, providing 

statistics on consumption, production, stocks and seizures of controlled drugs globally[1].  

The world drug report 2019, states that in 2017, approximately 271 million people, 5.5% of the global 

population, aged between 15-64, had used drugs in the previous year. In addition, it is estimated that 

35 million people are suffering from drug use disorders. Cannabis continues to be the most widely 

used drug across the world, with roughly 188 million people using the drug in the year preceding. 

However, in 2017, new surveys conducted from India and Nigeria, two highly populated countries, 

altered the perception of global drug use, to be now much higher than originally thought. This altered 

insight mainly affects opioid use. In 2017, 53.4 million people had used opioids worldwide, a figure 

which has increased by 56% from 2016. From these opioid users, 29.2 million people had used opiates 

such as heroin and opium, which is again 50% higher than the estimates from 2016. Although, North 

America still remains to have the highest annual prevalence of opioid use, with 4% of the population 

using opioids. From this, opioids continue to have the biggest health impact, with great repercussions 

on the costs to society. Opioids account for two-thirds of deaths that have resulted from drug use. It 

is thought that in 2017, there were 585,000 deaths, resulting in the loss of 42 million years of potential 

life, as a consequence of drug use. Half of these deaths were related to untreated hepatitis C, and as 

well as this, the access and availability to treatment resources continues to be limited for people with 

drug use disorders across the world, with only one in seven receiving treatment each year[1]. 

According to the WDR 2019, the manufacture of cocaine and coca bush cultivation had increased 

dramatically in 2017. North America, Western and Central Europe were showing an increase in cocaine 

use, as well as, parts of Asia and West Africa stating an increase in the amount of cocaine reported to 

be seized, suggesting that cocaine use could increase in areas where use had been previously low. 

Besides controlled drugs, the non-medical use of prescription drugs was becoming a significant 

problem, especially with various pharmaceutical opioids. For example, Tramadol which is an opioid 

painkiller, is being extensively trafficked for non-medical use in Africa. In North America, the misuse 

of pharmaceutical opioids remains an epidemic with increases in the amount of overdose deaths[1]. In 
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 addition to the World Drug Report, the European Monitoring Centre for Drugs and Drug Addiction 

(EMCDDA) use data to present an overview of the drug phenomenon in Europe, including drug use, 

supply, polices and public health problems in annual drug reports. The European Drug Report (EDR) 

2019 estimates drug use in the European Union with an estimation of 24.7 million adults aged 15-64 

having used cannabis in the last year. The next most used drug in Europe is cocaine with 3.9 million 

adults using the drug in the last year. There are 2.6 million adults having used MDMA and 1.7 million 

adults having used amphetamines within the last year. In Europe, there are 1.3 million high risk opioid 

users, with 35% requesting drug treatment as opioids are found to be involved in 85% of fatal 

overdoses[2]. 

1.2. CANNABIS 
 

Cannabis has been used as a recreational drug for over millennia and it is the third most popular 

recreational drug used, only falling behind alcohol and tobacco. The term cannabis is used colloquially 

to define the drug as one entity; however, more than 60 compounds have been identified, and are 

referred to as cannabinoids. These cannabinoids can be derived from both the male and female plant 

of cannabis sativa[3] and are present in the stalks, leaves, flowers, seeds and the resin of this plant. The 

most potent psychoactive cannabinoid found in cannabis is tetrahydrocannabinol (THC) which 

provides the psychoactive effects of cannabis and is found in its highest concentrations in the 

flowering tops[4] within the female plant. Marijuana is prepared from the dried flowering tops and 

leaves of the plant, produced in almost every country, usually with a THC content of 0.5-5.0%. Hashish 

(hash) is produced from the dried resin and compressed flowers, with a higher THC content of 2-20%, 

produced in North Africa, the Middle East and South-West Asia with hash oil, a strenuous extract from 

any part of the plant, consisting of a high concentration of THC, between 15-50%[5]. The cannabis plant 

also produces other major cannabinoids which include cannabidiol and cannabinol. Both these 

cannabinoids alter the pharmacology of THC, whilst having considerable effects of their own[6]. 

1.2.1 Brief History 

Cannabis extracts have been used as medicine for a long period of time, with their use being described 

in China and India, before the birth of Christ. The cannabis plant was initially cultivated in China to be 

used in fibres as a method to produce ropes, as well as using cannabis seeds as a form of food. From 

this, cannabis seeds were widely used for their medicinal function. In India, the use of cannabis began 

to circulate across the country for their medicinal, recreational and religious purpose[7]. The 

therapeutic use of cannabis wasn’t introduced into western medicine until the first half of the 19th 

century, when various pharmaceutical companies began marketing cannabis extracts that were 
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 prescribed by doctors for many complaints including pain, whooping cough, asthma and as a 

sedative[8]. However, due to the accessibility to alternative medicines and treatments, and the socio-

political pressure, the medical use of cannabis began to decrease by the start of the 20th century[9]. As 

cannabis gradually lost its reputation as a beneficial remedy, recreational use of the drug was 

considered as a socially acceptable lifestyle choice. However, recently, cannabis has resurfaced as 

both a potentially harmful recreational drug and as a possible medicine. Cannabis based drugs have 

been demonstrated to be of a therapeutic significance to many people with chronic pain and multiple 

sclerosis. Alternatively, many reports have argued that substantial use of cannabis increases the risk 

of psychotic illnesses like schizophrenia[10]. 

1.2.2 Legislation 

In the United Kingdom, cannabis, under schedule 2 of the Misuse of Drugs Act (1971), is a class B drug. 

Hence, the possession, growth, distribution or selling of cannabis, in any form whether the plant is 

male or female, is illegal. With penalties of up to 14 years imprisonment and an unlimited fine, for the 

dealing, production or trafficking of the drug. For the possession of cannabis, the maximum penalty is 

5 years in prison and an unlimited fine. With regards to this act all forms of cannabis, including 

cannabis resin, which is defined as a separated resin, whether crude or purified, obtained from any 

plant of the genus Cannabis, is also covered under this act[11]. Cannabis has been a class B drug up until 

2004, when after recommendations from the Advisory Council on the Misuse of drugs (ACMD)[12], it 

was proposed that cannabis should be reclassified as a class C drug. This change of classification 

removed the threat of arrest for possession of small amounts. However, in 2009, against the 

recommendations of the ACMD, cannabis was returned to the classification of a class B drug under 

the Misuse of Drugs Act (1971)[11]. In the European Union, the drug laws surrounding cannabis differ 

from country to country. In some countries such as Greece and Cyprus that have some of the harshest 

drug laws, cannabis possession is considered a criminal offence and may lead to imprisonment. 

Whereas, countries such as the Netherlands, cannabis use has become decriminalised, with coffee 

shops, since the 1970s, having an allowance to sell cannabis under strict conditions[13]. However, 

recently, countries such as Canada, Luxembourg and Uruguay have made the recreational use of 

cannabis legal. 

1.2.3 Medical use 

As well as recreational use, cannabis also has many medical applications. This has largely been drawn 

from the scientific advances on the understanding of the pharmacology of cannabis. From 

experimental research, case reports, surveys and clinical trials of cannabis based products, there is 

strong evidence that cannabis could play a vital role in the management of various medical 
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 conditions[14]. Such evidence indicates that cannabis has a therapeutic value and could improve a 

number of disease related symptoms. For disorders such as HIV, cancer, multiple sclerosis, epilepsy, 

glaucoma and spinal injuries with related symptoms such as pain, spasticity, spasms, nausea and 

muscle wasting[15]. However, whilst research exposes various beneficial therapeutic possibilities, there 

is an ongoing debate regarding this subject and whether the potential value will be overshadowed by 

the possible harm caused through smoking cannabis[14]. 

1.2.4 Prevalence 

The European Drug Report 2019 states that cannabis is the most commonly used illicit drug, with 20% 

of 15-24 year olds reporting to have used cannabis within the last year. As well as this, in 2017, out of 

the total number of reported drug seizures, 42% was herbal cannabis, 28% was cannabis resin and 2% 

was the cannabis plant, producing an overall 72% of the drug seizures in Europe[2]. The World Drug 

Report 2019 also states that from the global seizures in 2017, 5109 tons of cannabis herb and 1161 

tons of cannabis resin were seized[16]. In Europe, approximately 96 million adults between the ages of 

15-64, or around 29%, have tried illicit drugs during their lives. From this, the most commonly 

experimented drug is cannabis with 55.4 million males and 36.1 million females having tried the drug. 

Of these, 17.5 million young adults aged between 15-34 are estimated to have used cannabis within 

the last year. It is also suggested that in Europe 1% of adults aged between 15-64 are smoking cannabis 

on a daily or near daily basis[2]. 

1.2.5 Use and abuse 

The most frequent methods of administration for recreational cannabis are inhalation via smoking and 

vaporisation, as well as the ingestion of edible products[17]. Typically, cannabis is smoked as a cigarette 

or a joint, with the possible addition of tobacco to aid the combustion. Smokers of cannabis 

conventionally inhale deeply and hold their breath, in order to maximise the absorption through the 

lungs[3]. The main advantage of smoking as a route of administration is the fast onset of effects and 

the ease of dose titration. Whereas, when cannabis is orally ingested, the pharmacokinetics differ 

largely, as the onset of effect is delayed and the dose of titration levels prove more difficult to get the 

desired effect[6]. Cannabis produces many effects both beneficial and some adverse. It produces 

effects such as a feeling of being ‘high’, euphoria, relaxation, time distortion, feelings of happiness and 

an increase in appetite. With this, short-term memory, motor skills and reaction times are impaired 

through the intoxication of cannabis[4]. However, there are many adverse effects of cannabis from 

long-term or heavy use, including addiction, altered brain development, cognitive impairment and an 

increased risk of chronic psychosis disorders.  
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1.2.6 Toxicology 

In 1965, Dr. Raphael Mechoulam discovered the major psychoactive component THC in cannabis. 

From this significant finding, key advancements were made, including the categorisation of the 

endocannabinoid system and the identification of the cannabinoid receptors[18]. It was established 

that THC activates the cannabinoid receptors CB1 and CB2, which were discovered after the 

endocannabinoid system was documented to have an impact on regulating pain, mood, inflammation, 

nausea and appetite[19]. CB1 receptors are primarily located in the central and peripheral nerve 

terminals, where the activation of CB1R inhibits the release of neurotransmitters such as GABA, 

glutamate, acetylcholine, and noradrenaline, hence, altering many brain functions such as cognition, 

motor coordination, memory, and autonomic function[20]. This receptor can also be found in bone, 

liver, heart, lung, vascular endothelium and reproductive systems. Both type of receptors are G- 

protein coupled receptors, which when activated, by the binding of a synthetic cannabinoid, decrease 

the cellular levels of cyclic adenosine monophosphate (cAMP) prompting a cannabimimetic 

response[21]. CB2 receptors are expressed predominately in the immune system, but can be found in 

the central nervous system, although in much smaller quantities than CB1
[22]. THC is a partial agonist 

and the most potent cannabinoid in cannabis. The additional cannabinoids produced such as 

cannabinol, Δ8-Tetrahydrocannabinol and cannabidiol (CBD) do not produce psychotropic effects. 

Cannabidiol is thought to have non-psychoactive effects, with anxiolytic and antipsychotic properties, 

suggesting the ability to counteract the cognitive impairment and psychotic symptoms of THC in 

cannabis[23]. 

1.3. SYNTHETIC CANNABINOIDS 

Novel psychoactive substances (NPS) are substances that refer to the relatively recent  abused narcotic 

or psychotropic drugs, that pose a threat to public health equivalent to that of the classic psychotropic 

substances[24]. These compounds are analogues or chemical derivatives of these classic controlled 

drugs that are designed to mimic the effects of the established recreational drugs, with the aim of 

producing psychoactive compounds that fall outside of existing drug laws. These drugs are commonly 

referred to as ‘legal highs’, as this aim is usually achieved by modifying the molecular structures of 

existing drugs to contrasting extents or by creating completely different chemical structures that 

produce extremely similar effects to those of the controlled drugs[25]. NPS that are produced for 

recreational drug use are repeatedly emerging on the internet and in high street retailers known as 

head shops. The new compounds are mainly categorised within the following groups: cathinones, 

synthetic cannabinoids, piperazines, phenethylamines and tryptamines[26]. Similar to drugs that are 

under international control, NPS have similar effects on the human body with feelings such as 
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 euphoria, empathy and compassion with an increased energy and alertness. From 2009-2017, the 

quantity of identified NPS increased drastically from 48 known substances in 2009, to 206 in 2015. 

Some studies have recognised the adverse effects of NPS, stating that nearly one in four of users 

experience these adverse effects after the use of some NPS such as cathinones, with the most frequent 

symptoms including hyperthermia, tachycardia, nausea and vomiting as well as skin rashes and 

bruxism (caused from clenching the jaw and grinding the teeth). A substantial percentage of these 

symptoms can also comprise of psychiatric manifestations, requiring medical intervention. These may 

include confusion, agitated delirium, anxiety, paranoia and depression[27]. According to statistics from 

the Home Office on drug use in England and Wales in 2018, approximately 0.4% of adults aged 16-59 

had used a novel psychoactive substance in the last year, with half of the users being aged between 

16-24 as well as herbal smoking materials being the most commonly administered[28]. In 2014, 

synthetic cannabinoids were recorded as accounting for the majority of NPS reported with 39% [29]. 

1.3.1 Development 

Since 2008, synthetic cannabinoids were sold on the internet or in head shops as either ’herbal 

mixtures’ or ‘legal highs’ under names such as ‘spice’ or ‘K2’. ‘Legal highs’ refers to the novel 

psychoactive substances that have the intention to imitate the effects of controlled drugs[30], in this 

case, cannabis. Due to the fact that synthetic cannabinoids were sold under the name of ‘legal highs’ 

it avoided the requirements of the current drug laws at the time, enabling the transactions of synthetic 

cannabinoids through the internet and international mail to dramatically increase progressing into a 

global concern[31]. Chemical companies in China manufacture the majority of synthetic cannabinoids 

that are used in these products, which are then shipped to Europe where they are generally either 

sprayed onto or soaked into plant material. This is generally done on a large scale using either 

methanol or acetone as the solvent to dissolve the powder[32]. After drying, the drugs are packaged, 

labelled as ‘not for human consumption’ and sold. As this manufacturing method is achieved in 

clandestine conditions, apprehensions regarding the volume of synthetic cannabinoid powder applied 

to the herbal material and the variance of potency between batches is concerning. 

Dr. John W. Huffman originally synthesised some of the first synthetic cannabinoids, whilst working as 

a medicinal chemist in part of a research group, assessing the potential therapeutic value of various 

synthetic cannabinoids. These synthetic cannabinoids were named after him as part of a ‘JWH’ 

series[33]. Synthetic cannabinoids can be split into either ‘classical cannabinoids’ which have a structure 

that is similar to that of THC, or into ‘non – classical cannabinoids’ which are structurally dissimilar to 

THC. Most of these cannabinoid receptor agonists are non-polar, lipid soluble and contain between 

22 and 26 carbon atoms, making them reasonably volatile[34]. The original classification of synthetic 
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 cannabinoids, based on the chemical structures of the cannabinoids that was suggested by Howlett[22] 

and is referred to by the UNODC[35], is shown below in Table 1.1. 

 

However, as new synthetic cannabinoids are constantly emerging on the market, the classifications 

and subclassifications of synthetic cannabinoids have also been updated to consist of new 

classifications in which these newer cannabinoids can fall within. An updated classification, developed 

by Shevyrin[36] is displayed in Table 1.2.  

 

Chemical structures of some of the subclassifications are displayed within Table 1.3. The generic 

chemical structures of the subclassifications in which all of the synthetic cannabinoids used within this 

project are classed under, are also shown within Table 1.3. 

Table 1.1. Classifications and subclassifications of synthetic cannabinoids[22,35]. 

Classification Subclassification 
Classical Cannabinoids Naturally occurring in cannabis or synthetic analogues of these 

cannabinoids 

Non–classical cannabinoids Cyclohexylphenols 

Hybrid cannabinoids Combination of both classical and non-classical 

Aminoalkylindoles Naphthoyindoles, Phenylacetylindoles, Naphthylmethylindoles, 
Benzoylindoles 

Eicosanoids Endocannabinoids 

Others Diarylpyrazole, Naphtoylpyrrole, Naphthylmethylindenes 

Table 1.2.  Updated version of the classifications and subclassifications of synthetic cannabinoids[36]. 

Classification Subclassification 
Classical Cannabinoids Naturally occurring in cannabis or synthetic analogues of these 

cannabinoids 

Non–classical cannabinoids Cyclohexylphenols 

Hybrid cannabinoids Combination of both classical and non-classical 

3-Carbonylindoles Naphthoyindoles, Phenylacetylindoles , Benzoylindoles, 
Cycloalkanecarbonylindoles, Adamantanecarbonylindoles, 
Cyclopropanecarbonylindoles, Indole-3-carboxamides, Indole-3-
carboxylates 

3-Carbonylindazoles Naphthoylindazoles, Indazole-3-carboxamides, Indazole-3-carboxylates 

Eicosanoids Endocannabinoids 

Miscellaneous cannabinoids Diarylpyrazoles, 3-Naphthoylpyrroles, Naphthylmethylindoles, 2-
Naphthoylbenzimidazoles, Naphthylmethylindenes; 
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 Table 1.3.  Examples of some structural classes of synthetic cannabinoids[36]. 

Classification Core structure 

Cyclohexylphenols  

Naphthoylindoles  
 

Indole-3-carboxylates   

Indole-3-carboxamides  

Indazole-3-carboxamides  

Naphthylmethylindoles  

Benzoylindoles 
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 One of the first generation of synthetic cannabinoids was reported to be JWH-018, a naphthoylindole 

found in some of the first samples of ‘spice’, which was soon trailed by cannabinoids such as JWH-073 

and AM-2201. JWH-018 is reported to have an affinity four fold stronger for the cannabinoid receptors 

in comparison to THC. As legislation regarding the banning of these synthetic cannabinoids began to 

emerge, modifications of these drugs were introduced in order to challenge the laws that had been 

put into place. Some of these alterations of the structures by the drug manufacturers, included the 

integration of substructures such as an adamantyl ring in AKB48 and a tetramethylcyclopropyl ring in 

XRL-11, as well as incorporating ester linkages in drugs such as PB-22, 5F-PB-22 and BB-22[37].  

Many synthetic cannabinoids have code names that relate to their discovery. For example, many 

synthetic cannabinoids are derived from the initials of the name of the scientist that synthesised the 

cannabinoids, such as the ‘JWH’ compounds after John W. Huffman and the ‘AM’ compounds after 

Alexandros Makriyannis. Additionally, various synthetic cannabinoids are named after the institution 

or company in which they were originally synthesised. Examples of this include the ‘HU’ compounds 

that were developed at the Hebrew University in Jerusalem. However, more recently, many synthetic 

cannabinoids are named using code names that derive from their long chemical name. A method has 

been devised in which new emerging synthetic cannabinoids can be named based upon their chemical 

structure. The structures of synthetic cannabinoids can be divided into four subcategories, which 

include a tail, core, linker and linked group. Therefore, by using letters from each unique subcategory 

for a specific cannabinoid a code name can be produced. To illustrate this naming method, the naming 

of 5F-APICA, a synthetic cannabinoid, is shown below.  

  

NH

N
O

F

Tail 

Linker 

Core 

Linked Group 

Figure 1.1. Chemical structure of 5F-APICA, illustrating the various structural subcategories. 

Tail 
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 This naming method follows the pattern of LinkedGroup – TailCoreLinker. The chemical name of 5F-

APICA is N-(adamantan-1-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide. By utilising both the 

chemical structure and the chemical name, the various subcategories can be devised. Therefore, the 

linked group is the fluorine on carbon 5 of the pentyl chain, the tail is the adamantane group as well 

as the pentyl chain, the core is the indole group and the linker is the carboxamide group. Therefore, 

the code name of 5F-APICA stands for the 5-Fluoro (linked group), the Adamantane (tail), Pentyl chain 

(tail), Indole (core), CArboxamide (linker). 

1.3.2 Legislation 

Since 2008, when synthetic cannabinoids gained popularity as ‘legal highs’, the emergence of 

hundreds of products that contain synthetic cannabinoids have been reported. The structural variety 

and swift increase in these novel derivatives of synthetic cannabinoids present major challenges to 

legislation control and forensic toxicology laboratories at both national and international levels[29]. In 

2009, following advice from the Advisory Council on the Misuse of Drugs (ACMD) and the European 

Monitoring Centre for Drugs and Drug Addiction (EMCDDA), several synthetic cannabinoids were 

controlled under the Misuse of Drugs Act (1971), which is the main legislation used for controlling 

illicit drugs in the UK. This law renders the possession, supply, production, importation or exportation 

illegal and classifies synthetic cannabinoids as Class B drugs[11]. Not all synthetic cannabinoids are 

controlled under this act, these psychoactive substances are controlled under the Psychoactive 

Substances Act (2016), which makes it an offence to produce, supply, possess with intent to supply, 

import or export any substance that is capable of producing a psychoactive effect, holding a maximum 

sentence of seven years imprisonment[38]. 

1.3.3 Prevalence 

Quantities of synthetic cannabinoids that have been reported since 2010, have shown strong 

variations each year, with the number of countries that have reported synthetic cannabinoid seizures 

increasing throughout the following years, extending to 18 countries in 2015. Seizure data from 2014 

stated that out of the 50,000 seizures of NPS, the majority of seizures were comprised of synthetic 

cannabinoids with roughly 30,000 seizures totalling a weight of more than 1.3 tons[39]. This is also the 

case in the years after as in 2016, there was just over 32,000 reports of synthetic cannabinoids being 

seized, the highest of any NPS that year and 10,000 more than the year previous. Herbal plant material 

accounted for approximately half the amount of seizures of NPS in 2016, with 1.5 tonnes of synthetic 

cannabinoids being detained, with the majority of 40% of seizures[40]. The European Drug Report 2018 

states that the smoking of synthetic cannabinoids has been identified as a problem in marginalised 

populations in many European countries, especially among prisoners and homeless individuals[40]. In 
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 2017, the European Monitoring Centre for Drugs and Drugs Addiction released a publication on 

synthetic cannabinoids in Europe which stated there had been a high amount of non-fatal poisonings 

with a smaller number of deaths associated with their use. The manufacturing process of synthetic 

cannabinoids is a major factor in these findings. As some synthetic cannabinoids can be extremely 

potent, when they are mixed with plant material to produce the smoking mixtures, uneven 

distribution of the compounds within the mixture can occur.  A result of this is that some mixtures will 

contain ‘hot pockets’ where the concentration of synthetic cannabinoid is exceptionally high, leading 

to higher than intended doses, which could be potentially toxic. Hence, many users could 

unintentionally administer themselves a lethal dose. Due to this, synthetic cannabinoids also have the 

potential to cause outbreaks of mass poisonings, affecting a range from hundreds of users to a handful 

of users. In 2014, over a two week interval in Russia, MDMB-FUBINCA a synthetic cannabinoid, was 

related to over 600 mass poisonings, involving 15 deaths. Numerous other outbreaks have been 

reported, many from the United States, as well as Russia and Europe[32]. The European Drug Report 

2019 claims that out of the top 25 drugs recorded in 26 sentinel hospitals in 18 European countries,  

in 2017 synthetic cannabinoids were the 9th top drug with just under 400 emergency presentations. It 

was also reported that in Turkey, there was a dramatic increase in the number of fatalities, in 

association with synthetic cannabinoids: from 137 in 2015 to 563 in 2017, as well as an involvement 

in 60% of all drug related deaths reported from that country[2]. 

1.3.4 Use and abuse 

Synthetic cannabinoid receptor agonists, referred to as synthetic cannabinoids, are a popular class of 

NPS, developed to interact with the cannabinoid receptors, CB1 and CB2, and to generate 

cannabimimetic effects parallel to Δ9-tetrahydrocannabinol (THC), the major psychoactive 

component in cannabis[41]. Following the development of the endocannabinoid system and the  

cannabinoid receptors, research began on categorising classes of synthetic cannabinoid agonists and 

antagonists for possible therapeutic medications[42]. However, from this research, many were rapidly 

developed by clandestine laboratories to produce numerous variations of synthetic cannabinoids 

which were marketed as designer drugs. Consequently, these drugs have emerged as extremely 

popular recreational substances of abuse since early 2000s, when sold as a ‘legal alternative’ to 

cannabis [43]. Many people assumed the effects of synthetic cannabinoids would be similar to those of 

cannabis, which is partially true, with similar effects such as feelings of being ‘high’, euphoria, 

relaxation and with an altered sense of perception. Similar to cannabis use, some possibly beneficial 

effects such as pain relief, appetite stimulation and nausea suppression can be produced from 

synthetic cannabinoid use. Although there are numerous risks accompanying cannabis use, these 
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 effects are of minor severity, signifying little risk of toxicity, with no reports of death from the direct 

use of cannabis[19]. In relation to synthetic cannabinoids, the opposite can be said, with evidence of 

extremely pronounced cannabimimetic effects, including severe cognitive impairment, sensory 

perception changes and transient hallucinations. Synthetic cannabinoids also provoke harmful 

physiological effects which are not observed with cannabis intake, such as vomiting, seizures, 

hyperglycaemia, stroke, myocardial infarction and acute kidney injury[44]. These drugs are abused 

through either smoking, inhalation, insufflation or ingestion. However, synthetic cannabinoids are 

most commonly administered through smoking, the most favoured approach by users due to the 

moderately quick onset of pharmacological effects. Unlike cannabis, where heat is required through 

the smoking action, for the decarboxylation of the non-psychoactive THC acid to form THC which in 

turn produces the desired psychoactive effects, synthetic cannabinoids already exist in their stable 

psychoactive arrangement, so heat is not required[45]. 

1.3.5 Toxicology 

Once synthetic cannabinoids are smoked, the initiation of action typically occurs inside a few minutes, 

due to the immediate absorption via the lungs and through the redistribution to other organs, such as 

the brain. If the synthetic cannabinoids are consumed orally, a longer delay will occur as longer time 

period is needed for the ingestion of the food and the activity of the digestion system. As synthetic 

cannabinoids are lipophilic compounds, it is predicted that they will be distributed in high volumes 

contributing to an accumulation of metabolites in fat containing sections of the body, as a 

consequence of continued consumption. After metabolism, excretion happens via the urine, with a 

proportion excreted via the faeces[35]. It is known that synthetic cannabinoids activate the same 

receptors, CB1 and CB2, as the cannabinoids found in cannabis. In opposition to cannabis, which 

includes both a variance of agonist and antagonist cannabinoids, synthetic cannabinoids are extremely 

potent and have diversities in their selectivity, potency and function. THC is only a partial agonist to 

the cannabinoid receptors, unlike some synthetic cannabinoids which have a higher binding affinity, 

justifying the fact that most emit stronger, more intense psychoactive effects[46]. As synthetic 

cannabinoids were developed for their therapeutic value initially, they were purposely designed to be 

more potent[23]. Due to this, synthetic cannabinoids do not have to compete for either of the 

receptors, whereas THC in cannabis competes to bind with the receptors, with the other antagonist 

cannabinoids in cannabis. As these antagonist cannabinoids counteract the psychoactive effects of 

THC, cannabis produces much milder effects than the more potent synthetic cannabinoids[47]. 
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1.4. VAPING 

1.4.1 Electronic cigarettes 

E-cigarettes, also known as electronic nicotine delivery systems (ENDS) or vapes are a relatively recent, 

hand-held electric device that originally contained a nicotine product. They have developed into an 

appealing trend that has rapidly acquired interest from many people, and especially as an alternative 

to conventional cigarette smoking amongst tobacco smokers[48].  These devices apply heat to an e-

liquid (a refill liquid, conventionally containing nicotine and/or flavourings, with propylene glycol or 

vegetable glycerine), producing an aerosol and a vapour, which is inhaled[49]. Since vapours are 

generated, the ‘smoking’ action of an e-cigarette is known as ‘vaping’, with users being known as 

‘vapers’. This preferred replacement for the delivery of nicotine is becoming popular amongst 

cigarette users due to their realistic look and feel as well as an enhanced taste compared to smoking. 

In addition, e-cigarettes are marketed as a cheaper and safer substitute, and an effective tool in the 

cessation of smoking[50]. They are promoted to be healthier and less toxic due to the e-liquids used in 

these e-cigarettes, supposedly lacking harmful substances that can be found in cigarette smoke after 

combustion[51]. E-cigarettes do not produce smoke, as combustible tobacco isn’t used, instead of this, 

a vapour and aerosol are formed[52]. Theoretically, e-cigarettes are expected to be less harmful, as 

they deliver nicotine to the lungs but without the thousands of known and unknown carcinogens and 

toxicants that are found in tobacco smoke[53]. They are also thought to be effective in treating nicotine 

addiction[51].  

In 2004, Chinese pharmacist Hon Lik, established this electronic cigarette device, which was promoted  

as capable of emulating cigarette smoking. Soon after, the electronic cigarette market hugely 

expanded, with other companies producing comparable products, as well as the continuous 

development of fresh enhanced models that are added to the e-cigarette market on a regular basis[54]. 

The majority of e-cigarettes consist of a lithium ion battery (inside a stainless-steel shell), a cartridge 

that contains the e-liquid and an atomiser that heats the e-liquid to produce the vapour and aerosol. 

E-cigarettes over the past decade, have progressed dramatically, with a high amount on variability of 

the visual appearance of the e-cigarette devices. Some of the earlier devices, known as the first 

generation, were relatively simple in design, aesthetically resembling standard tobacco cigarettes, 

which were referred to as ‘cig-a-likes’ or ‘disposables’. These first generation e-cigarettes were usually 

comprised of disposable batteries and combined cartridges and atomisers (cartomisers), which were 

typically pre-filled with e-liquid[55]. They also included low-tech vaporisers, that had a restricted 

number of settings, to provide low amounts of nicotine to interest smokers with the intention to 

quit[56]. After a short while, second generation e-cigarettes started to develop, including more 
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 advanced components, consisting mainly of higher-capacity batteries and the ability to refill the 

atomisers with e-liquid. This also included the ability to replace the atomiser head as a whole, whilst 

keeping the body of the e-cigarette. The most commonly used e-cigarettes are the third generation, 

which are significantly advanced and popular amongst the current market. They are equipped with 

clearomisers,  consisting of a large tank that has replacement heating coils and wicks for the atomizers. 

They are much larger in size, with large capacity batteries and integrated circuits and electronic chips, 

which allow the voltage and wattage to be adjusted, in addition to measuring the number of puffs 

taken and the duration of each puff[57]. These adjustable features provide the user with the 

opportunity to modify their e-cigarette settings, optimising their vaping experience, allowing vaping 

to become a hobby for some users. It is assumed that e-cigarettes are only used by long-term smokers 

as a method to quit smoking, however, as e-cigarettes become more commonly used, more smokers 

will be potentially drawn away from traditional smoking. This also comes with the heightened risk of 

a considerable uptake by ex-smokers and people who may have never smoked, especially among 

adolescents and the younger population[58]. The Food and Drug Administration (FDA) reported 

statistics regarding the use of e-cigarettes amid the US youth, it stated that among middle and high 

school students, in 2018, 3.62 million were currently using e-cigarettes. This statistic increased 78% 

from the e-cigarette use from 2017 to 2018, with 81% of these current users citing that the 

accessibility of appealing flavours is the key motive of use[59]. In Wales, a survey of students indicated 

the increased popularity of e-cigarettes amongst the youth as 37.3% of year 11 students aged between 

15-16, had used an e-cigarette compared to the 26.5% that had used a traditional cigarette[60]. 

Awareness and utilisation of e-cigarettes has increased, between both adults and adolescents, with 1 

in 5 US adult cigarette smokers having tried an e-cigarette[61] and with the use of e-cigarettes rising 

from 2.7% in 2010 to 6.7% in 2012 in UK adult smokers[57]. The sale of flavoured tobacco cigarettes 

was banned in 2009, with the exception of menthol flavour, due to evidence that suggested these 

flavours encourage youth cigarette smoking. However, this ban does not apply to e-cigarettes as there 

are currently thousands of e-liquid flavours available to buy. It is thought that this overabundance of 

assorted e-liquids, excessively interests and introduces a large proportion of the young population to 

the e-cigarette market[62]. There is an absence of a clear and definite negative health message 

regarding e-cigarettes. This likely contributes to the decision of many users within the young 

population, on the initiation of e-cigarette use, as well as the influence of persuasive marketing of e-

cigarettes through social media[63]. The availability of these varied flavoured e-liquids and the amount 

of diverse e-cigarette devices augments a level of personalisation to each user, which may resonate 

with many of the young population, possibly justifying the rise in popularity amongst them. This 

dramatic proliferation across the world of e-cigarettes and their products, expresses a necessity for 
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 regulation of the industry.  In 2016, the UK introduced the Tobacco and Related Products Regulations 

which is an extended regulation to cover all tobacco products including electronic cigarettes. This 

regulation ensures every e-cigarette product comes with a leaflet stating the instructions of use and 

risks involved, as well as a health warning on the packaging. It also certifies that there is no 

advertisement of these products in the press, social media or in sponsorships[64]. The FDA in 2016, also 

finalised a rule that extended its regulatory authority to all tobacco products, including e-cigarettes. 

This rule similarly ensured that if you make, modify, mix, manufacture, assemble, process, label, 

repack, relabel, or import e-cigarettes or e-liquids, compliance with the requirements is essential for 

manufacturers. This included the presence of health warning labels on packaging and only selling 

these products to those over the age of 18 with identification[65].  

Despite the expanding collection of research regarding e-cigarettes and the fact that inhalation as an  

administration route of illicit drugs is very distinguished, due to the fast onset of effect, insufficient 

research has concentrated on the alternate uses of e-cigarettes. As e-cigarettes have proved to be a 

successful method to deliver nicotine, e-cigarettes have the potential to effectively deliver illicit 

drugs[66]. Illegal drug vaping comprises of using a regular e-cigarette device with either modified or 

homemade e-liquids. The e-liquid must contain the drug, which needs to be fully dissolved in the 

liquid, suggesting the solubility of the drug can become a major problem. However, any drug that can 

be dissolved in a liquid refill and is heat stable can theoretically be vaped[67]. As e-cigarettes can be 

used in a discrete manner, allowing most soluble substances to be vaped, many drug users have 

adapted their use for many illicit drugs, such as cannabis, NPS, MDMA and cocaine. In 2015, a survey 

reported that out of 861 respondents, over a third with 39.5% of those who had used e-cigarettes, 

had used them for the administration of illicit drugs. This survey also concluded that cannabis is the 

most commonly vaped recreational drug amongst recreational drug e-cigarette users, with 65% 

reporting use[68]. It is thought that cannabis users believe that vaping cannabis, also known as 

‘cannavaping’, is less harmful than the conventional smoking methods, similar to perceptions of e-

cigarettes from those who are tobacco users. The theoretical benefit is associated with a decrease of 

the inhalation of potentially toxic cannabis smoke, containing tar and numerous carcinogens[69]. As 

cannabis users report of having more respiratory problems than non-smokers of cannabis, it is thought 

that the replacement of smoking with vaping will achieve a reduction in this known harm. In addition 

to the perceived health benefits of vaping cannabis, users report of other advantages over smoking. 

These include, better taste, discretion; as the distinctive smell of cannabis isn’t produced, a rapid 

delivery of the drug to the brain and an increase in the desired effects when using a smaller amount 

of cannabis (increased delivery efficiency)[70]. This signifies that the vaping of cannabis has the 

https://www.fda.gov/tobacco-products/compliance-enforcement-training/manufacturing


                                                                                                                                                               
     

   16 
 

Chapter 1 

 potential to produce a discrete, pleasurable experience that doesn’t disturb others at various 

locations, and for a lower cost, as well as an ability to disguise drug use and to evade law enforcement.  

After the rise in popularity for e-cigarettes, a new device was produced called an ‘e-joint’. This device 

was designed to have the typical shape of a cannabis joint, with a green cannabis leaf that lit up 

through a chrome plated tip, each time a puff was taken. These ‘electronic-joints’ were marketed as 

producing no tar or toxins, as it contained no THC, just propylene glycol and vegetable glycerine. 

However, later generations of the device enabled the ‘e-joints’ to imitate the smoking of cannabis, as 

they could be filled with e-liquids containing cannabis[71]. Apart from ‘e-joints’, generic e-cigarette 

devices can also be utilised for the desired inhalation of cannabis. This can be achieved through 

dissolving the drug in an e-liquid, crushing the plant material and placing it directly into a dry herb 

vaporising device or by using concentrated extracts from the plant material, in forms of waxes and oils 

and placing them directly in the e-cigarette or in a diluted form in an e-liquid[66]. Commercial cannabis 

e-liquids, many containing cannabidiol, can be found on the internet, despite the lack of information 

regarding quality control, expiry dates, preservation conditions and especially the absence of 

information on the toxicological and clinical assessment[56]. Furthermore, an abundance of recipes 

detailing the production of cannabis e-liquids are available on the internet, detailing the production 

that can be achieved both easily and affordably within a user’s home. These ‘homemade’ recipes often 

describe the several steps required to produce the e-liquid from cannabis herbs, using kitchen 

apparatus and food grade solutions that can be bought in specialised shops. However, these food 

grade components and chemicals that are used to produce these e-liquids have been approved for 

gastrointestinal ingestion, not for inhalation and have the potential to become toxic if high doses are 

ingested through the lungs[67]. 

The vaping of cannabis is prevalent amongst both the adult and youth population. In 2015, a survey 

of 3847 high school students in the USA, stated that 5.4% of students had vaped cannabis by e-

cigarette. From this 5.4%, 18% were lifetime e-cigarette users, 18.4% were lifetime cannabis users and 

26.5% were dual users[72]. Further studies suggest a rise in cannabis vaping, as within a survey from 

4269 US adults, aged 18 or over, 34.5% reported a lifetime use of cannabis with 9.9% reported lifetime 

vaping of cannabis and 7.6% reported vaping cannabis within the last month. In addition, an online 

survey of 2923 cannabis users in 2016, stated that 61% had vaped cannabis with 12% reporting that 

vaping was their preferred cannabis administration route[73]. 

However, recently with regard to e-cigarette use and vaping, numerous users have had symptoms of 

lung disease and vaping associated lung injury. In the US in 2019, the Centre for Disease Control and 
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 Prevention (CDC), reported that 1479 lung injury cases associated with vaping, have been declared 

along with 33 deaths. All cases have reported the use of e-cigarettes with the majority of cases 

proclaiming the presence of THC, as most patients reported the use of THC or THC related products. 

The CDC are now recommending that e-cigarettes should not be used with THC or THC related 

products[74]. In addition, many dangers have been reported from the use of cannabis related e-liquids. 

In specialised shops and on the internet, commercially produced e-liquids are sold as containing 

cannabidiol, the natural cannabinoid found in cannabis which is perceived to treat and elevate the 

symptoms of epilepsy, psychosis and cancer[6]. In 2019, four commercial e-liquids labelled as 

containing ‘100% CBD’, were found to contain a synthetic cannabinoid 5F-ADB and 

dextromethorphan, a known substance of abuse found in cough medicines. The inhalation of these 

compounds in these e-liquids could lead to unanticipated psychoactive effects and dangerous 

consequences, particularly when the user is unaware and when the product is used for therapeutic 

motives[75]. This underpins the issue for the need for regulation of e-liquids and e-cigarette related 

products, even though these products may be legal in their countries, there are extreme discrepancies 

between the expected contents and their potency. 

 

1.4.2 Vaping synthetic cannabinoids 

In addition to cannabis, synthetic cannabinoids have also been suggested as recreational drugs that 

can be administered through e-cigarettes, on many online drug user forums. Synthetic cannabinoids 

have been reported as the sixth most popular drug of abuse to vape among high school students[68]. 

Drug user forums have been reviewed, with findings stating that 15% of users that have vaped 

cannabis have also vaped synthetic cannabinoids, with 7.8% of e-cigarettes users admitting using e-

cigarettes to vape synthetic cannabinoids[68]. Synthetic cannabinoids are relatively straightforward to 

manufacture into an e-liquid. In liquid form they can be solubilised into commercial or homemade 

liquid refills. Synthetic cannabinoids that are sprayed onto herbal material can also be produced into 

e-liquids, which can be achieved by following numerous online recipes, or can be administered using 

a dry herb vaporiser[67]. Several recipes can be found on the internet giving detailed descriptions for 

the production of e-liquids from herbal material[76–80]. However, these recipes are for the manufacture 

of cannabis e-liquids, which can be slightly adapted for the use of synthetic cannabinoids. A few 

selected specific recipes that have been adapted will be discussed in Chapter 2. Although the majority 

of e-liquids that are sold commercially are sold and labelled as containing nicotine, many are also 

available containing cannabinoids. A study in 2016, analysed 3 commercially available e-liquids, that 

were unlabelled, and were found to contain the synthetic cannabinoid MDMB-FUBINACA. These 

unlabelled e-liquids may lead to the unexpected inhalation of potentially very harmful drugs[81]. 
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 Despite evidence that synthetic cannabinoids may be associated with serious toxicities or even death 

in human users, the behavioural and toxicological consequences of vaping these compounds remain 

sparsely studied.  

1.5. ANALYTICS 
 

1.5.1 Sampling and sample preparation 

It is known that e-cigarettes produce both an aerosol and vapour. An aerosol is a dispersion of solid 

particles or liquid droplets that are suspended in air, with examples including mist, dust and smoke[82]. 

A vapour is a gaseous form of a substance at a temperature that is lower than its point of combustion. 

There are many general methods to analyse both vapours and aerosols, including sampling procedures 

and analytical techniques. The most popular sampling methods to extract vapours, involve adsorption, 

a molecular process in which molecules are reversibly bound to another surface. Sorbent tubes use 

solid phase extraction, by which the vapour is passed through a tube that contains a material that will 

adsorb the analytes. The most common sorbent materials include activated charcoal, silica gel, 

chromopak and tenax[83]. Another sampling method that involves adsorption uses impingers, where 

the vapour is bubbled through an adsorbent liquid, which in turn collects the analytes for analysis[84]. 

Vapours can also be sampled through the use of gas storage bags or gas sample polymer bags; these 

bags come in various sizes and connect to pumps that sample vapour is drawn into for analysis[85]. 

Vapours and aerosols can be extracted using cold traps or condensers. The gaseous sample is passed 

through a condenser which is usually placed in an acetone dry ice or ice bath, until the sample 

condenses into liquid form. This method works well for aerosols, as no other intermediate method is 

needed to extract the aerosol, which would be necessary for the previously mentioned methods[86]. 

Aerosols can also be collected by drawing the sample through a filter material using a pump, but this 

method is mostly used for the subsequent quantification of the chemical components. These particle 

sampling filters are comprised of tightly woven fibrous or plastic membranes with microscopic pores, 

which are available with various different chemical and physical properties[87]. After the vapour and 

aerosol are extracted, various different analytical techniques can be used to analyse them. 

By considering the various techniques and methods used within the literature, which are shown in 

Table 1.4, it can be seen that the majority of articles use a thermodesorption tube or impinger of some 

kind. This method is commonly used for the sampling of vapours; however, this doesn’t always 

consider the aerosol that is also produced. Therefore, a method has been devised that takes into 

account both the vapour and aerosol. To sample the vapour, a glass condenser, with cold water 

running through, has been used. The condenser is connected to a round bottom flask, in which the 
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 condensed vapour will collect. To further the condensing, the flask is placed in an ice bath, to prevent 

the loss of any volatile substances. Hence, when the vapour and aerosol are passed through the 

condenser, the cold temperature causes the vapour to change physical state into liquid form, enabling 

easy collection. The aerosol is sampled through placing glasswool inside the condenser. The use of 

glasswool, firstly slows down the vapour and aerosol, allowing the cold environment to take effect 

and secondly produces a mesh for the aerosol to collide with. As the aerosol passes through the 

condenser, it collides with the hard surface of the glasswool mesh. This provides numerous sites in 

which the aerosol gathers, forming droplets which fall through the condenser and collect within the 

cold round bottomed flask.  The mesh is also in contact with the inside wall of the condenser, which 

has cold water running throughout. Therefore, through conduction the coolness will be partially 

transferred to the glasswool. Thereupon, the environment is kept cool through both conduction and 

convection, aiding the condensation of the vapour and aerosol. The sample is problematic due to the 

two phases, although, this method addresses this problem and as well as this, this method is not 

mentioned within the reviewed literature, suggesting this apparatus set-up is a novel method. 

In addition to this apparatus, attached to the condenser and flask, is a plastic syringe filled with both 

charcoal and silica. This is used as an extra measure to ensure that every compound or species that is 

produced from the vaping process and are in the vapour and aerosol are trapped and collected in 

either the condenser, glasswool or flask. This addition of the silica/charcoal trap is also used as a safety 

feature to ensure that no harmful species that may have formed or the synthetic cannabinoids 

themselves could escape the apparatus and potentially cause harm. Therefore, the silica and charcoal 

combination could be analysed to see if any species, that may not have condensed, were collected, so 

that it is known if all the significant and potentially hazardous species were trapped and collected for 

analysis.  

After the vapour and aerosol have been extracted, analysis is needed. Table 1.5 displays a review of 

the literature, showing which analytical techniques have been used to analyse synthetic cannabinoids. 

As can be seen in Table 1.5, Gas Chromatography - Mass Spectrometry has been used as an analytical 

method to analyse synthetic cannabinoids in over 50% of the cases, with mass spectrometry as a 

detector utilised in all instances. However, in just under 50% of the reviewed literature Liquid 

Chromatography - Mass Spectrometry has also been used; this could be related to the advantage of 

liquid chromatography. The fact that liquid chromatography can analyse compounds with a low 

volatility, unlike gas chromatography in which a high volatility of compounds is essential. 

Nevertheless, gas chromatography is a gold standard technique as it is one of the best separation 

techniques available, with a high separation power in addition to being extremely fast and reliable. 

Mass spectrometry is also a gold standard technique and a category A technique under the SWGDRG 
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 Table 1.4.  Literature overview of published analytical methods for the sampling of vapours and aerosols. 
Author / Year Analyte Matrices Methodology for 

trapping/sampling 
Analytical 
Technique 

Niedbala 2004[88] THC Cannabis mixed with tobacco cigarettes Tenax TA thermodesorption tubes GC-MS 

Ohta 2011[89] Carbonyl compounds No detailed information available Hydroquinone/DNPH thermodesorption 
cartridges 

HPLC 

Pellegrino 2011[90] VOCS E-liquids with and without nicotine Carbotrap thermodesorption cartridge 
in an ice bath 

GC-MS 

Goniewicz 2013[91] Nicotine 20 commercial e-liquids 
15 commercial nicotine refill solutions 

Two methanol gas washing bottles in an 
acetone dry-ice bath 

GC-TSD 

Schripp 2013[92] VOCS 4 flavoured e-liquids 
1 traditional cigarette 

Tenax TA thermodesorption tubes 
 

GC-MS 
 

Bekki 2014[93] 
 

Carbonyl compounds Propylene glycol, Glycerine, Nicotine 
 

Hydroquinone/DNPH thermodesorption 
cartridges 

HPLC 

Goniewicz 2014[94] 
 

Carbonyl compounds 
 
VOCS 
Metals Nitrosamines 

12 commercial e-liquids 
 
 
 

Solid thermodesorption tubes 
 
Two methanol gas washing bottles in an 
acetone dry ice bath 

HPLC 
GC-MS 
UPLC-MS 
ICP-MS 

Kosmider 2014[95] Carbonyl compounds 10 commercial e-liquids 
Nicotine  

Silica/DNPH thermodesorption 
cartridges 

HPLC-DAD 
 

Tayyarah 2014[96] Nicotine Glycerine, Propylene glycol, 
Water, Nicotine, Fragrances 

DNPH impingers 
 

HPLC 
 

Herrington 2015[97] 
 

Nicotine 
 
VOCS 

Commercial nicotine containing e-
liquids 

Thermodesorption tubes GC-FID 
 
GC-MS 

Herrington 2015[98] Nicotine 
VOCS 

Propylene glycol 
Glycerine 

Thermodesorption tubes 
 

GC-MS 
 

Farsalinos 2015[99] Aldehyde emissions Glycerine, Propylene Glycol, Water, 
Nicotine 
 

Two DNPH/ Acetonitrile impingers HPLC 

Geiss 2015[100] Carbonyl compounds 
 
Propylene glycol 
Glycerine, Nicotine 
 

Glycerine, Propylene Glycol 
Water, Nicotine 

2L Tedlar gas sampling bags  
Silica/DNPH cartridges 
 
Thermodesorption Tenax TA tubes 

HPLC-DAD 
 
 
GC-MS 

Geiss 2016[101] Carbonyl compounds Glycerine, Propylene Glycol, Water, 
Nicotine, Fragrance 
 

DNPH thermodesorption cartridge HPLC 

Gillman 2016[102] Aldehyde emissions Glycerine, Propylene Glycol 
Nicotine, ‘Apprentice’ flavour 
 

DNPH impingers HPLC-UV 

Lanz 2016[103] THC 
CBD 

THC-type and CBD-type cannabis SPE thermodesorption cartridge 
 

GC-MS 
 

Sleiman 2016[104] Carbonyl compounds 
VOCS 

Propylene glycol, Glycerine DNPH/silica cartridge 
Carbopack thermodesorption tubes 

HPLC-UV 
GC-MS 

Wang 2016[105] Carbonyl compounds Propylene glycol, Glycerine DNPH thermodesorption cartridge HPLC 

Beauval 2017[106] 
 

Nicotine, Propylene glycol, 
Glycerine 

Two flavoured e-liquids  
One unflavoured e-liquid 

Silica/DNPH thermodesorption 
cartridges 

GC-MS 
HPLC-DAD 

Troutt 2017[107] Carbonyl compounds Propylene glycol, Vegetable glycerine,  
Polyethylene glycol 400 
 

DNPH impinger HPLC-UV 

Farsalinos 2018[108] 
 

Aldehyde emissions Propylene glycol, Glycerine, Nicotine 
 

DNPH impinger in ice water HPLC 

Qu 2019[109] Carbonyl compounds Propylene glycol, Glycerine DNPH thermodesorption cartridge HPLC – UV 

Key: GC-MS: Gas Chromatography - Mass Spectrometry, HPLC: High Performance Liquid Chromatography, GC-TSD: Gas Chromatography - Thermionic 
Sensitive Detection, UPLC-MS: Ultra Performance Liquid Chromatography - Mass Spectrometry, ICP-MS: Inductively Coupled Plasma - Mass Spectrometry, 
HPLC-DAD:  High Performance Liquid Chromatography – Diode Array Detector, HPLC-UV:  High Performance Liquid Chromatography – UltraViolet. 
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recommendations[131]. Mass spectrometry has a high specificity of fragmentation which is unique to a 

given species. This often enables discrimination between molecules and often between different 

isomers of the same molecule. Although it could be assumed that gas chromatography would be a 

good method to analyse synthetic cannabinoids in vapours, due to the fact that synthetic cannabinoids 

Table 1.5. Selection of published analytical methods for the use of synthetic cannabinoids. 
Author / Year Synthetic cannabinoid Matrices Analytical Technique 

Uchiyama 2010[110] Cannabicyclohexanol, JWH-018 Herbal material GC-MS, LC-MS 

Coulter 2011[111] JWH-018, JWH-073, JWH-200, CP-47497, JWH-
250, HU-210 cannabicyclohexanol 

Oral fluid LC-MS-MS 

Penn 2011[112] JWH-018, JWH-073 Herbal material Immunoassays, GCMS 

Kneisel 2012[113] Assorted Serum LC-MS 

Musah 2012[114] Assorted Herbal material DART-MS 

Salomone 2012[115] JWH-018, JWH-073, JWH-200, JWH-250, 
 HU-210, THC, CBD 

Hair UPLC-MS 

Simolka 2012[116] JWH-081, JWH-210, JWH-122, AM2201, RCS-4, 
and JWH-203 

Herbal material IR, NMR, GCMS 

Yanes 2012[117] JWH-018, JWH-073 Urine UPLC-MS 

Choi 2013[31] JWH-018, JWH-073 Herbal material, 
Bulk powders, Tablets 

GC-MS 

Holm 2014[118] 5F-AKB48, 5F-APINACA Urine, liver LC-MS 

Guttieri 2014[119] Assorted Herbal material GCMS 

Gwak 2014[120] Assorted Synthetic cannabinoid standards GC-MS-MS 

Knittel 2016[121] Assorted Blood, Urine LC-MS-MS 

Akutsu 2017[122] Assorted Synthetic cannabinoid standards GC-MS 

Borg 2017[123] Assorted Urine LC-MS-MS 

Dunne 2017[124] AM-2201, MAM-2201, UR-144, 5F-AKB48, 5F-PB-
22, BB-22, AB-FUBINACA, AB-CHMINACA, 
MDMB-CHMICA, ADB-CHMINACA 

Herbal material GCMS 
NMR 

Mogler 2017[125] 5F-MDMB-PICA Herbal material  
 
Urine 

GC-MS 
 
LC-MS-MS 

Anzillotti 2019[126] Assorted Oral fluid GC-MS 

Gauntiz 2019[127] Assorted Urine LC-MS-MS 

Kelmer 2019[128] AB-CHMINACA Herbal material 
Plasma sample 

GC-MS 

Krotulski 2019[129] 4F-MDMB-BINACA Off-white solid material GCMS, LC-QTOF, NMR 

Nash 2019[130] CUMYL-PEGACLONE Urine, Blood LC-QTOF-MS 

Key: GC-MS: Gas Chromatography - Mass Spectrometry, LC-MS: Liquid Chromatography – Mass Spectrometry, DART-MS: Direct Analysis in Real 
Time – Mass Spectrometry, UPLC-MS: Ultra Performance Liquid Chromatography - Mass Spectrometry, IR: Infra-Red, NMR: Nuclear Magnetic 
Resonance, LC-QTOF:  Liquid Chromatography – Quadruple Time Of Flight, LC-QTOF-MS:  Liquid Chromatography – Quadruple Time Of Flight - 
Mass Spectrometry 
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 are proven to reach the lungs, causing their effects through the use of an e-cigarette, this cannot be 

certified. As it has been discussed, it is known that aerosols are also produced by e- cigarettes, hence, 

the synthetic cannabinoids could be carried to the lungs by the aerosol, as the synthetic cannabinoids 

themselves may not be vaporised. Therefore, gas chromatography may not be the ideal analytical 

technique to use if the synthetic cannabinoids are not volatile enough and they remain in the injector 

port. Consequently, they will not be analysed and will not reach the mass spectrometry detector. On 

the other hand, as illustrated by Table 1.5, gas chromatography is very commonly used, demonstrating 

that it is a respectable technique to analyse synthetic cannabinoids. 

 

1.6. OUTCOMES 
 

The misuse of controlled drugs is a major problem across many countries of the world, with the World 

Drug Report 2019, claiming that approximately 5.5% of the global population used drugs within the 

year previous. Cannabis has been used as a recreational drug for millennia and plays a significant part 

in the drug problem, as it is the third most popular recreational drug, only falling behind alcohol and 

tobacco. In addition, novel psychoactive substances such as synthetic cannabinoids, that originally 

started as ‘legal highs’, that were used to imitate the effects of controlled drugs, became recreational 

substances of abuse in their own right. Synthetic cannabinoids, that were developed to interact with 

the cannabinoid receptors CB1 and CB2 and to generate cannabimimetic effects, started to be used as 

an alternative to cannabis. However, the effects of synthetic cannabinoids were notably far more 

severe and harmful to those of cannabis. Recently, e-cigarettes that were originally developed to be 

used as a hand-held electric device that contained nicotine, were emerging into an appealing trend 

that had rapidly acquired the interest from many people and especially as an alternative to 

conventional cigarette smoking, amongst cigarette smokers. However, as e-cigarettes had proved to 

be a successful method in the delivery of nicotine, many drug users became aware that these devices 

had the potential to effectively deliver illicit drugs. This method became extremely popular amongst 

cannabis users, as they believed that vaping cannabis, known as ‘cannavaping’, was less harmful than 

the traditional smoking methods of the drug. To aid the use of this method with cannabis, many users 

used generic e-cigarette devices with dissolved forms of the drug, within various e-liquids. Commercial 

cannabis e-liquids became available which can be found easily on the internet, alongside various 

online recipes, detailing the production of ‘homemade’ e-liquids in which cannabis herbs were 

contained. In addition, synthetic cannabinoids had also been suggested as a recreational drug in which 

e-cigarettes can be used to effectively deliver the drug to the lungs. Similarly, to cannabis, synthetic 

cannabinoids are relatively straightforward to manufacture into e-liquids when using the same recipes 

found on the internet detailing the production of e-liquids from herbal material. However, in order to 
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 analyse the ‘vape’ produced from the e-cigarettes, containing the manufactured synthetic 

cannabinoid e-liquids, a method would need to be devised. It is known that e-cigarettes produce both 

an aerosol and vapour. There are many general methods to analyse both vapours and aerosols, 

including sampling procedures and analytical techniques. A large quantity of literature was reviewed 

and from this a method to trap and collect both the aerosol and vapour that are produced, was 

developed and is explained in Chapter 2. In addition, from the literature review it was decided that 

Gas Chromatography – Mass Spectrometry would be the most appropriate and beneficial analytical 

technique to analyse all samples. 

 

AIM AND OBJECTIVES 

The aim of the project was to investigate the potential presence of harmful substances created during 

the vaping of synthetic cannabinoids when using e-cigarettes. 

The objectives to achieve this aim were as follows: 

1. Manufacture a range of e-liquids containing synthetic cannabinoids from commercially 

available “legal high products”; 

2. Design and set-up of apparatus to trap and collect the various fractions of the vape (both vapour 

and aerosol); 

3. Chemical profiling of the e-liquids produced before and after vaping by gas chromatography – 

mass spectrometry; 

4. Confirmation of (i) transfer of some synthetic cannabinoids species into the vape and (ii) 

production of additional harmful substances during the vaping process.  
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CHAPTER 2. E-LIQUID PRODUCTION AND DESIGN OF THE 

VAPING SYSTEM 
 

Preamble  

This chapter discusses the majority of the methodology of this thesis. In the first section of this 

chapter, the process by which the e-liquids were produced is specified. Numerous e-liquids, containing 

different synthetic cannabinoids and solvents, produced using various extraction techniques, have 

been prepared. The next section of this chapter describes how the e-liquids have been vaped through 

the use of an e-cigarette, producing a complex sample of vapour and aerosol. A vaping system has 

been designed and set up using specific apparatus, where different fractions of the system were used 

to trap and collect the aerosol and vapour. The procedure in which the e-liquids were vaped, and how 

the vapour and aerosol that have been produced, were extracted and collected for the next stage of 

analysis is detailed.  

2.1. SECTION A – PREPARATION OF THE E-LIQUIDS 
 

This section of the chapter considers the preparation of the e-liquids. 54 e-liquids have been prepared 

based on the extraction of synthetic cannabinoids from 6 ‘legal high’ products. These have been 

produced using 3 different extraction techniques, including an extraction technique using a summary 

of ‘homemade’ recipes that were found online. Hence, mimicking how drug users potentially create 

their own synthetic cannabinoid e-liquids, for their own vaping use. In addition to the various 

extraction techniques, 3 different vaping solvents have been used, including a relatively new premade 

solvent, otherwise known as an ‘e-juice’ that is recommended in these ‘homemade’ recipes. 

2.1.1 Materials and Methods 

2.1.1.1 Chemicals and Materials 

Analytical grade methanol, acetone and ethanol were purchased from Fisher Scientific. Propylene 

glycol, vegetable glycerin and magnesium sulphate (≥99.5%) were from Sigma Aldrich. EJ mix was 

bought online from Vapefiend Aromatherapy Limited and is shown in Figure 2.1. A makeshift sand 

bath was created using a hot plate from Radleys Tech ,with a metal dish filled with sand that was 

placed on top of the hot plate. 15 mL and 4 mL clear vials with screw-cap lids were from Supleco. The 

various sized pipettes used were from VWR, with the pipettes tips from Sarstedt. 
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2.1.1.2 Samples 

Six herbal synthetic cannabinoid ‘legal high’ samples were used to produce the e-liquids. These 

samples included; Loop, White Tiger, Herbal Haze, Paradox, Vertex Space Edition and Sensate. The 

seized street samples were provided by Lincolnshire Trading Standards. These samples are shown in 

Figure 2.2. 

2.1.1.3 Extraction techniques used to manufacture the e-liquids 

Three different extraction techniques were used for each of the six synthetic cannabinoid ‘legal high’ 

samples. These three extractions involved:  

−  Methanol 

−  Acetone 

− ‘Homemade’ recipes 

Extraction using methanol 

For each of the six synthetic cannabinoid samples, each technique was repeated three times. 0.25 g 

of each sample was placed in a 15 mL screw-cap vial with approximately 3 micro-spatulas worth of 

magnesium sulphate and sand mixture. The herbs were mixed and crushed using a spatula, until the 

herbs were completely broken. 3 mL of methanol was added, and the mixture was shaken vigorously 

for 2 minutes. The solution was allowed to settle for five minutes, before the green liquid layer of 

supernatant was transferred into a 4 mL screw-cap vial. The extract was blown down to dryness with 

nitrogen gas. 

Figure 2.1. EJ mix that was bought online and the items it was delivered with. 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

Figure 2.2. ‘Legal high’ products; a) Herbal Haze, b) White Tiger, c) Loop, d) Sensate, e) Vertex Space 

Cadet Edition and f) Paradox. 
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Extraction using acetone 

The same extraction procedure that was used for the methanolic extraction was followed as above. 

The only difference is that 3 mL of acetone was added to the sample instead of methanol. The 

extraction was repeated three times producing three acetone extracts for each of the six synthetic 

cannabinoid ‘legal high’ samples. 

Extraction based upon several ‘homemade’ recipes 

As previously discussed, recipes to make e-liquids that contain cannabis are easily found on the 

internet and online drug forums. These ‘homemade’ recipes can be effortlessly adapted to produce e-

liquids that contain synthetic cannabinoids. For this research, various ‘homemade’ recipes for the 

production of e-liquids containing cannabis were found online[76–80] and a summary of these recipes 

was formed and slightly adapted for the extraction of synthetic cannabinoids from herbal material to 

produce synthetic cannabinoid e-liquids. This adapted method that was used, needed no specialist 

equipment as only household items were needed, making the method appear relatively simple. 

The summary of recipes was followed to produce synthetic cannabinoid extracts from each of the six 

‘legal high’ samples, which were then used to produce the e-liquids. From this, 0.25 g of herbal 

material was placed on a piece of foil and put in an oven for approximately 15-20 minutes at 110C 

until it appeared dry and light brown. The sample was transferred into a 15 mL screw-cap vial with the 

addition of 4 mL of 70% ethanol. The vial was placed in a sand bath at a temperature of around 70-

80C, to imitate the action of the stove, and to ensure the evaporation of some of the excess alcohol. 

As the excess ethanol was evaporating and the extract was becoming a darker green, another 1 mL of 

ethanol was added, taking the volume of the solution back to the original level. Once the mixture had 

cooled, it was filtered using a muslin cloth, that was secured over the top of the vial using elastic bands 

and poured into a beaker. This filtered solution was transferred into a 4 mL screw-cap vial. To 

concentrate the extract, it was blown down with nitrogen gas, leaving 200 µL of extract. This extraction 

technique was also repeated three times for each of the six synthetic cannabinoid ‘legal high’ samples. 

2.1.1.4 Production of e-liquids from the extracts 

For both the methanol and acetone extraction techniques, the extracts were blown to complete 

dryness. Hence, they were reconstituted in the addition of 200 µL of 70% ethanol. This ensured that 

all extracts from the three extraction techniques were equal.  

To produce the various e-liquids, three vaping solvents were used. These included propylene glycol 

(PG), vegetable glycerin (VG) and EJ mix. EJ mix contains propylene glycol, polyethylene 400, 

polyethylene 300 and polyethylene 200 (each number equals the average molecular weight). For one 

of the three repeat extracts, prepared from the three different extraction techniques, 800 µL of either 
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PG, VG or EJ mix was added, producing roughly 1 mL of e-liquid.  For each synthetic cannabinoid ‘legal 

high’ sample, 9 e-liquids were produced, due to the three extraction techniques, alongside the 

addition of the three vaping solvents. Overall, from the 6 synthetic cannabinoid samples, 54 e-liquids 

were manufactured. 

2.1.2 Discussion 

From each ‘legal high’ product, 9 e-liquids were prepared as each ‘legal high’ packet had roughly 1 g 

of herbal material inside. Therefore, it was decided that 0.25 g of herbal material would be used to 

prepare each e-liquid. As a result, 4 e-liquids were manufactured from each packet of synthetic 

cannabinoid product. Within the extraction techniques, both the methanol and acetone extraction 

methods used a mixture of magnesium sulphate and sand to aid the extraction. Magnesium sulphate 

has a high affinity for water, so was used as a desiccant, inducing a state of dryness. This dried the 

herbal material, causing any liquid to be drawn out. The addition of the sand also encouraged the 

extraction process, due to its sharp and rough exterior. As the sand was used to crush the sample, it 

caused the herbs and plants cells to break, releasing the contents from the cells. This extraction 

technique was utilised to ensure the extraction of the herbal material itself as well as the synthetic 

cannabinoids which are only sprayed on or soaked onto the surface of the herbal material. It is known 

that synthetic cannabinoids are highly lipophilic and show good solubility in both methanol and 

acetone. Methanol and acetone are often used as solvents in extraction methods due to their polarity, 

as they are capable of dissolving mostly polar compounds but can also dissolve non-polar compounds. 

In addition, when used as solvents they are non-toxic, relatively inexpensive and extremely volatile. 

The high volatility of the solvents was an advantage to this method as the extracted sample was blown 

down to dryness. As the solvents easily evaporated, no heat was needed to remove them, which was 

extremely beneficial as it is known that heat may cause some synthetic cannabinoids to degrade. After 

the extraction process, 5 minutes was given to allow the solid particles to sediment to the bottom of 

the vial, so that the supernatant layer could be removed. This step could have been achieved at a 

faster rate, if a centrifuge was used. However, for this a plastic Eppendorf tube would be needed. 

These tubes cannot be used with the acetone solvent, as the acetone would dissolve the plastic. 

Therefore, it was decided that giving time to allow gravity to separate the layers would be the best 

option. After the supernatant layer was removed, it was blown down to dryness in order to 

concentrate the extract as only a small amount of synthetic cannabinoid herbal material was originally 

used. Throughout these extraction techniques nitrogen gas was used to dry the samples, as it is inert 

and doesn’t react with or oxidise the sample. 
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In relation to the ‘homemade’ recipe extraction method, the ‘homemade’ recipe summary states that 

a high proof alcohol must be used as the solvent. The highest proof alcohol that can be bought 

commercially, would be of approximately 70% strength. Therefore, analytical grade ethanol was 

diluted to 70% strength, to mimic the action of the high proof alcohol that would be used by drug 

users that were following these recipes. As, these ‘homemade’ recipes are usually used to produce e-

liquids within a house using a kitchen, it is recommended in the recipes that the solution is heated on 

a stove. Therefore, to imitate the action of a stove a makeshift sand bath was utilised.  These recipes 

also stated that a muslin cloth should be used as a filter. A muslin cloth was used to filter the solution, 

by removing the herbal material from which the synthetic cannabinoids were extracted from. This 

would be used by drug users as a makeshift filter as they are cheap and readily available. Furthermore, 

an oven is used in these recipes, to decarboxylate the cannabis. This converts THC acid to the 

psychoactive THC. However, as these recipes have been adapted to produce e-liquids from synthetic 

cannabinoids and not cannabis, an oven is not necessary. Although, it is assumed that drug users that 

are also following these recipes to produce their own synthetic cannabinoid e-liquids, might not have 

the knowledge or understand that this carboxylation process is not needed. Therefore, it was decided 

that an oven should be used, to impersonate a drug user that is following these recipes. It was decided 

that EJ mix would be used as a solvent in addition to the popular PG and VG, as this newer solvent has 

been repeatedly recommended in a few of the various online recipes. In these recipes it has been 

stated that EJ mix is a suitable solvent to use due to its ‘better taste and its more stable properties.’ 

Outcome 

Overall, 54 various synthetic cannabinoid e-liquids have been produced, from 6 different ‘legal high’ 

products. These were attained using 3 different extraction techniques, alongside the addition of 3 

different vaping solvents. These e-liquids were prepared and ready to undergo the vaping process, 

which is explained in the next section of this chapter. 

2.2. SECTION B – VAPING PROCESS AND APPARATUS DESIGN 
 

This second section of the chapter discusses the vaping process. Due to the complex nature of the 

sample, a dedicated vaping system was designed. Specific apparatus were used to produce this 

system, in which different sections of the set-up were used to collect either the vapour or aerosol 

phases of the sample. As well as this, the procedure by which the e-liquids were vaped, including the 

physical collection of the condensed vapour and aerosol is described. 
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2.2.1 Materials and methods 

2.2.1.1 Chemicals and materials 

Analytical grade methanol was purchased from Fisher Scientific. Activated charcoal was from Fluval. 

Silica gel was from Sigma Aldrich. The e-cigarette device used was a SMOK AL85, using V8 baby Q2 

coils and is shown in Figure 2.3. 1 mL and 20 mL plastic syringes were from Plastipak and the 0.45 µm 

syringe filters were bought from Cole-Parmer. 15 mL and 4 mL clear vials with screw-cap lids were 

from Supleco. The various sized pipettes used were from VWR, with the pipettes tips from Sarstedt. 

The vacuum pump was from Vacuubrand.   

2.2.1.2 Vaping of the e-liquids 

The e-cigarette device was operated on the setting of ‘normal strength’ and at 65 W. These conditions 

were chosen as the coils, that were used within the device, had an inscription on it that stated, ‘best 

55 – 65 W’. Due to these settings, the device functioned at  0.387 Ω and 4.359 A. The e-liquids were 

applied directly onto the wick material of the coil to ensure complete saturation of the coil. For each 

of the 54 e-liquids, 10 puffs were vaped for a duration of 2 seconds each, with a 5 second pause 

between each puff. 

2.2.1.3 Vaping system design 

The vaping simulation setup consisted of a condenser with glasswool inside, attached to a tap with 

cold water running through. The condenser was connected to a round bottom flask, placed inside an 

ice bath. Slotted into the condenser was a piece of glassware that was adapted to form a sort of ‘neck’, 

that the mouthpiece of the electronic cigarette device could fit directly into. Plastic tubing and 

parafilm was used to connect the round bottom flask to a 5 mL syringe that was filled with a mixture 

Figure 2.3. E-cigarette device. 
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of granulated activated carbon/charcoal that was partially grinded into powder form and silica gel 

granules. The syringe was fixed into the top of a vacuum chamber. A pump was attached to the 

chamber to simulate inhalation, through creating a suction under a pressure of 5 mmHg. This 

apparatus setup is shown in Figure 2.4. 

2.2.1.4 Sample collection 

The system was dismantled after the vaping of each e-liquid and was collected from the various 

compartments of the system. This collection was achieved through separating the apparatus into 

three sections, which were washed with different volumes of methanol. The sections and volume of 

methanol that was used for the collection of the sample within each section is shown in Table 2.1. 

Table 2.1. Sections of apparatus and volume of methanol used. 

Section Apparatus Methanol (mL) 

Glassware The round bottom flask and the ‘neck’ glassware 8 

Glasswool The condenser and glasswool 3 

Silica/charcoal  The silica and charcoal, along with the plastic tubing 3 

 

To collect the sample from the ‘glassware’ section, 8 mL of methanol was used to wash the glassware 

equipment into a beaker, which was then transferred directly into a 15 mL vial. The collection of the 

‘glasswool’ sample was performed through removing the glasswool from the condenser and placing it 

into a 15 mL vial. The condenser was then washed with 3 mL of methanol directly into the same vial 

Silica/charcoal trap 

Condenser with 

glasswool inside 

 

Flask 

 

‘Neck’ glassware with 

mouthpiece inserted 

 Vacuum 

chamber 

Pump 

 

Tap 

 

Figure 2.4. Vaping simulation setup. 
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as the glasswool. To collect the sample from the ‘silica/charcoal’, the silica and charcoal was poured 

into a 15 mL vial, and the plastic tubing was washed with 3 mL of methanol into the same vial.  The 

‘glassware’ sample was transferred into a GC-MS crimp-cap vial, whereas the other two samples were 

sonicated for 15 minutes. The ‘glasswool’ sample was filtered using a 20 mL syringe and a 0.45 µm 

filter and the ‘silica/charcoal’ sample was filtered using a 1 mL syringe and a 0.45 µm filter. From this, 

the samples were transferred into GC-MS crimp-cap vials. 

2.2.1.5 Cleaning procedure 

After each e-liquid was vaped, and the sample had been collected, all the used equipment was 

cleaned. This was achieved through washing all the glassware, as well as the plastic tubing, with a 

mixture of methanol and water. The equipment was left to dry for a short while before being 

completely dried with paper tissue. The e-cigarette device was dismantled and cleaned after each use. 

All detachable components that came into contact with the e-liquid and coil were removed and 

submersed in a beaker of methanol. This beaker was sonicated for several minutes and the 

components were dried with paper tissue. The used coils were also removed and placed inside 

separate plastic bags, for future analysis. 

2.1.2 Discussion 

Before vaping the e-liquid, it was applied directly to the coil, on top of the wick material. This ensured 

that the coil was completely saturated. This step was necessary, as in the previous practice testing of 

the e-cigarettes and of the vaping process, it was evident that if the coil was partially dry or if the e-

liquid was totally consumed during vaping, the coil had the potential to dry burn and even produce a 

flame that emerged from the mouthpiece of the device. As only 1 mL of e-liquid has been prepared 

within the previous testing, it was measured and calculated that from 1 mL of e-liquid, 10 puffs of 

vapour and aerosol could be produced. Therefore, by applying the e-liquid directly on the coil, it 

ensured that the 1 mL of e-liquid would produce 10 puffs without the coil becoming dry, hence, 

safeguarding the e-cigarette device. 

As previously discussed, the samples produced from the e-cigarettes are complex, containing both an 

aerosol and a vapour. As both of these phases require a different extraction method, this system had 

been devised for the extraction of both. For the trapping and collection of the vapour, a condenser 

had been utilised. As the sample was drawn through the apparatus, straight from the e-cigarette, it 

passed through the condenser which had cold water running through. This cold environment 

encouraged the change of physical state from gaseous to liquid, allowing the liquid to condensate and 

collect in the round bottom flask. The flask was also in an ice bath to continue the condensation, 

preventing the loss of any volatile substances. The aerosol however was much harder to extract, this 
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is due to the aerosol consisting of droplets that are suspended in air that cannot be condensed into 

liquid form as easily as vapours. To extract the aerosol, glasswool had been placed inside the 

condenser, as the glasswool provided a mesh with a hard surface for the aerosol to collide with. As 

the aerosol passed through the condenser, it collided with the hard surface of the glasswool mesh, 

providing a number of sites in which the aerosol gathered and formed into droplets. As these droplets 

increased in size, they fell through the condenser and into the flask, where they were easily collected. 

The glasswool was originally added into the condenser to try and optimise the vaping system. 

Throughout the development of the vaping simulation, there were numerous attempts to collect the 

vapour and aerosol, using various different sized equipment, as well as, the placement of the 

glasswool. Within this trial period, where PG was vaped, it was extremely evident that the vaped 

sample was flowing through the apparatus too quickly, so collection of any species for analysis was 

very unlikely. Therefore, the addition of glasswool, provided another purpose of slowing the sample 

down, so as the sample left the e-cigarette and was drawn through the apparatus, the glasswool could 

act as a barrier slowing down the sample, allowing the cold environment within both the condenser 

and ice bath to take effect.   

As well as this, the glasswool was in contact with the inside glass wall of the condenser, also ensuring 

the glasswool was cold in temperature. Through conduction the cold temperature of the running 

water was transferred to the glasswool, confirming that the cold temperature was upheld through 

both conduction and convection, aiding the condensation and maintaining the liquid state of the 

sample. After the sample was drawn through the initial sections of the apparatus, any remaining 

sample that hadn’t condensed or been collected was passed through the syringe that was filled with 

both silica and charcoal, as a final point of extraction, ensuring that no species reached the vacuum 

chamber and pump. The addition of the trap was used for two reasons, firstly, as an extra measure, 

to determine whether all species were extracted earlier in the system. The silica and charcoal were 

also used as adsorbent materials to extract both polar and non-polar species. From this, the silica and 

charcoal trap was analysed to confirm that all significant species were collected. The second reason 

for this added trap was as a safety feature. This certified that no potentially harmful species that may 

have formed or any psychoactive synthetic cannabinoids, were able to escape the system and reach 

the pump where they could be released into the atmosphere and theoretically cause harm.  

Methanol was used as a solvent to firstly collect the condensed sample and to secondly clean the 

apparatus setup. Methanol was utilised as it is an extremely effective and popular solvent due to its 

polarity, and capability of dissolving most compounds, as well as being relatively cheap.  To collect the 

sample from the ‘glassware’ section, 8 mL of methanol was used. This volume was much higher than 

the 3 mL that was used to collect the sample from both the ‘glasswool’ and ‘silica/charcoal’ sections. 
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This higher volume was due to the fact that the sample had to be collected from two pieces of 

glassware, the round bottom flask and the ‘neck’ glassware. Therefore, in order to fully rinse and wash 

the glassware, it was measured that 8 mL of methanol would be sufficient. The condenser was not 

included within the ‘glassware’ section, even though it was placed between the other two pieces of 

glassware, within the apparatus setup and is a piece of glassware itself. This is due to the glasswool 

that was placed inside the condenser. Even though the glasswool was removed and filtered, residue 

from the glasswool, containing small fragments of glasswool remained inside the condenser. 

Therefore, after the condenser had been washed, the sample would have to be filtered. As the 

‘glassware’ sample did not need filtering, it was decided to wash the condenser into the same vial as 

the glasswool material, therefore only using one filter. After each use, the apparatus was dismantled 

and cleaned, to ensure there was no contamination between samples. 

Outcome 

A vaping process was designed, and a reusable vaping simulation apparatus has been manufactured, 

to collect both phases of vapour and aerosol produced from an e-cigarette with synthetic cannabinoid 

e-liquids. 

2.3. CONCLUSIONS 
 

54 e-liquids have been prepared from six synthetic cannabinoid ‘legal high’ products. These e-liquids 

have been produced from three extraction techniques with the addition of three vaping solvents. A 

vaping system has been devised and set up to firstly vape the prepared e-liquids and secondly to 

collect the aerosol and vapour. The aerosol and vapour have been collected from within the three 

compartments and analysed by GC-MS.  

Additionally, two standard operating procedures (SOPs) have been developed for step by step 

instructions for the production and preparation of synthetic cannabinoid e-liquids that were utilised 

within this thesis. These SOPs include the preparation of synthetic cannabinoid e-liquids from herbal 

material, using extraction techniques that involve methanol or acetone or are based upon 

‘homemade’ recipes. These SOPs are explained within SOP – JBR/01 and SOP – JBR/02. Also, another 

SOP has been developed for instructions on the vaping process, as well as the collection procedure 

that took place after each e-liquid was vaped within this thesis. This SOP is explained in SOP – JBR/03. 
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SOP – JBR/01 

Preparation of synthetic cannabinoid e-liquids from herbal material, using 

analytical grade solvents. 

This SOP should be used when producing e-liquids from synthetic cannabinoid herbal 

material. This SOP uses two similar extraction techniques, using either methanol or acetone. 

The extracts produced will be prepared into e-liquids through the addition of various solvents. 

Solid-liquid extraction using methanol or acetone 

1. Place 0.25 g of the herbal material into a 15 mL screw-cap vial. 

2. Add approximately 3 micro-spatulas worth of magnesium sulphate and sand mixture. 

3. Mix and crush the sample using your spatula until the herbal material appears broken. Add 

more magnesium sulphate and sand mixture if needed. 

4. Add 3 mL of methanol or acetone and shake the vial vigorously for 2 minutes. 

5. Allow the solution to settle for 5 minutes. A green supernatant liquid layer will appear at the 

top of the vial, as the solid sediments.  

6. Transfer the supernatant layer to a 4 mL screw cap vial. This is the extract. 

7. Blow down the extract to dryness with nitrogen gas. 

8. Reconstitute the extract with 200 µL 70% ethanol. 

9. Repeat three times for both the methanol and acetone addition. 

 

Production of e-liquids from the extracts 

E-liquids are prepared through the addition of three different vaping solvents, which include 

propylene glycol (PG), vegetable glycerin (VG) and EJ mix. 

• To each of the extracts, add 800 µL of either PG, VG or EJ mix. 

• Roughly 1 mL of synthetic cannabinoid e-liquid is produced. 
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SOP – JBR/02 

Preparation of synthetic cannabinoid e-liquids from herbal material, based 

upon several ‘homemade’ recipes. 

This SOP should be used when producing e-liquids from synthetic cannabinoid herbal 

material. This SOP uses an extraction method that is based upon several ‘homemade’ recipes. 

The extracts produced will be prepared into e-liquids through the addition of various solvents. 

Extraction based upon a summary of several ‘homemade’ recipes 

1. Place 0.25 g of the herbal material on a piece of foil and put in the oven for 15-20 minutes at 

110°C, until the herbs appear dry and light brown. 

2. Transfer the sample into a 15 mL screw-cap vial. 

3. Add 4 mL of 70% ethanol to the vial. 

4. Place the vial in a sand bath at a temperature of 70-80°C. Remove the vial lid. Ensure the 

sand bath is placed inside a fume cupboard. 

5. Allow roughly 1 mL of the excess ethanol to evaporate off. 

6. As the solution becomes a darker green, add 1 mL of 70% ethanol to return the solution to 

its original level.  

7. Allow the solution to cool. 

8. Filter the solution using a muslin cloth. Secure the muslin cloth over the top of the vial using 

an elastic band and pour the solution into a beaker. 

9. Transfer the solution into a 4 mL screw-cap vial. This is the extract. 

10. Concentrate the extract, by blowing it down with nitrogen gas, but leave approximately 200 

µL of extract. 

11. Repeat three times. 

Production of e-liquids from the extracts 

E-liquids are prepared through the addition of three different vaping solvents, which include 

propylene glycol (PG), vegetable glycerin (VG) and EJ mix. 

• To each of the extracts, add 800 µL of either PG, VG or EJ mix. 

• Roughly 1 mL of synthetic cannabinoid e-liquid is produced. 
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SOP – JBR/03 

Vaping and sample collection process, using a specific apparatus set-up. 

This SOP should be used when vaping e-liquids, using a SMOK e-cigarette, through a specific 

apparatus set-up, in order to collect both the vapour and aerosol that are produced. 

1. Turn on the cold tap, to ensure cold water is running through the condenser. 

2. Insert the mouthpiece of the device into the ‘neck’ glassware. 

3. Attach the e-cigarette device to the mouthpiece, keep hold of the device in this position 

throughout the vaping process. 

4. For the first puff, press the side button and hold for 2 seconds. 

5. Release the button, leave a 5 second pause. 

6. Repeat steps 4 and 5 for 10 puffs. 

7. Remove the device. 

8. Turn off the tap. 

9. Dismantle the apparatus, by detaching the ‘neck’ glassware, condenser and round bottom 

flask. 

10. Using only 8 mL of methanol, rinse the methanol around the ‘neck’ piece of glassware and 

round bottom flask to remove the condensate. 

11. Pour the methanol and condensate into a beaker. 

12. Transfer this solution into a 15 mL screw-cap vial. This solution is known as the ‘glassware’ 

solution. 

13. Using tweezers, remove the glasswool from the condenser and place into a 15 mL screw-cap 

vial. Ensure a facemask and gloves are worn. 

14. Using 3 mL of methanol wash the condenser into the same vial as the glasswool. This is known 

as the ‘glasswool’ solution. 

15. Remove the filled syringe and pour the silica and charcoal contents into another 15 mL screw-

cap vial.  

16. Wash the plastic tubing with 3 mL of methanol and pour into the same vial. This is known as 

the ‘silica/charcoal’ solution. 

17. Transfer approximately 200 µL of the ‘glassware’ solution into a GC-MS crimp-cap vial. 

18. The ‘glasswool’ and ‘silica/charcoal’ solution are sonicated for 15 minutes. 

19. The ‘glasswool’ solution is filtered using a 20 mL syringe and a 0.45 µm filter into another 15 

mL screw-cap vial. 

20. The ‘silica/charcoal’ solution is filtered using a 1 mL syringe and a 0.45 µm filter into another 

15 mL screw-cap vial. 

21.  200 µL of both the ‘glasswool’ and ‘silica/charcoal’ filtered solutions are transferred into GC-

MS crimp-cap vials. 
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CHAPTER 3. CHEMICAL PROFILING 

 

Preamble 

This chapter addresses the sample preparation of the four various samples that were analysed by GC-

MS. These include the initial characterisation of the ‘legal high’ products, the preparation of the e-

liquids and post- vape samples as well as, the preparation of the coils. The second section in this 

chapter focusses on the ‘legal high’ products before they were processed. Using a common methanolic 

extraction technique and GC-MS, the synthetic cannabinoids that were present in these products and 

their associated breakdown products that were formed, were identified. The next section discusses 

the characterisation of the e-liquids pre-vaping, including the characterisation of the three vaping 

solvents. The final section in this chapter involves the chemical profiling of the vapour and aerosol 

that were produced through the vaping process, with the addition of the analysis of the used coils. 

3.1. MATERIALS AND METHODS 

3.1.1 Chemicals and materials 

Analytical grade methanol was purchased from Fisher Scientific. 1 mL plastic syringes were from 

Plastipak and the 0.45 µm syringe filters were bought from Cole-Parmer. 15 mL and 4 mL clear vials 

with screw-cap lids were from Supleco. The various sized automatic pipettes used were from VWR, 

with the pipettes tips from Sarstedt. 

3.1.2 Sample preparation 

3.1.2.1 Initial characterisation of the ‘legal high’ products 

Initially, before any experimental work took place it was crucial to discover which synthetic 

cannabinoids were present in the six ‘legal high’ products. This was achieved using a methanolic 

extraction of the herbal material. From this, 100 mg of the herbal material was transferred into a 4 mL 

vial and vortexed for 2 minutes, with the addition of 1 mL of methanol. The liquid phase of the solution 

was collected with a syringe and filtered using a 0.45 µm filter and transferred into another 4 mL vial. 

The extract was diluted x10 through transferring 20 µL of the extract into a GC-MS crimp-cap vial, with 

180 µL of methanol, to be analysed via GC-MS. This method was repeated 3 times for each product. 

3.1.2.2 Preparation of e-liquids 

The preparation of the 54 e-liquids was discussed in Chapter 2, with the methodology detailed in SOP- 

JBR/01 and SOP-JBR/02. The e-liquids were also diluted x10, through transferring 20 µL of the e-liquid 

into a GC-MS crimp-cap vial, with 180 µL of methanol. Each e-liquid was analysed via GC-MS. 
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3.1.2.3 Preparation of the post-vape samples 

The 54 e-liquids were vaped using a specific vaping process and apparatus setup, which is detailed in 

SOP - JBR/03. For each e-liquid that was vaped, the aerosol and vapour that was produced was 

collected in three sections. Therefore, from each section of each post-vape sample, 200 µL was directly 

transferred into a GC-MS crimp-cap vial. Each sample was analysed via GC-MS. 

3.1.2.4 Coil analysis preparation 

Different coils have been used within the e-cigarette device to vape each e-liquid. The coils that were 

used to vape the e-liquids that were prepared from the ‘legal high’ product Loop, were dismantled 

and extracted for analysis via GC-MS. From Loop, 9 e-liquids were produced, therefore these 

corresponding 9 coils were prepared for analysis. 

As previously mentioned in Chapter 2, after the vaping process had taken place, the used coils were 

kept and saved for analysis in separate plastic bags. The 9 coils that were used to vape the Loop e-

liquids were analysed. The coils consist of a metal casing, which inside this, is a metal wound coil and 

a cotton wick material that surrounds the metal coil. A dismantled coil is shown in Figure 3.1. Hence, 

the coil was dismantled and analysed in two parts. The first analysis was from the metal wound coil 

itself and the second part was from the cotton wick material. Using tweezers, the metal coil and cotton 

wick material was pulled out from inside the metal casing. The metal coil and cotton wick material 

were placed inside different 15 mL screw-cap vials with an addition of 1 mL of methanol. The two vials 

Figure 3.1. Dismantled coil, next to the plastic bag that the coil was kept in, in which 

the details of the coil were stated. 
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were sonicated for 15 minutes. Using a 1 mL syringe and a 0.45 µm filter, both of the solutions were 

filtered into new 15 mL screw-cap vials. For analysis by GC-MS, 200 µL from each of the two solutions 

was transferred into two GC-MS crimp-cap vials. 

3.1.3 GC-MS settings 

Separation was achieved using a Perkin Elmer Clarus 680 Gas Chromatograph equipped with an 

autosampler and fitted with a SLB-5MS (30 m x 0.25 mm x 0.25 µm) fused silica capillary column 

(Supleco).  An injection volume of 1.0 µL was used. The injector temperature was set at 250°C , the 

column temperature was at 100°C initially, increasing to 300°C at 40°C min-1 and maintained for 15 

minutes for a total run time of 20 minutes. The mobile phase was helium at 1 mL min-1 flow rate. A 

constant split mode of 10:1 was used. 

Mass spectrometry was performed using a Perkin Elmer Clarus SQ 8 C Mass Spectrometer operated 

with Perkin Elmer TurboMass software. The GC-MS transfer line temperature was set to 300°C and 

positive ionisation was achieved with an electron ionisation (EI+), source at 200°C with an electron 

energy of 70 eV. Injections were observed without solvent delay in total ion current (TIC) mode, 

scanning the m/z 40 - 400 range. Scan cycle was 1 s with 0.01 s interscan delay. Mass spectra of 

detected peaks were compared to a combination of the National Institute of Standard and Technology 

(TurboMass NIST 2008 library, version 2.2.0) and reference standards in-house library. 

These GC-MS conditions were used for most GC-MS analyses. However, there was one exception, 

when analysing the ‘legal high’ product of Paradox. This is due to the synthetic cannabinoid BB-22 

which eluted at approximately 23.04 minutes. Hence, the 20 minute long gas chromatograph (GC) 

method would not be sufficient. Therefore, a different GC-MS method was developed for the analysis 

of Paradox or Paradox based samples. This method used the exact same conditions apart from the GC 

oven programme. This was extended from 20 minutes to 30 minutes, with the same initial 

temperature and ramp, with a longer maintained temperature from 15 minutes to 25 minutes. 

3.2. IDENTIFICATION OF SYNTHETIC CANNABINOIDS IN THE ‘LEGAL HIGH’ 

PRODUCTS 

Initially, before any experimental work took place it was crucial to discover which synthetic 

cannabinoids were present in the various ‘legal high’ products. This initial process was achieved 

through a methanolic extraction of the ‘legal high’ products, followed by GC-MS analysis. This was also 

performed to confirm that the chosen GC-MS method was fit for purpose. Additionally, this ensured 

that this method had the ability to identify the synthetic cannabinoids present in each sample, as well  
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as the potential degradation products of the various synthetic cannabinoids that may had formed 

inside the GC injector port, or within the various stages of the study.  However, these various 

degradation products that have been detected within this study cannot be stated with certainty that 

these are degradation products of the synthetic cannabinoids, that are produced solely through 

degradation within the GC injector port or within the vaping process itself. It is also possible that 

impurities were present within the ‘legal high’ products originally. These species could be present as 

part of the synthetic routes used for the production of the synthetic cannabinoids. Therefore, it is 

crucial to be aware that these species, although they are referred to and assumed to be degradation 

products of the six synthetic cannabinoids, have not been proven to be degradation products. 

The cannabinoid species that were detected in each of the six street samples were identified using the 

methanolic extracts that had been analysed via GC-MS. Overall, six synthetic cannabinoid species were 

identified, through utilising both the gas chromatograms and mass spectrums, in addition to the 

AMDIS computer software (Automated Mass Spectral Deconvolution and Identification System) that 

is linked to the TurboMass NIST reference standards in-house library.  

Additionally, matching scores that were produced by the NIST in-house library to give numerical values 

of how probable the match of the unknown within the sample is against the NIST library spectrum, 

were also utilised. The first matching score is a match factor score for the unknown against the library 

spectrum (direct match), the second score is a match factor score for the unknown against the library 

spectrum, ignoring any peaks in the unknown that are not in the library spectrum (reverse search). 

This second score is also signified by the letter R, which is next to the score value. A perfect match 

results in a value of 999; spectra with no peaks in common result in a value of 0. As a general guide, 

900 or greater is an excellent match; 800–900, a good match; 700–800, a fair match. Less than 600 is 

a very poor match[132].  

The synthetic cannabinoids that had been detected were 5F-PB-22, 5F-AKB48, AB-FUBINACA, BB-22, 

AB-CHMINACA and AKB48. The species detected within this project, were determined by relying on 

the aforementioned library and database, using the matching scores, alongside using extracted ion 

Table 3.1. Synthetic cannabinoids identified in each ‘legal high’ product. 
Synthetic 
cannabinoid 

Loop White Tiger Herbal Haze Paradox Vertex 
Space Cadet 

Sensate 

5F-PB-22       
5F-AKB48       
AB-FUBINACA       
BB-22       
AB-CHMINACA       
AKB48       
Note: Green = detected, Red = not detected 
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counts. Table 3.1. displays which synthetic cannabinoids were detected in each of the various 

products. 

The gas chromatograms of each ‘legal high’ product when analysed after a methanolic extraction are 

illustrated in Figure 3.2. These chromatograms clearly show the separation of the synthetic 

cannabinoids in each sample, including identification of the various retention times of the synthetic 

cannabinoids. The ‘legal high’ products have been considered separately and are discussed using their 

gas chromatograms and mass spectra data in individual sub sections. 

3.2.1 Loop 

It has been acknowledged that the product Loop contained three synthetic cannabinoids, known as 

AKB48, 5F-AKB48 and 5F-PB-22. From the gas chromatogram in Figure 3.3, it can be seen that the 

most abundant peak was that of the synthetic cannabinoid 5F-AKB48, displaying a tall narrow peak at 

12.80 minutes. However, the other two synthetic cannabinoids of AKB48 and 5F-PB-22 show peaks 

that present clear separation but were considerably smaller in comparison to 5F-AKB48, with a much 

lower abundance. As well as the identification of the synthetic cannabinoids, by utilising the gas 

chromatograms, mass spectra, AMDIS computer software and TurboMass NIST reference standards 

in-house library, it also allowed the detection and therefore identification of the various degradation 

products of the synthetic cannabinoids. These breakdown products eluted at a quicker ate than the 

synthetic cannabinoids, due to their smaller size. As the products eluted earlier in the gas 

chromatogram and were of a considerably smaller abundance, they are presented in a smaller close-

up section of the gas chromatogram, which is inserted above the complete gas chromatogram in 

Figure 3.2.  Gas chromatograms of the six ‘legal high’ products, including the identified retention 

times of each synthetic cannabinoid. Data is normalised. 
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SYNTHETIC 
CANNABINOID 

RETENTION TIME 
(MIN) 

AB-CHMINACA 10.42 
AB-FUBINACA 10.48 
AKB48 11.42 
5F-AKB48 12.80 

5F-PB-22 16.80 
BB-22 23.04 
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Figure 3.3, thus allowing the peaks to be portrayed more clearly. The retention times of each of the 

species are also shown in Figure 3.3.  

In addition to the gas chromatograms, the mass spectrum of each product was analysed. The mass 

spectrum and structure of each synthetic cannabinoid are shown alongside the corresponding mass 

spectra and structures of their degradation products. It was determined that three synthetic 

cannabinoids were present in Loop, therefore the mass spectra fragmentation of these cannabinoids 

and their consequent breakdown products will be discussed. The mass spectrum fragmentation of 5F-

PB-22 is displayed in Figure 3.4. 

Significant breakdown of the synthetic cannabinoid 5F-PB-22 molecule was observed and is shown in 

Figure 3.3. This breakdown was most likely the reason for the low abundance peak on the gas 

chromatogram, at 16.80 minutes. A substantial part of the breakdown of 5F-PB-22 was possibly caused 

through the weakness of the ester bond, due to the electronegative oxygen atoms.  On the mass 

spectrum of 5F-PB-22, shown in Figure 3.4, this fragmentation of the ester bond produced two of the 

major peaks at m/z 232 and m/z 144.  Surrounding this ester bond was a double C=O bond, which is a 

much stronger bond than the single C-O bond of the ester. Along with the electronegative pull of both 

of the extremely electronegative oxygen atoms for the bonding electrons, it was expected that the 

weaker C-O bond would break. The breaking of this bond enabled the production of the major 

fragmentation products of 8-hydroxyquinoline at m/z 144 as well as the 5F-PB-22 ester analogues that 

derive from the peak at m/z 232.  
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Figure 3.3.  Gas chromatogram of the ‘legal high’ product Loop, with identified species and their 

corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays a 

close-up of the chromatogram between 3.0 - 7.5 minutes. 

PEAK SPECIES RETENTION 
TIME 
(MIN) 

A Amantadine 3.22 
B 8-hydroxyquinoline 3.61 
C Adamantane, 1-

isocyanto 
3.71 

D 5-fluoropentylindole 4.61 

E 5F-PB-22 methyl 
ester 

5.90 

F 5F-PB-22 ethyl ester 6.06 
G 5F-PB-22 butyl ester 7.02 
H AKB48 11.42 
I 5F-AKB48 12.80 
J 5F-PB-22 16.80 
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Figure 3.4. Mass spectra of 5F-PB-22 and the corresponding degradation products with interpretation 

of key fragment ions. 
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The fragmentation of 5F-PB-22 to produce the peak at m/z 116 was formed through the Onium 

reaction. The molecule was twice cleaved, to produce an ion with a Mr of 115. However, a peak with 

m/z 116 was formed due to this reaction which took place within one of the two cleavages. This 
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Figure 3.5 Onium reaction producing the m/z 116 fragment. 
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Figure 3.4. continued. Mass spectra of 5F-PB-22 and the corresponding degradation products with 

interpretation of key fragment ions. 
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reaction involved an alkyl substituent that was bonded to a charged heteroatom, in this case nitrogen 

(ammonium), that was cleaved. This alkyl substituent transferred a hydrogen atom to the heteroatom, 

producing an ion with a m/z 116. This reaction is illustrated in Figure 3.5. 

In addition to 5F-PB-22, the related breakdown products are also shown in Figure 3.4. 8-

hydroxyquinoline was formed as one of the major and most abundant compounds from 5F-PB-22 and 

can be seen on the gas chromatogram in Figure 3.3, eluting at 3.61 minutes. In regard to the mass 

spectrum of 8-hydroxyquinoline, which is presented in Figure 3.4, the peak at m/z 145 was the 

molecular peak which also happens to be the most abundant peak, otherwise known as the base peak. 

The peak at m/z 117 was produced from the loss of CO.  8-hydroxyquinoline has a Mr of 145 and can 

reversibly change from featuring a hydroxyl group to a carbonyl group, with the transfer of a hydrogen 

atom from oxygen to an adjacent carbon atom. This is known as tautomerism, where structural 

isomers readily interconvert, most commonly through the relocation of a proton. This molecule can 

therefore undergo a loss of CO, which in turn produced a peak of m/z 117. This reaction is shown in 

Figure 3.6. 

 

Another degradation product of 5F-PB-22 was 5-fluoropentylindole which is represented by a 

significant peak eluting at 4.61 minutes, illustrated in Figure 3.3. The fragmentation of 5-

fluoropentylindole is shown in Figure 3.4, with the base peak of m/z 130 being likely produced from 

the cleavage of the alkyl substituent. This cleavage took place within the second bond from the 

nitrogen atom. A suggestion for this may be due to the high electronegativity of the nitrogen atom, 

causing the nitrogen atom to have a much higher tendancy to attract the bonding pair of electrons 

than the less electronegative carbon atom. Hence, the carbon atom became slightly delta postive due 

to the recent loss of electrons, which facilitated the nitrogen atom to become slightly delta negative. 

This electronegative pull from the nitrogen atom, caused the N-C bond to become slightly stronger. 

As a result, the second bond away from the nitrogen atom weakened, until it eventually broke, 

producing the most abundant peak of m/z 130 and a peak of m/z 75. The peak at m/z 116 was 

↔ 

Loss of CO 

m/z 145 m/z 145 m/z 117 

Figure 3.6. Formation of the m/z 117 fragment through the loss of CO. 
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produced similarly to how it was produced in the fragmentation of the parent molecule of 5F-PB-22. 

This peak was formed through the Onium reaction as shown in Figure 3.5. 

The three ester analogues derived from 5F-PB-22, were found within the sample of Loop, and have 

peaks eluting at 5.90, 6.06 and 7.02 minutes on the gas chromatogram, displayed in Figure 3.3. All 

three analogues show extremely similar fragmentation patterns on their mass spectra, which are 

shown in Figure 3.7. Each of these fragmentation patterns suggested how all of the molecules 

fragmented one bond away from the nitrogen atom, producing the high abundance peaks of m/z 188, 

m/z 202 and m/z 230.  This similar fragmentation was observed within the parent molecule of 5F-PB-

22 and within 5-fluoropentylindole. As previously discussed, this fragmentation occurred due to the 

weakness of the bond caused from the pull of the electronegative nitrogen atom. All three analogues 

also fragmented between the two oxygen atoms, breaking the ester bond, to produce an abundant 

peak of m/z 232. This similar cleavage was previously stated when discussing the parent molecule of 

5F-PB-22.  In addition, after reviewing the mass spectra of each ester analogue, a cleavage forming a 

peak at m/z 144, was observed. This peak was produced from the Onium reaction, where a hydrogen 

atom from the cleaved alkyl substituent, attached to the charged nitrogen atom, producing a peak at 

m/z 144 instead of m/z 143.  

The most abundant synthetic cannabinoid identified within the product of Loop was found to be 5F-

AKB48, demonstrated by an extremely tall and narrow peak, eluting at 12.80 minutes. This peak is 

displayed on the gas chromatogram in Figure 3.3. The high abundance peak of this cannabinoid 

suggested that degradation of this synthetic cannabinoid was of a much lesser extent to that of 5F-

PB-22. Figure 3.7 displays the mass spectra and structures of both 5F-AKB48 and the consequent 

degradation products. 

The mass spectrum of 5F-AKB48, shown in Figure 3.7, suggested a high amount of fragmentation. The 

molecule fragmented to produce two of the most abundant peaks of m/z 150 and the base peak of 

m/z 233. This fragmentation was likely caused from the high electronegativity of the nitrogen and 

oxygen atoms, a similar mechanism to that shown in the fragmentation of 5F-PB-22 in Figure 3.4. As 

previously discussed, the electronegative pull of both the nitrogen and oxygen atoms, causing a 

weakening of the bond was likely the reason for the cleavage. Another major peak was that of m/z 

145. This fragment was again produced through being cleaved twice to produce an ion with an Mr of 

144. However, through the Onium reaction a hydrogen atom was transferred from the cleaved alkyl 

substituent to the charged nitrogen atom, producing a peak at m/z 145. The peak of m/z 294, was 

produced due to the cleavage of the alkyl chain. This bond was expected to be weakened due to the 

pull from the two surrounding electronegative nitrogen atoms. In addition, on the mass spectrum of 

5F-AKB48, there was a peak of m/z 355. As the molecular peak of this cannabinoid was m/z 383, this 
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suggested a loss of 28. This fragmentation is considered within the extremely similar mass spectrum 

fragmentation of the synthetic cannabinoid AKB48. 
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Figure 3.7. Mass spectra of 5F-AKB48 and the corresponding degradation products with 

interpretation of key fragment ions. 

 

 

Figure 3.7. Mass spectra of 5F-AKB-48 and the corresponding degradation products with 

interpretation of key fragment ions. 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

 

m/z 

m/z 

 

m/z 

 

m/z 

 

m/z 

R
el

a
ti

ve
 in

te
n

si
ty

 
R

el
a

ti
ve

 in
te

n
si

ty
 

R
el

a
ti

ve
 in

te
n

si
ty

 



                                                                                                                                                                  

   49 
 

Chapter 3 

 
Within the sample of Loop, two degradation products were formed from 5F-AKB48. On the gas 

chromatogram of Loop, shown in Figure 3.3, it was observed that both these breakdown products had 

separate narrow peaks, which eluted at 3.22 and 3.71 minutes. These degradation products were 

identified to be amantadine and adamantane, 1-isocyanato, with the structures alongside their mass 

spectra, being presented in Figure 3.7. From this, it was noted that both these degradation products 

were extremely similar, sharing similar moieties, providing an explanation to the similarities between 

their mass spectra. The mass spectra of these products were relatively simple, with the major peaks 

of m/z 94 and m/z 120 likely caused through the breakage of the amantadine structure. 

The final synthetic cannabinoid identified within the ‘legal high’ product of Loop was AKB48. This 

cannabinoid was signified within the gas chromatogram, which is displayed in Figure 3.3, through a 

small peak eluting at 11.42 minutes. The mass spectrum fragmentation of AKB48 is presented within 

Figure 3.8. The structure of both 5F-AKB48 and AKB48 are both extremely similar, with the exception 

a fluorine atom which is added to the methyl group at the end of the alkyl chain. Therefore, the mass 

spectra of both 5F-AKB48 and AKB48 are very comparable, with a high quantity of matching peaks. 

The majority of the peaks on the mass spectrum of AKB48, were produced from equivalent 

fragmentation patterns, which were previously discussed within the fragmentation of 5F-AKB48. 

However, within the mass spectra of both 5F-AKB48 and AKB48, comparable peaks of m/z 355 on the 

mass spectrum of 5F-AKB48 and m/z 337 on the mass spectrum of AKB48 were thought to be 

produced from a loss of 28. As this mass difference was observed within both synthetic cannabinoids, 

 

AKB48 
Mr = 365 
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Figure 3.8. Mass spectra of AKB48, with interpretation of key fragment ions. 
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it was determined that the difference was not produced as a result of a cleavage or loss within the 

alkyl chain. As formerly mentioned, the only exception between the two cannabinoids is an addition 

of fluorine on the alkyl chain. As the equivalent peaks are ascertained within both mass spectra, the 

involvement of the alkyl chain was ruled out for this mass difference. 

It was known that a mass difference of 28 within mass spectra fragmentation was an indication of 

either a loss or cleavage of either C2H4 or CO. The conditions for the loss of C2H4 were that the structure 

needed to be that of an ethyl ester, in which the McLafferty rearrangement would take place. 

Otherwise, the structure needed to comprise of either an O- or N-ethyl derivative, in which the Onium 

reaction would take place. If not, which is the case of both 5F-AKB48 and AKB48 as they did not 

incorporate either of these conditions, the Retro-Diels-Alder reaction (RDA) for cyclohexene 

derivatives suggested an explanation for the mass difference of 28. The Retro-Diels-Alder reaction 

consists of a 6-membered heterocyclic ring with at least one double bond, in which a decyclisation 

reaction forms an ene and diene component. As both 5F-AKB48 and AKB48 both met these 

requirements, this reaction was considered. The mechanism for this reaction consisted of the 

formation and breakage of bonds, initiated by a free radical. However, within the aromatic ring 

structure of both 5F-AKB48 and AKB48, there were three double bonds. Therefore, considering this 

RDA reaction, the double bonds were rearranged, preventing the breakage of the structure and 

therefore the cleavage of C2H4 which would result in the difference of 28. From this, it was deducted 

that this reaction did not take place, with Figure 3.9 consisting of the cyclohexene structure within 

both 5F-AKB48 and AKB48, illustrating this. The irrelevant parts of the structure have been replaced 

with R groups. 
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Figure 3.9. Illustration of how the Retro-Diels-Alder reaction within 5F-AKB48 and AKB48 did not 

take place. The structures of the cannabinoids are represented by the relevant aromatic section. 
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As portrayed within Figure 3.9, it was observed that using the RDA reaction, the structure remains 

intact. This reaction instigated the rearrangement of the double bonds within the cyclic structure. 

Therefore, it was determined that this reaction does not produce the mass difference of 28 within 

the mass spectra of both 5F-AKB48 and AKB48. 

Alongside the fact that this reaction was not possible nor responsible for the mass difference, this was 

also supported by the unfeasibility of the loss of C2H4 from the cyclic structure. If a cleavage of the 

cyclic structure was possible it would only produce a cleavage of C2H2, as bonded to each carbon within 

the structure is only one hydrogen atom, due to the double bonds within the structure. Therefore, the 

production of a fragment of C2H4 is extremely unlikely. Additionally, it was also established that the 

mass difference, was not attributable from a cleavage within the amantadine segment of the 

structures. Similarly, a cleavage producing a fragment of C2H4 is unachievable within this segment of 

the structure. If this segment were to break and cleave, fragments of C2H3 or C2H5 could be formed, 

however, a fragment with a mass of 28 could not be produced. This statement was also corroborated 

through the mass spectra of amantadine and adamantane, 1-isocyanato, which are shown in Figure 

3.7. From these mass spectra, a peak signifying a loss or difference of 28 was not observed. Hence, it 

was deducted that the amantadine segment of the cannabinoids was not involved in the mass 

difference.  

Therefore, after the various possibilities were considered, it was determined that the mass difference 

of 28 within both of the synthetic cannabinoids was as a result of a loss of CO within the structures. 

As aforementioned within the mass spectrum fragmentation of 5F-AKB48, it is known that the bond 

between the nitrogen atom and C=O, was especially weak and very likely to break. Hence, it was 

perceived that this bond would break, cleaving the amantadine segment from the structure. In 

conjunction with this, it was thought that a decarbonylation reaction would take place. This would 

involve the cleavage of the carbonyl group from the structure. After the loss of CO, it was thought that 

the previously cleaved amantadine section reattached to the structure, through a contraction 

reaction. These reactions are illustrated in Figure 3.10.  Additionally, the contraction reaction, in which 

the cleaved amantadine segment reattached, is made further credible through the structure being 

charged. It is acknowledged that in mass spectrometry the sample becomes ionised, in which both 5F-

AKB48 and AKB48 become positively charged, due to the loss of an electron. This charge usually goes 

to the most electronegative heteroatom. In the case of 5F-AKB48 and AKB48, this is the single bonded 

nitrogen atom. However, due to the free radical on the nitrogen, a double bond is formed between 

the two nitrogen atoms. This transference of the double bond leaves a lone electron on the carbon, 

from which CO has been lost. Therefore, this charge attracts that of the cleaved amantadine segment, 

causing the segments to reattach, forming a bond. This rearrangement is demonstrated in Figure 3.11. 
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Figure 3.10. Part A. displays the cleavage of the amantadine segment from the structure. Part B. 

displays the decarbonylation reaction with the loss of CO, alongside the contraction reaction with the 

reattaching the amantadine section to the structure. 
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In addition, the degradation products of 5F-AKB48, amantadine and adamantane, 1-isocyanato, can 

both be formed through the degradation of AKB48. This is due to the similar moieties of both 

structures as the only variance between 5F-AKB48 and AKB48 is the addition of fluorine at the end of 

the alkyl chain. Therefore, these degradation products were present in the ‘legal high’ sample of Loop. 

However, it is impossible to decipher which synthetic cannabinoid the degradation products were 

formed from, as both 5F-AKB48 and AKB48 are both present within Loop.  

3.2.2 Herbal Haze 

It has been determined that the ‘legal high’ product Loop contains the three synthetic cannabinoids 

of AKB48, 5F-AKB48 and 5F-PB-22. However, these three cannabinoids were also identified within the 

other ‘legal high’ products.  The second ‘legal high’ product to be analysed was Herbal Haze, in which 

it was established to contain two synthetic cannabinoids, 5F-AKB48 and 5F-PB-22. 

The gas chromatogram of the methanolic extraction of the ‘legal high’ product of Herbal Haze is 

displayed in Figure 3.12. The most abundant peak, was that of the synthetic cannabinoid 5F-AKB48, 

indicated by a tall narrow peak eluting at 12.80 minutes. This arrangement is similar to that of the 

product Loop in which there is a high abundance peak of 5F-AKB48 and an extremely small abundance 

peak of 5F-PB-22 that elutes at 16.80 minutes. 

In addition, Herbal Haze contained various degradation products that have been established and are 

indicated within Figure 3.12. These were formed from the breakdown of the two mentioned synthetic 

are 
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A Amantadine 3.22 
B 8-hydroxyquinoline 3.61 
C Adamantane, 1-

isocyanto 
3.71 

D 5-fluoropentylindole 4.61 
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G 5F-PB-22 butyl ester 7.02 
H 5F-AKB48 12.80 
I 5F-PB-22 16.80 

 

Figure 3.12.  Gas chromatogram of the ‘legal high’ product Herbal Haze, with identified species and 

their corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays 

a close-up of the chromatogram between 3.0 - 7.5 minutes. 
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cannabinoids. The peaks of these products are all displayed in the smaller gas chromatogram in Figure 

3.12, with narrow separate peaks with variant levels of abundance.  The two most abundant peaks of 

the degradation products were those of 8-hydroxyquinoline and 5F-PB-22 methylester analogue, both 

formed from 5F-PB-22. All species have been identified similarly throughout, with the use of the 

chromatograms, mass spectra as well as the various computer software. Both the synthetic 

cannabinoids contained within Herbal Haze have been previously discussed, with 5F-PB-22 and its 

corresponding breakdown products mass spectra and possible fragmentation presented in Figure 3.4, 

and 5F-AKB48 in Figure 3.7. 

3.2.3 White Tiger 

Within the ‘legal high’ product of White Tiger, two synthetic cannabinoids were identified, which were 

5F-PB-22 and AB-FUBINACA. The most abundant synthetic cannabinoid was AB-FUBINACA, with a very 

tall and narrow peak that eluted at 10.48 minutes. In comparison with Loop and Herbal Haze, the 

narrow peak eluting at 16.80 for 5F-PB-22 is taller, showing a much higher abundance.  However, the 

peak for 5F-PB-22 is significantly smaller in abundance, in relation to the peak for AB-FUBINACA. All 

earlier peaks on the smaller gas chromatogram, that is shown in Figure 3.13, are separate narrow 

peaks that relate to degradation products of 5F-PB-22. Both the mass spectra of 5F-PB-22 and its 

breakdown products have been previously discussed in Figure 3.4, when discussing the presence of 

5F-PB-22 in Loop.  

Due to the fact that the peak for AB-FUBINACA was extremely tall, presenting a high abundance, it 

may account for the reason that no degradation products for this particular synthetic cannabinoid 
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Figure 3.13.  Gas chromatogram of the ‘legal high’ product White Tiger, with identified species and 

their corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays 

a close-up of the chromatogram between 3.0 - 7.5 minutes. 
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Figure 3.13.  Gas chromatogram of the ‘legal high’ product White Tiger, with identified species and 

their corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays 
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were identified within the sample. This suggested that the synthetic cannabinoid of AB-FUBINCA could 

remain intact inside the GC injector port, without a high amount of degradation. The mass spectrum 

of AB-FUBINACA, along with possible fragmentation patterns were considered and are presented in 

Figure 3.14. From the mass spectrum, it was apparent that the base peak of m/z 109 was formed 

through a simple cleavage, most likely instigated due to the electronegative pull from both of the 

nitrogen atoms, weakening the N-C bond. The next most abundant peak is that at m/z 253, caused 

through the breakage of the amide bond, likely due to the high electronegativity of both the nitrogen 

and oxygen atoms. The weakness of this bond was similar to the weakness of the ester bond in 5F-PB-

22, illustrated in Figure 3.4, caused through the electronegative pull of both of the nitrogen and 

oxygen atoms for the bonding electrons. In addition, the electronegative pull of the oxygen atom 

similarly weakened the bond to produce the peak at m/z 324. 

 

3.2.4 Sensate 

Three synthetic cannabinoids were identified within the ‘legal high’ sample of Sensate. These 

consisted of AKB48, AB-FUBINCA and 5F-PB-22. Figure 3.15 displays the gas chromatogram of the 

methanolic extract. The most abundant synthetic cannabinoid present in the ‘legal high’ product of 

Sensate was AKB48, with a tall narrow peak eluting at 11.42 minutes. AB-FUBINACA and 5F-PB-22 both 

had much smaller peaks, showing a much reduced abundance in comparison, eluting at 10.48 and 

16.80 minutes. Degradation products from both AKB48 and 5F-PB-22 were identified within the 

sample, with the smaller gas chromatogram displaying the various peaks, in Figure 3.15. However, no 

degradation products of AB-FUBINACA were observed. The structure of 5F-PB-22 along with the five 

breakdown products and related mass spectra are displayed in Figure 3.4. As previously mentioned, 

both 5F-AKB48 and AKB48 degrade to produce the same species of amantadine and adamantane, 1-
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Figure 3.14. Mass spectra of AB-FUBINACA with interpretation of key fragment ions. 
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isocyanato. Therefore, as Sensate contains the cannabinoid AKB48, these degradation products were 

also identified within the sample. The structure and mass spectrum of AKB48 is shown in Figure 3.8, 

with the two degradation products being displayed in Figure 3.7. Similarly, to the ‘legal high’ product 

of White Tiger, the peak signifying AB-FUBINACA is extremely tall and narrow, showing a high 

abundance. Therefore, this again might account for the reason that no degradation products were 

created from AB-FUBINACA. 

 

 

3.2.5 Paradox 

Two synthetic cannabinoids were identified within the ‘legal high’ product of Paradox. These were 5F-

PB-22 and BB-22. The gas chromatogram of the methanolic extract, is displayed in Figure 3.16. BB-22 

was signified by the tallest synthetic cannabinoid peak which eluted at 23.04 minutes. 5F-PB-22 eluted 

at 16.80 minutes and was represented by a considerably smaller peak, when in comparison to BB-22.  
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Figure 3.15.  Gas chromatogram of the ‘legal high’ product Sensate, with identified species and their 

corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays a close-

up of the chromatogram between 3.0 - 7.5 minutes. 

 

 

Figure 3.15.  Gas chromatogram of the ‘legal high’ product Sensate, with identified species and their 

corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays a close-

up of the chromatogram between 3 - 7.5 minutes. 
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This low abundance of 5F-PB-22 was repeatedly observed within the formerly discussed ‘legal high’ 

products. In addition to the synthetic cannabinoids, various breakdown products of both BB-22 and 

5F-PB-22 were identified. A smaller close-up gas chromatogram, which clearly displays the separate 

and differing peaks of these degradation products, is shown within Figure 3.16. The most abundant 

peak is that of a degradation product of BB-22, BB-22 methyl ester analogue. 

The structures and mass spectra of 5F-PB-22 and the related degradation products have been 

discussed beforehand and are presented in Figure 3.4. Five degradation products from 5F-PB-22 were 

identified, alongside three degradation products from BB-22. The mass spectra and potential 

fragmentation patterns of BB-22 and its corresponding breakdown products were considered and are 

displayed in Figure 3.17. From the mass spectrum of BB-22, it can be seen that major degradation of 

this synthetic cannabinoid was again probably caused through the weakness of the ester bond, due to 

the positioning of both the electronegative oxygen atoms. This is a similar mechanism of  

fragmentation to that of the ester bond in 5F-PB-22, which is seen in Figure 3.4. This cleavage of the 

ester bond generated both the major peaks of m/z 240 and m/z 144 on the mass spectrum resulting 

 

  

Figure 3.16.  Gas chromatogram of the ‘legal high’ product Paradox, with identified species and their 

corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays a close-

up of the chromatogram between 3.0 - 7.5 minutes. 

 

 

Figure 3.16.  Gas chromatogram of the ‘legal high’ product Paradox, with identified species and their 

corresponding retention times. Synthetic cannabinoids are signified in bold. The insert displays a close-

up of the chromatogram between 3 - 7.5 minutes. 
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Figure 3.17. Mass spectra of BB-22 and the corresponding degradation products with interpretation 

of key fragment ions. 
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in the formation of the BB-22 ester analogues. The peak at m/z 116 was created via the Onium 

reaction. The molecule of BB-22 was cleaved twice, which in turn produced an ion with an Mr of 115. 

Through this reaction the peak of m/z 116 was formed through the transfer of a hydrogen atom from 

the cleaved cycloalkyl fragment, to the ammonium ion. This reaction has been previously discussed 

and is illustrated in Figure 3.5. 

 
Within the ‘legal high’ product of Paradox, three products were identified as a result of the 

degradation of BB-22. One of these products was 1-cyclohexylmethylindole. From the gas 

chromatogram shown in Figure 3.16, it was observed eluting at 5.11 minutes with a relatively small 

peak. The other products included the ester analogues which derived from BB-22, in which BB-22 

methylester analogue was signified by a very tall narrow peak, eluting at 6.54 minutes. The mass 

spectra of the ester analogues shown in Figure 3.17, show extremely similar fragmentation patterns. 

The major peaks in both analogues, including m/z 188 and m/z 202 are likely caused through the 

cleavage of the bond one away from the electronegative nitrogen atom, which has been observed 

throughout. In both the BB-22 methylester analogue and BB-22 ethylester analogue, peaks of m/z 144 

and m/z 174 can be seen through a double cleavage and an addition of a hydrogen atom from the 

alkyl fragment through the Onium reaction. 

 

 

 

 

Figure 3.17. continued. Mass spectra of BB-22 and the corresponding degradation products with 

interpretation of key fragment ions. 

 

 

 

Figure 3.17. continued. Mass spectra of BB-22 and the corresponding degradation products with 

interpretation of key fragment ions. 
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3.2.6 Vertex Space Cadet 

The final ‘legal high’ product of Vertex Space Cadet, appears to be a relatively simple sample. Only one 

synthetic cannabinoid was identified, which was recognised as AB-CHMINACA. The gas chromatogram  

 

 

of the methanolic extract is displayed in Figure 3.18, showing the synthetic cannabinoid eluting with 

a very tall narrow peak at 10.42 minutes. Coinciding with the fact that on the gas chromatogram, AB-

CHMINACA had a very high abundance peak, it suggested evidently that there was not a high amount 

of degradation of the synthetic cannabinoid. This statement was confirmed as no degradation 

 

 

Figure 3.18. Gas chromatogram of the ‘legal high’ product Vertex Space Cadet, showing the synthetic 

cannabinoid AB-CHMINACA eluting at 10.42 minutes. 

 

 

Figure 3.18.  Gas chromatogram of the ‘legal high’ product Vertex Space Cadet, showing the 

synthetic cannabinoid AB-CHMINACA eluting at 10.42 minutes. 
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Figure 3.19. Mass spectra of AB-CHMINACA with interpretation of key fragment ions. 
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products were identified within the sample. In addition to the gas chromatogram, the mass spectrum 

of AB-CHMINACA was considered. Alongside the mass spectrum, the structure of AB-CHMINACA with 

possible fragmentation patterns is displayed in Figure 3.19. Many of these fragmentation patterns 

were observed throughout this thesis, when discussing the mass spectra of the identified synthetic 

cannabinoids. The base peak of m/z 241 was likely produced through the weakness of the amide bond, 

due to the highly electronegative nitrogen and oxygen atoms. This fragmentation was very similar to 

that of the weakness of the ester bond which was established in many of the various synthetic 

cannabinoids that have been previously discussed. This is also the case for the peak at m/z 145, in 

which after a cleavage of the cycloalkyl chain, a proton was transferred from this chain to the 

ammonium atom via the Onium reaction to produce an ion with a Mr of 145. 

3.3. CHARACTERISATION BEFORE THE VAPING PROCESS 
 

The characterisation of the 54 e-liquids before they were vaped, provided a benchmark in which the 

chemical profile of the vapour and aerosol that were produced during the vaping process, were 

compared with. This enabled the potential identification of new species that may have formed during 

the vaping process, ruling out the possibility of these particular species already existing in the e-liquid 

or being created in the injector port of the GC-MS. In addition, regarding the possibility of new species, 

the availability of a fully characterised benchmark of the e-liquids was used indicate this, as well as 

the potential absence of either the synthetic cannabinoids themselves or their associated breakdown 

products within the vaped data. Furthermore, it was vital to understand the characterisation of the 

three vaping solvents and the impact they had within the e-liquids, ensuring that any hypothetical 

reactions between the solvents and the synthetic cannabinoids or between themselves were 

recognised. This characterisation of the e-liquids using GC-MS, also signified that this chosen method 

was capable of fully characterising e-liquids that contain synthetic cannabinoids. 

3.3.1 Vaping solvents 

Before analysing the e-liquids via GC-MS, it was essential to characterise the vaping solvents that were 

used within the e-liquids. Three different vaping solvents were added to the synthetic cannabinoid 

extracts. The vaping solvents consisted of propylene glycol, vegetable glycerin and EJ mix, so 

therefore, the three solvents were diluted with methanol and directly analysed via GC-MS. Chemical 

profiles for each of the vaping solvents were produced and are discussed individually. 

3.3.1.1 Propylene Glycol 

From the gas chromatogram in Figure 3.20, it is clear that propylene glycol (PG) elutes at 1.99 minutes 
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with an extremely large, narrow peak. As well as PG, two other species were identified within the 

sample. These two species of 2-propanol, 1,1’-oxybis (also known as dipropylene glycol) and 1-

propanol, 2-(2-hydroxypropoxy) were thought to be produced within the injector port of the gas 

chromatograph. This is also supported by the fact that dipropylene glycol was also found as an 

impurity when analysing e-liquids containing propylene glycol by GC-MS[97]. Both these species exhibit 

very small peaks that elute after PG, at 2.48 and 2.82 minutes. PG undergoes polymerisation to 

produce two larger species, the structures of these larger species are shown in Figure 3.21. PG has a 

relatively simple structure and mass spectrum. As shown in Figure 3.21, the mass spectra and 

structures of PG and two other identified species are presented. The mass spectrum of PG displays a 

base peak of m/z 45 and is likely produced via a cleavage within the second bond away from the two 

electronegative oxygen atoms on either side of this bond. This strong electronegative pull has a 

weakening effect on the bond causing it to break. This peak is produced through a similar mechanism 

that is seen throughout the mass spectra fragmentation of the synthetic cannabinoids. The two other 

species found within the PG sample, are produced through the condensation polymerisation of PG 

and are presented in Figure 3.21. Both species were formed through the joining of the hydroxyl groups 

of PG which produces a loss of water. These species were very similar in structure, with 1-propanol, 

2-(2-hydroxypropoxy) only differing from 2-propanol, 1,1’ oxybis, due to the arrangement and flipped 

alignment of the second PG molecule. However, the retention times are comparably different, shown 

in Figure 3.20 as well as the mass spectra, shown in Figure 3.21. The peaks at m/z 45 and m/z 89 are 

formed through the similar mechanism described previously with propylene glycol. 

 

 

 
PEAK SPECIES RETENTION 

TIME 
(MIN) 

MATCHING 
SCORES 

A Propylene glycol 1.99 784 785R 

B 2-propanol, 1,1’- 
oxybis 

2.48 935 939R 

C 1-propanol, 2-(2-
hydroxypropoxy) 

2.82 734 746R 

 

Figure 3.20. Gas chromatogram of the vaping solvent propylene glycol, with all identified species 

and their corresponding retention times and matching scores. The insert displays a close-up of the 

chromatogram between 1.8 - 3.0 minutes. 

 

 

Figure 3.20. Gas chromatogram of the vaping solvent propylene glycol, with all identified species 

and their corresponding retention times and matching scores. The insert displays a close-up of the 

chromatogram between 1.8 and 3.0 minutes. 
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Figure 3.21. Mass spectra of propylene glycol, along with the two species of 2-propanol, 1,1’ oxybis 

and 1-propanol, 2-(2-hydroxypropoxy) with interpretation of key fragment ions. 

 

 

 

 

Figure 3.21. Mass spectra of propylene glycol, along with the two species of 2-propanol, 1,1’ oxybis 

and 1-propanol, 2-(2-hydroxypropoxy) with interpretation of key fragment ions. 
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3.3.1.2 Vegetable glycerin 

The gas chromatogram of the vaping solvent vegetable glycerin (VG) is displayed in Figure 3.22. VG 

can be seen eluting at 3.44 minutes, with a very large broad peak. Similar to PG, two other species 

were identified within the VG sample and are known as glyceraldehyde and dihydroxyacetone. Both 

species were formed from VG and appeared in very small abundances in the sample. These species 

elute before VG, with glyceraldehyde eluting at 2.08 minutes and dihydroxyacetone eluting at 2.19 

minutes, as shown in Figure 3.22. 

 

 

The mass spectra and structures of both VG and the identified species also found in the sample, are 

displayed in Figure 3.23. Similarly, to PG, these two other species are thought to be produced from 

VG inside the injector port, due to the high temperatures that can induce many chemical reactions. 

However, in contrary to this, various studies surrounding the vaping of glycerin and the analysis of 

the aerosol and vapour produced, without the use of GC-MS, also report the detection of both 

dihydroxyacetone and glyceraldehyde[133,134]. This suggests that both degradation products can also 

be formed during the vaping process itself. These three vaping solvents were analysed via GC-MS, 

individually, before the vaping process took place, as controls. It is envisaged that the vaping process 

also uses heat, so can therefore induce chemical reactions. However, all analyses of this study were 

carried out using GC-MS so if these polymerisation products or new additional products formed from 

the vaping solvents are also produced within the coil of the vaping device, it would be challenging to 

distinguish whether they are produced through the injector port of the GC or the vaping process. 

Therefore, a comparative quantification of these new species before and after vaping could provide 

 

Figure 3.22.  Gas chromatogram of the vaping solvent vegetable glycerin, with all identified species 

and their corresponding retention times and matching scores. The insert displays a close-up of the 

chromatogram between 2.0 - 2.25 minutes. 
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an answer, however, quantification was not part of the objectives within this current study. 

Furthermore, an alternative technique could also be used instead of GC-MS, in order to preserve the   
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Figure 3.23. Mass spectra of vegetable glycerin, along with the two species of glyceraldehyde and 

dihydroxyacetone with interpretation of key fragment ions. 
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sample and therefore enable the determination of the exact profile of the post-vape samples. An 

alternative method could be Liquid Chromatography-Mass Spectroscopy (LC-MS), as this particular 

method doesn’t use heat, subsequently avoiding the thermal reactions. However, this alternative 

method can use numerous ionisation processes which themselves could encourage chemical 

reactions. Another alternative would be to use a non-destructive spectroscopy technique, such as 

Raman or Infra-red spectroscopy. However, these such techniques have their own challenges for 

instance, producing a combined spectrum. Therefore, the ideal way to distinguish between the GC 

and the vaping process would be a comparison of either PG or VG and their corresponding species 

individually through GC-MS, pre-vape and post-vape to produce a ratio profiling of the peaks of each 

of the species. 

3.3.1.3 EJ mix 

As previously mentioned, EJ mix is reported to contain propylene glycol, polyethylene 400 (PEG 400), 

polyethylene 300 (PEG 300) and polyethylene 200 (PEG 200). The gas chromatogram of EJ mix, 

 

  

Figure 3.24. Gas chromatogram of the vaping solvent EJ mix, with all identified species and their 

corresponding retention times. The smaller chromatogram displays a close-up of the chromatogram 

between 2.1 – 3.0 minutes. 

 

 

Figure 3.24.  Gas chromatogram of the vaping solvent EJ mix, with all identified species and their 

corresponding retention times. The smaller chromatogram displays a close-up of the chromatogram 
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PEAK SPECIES RETENTION 
TIME 
(MIN) 

A Propylene glycol 1.99 
B Triethylene glycol 3.07 
C Tetraethylene glycol 3.93 
D Pentaethylene glycol 4.73 
E Hexaethylene glycol 5.45 
F 1,4 – benzenedicarboxylic acid, 

bis(2-hydroxyethylester) 
5.85 

G Heptaethylene glycol 6.21 
H Octaethylene glycol 7.18 
I Nonaethylene glycol 8.65 
J Decaethylene glycol 11.02 
K Dodecaethylene glycol 14.80 
L Diethylene glycol 2.33 
M 2-propanol, 1,1’ oxybis 2.48 
N 1-propanol, 2-(2-

hydroxypropoxy) 
2.82 
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showing all the various species is displayed in Figure 3.24. Polyethylene glycol (PEG) has the formula 

HO[CH2CH2O]nH, where a variance of n produces a compilation of polyethylene glycol compounds. The 

three PEG species of PEG 200, 300 and 400 that were contained within EJ mix are described through 

their average molecular weights. Most PEGs are commonly available commercially as mixtures of 

different oligomer sizes in broadly defined molecular weight ranges. This is due to the fact that they 

can also be distinguished through the value of n. Hence, PEG 400 is also known as octaethylene glycol 

where n has the value of 8, PEG 300 is also known as hexaethylene glycol where n has the value of 6 

and lastly PEG 200 is also known as tetraethylene glycol where n has the value of 4. In addition, 

numerous other polyethylene glycol compounds from diethylene glycol where n=2 up to 

dodecaethylene glycol where n=12 were identified within the EJ mix sample. These are contained 

within the PEG 200, 300 and 400 molecules in which the number indicates the average molecular 

weight of the most abundant PEG molecule, but contains a mixture of PEG molecules with various 

values of n. The peaks for the polyethylene glycol compounds appeared to be tall, narrow and 

abundant, and are shown within Figure 3.24, together with the retention times for these particular 

peaks. 
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Figure 3.25. Mass spectra of diethylene glycol and triethylene glycol with interpretation of key 

fragment ions. 
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Alongside the 10 different PEG compounds, propylene glycol was also identified within the sample. 

Propylene glycol has been previously discussed in Chapter 3.3.1.1, which also included the discussion 

of the two related species of 2-propanol, 1,1’ oxybis and 1-propanol, 2-(2-hydroxypropoxy) that were 

produced from PG. PG and its related compounds are observed in the gas chromatograms displayed 

in Figure 3.20, with the mass spectra and structures shown within Figure 3.21. As the polyethylene 

glycol compounds have extremely similar structures, only differing in the number of repeated 

ethylene glycol molecules in their chain, the structures of the two smallest polyethylene glycol 

molecules found within the sample are displayed in Figure 3.25. 

3.4. E-LIQUIDS 
 

After the analysis of the vaping solvents, each of the 54 e-liquids were individually characterised via 

GC-MS. Tables have been produced for each ‘legal high’ product to display an overall presence of the 

synthetic cannabinoids and their associated breakdown products in the various e-liquids, that were 

produced from that product. From each product, 9 e-liquids were produced due to the various 

extraction techniques and solvents used. In addition, the tables include the initial methanolic 

extraction characterisation of that specific ‘legal high’ product. However, these tables do not include 

the vaping solvent and their associated products. To illustrate the various e-liquids a key has been 

produced, shown in Table 3.2.  

 

 

 

 
3.4.1 Loop e-liquids 

As previously discussed, it has been acknowledged that Loop contains the three synthetic 

cannabinoids of 5F-AKB48, 5F-PB-22 and AKB48. From the initial gas chromatogram shown in Figure 

3.3, it was known that there was a high abundance of 5F-AKB48, therefore coinciding with the 

presence of 5F-AKB48 in each Loop e-liquid. 5F-PB-22 was identified within the majority of e-liquids, 

but in a very small abundance in three of the e-liquids and not at all in one e-liquid. The very low 

abundance of 5F-PB-22 in the herbal material initially, before the product was processed, may account 

for this. However, AKB48 was also present in every e-liquid, even though the original abundance of 

AKB48 in Loop was also extremely low. The majority of degradation products were also present in the 

e-liquids with an exception for 5F-PB-22 ethyl ester analogue and 5F-PB-22 butyl ester analogue. 

Table 3.2. Key 

 Extraction using:  Solvent used: 

A Acetone PG Propylene glycol 
M Methanol VG Vegetable Glycerin 
H Homemade EJ EJ mix 

LH Initial characterisation of the ‘legal high’ product 
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3.4.2 Herbal Haze e-liquids 

From the initial methanolic extraction of Herbal Haze, two synthetic cannabinoids of 5F-AKB48 and 

5F-PB-22 were identified. Within the Herbal Haze e-liquids, 5F-AKB48  and 5F-PB-22 were present in 

every e-liquid. However, 5F-PB-22 was in a very low abundance, in which an extracted ion count was 

needed to identify its presence in two e-liquids, that used VG as the vaping solvent. In addition, there 

were less breakdown products identified within these VG e-liquids. The largest part of the degradation 

products were mostly present within the e-liquids. Although, similarly to the Loop e-liquids, the 5F-

PB-22 ester analogues, especially 5F-PB-22 butyl ester analogue, were generally absent from the e-

liquids. 

 

 

Table 3.3. Synthetic cannabinoids and associated breakdown products identified in the various Loop e-
liquids. 

RT 12.80 16.80 11.39 3.22 3.71 3.61 4.61 5.90 6.06 7.02 
Sample 5F – 

AKB48 
5F – 

PB-22 
AKB48 Amanta 

dine 
Adamant 

ane, 1-
isocyanto 

8-hydroxy 
quinoline 

5 – 
fluoro 
pentyl 
indole 

5F-PB-22 
methyl 
ester 

5F-PB-22 
ethyl 
ester 

5F-PB-22 
butyl 
ester 

LH           

A – PG           

A – VG           

A – EJ           

M– PG           

M– VG           

M – EJ           

H – PG           

H - VG           

H - EJ           

Note: Green = detected, Red = not detected and Yellow = detected using extracted ion chromatograms (EIC). 

Table 3.4.  Synthetic cannabinoids and associated breakdown products identified in the various Herbal 
Haze e-liquids. 
RT 12.80 16.80 3.22 3.71 3.61 4.61 5.90 6.06 7.02 
Sample 5F – 

AKB48 
5F–PB-22 Amanta 

dine 
Adamant

ane, 1-
isocyanto 

8-hydroxy 
quinoline 

5 – fluoro 
pentyl 
indole 

5F-PB-22 
methyl 
ester 

5F-PB-22 
ethyl 
ester 

5F-PB-22 
butyl 
ester 

SC          

A – PG          

A – VG          

A – EJ          

M – PG          

M – VG          

M – EJ          

H – PG          

H - VG          

H - EJ          

Note: Green = detected, Red = not detected and Yellow = present using extracted ion chromatograms (EIC). 
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3.4.3 White Tiger e-liquids 

The synthetic cannabinoids that were identified within the methanolic extract of the ‘legal high’ 

product of White Tiger were AB-FUBINACA and 5F-PB-22. Both these synthetic cannabinoids were 

present within the White Tiger e-liquids. However, there was a low abundance of 5F-PB-22 in the e-

liquids that were produced through a methanolic extraction. No degradation products were formed 

from AB-FUBINACA in the initial GC-MS analysis, hence, supporting the fact that no degradation 

products of AB-FUBINACA were identified within the e-liquids. Breakdown products of 5F-PB-22 were 

present, with 8-hydroxyquinoline and 5-fluoropentylindole identified in each e-liquid.  Once again, the 

breakdown products of 5F-PB-22 ethylester and 5F-PB-22 butyl ester analogues were  generally absent 

from the e-liquids. 

 

3.4.4 Sensate e-liquids 

The three synthetic cannabinoids of AKB48, 5F-PB-22 and AB-FUBINACA, that were identified in the 

methanolic extraction of Sensate, were all present in each of the e-liquids. Although, 5F-PB-22 was 

mostly identified in low abundances in the e-liquids, in which a methanolic extraction was used. The 

majority of the degradation products of 5F-PB-22 were also present within the e-liquids, with the 

exception of the breakdown products of 5F-PB-22 ethylester and 5F-PB-22 butylester analogues. 

However, the two breakdown products of AKB48, which are amantadine and adamantane, 1-

isocyanato, were absent from nearly all of the e-liquids. The only e-liquid in which these were 

identified was within the homemade extraction technique and PG vaping solvent. As these two 

breakdown products are seen throughout various other e-liquids that include 5F-AKB48, it can be 

deducted that these products are more likely to be produced from the breakdown of 5F-AKB48 than 

AKB48. These two synthetic cannabinoids are extremely similar in structure except for an addition of 

Table 3.5.  Synthetic cannabinoids and associated breakdown products identified in the various White 
Tiger e-liquids. 

RT 10.48 16.80 3.61 4.61 5.90 6.06 7.02 
Sample AB- FUBINACA 5F–PB-22 8 – hydroxy 

quinoline 
5 – fluoro 

pentylindole 
5F–PB-22 

methylester 
5F–PB-22 
ethylester 

5F–PB-22 
butylester 

LH        

A – PG        

A –VG        

A – EJ        

M – PG        

M – VG        

M – EJ        

H – PG        

H - VG        

H - EJ        

Note: Green = detected, Red = not detected and Yellow = detected using extracted ion chromatograms (EIC). 
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a fluorine atom on the end of the alkyl chain. A suggestion for this was that it was thought that the 

added fluorine molecule rendered the cannabinoid of 5F-AKB48, less stable overall. Fluorine is the 

most electronegative element, signifying the highest tendency to attract a bonding pair of electrons 

of any atom.  This strong electronegative pull of fluorine for the electrons, may cause a weakening of 

all the bonds within the overall structure, hence justifying the reason why the degradation are 

observed within samples containing 5F-AKB48. Therefore, this could provide an explanation for the 

absence of both the degradation products throughout the majority of AKB48 e-liquids. 

 

3.4.5 Paradox e-liquids 

Two synthetic cannabinoids were identified within Paradox, these were 5F-PB-22 and BB-22. Both 

were present in most of the e-liquids, but in a significantly small abundance in some. This was the case  

Table 3.6.  Synthetic cannabinoids and associated breakdown products identified in the various 
Sensate e-liquids. 

RT 11.42 16.80 10.48 3.22 3.71 3.61 4.61 5.90 6.06 7.02 
Sample AKB48 5F – 

PB-22 
AB – 

FUBINACA 
Amant 
adine 

Adamant 
ane, 1- is 
ocyanato 

8 – 
hydroxy 

quinoline 

5 – 
fluoro 
pentyl 
indole 

5F-PB-22 
methyl 
ester 

5F- PB-
22 ethyl 

ester 

5F-PB-
22 butyl 

ester 

SC           
A – PG           
A – VG           
A – EJ           
M – PG           
M – VG           
M – EJ           
H – PG           
H - VG           
H - EJ           

Note: Green = detected, Red = not detected and Yellow = detected using extracted ion chromatograms (EIC). 

Table 3.7.  Synthetic cannabinoids and associated breakdown products identified in the various 
Paradox e-liquids. 

RT 23.04 16.80 3.61 4.61 5.11 5.90 6.54 6.71 6.06 7.02 
Sample BB-22 5F – PB-

22 
8 – 

hydroxy 
quinoline 

5 – 
fluoro 
pentyl 
indole 

1 – 
cyclohexyl 

methyl 
indole 

5F-PB-22 
methyl 
ester 

BB-22 
methyl 
ester 

BB-22 
ethyl 
ester 

5F-PB-22 
ethyl 
ester 

5F-PB-22 
butyl 
ester 

SC           
A – PG           
A – VG           
A – EJ           
M – PG           
M – VG           
M – EJ           
H – PG           
H - VG           
H - EJ           

Note: Green = detected, Red = not detected and Yellow = detected using extracted ion chromatograms (EIC). 
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for BB-22, which was identified in very low abundances in e-liquids that were produced from 

methanolic extractions. The degradation products of BB-22 were present in all e-liquids. In e-liquids 

that used EJ mix as the vaping solvent, 5F-PB-22 was only present in low abundances. The degradation 

products of 5F-PB-22 were also present in most e-liquids. However, 5F-PB-22 butyl ester analogue was 

absent from all e-liquids, which has been a common occurrence throughout. 

3.4.6 Vertex Space Cadet e-liquids 

Only one synthetic cannabinoid was identified within the ‘legal high’ product of Vertex Space Cadet, 

which was AB-CHMINACA. No degradation products were formed from this synthetic cannabinoid. 

AB-CHMINACA was present in every e-liquid. 

Table 3.8.  Synthetic cannabinoid identified in the 
various Vertex Space Cadet e-liquids. 

RT 10.4 

Sample AB - CHMINACA 

SC  

A – PG  

A – VG  

A – EJ  

M – PG  

M – VG  

M – EJ  

H – PG  

H - VG  

H - EJ  

Note: Green = detected, Red = not detected and Yellow = 

detected using extracted ion chromatograms (EIC). 

 

Overall, chemical profiles of the 54 e-liquids that were analysed via GC-MS, were produced. The e-

liquids were characterised in order to compare with the chemical profiles of the vaped samples, 

therefore, identifying the absence of species or addition of new species. As well as this, they were 

characterised to observe the various matrices of the e-liquids. From the chemical profiles, it is clear 

that the synthetic cannabinoids were extracted from the herbal material and transferred into the e-

liquids through the three different extraction techniques. However, the extraction that used methanol 

as the solvent appeared to be the most inferior extraction technique, as with this extraction technique 

a lower abundance of synthetic cannabinoids were extracted from the herbal material.  

In addition, the least suitable vaping solvent was indicated to be vegetable glycerin. A possible reason 

may be accounted for the fact that VG is naturally a colourless, odourless and extremely thick and 

viscous solvent. Therefore, this may affect the solubility of the extract within VG when producing the 

e-liquids. This is supported by the fact that when the e-liquids were produced it appeared difficult for 
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the extract to fully dissolve within this e-liquid, so this high viscosity of VG may explain the erratic 

results obtained for this solvent.  

3.5. CHEMICAL PROFILING OF THE AEROSOL AND VAPOUR 
 

Each of the 54 e-liquids were vaped, using the particular processes that are described in SOP – JBR/01 

and SOP – JBR/02. The three compartments collected from each vaped e-liquid, containing both 

aerosol and vapour, were analysed by GC-MS, see Chapter 3.1.3 for the GC-MS settings.  From this, 

chemical profiles of the vaped e-liquids were produced. These chemical profiles were of the three 

collection compartment samples (glassware, glasswool and silica/charcoal), that were produced 

during the vaping process of each e-liquid. These profiles were then compared with the chemical 

profiles of the e-liquids pre-vape. This enabled the possible identification of new species, or the 

absence of previously identified species. In addition, it was crucial to recognize the importance of the 

synthetic cannabinoids and if they or their associated breakdown products were transferred into 

either the aerosol or vapour during the vaping process. The chemical profile of the vaped data took 

into account various parameters. These parameters included the extraction techniques that were used 

to produce the e-liquids, the vaping solvents that were used within the e-liquid, the compartment in 

which the sample was collected in (glasswool, glassware and silica/charcoal) and lastly the ‘legal high’ 

product itself.  

As previously explained, the aerosol and vapour that was produced through the vaping process was 

collected in three compartments. As the chemical profiles of each compartment have been generated, 

it is significant that within the silica/charcoal compartment, which is the last section to collect the 

sample, there were no substantial results. Within this collection compartment, the gas 

chromatograms do not show any species and appear blank. Therefore, the second and third 

objectives, specified at the end of Chapter 1, which were to devise an apparatus to trap and collect 

the aerosol and vapour in order for characterisation by GC-MS have been achieved. I.e. the blank gas 

chromatograms of the silica/charcoal compartments indicate that all the species within the vapour 

and aerosol had been collected within the earlier sections of the glassware and glasswool. Therefore, 

a complete set-up had been devised with no loss of species. This signified that the chemical profiles 

of the vaped samples were comprehensive and any differences between the characterisation of the 

e-liquids and the vaped samples were genuine. However, the overall size of all the peaks in the 

chemical profiles of the post-vape samples were comparatively smaller in comparison to the chemical 

profiles of the pre-vape samples. 

Out of the six synthetic cannabinoids that were observed within this study, it was indicated that four 
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of the cannabinoids were able to withstand the vaping process and were transferred into the vapour 

and aerosol. As expected, many of these synthetic cannabinoids degraded within the vaping process, 

producing the various previously identified degradation products that have already been covered 

earlier in this chapter. These such cannabinoids include 5F-AKB48, which was present in the ‘legal 

high’ products of both Loop and Herbal Haze and their e-liquids, as well as AKB48 which was identified 

within Loop and Sensate and their corresponding e-liquids. The majority of these synthetic 

cannabinoids were transferred from their respective e-liquids into the vapour and aerosol through the 

vaping process. Their breakdown products, however, were mostly absent within the various samples, 

with an exception for adamantane, 1-isocyanato, which was identified within all propylene glycol 

glassware samples as a result of the degradation of 5F-AKB48. In addition to this, no related 

breakdown products were identified within Sensate, in which AKB48 was detected without the 

presence of 5F-AKB48. AB-FUBINACA and AB-CHMINACA were also transferred into and recognised 

within the aerosol and vapour samples, as a result of the vaping process. The transfer of AB-

CHMINACA is very similar to that of AB-FUBINACA, most likely due to their similar moieties. As 

previously determined, no degradation products from either synthetic cannabinoid were discovered. 

This demonstrates the robustness of these cannabinoids when they were subjected to heat. The final 

two synthetic cannabinoids, 5F-PB-22 and BB-22 were not identified in any post-vape sample. Again, 

both these cannabinoids have similar structures and were present in most e-liquids, although in a low 

abundance in some of these e-liquids. However, once these e-liquids underwent the vaping process, 

neither of the synthetic cannabinoids were identified throughout the various post-vape samples. 

However, many of the breakdown products of 5F-PB-22 were identified within the post-vape samples. 

The most recognised degradation product was that of 8-hydroxyquinoline, which was present in the 

largest part of the post-vape samples, as well as 5-fluoropentylindole which was also recognised within 

half of the samples. In addition, 1-cyclohexylmethyl indole was identified within a high volume of 

samples as a breakdown product of BB-22.  However, the ester analogues were mostly absent from 

the post-vape samples as a result of the degradation of both 5F-PB-22 and BB-22. The absence of both 

these synthetic cannabinoids is discussed within a later part of this chapter.   

The three vaping solvents used to produce the various e-liquids had a considerable effect on the 

chemical profiles of the post-vape samples. The most significant effect was observed with the vaping 

solvent, vegetable glycerin. Out of the four synthetic cannabinoids that were transferred, they were 

generally absent from both the glassware and glasswool post-vape samples in which vegetable 

glycerin was used as the solvent. The addition of VG did not only affect the transfer of the synthetic 

cannabinoids, it also impacted the production of the various degradation products. This was also the 

case, as the majority of degradation products were not characterised with the majority of post-vape 
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samples. A reason for this could be due to the aforementioned natural high viscosity of VG. As the e-

liquids are transferred into the e-cigarette device, they surround and absorb into the wick material 

that encases the coil. Hence, as VG is a thick liquid it may take a lengthier time period to transport and 

absorb into the wick material. As these VG e-liquids undergo the vaping process, there is the possibility 

that not all of the e-liquids have reached the coil in which the vaping process takes place. Furthermore, 

VG was also the least suitable vaping solvent for synthetic cannabinoids within the e-liquids, as it 

appeared difficult for the extract to dissolve due to the natural high viscosity of VG, may be another 

contributing factor into why VG has a considerable effect on the chemical profiles of the post-vape 

samples. Therefore, the fact that in some of the e-liquids the extracts did not fully dissolve within VG, 

combined with the possibility that not all of the e-liquid may have reached the coil may explain why 

VG is the least suitable vaping solvent. Propylene glycol and EJ mix had mainly similar  effects on the 

chemical profiles. However, there was a higher number of products within the characterisation of 

samples that were from e-liquids that used EJ mix as the vaping solvent. Propylene glycol acted as 

expected during the vaping process. PG itself was identified within every post-vape sample, with the 

related polymerisation products recognised within a high quantity of samples. 2-propanol, 2-(2-

hydroxypropoxy) was present within most samples in which PG was used as the vaping solvent. As 

previously mentioned EJ mix contains propylene glycol in addition to the various polyethylene glycol 

molecules, however, within the post-vape samples in which EJ mix was used, the volume of the PG 

polymerisation products was considerably lower in comparison. Furthermore, all of the ten various 

polyethylene molecules were identified in most of the post-vape samples. However, the heavier and 

longer chain polyethylene molecules such as dodecaethylene and decaethylene glycol molecules were 

present in far fewer samples. As displayed in the gas chromatogram of EJ mix in Figure 3.19, it can be 

seen that the abundance of the mid-range length chains of the ethylene glycols were higher than those 

of both the smaller length chains and the longer length chains. Therefore, if the overall quantity of all 

of the PEG peaks was reduced, then this may be the reason why the longer chained polyethylene 

glycol molecules were absent from the post-vape samples. Another possibility for this observation 

could be that the vaping process may produce a distorted chemical profile as opposed  to when the e-

liquids are analysed directly. The vaping process could favour the lighter species within the sample 

while the heavier species may not be vaped and could be left behind in the coil, simply based on their 

volatility.  As previously determined, it was expected that vegetable glycerin would be present in all 

post-vape samples, in addition to its corresponding products thought to be produced from the GC 

injector port. Conversely, VG is recognised within all samples, but the corresponding products are not. 

These two identified species are absent from every post-vape sample. 
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Three different extraction techniques were used to produce the various e-liquids. When comparing 

the chemical profiles of all the post-vape samples it was clear that there were no major differences 

between these extraction techniques. These methods were utilised mainly to extract the several 

synthetic cannabinoids that were contained within the herbal plant material. After the vaping process, 

it emerges that fewer synthetic cannabinoids were identified within samples in which a methanolic 

extraction had been used. In addition to the various extraction techniques, six different ‘legal high’ 

products were used. Between these six products there was no noticeable or major difference between 

the chemical profiles of the post-vape samples. Therefore, vaping numerous products that involve 

synthetic cannabinoids and vaping solvents will produce extremely similar chemical profiles regardless 

of the initial product in which these cannabinoids came from. For example, as long as 5F-AKB48 after 

a methanolic extraction and with the addition of PG, undergoes the vaping process, very similar 

chemical profiles will be produced irrespective of whether the initial ‘legal high’ product was Loop or 

Herbal Haze.  

The post-vape samples were collected in three sections of glassware, glasswool and charcoal/silica. As 

formerly mentioned, the silica/charcoal sample collection section appeared blank, indicating the 

earlier capture of all species. Therefore, all species produced from the vaping process were collected 

within the glassware and glasswool collection sections. As explained in Chapter 2, the glassware 

section consisted of the round bottom flask and the ‘neck’ glassware and the glasswool section 

consisted of the condenser and the glasswool material itself that was placed inside the condenser. 

After the analysis of the samples from both sections it was evident that the glasswool section collected 

a larger quantity of species, including a higher quantity of the synthetic cannabinoids. This prevalence 

may be initiated due to the chemical and physical differences between the two sections. The 

laboratory standard glassware and the glasswool had different chemical compositions as the 

glassware was made from Pyrex glass in which borosilicate glass, made from silica and boron trioxide, 

was used. However, the glasswool was made from short glass fibres, therefore, as the vapour and 

aerosol were passed through the different sections of the apparatus, the glassware and glasswool may 

have adsorbed the species differently. In addition to the chemical differences between the glassware 

and the glasswool material, there were obvious physical differences. It was known that the vapour 

and aerosol collided with the hard surface of the glasswool mesh, as already discussed within Chapter 

2.2.2.  This provided a number of sites in which the aerosol could gather, forming various droplets, 

many of which collected within the glasswool material. Another purpose of the glasswool was to slow 

down the sample, acting like a barrier, decreasing the rate of the sample as it passed through. This 

also allowed the cold environment, produced from the condenser, to take effect. As the glasswool 

was also in contact with the inside glass wall of the condenser, the glasswool was cold in temperature, 
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therefore providing a site for the vapour to condensate. Furthermore, both the vaping solvents and 

glasswool were all extremely polar. As many of the species found within the post-vape sample were 

dissolved within these various polar vaping solvents, the glasswool was also used as a mechanism to 

collect the droplets of vaping solvents. 

All species that have been discussed were predetermined from the initial GC-MS analysis of the ‘legal 

high’ products. Therefore, it was possible to see the effect that the vaping process had on these 

species, from their identification or absence within the post-vape samples. In addition to this, the 

analysis of the post-vape samples also enabled the possible identification of new species that may 

have been produced via the vaping process. Hence, two new species were identified within the post-

vape samples. These new species of indole and quinoline were thought to be produced as a result of 

the degradation of 5F-PB-22. As this synthetic cannabinoid was present within the ‘legal high’ products 

of Loop, White Tiger, Herbal Haze, Paradox and Sensate, these two new species were found within a 

high number of post-vape samples. Both these species were generally found together in consistent 

samples, and commonly found within the post-vape samples in which EJ mix was used as the vaping 

solvent. These new species were also found within samples that used PG but was never identified 

within samples that used VG. The extraction technique or collection compartment that was used did 

not appear to have an effect on the identification of these new species. This signified that chemical 

reactions must happen during the vaping process within the coil of the e-cigarette device. As these 

new species had not been previously identified in the earlier analyses, this indicated that the gas 

chromatograph injector port had no involvement with the production of these species. Indole and 

quinoline are discussed in Chapter 4. 

As described in Chapter 3.1.2.4, the nine coils that were used within the e-cigarette device to vape e-

liquids prepared from the ‘legal high’ product of Loop were analysed via GC-MS. This was undertaken 

to identify which species, if any, had not entered the vapour and aerosol and had remained within the 

coil or if any species had formed within the coil. In addition, it had been stated that 5F-PB-22 and BB-

22 were not transferred through the vaping process and were absent from all post-vape samples. As 

it was earlier determined that the silica/charcoal section did not contain any species within the post-

vape samples, it was known that the apparatus and system used to collect the vapour and aerosol was 

complete, with no loss of species. Hence, it was ascertained that 5F-PB-22 was not lost within the 

system. It was thought that it may be possible that 5F-PB-22 was too heavy or was unable to undergo 

the vaping process. Therefore, as Loop contained 5F-PB-22, the analysis of the Loop related coils would 

give an indication to the displacement of this synthetic cannabinoid during the vaping process. If the 

cannabinoid was identified within either the wick material or the metal coil itself, it would propose an 

answer to the absent synthetic cannabinoid within the post-vape samples. However, after these nine 
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separate coils were analysed, chemical profiles were produced in which 5F-PB-22 was absent from all. 

It was known that 5F-PB-22 only partially degrades within the GC injector port, as the molecule has a 

whole was identified within both the initial analysis and the e-liquids. As it was absent from all coils 

and was not lost within the sample collection it was established that 5F-PB-22 fully degrades during 

the vaping process. However, using this methodology it was not possible to distinguish whether the 

vaping process solely caused the cannabinoid to fully degrade or whether the combination of both the 

vaping process as well as the analysis of GC-MS, mainly the GC injector port, caused the full 

degradation of 5F-PB-22. The vaping process may predominantly encourage the degradation but with 

the second source of heat from the GC injector port it may initiate much further degradation. 

Moreover, as discussed earlier, a high number of the longer chained polyethene glycol molecules were 

absent from the post-vape samples. This was also investigated through the systematic extraction of 

some of the coils post-vape, in which the analysis of the Loop related coils would potentially give an 

insight into the misplaced PEG molecules. After the analysis of these coils, it was distinguished that 

when the heavier PEG molecules were absent from specific Loop post-vape samples, they were 

identified within the corresponding coils, especially within the wick material of the coil. Hence, this 

may possibly indicate that the vaping process did favour the lighter PEG molecules based on their 

volatility. 

 

3.6. OUTCOMES 

Overall, various pre and post vape samples have been analysed via GC-MS, creating various chemical 

profiles. All six ‘legal high’ products have been analysed, identifying which synthetic cannabinoids  and 

related degradation products were present in each, using the gas chromatograms alongside their mass 

spectra. In addition, all the various e-liquids and vaping solvents that were prepared were also 

analysed individually via GC-MS, before the vaping process took place. All these pre-vape analyses, 

were performed to produce a benchmark in which all post-vape samples could be compared against. 

Therefore, each post-vape sample was also analysed via GC-MS, producing various chemical profiles. 

From this, it was determined that four of the six synthetic cannabinoids were transferred through the 

vaping process. However, it was also established that further degradation of these cannabinoids took 

place, as two new degradation products of indole and quinoline were identified within a number of 

post-vape samples. 
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CHAPTER 4. ADDITIONAL HARMFUL SUBSTANCE CREATION 
 

Preamble 

This chapter addresses the two new species of quinoline and indole, that were identified within 

numerous post-vape samples. These species were identified previously and were confirmed to be 

present within numerous post-vape samples through the application of the external standards of both 

compounds. This chapter therefore discusses the confirmation of indole and quinoline within the post-

vape samples, which was achieved through preparing and then injecting the standards into the GC-

MS, under the same GC-MS conditions, and matching the retention times, alongside the mass spectra 

and their confirmation ratios. In addition, the confirmation of these compounds, corroborated the 

certainty that these compounds were produced solely through the vaping process. Hence, the effects 

of vaping these such compounds was also acknowledged, including the toxicology of quinoline and 

indole. 

4.1. MATERIALS AND METHODS 
 

4.1.1 Chemicals and materials 

Analytical grade quinoline and indole were purchased from Sigma-Aldrich. Analytical grade methanol 

was purchased from Fisher Scientific. A Sartorius Entris analytical balance was used, alongside 4 mL 

clear vials with screw-cap lids which were from Supleco. The various sized automatic pipettes that 

were used were from VWR, with the pipettes tips from Sarstedt. 

4.1.2 Preparation of the standards 

The preparation of both standards was achieved identically. The standard solutions were produced 

with 1 mgmL-1 of methanol. This was performed through measuring 1 mg of either of indole or 

quinoline, using an analytical balance, with the addition of 1 mL of methanol into a 4 mL screw-cap 

vial. This solution was diluted x10 with methanol. As the solutions were too concentrated, they were 

diluted x10 with methanol for the second time and transferred into a GC-MS crimp-cap vial. Both the 

indole and quinoline standards were then injected into the GC-MS, ready for analysis. For each of the 

compounds, the GC-MS analysis was repeated three times to ensure the reliability of the GC-MS runs. 

4.1.3 GC-MS settings 

The GC-MS settings that were used when analysing the standards of the two new compounds are 

identical to the settings that have been used throughout this study. Separation was achieved using a 

Perkin Elmer Clarus 680 Gas Chromatograph equipped with an autosampler and fitted with a SLB-5MS 
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(30 m x 0.25 mm x 0.25 µm) fused silica capillary column (Supleco).  An injection volume of 1.0 µL was 

used. The injector temperature was set at 250°C , the column temperature was at 100°C initially, 

increasing to 300°C at 40°C min-1 and maintained for 15 minutes for a total run time of 20 minutes. 

The mobile phase was helium at 1 mL min-1 flow rate. A constant split mode of 10:1 was used. 

Mass spectrometry was performed using a Perkin Elmer Clarus SQ 8 C Mass Spectrometer operated 

with Perkin Elmer TurboMass software. The GC-MS transfer line temperature was set to 300°C and 

positive ionisation was achieved with an electron ionisation (EI+), source at 200°C with an electron 

energy of 70 eV. Injections were observed without solvent delay in total ion current (TIC) mode, 

scanning the m/z 40 - 400 range. Scan cycle was 1 s with 0.01 s interscan delay. Mass spectra of 

detected peaks were compared to a combination of the National Institute of Standard and Technology 

(TurboMass NIST 2008 library, version 2.2.0) and reference standards in-house library. 

4.2. IDENTIFICATION AND CONFIRMATION OF QUINOLINE AND INDOLE 
 

As previously mentioned within Chapter 3.5, the two newly identified species of indole and quinoline 

were present within some of the post-vape samples. These species are also thought to be produced 

as a result of the degradation of the synthetic cannabinoid 5F-PB-22. Hence, they were only found 

within the ‘legal high’ samples of Loop, White Tiger, Herbal Haze, Paradox and Sensate, in which 5F- 

 

Figure 4.1. Gas chromatogram between 1.5 and 8.0 minutes, of the post-vape sample of Loop, 

produced from an acetone extraction with the addition of EJ mix, showing peaks of quinoline and 

indole and their corresponding retention times. The insert displays a close-up of the chromatogram 

between 3.0 – 3.6 minutes. 
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PB-22 was present. As both of these species were found within various post-vape samples, a gas 

chromatogram of the post-vape sample of Loop, produced from an acetone extraction with the 

addition of EJ mix and collected within the glassware compartment, is used as an example to 

demonstrate all the post-vape samples in which both quinoline and indole were found. This gas 

chromatogram, displaying the separate peaks of quinoline and indole is shown in Figure 4.1. In 

addition to the gas chromatograms, the species were also recognised through utilising the computer 

software AMDIS which is linked to TurboMass NIST reference standards in-house library. From Figure 

4.1, it can be seen that both species display very small separate peaks, with quinoline eluting first at 

3.22 minutes and indole eluting very shortly after at 3.36 minutes. As both species are thought to be 

degradation products of 5F-PB-22, they are a lot smaller in size corresponding with the quick retention 

times. As the peaks are of a low abundance, they are also shown in a smaller close-up version of the 

gas chromatogram, which is inserted above. 
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Figure 4.2. Complete gas chromatograms of the standards of both quinoline and indole. The first 

chromatogram signifies quinoline and the second chromatogram signifies indole.  
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In order to confirm the presence of the both species within the post-vape samples, analytical grade 

standards of both quinoline and indole were also analysed via GC-MS. The gas chromatograms of both 

quinoline and indole are displayed in Figure 4.2. On the first chromatogram, a very tall narrow peak, 

representing quinoline and eluting at 3.24 minutes is displayed. In addition, the gas chromatogram of 

the indole standard is signified in the second chromatogram, again by a tall narrow peak eluting at 

3.36 minutes. 

In addition to the gas chromatograms, the mass spectra of both species have been acknowledged. 

These are shown in Figure 4.3, alongside the structure of each compound. From observing the 

structures of each compound, it is noticed that both of the compounds are very similar, sharing 

common moieties, only differing as quinoline contains two six carbon rings and indole contains one 

six carbon ring and one five carbon ring. Hence, the two major peaks on the opposing mass spectra 

only differ from the loss of 12, due to the additional carbon atom within one of the carbon rings. The  

 

 

Figure 4.3. Mass spectra of both quinoline and indole, alongside their structures. 
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fragmentation of both species appear relatively simple with the molecular peak of quinoline observed 

at m/z 129 and of indole at m/z 117. In addition to these peaks, another smaller peak on each mass 

spectrum is observed with the loss of m/z 27. These peaks of m/z 102 and m/z 90 are thought to be 

produced through the loss of CHN. This suggested fragmentation is shown within the fragmentation 

of both quinoline and indole and is displayed in Figure 4.4. 

 

 

 

 

  

 

 

 

 

 

This fragmentation of both quinoline and indole appears to be undoubtedly produced from a simple 

cleavage that takes place within the second bond from the nitrogen. As aforementioned within the 

discussion of the synthetic cannabinoids mass spectra fragmentation in Chapter 3.2, this bond is 

inevitably weak due to the electronegative pull of the nitrogen atom. Hence, the whole CHN fragment 

is cleaved from both quinoline and indole to produce these two peaks. 

The retention times of both compounds were used to compare against the samples in which indole 

and quinoline were potentially identified in, in order for the identification of both compounds. 

Alongside this, using the mass spectra of the compounds, several peak area ratios were distinguished 

and utilised to calculate confirmation ratios in which, were compared with the potentially identified 

compounds to confirm or deny their presence.   

 

Quinoline 

m/z 129 m/z 102 

Loss of CHN 

Figure 4.4. Fragmentation of quinoline and indole, producing a m/z 102 and 

a m/z 90 fragment through the loss of CHN. 
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Indole 

Table 4.1 displays the analysis data of the three repeats of the indole standard. This includes the 

retention times and peak area ratios. The peak areas of both m/z 90 and m/z 117 are used to calculate  

Table 4.1. Retention times and peak areas of the three indole standard repeats. 

Repeat Retention time 
(minutes) 

Peak area of 
m/z 90 

Peak area of 
m/z 117 

PA of m/z 117

PA of m/z 90
 

(to 4 d.p.) 
1 3.36 22594542 42911196 1.8992 

2 3.38 14585892 28460458 1.9512 

3 3.36 24418432 48299676 1.9781 
Average 3.37 20532955 39890443 1.9428 

 

the confirmation ratios. These peaks are used because they are the two most significant peaks on the 

mass spectrum of indole. Regarding the retention times of the standards, shown in Table 4.1, there is 

a retention time shift of 0.02 minutes, which is the maximum observed variation in the indole standard 

retention times. Therefore, to take into account this RT shift of 0.02 minutes, a minimum and 

maximum range is produced from the average RT time. This minimum–maximum range of the 

retention time for indole was calculated to be 3.35 – 3.39 minutes. If the retention time of any 

potentially identified peak of indole falls outside this range, then the sample is discarded. 

Furthermore, in order to confirm the identified indole peaks, confirmation ratios were produced using 

the peak areas of m/z 90 and m/z 117, of all the standards shown in Table 4.1, and of the samples 

shown in Table 4.4. The average confirmation ratio of the indole standard is used to calculate the 

relative intensity (x%), to compare against the tolerance table, shown in Table 4.2. From this, a 

tolerance value is given, which is used to produce a minimum-maximum range, from the average 

standard confirmation ratio of the indole standards. Using this range and the confirmation ratios of 

the samples, the samples were either accepted or discarded for the confirmation of indole. 

Confirmation ratio = 
PA of m/z 117

PA of m/z 90
  

The peak area of m/z 117 = 100%    
The peak area of m/z 90 = x% 
 

 

 

 

 

 

Table 4.2. Tolerance values 
% Relative 
intensity 

Tolerance 
(%) 

50≤ 10 
20-50 15 
10-20 20 
≥10 50 

     x% = 
20532955 x 100

39890443
 = 51.4734 

 

 

     x% = 
20532955 x 100

39890443
 = 51.4734 

 

 

     x% = 
20532955 x 100

39890443
 = 51.4734 

 

 

     x% = 
20532955 x 100

39890443
 = 51.4734 

 

x% (Relative intensity) = 
PA of m/z 90 x 100 

PA of m/z 117
      

 

x% (Relative intensity) = 
𝑃𝐴 of 𝑚/𝑧 90 x 100 

PA of 𝑚/𝑧 117
      

 

x% (Relative intensity) = 
𝑃𝐴 of 𝑚/𝑧 90 x 100 

PA of 𝑚/𝑧 117
      

 

x% (Relative intensity) = 
𝑃𝐴 of 𝑚/𝑧 90 x 100 

PA of 𝑚/𝑧 117
      

 

x% (Relative intensity) = 
𝑃𝐴 of 𝑚/𝑧 90 x 100 

PA of 𝑚/𝑧 117
      

 

x% (Relative intensity) = 
𝑃𝐴 of 𝑚/𝑧 90 x 100 

PA of 𝑚/𝑧 117
      

Hence, using Table 4.2, a relative intensity value of 51.4734 is 

greater than the tolerance value of 50 so a tolerance 

percentage of 10% is used. 

 

 

Figure 4.5. Fragmentation of 5F-PB-22, producing  both 

quinoline and indole.Hence, using Table 4.2, a relative 

intensity value of 51.4734 is greater than the tolerance value 

of 50 so a tolerance percentage of 10% is used. 
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Table 4.3. Retentions times and peak areas of the various samples thought to contain indole. 

Sample Retention 
Time 

(minutes) 

Peak Area of 
m/z 90 

Peak Area of 
m/z 117 

PA of m/z 117

PA of m/z 90
 

(to 4 d.p.) 

L-A-PG glassware 3.36 477659 910923 1.9071 
L-A-PG glasswool 3.36 696152 1368362 1.9656 
L-A-EJ glassware 3.36 257701 484693 1.8808 
L-A-EJ glasswool 3.36 749024 1691568 2.2583 
L-M-EJ glassware 3.34 283488 517584 1.8258 
L-M-EJ glasswool 3.34 551552 1503424 2.7258 
WT-A-EJ glassware 3.36 387280 753024 1.9444 
WT-A-EJ glasswool 3.36 471040 1018624 2.1625 
WT-H-PG glassware 3.36 176561 305019 1.7276 
WT-H-PG glasswool 3.36 479120 759680 1.5856 
WT-H-EJ glassware 3.36 413456 1123904 2.7183 
WT-H-EJ glasswool 3.36 689965 1505396 2.1818 
WT-M-EJ glassware 3.36 238432 496160 2.0809 
WT-M-EJ glasswool 3.34 692928 1815040 2.6194 
HH-A-EJ glassware 3.36 413776 705920 1.7060 
HH-A-EJ glasswool 3.36 853504 1791616 2.0991 
HH-H-PG glassware 3.36 215952 303952 1.4075 
HH-H-EJ glassware 3.36 228704 477200 2.0865 
HH-H-EJ glasswool 3.36 123722 222963 1.8021 
HH-M-EJ glassware 3.36 162704 323888 1.9907 
HH-M-EJ glasswool 3.36 595520 961536 1.6146 
P-A-PG glassware 3.36 153312 295488 1.9274 
P-A-PG glasswool 3.36 115604 304560 2.6345 
P-A-EJ glassware 3.36 820608 2138368 2.6058 
P-A-EJ glasswool 3.36 657600 1149376 1.7478 
P-H-EJ glassware 3.36 283104 535232 1.8906 
P-H-EJ glasswool 3.34 297200 560768 1.8868 
P-M-PG glassware 3.37 103412 174272 1.6852 
P-M-PG glasswool 3.36 147936 290912 1.9665 
P-M-EJ glassware 3.36 224128 400896 1.7887 
P-M-EJ glasswool 3.36 1471872 2437376 1.6560 
S-A-PG glassware 3.36 431184 653120 1.5147 
S-A-EJ glassware 3.36 303952 585088 1.9249 
S-A-EJ glasswool 3.36 773312 1221120 1.5790 
S-H-EJ glassware 3.36 96936 188448 1.9440 
S-M-EJ glassware 3.36 173104 337904 1.9520 
S-M-EJ glasswool 3.36 442272 788704 1.7833 
Note: Samples shaded in blue/grey were not confirmed of containing indole. 

Note: A Key to explain the various samples.. 
‘Legal high’ product Extraction using: Solvent used: 

L         Loop A Acetone PG Propylene glycol 
WT    White Tiger M Methanol VG Vegetable glycerin 
HH     Herbal Haze H Homemade EJ EJ mix 
P        Paradox     
S        Sensate     
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Therefore,  calculating  ± 10% of the average confirmation ratio of the indole standards, produced a 

minimum-maximum range, to compare with the confirmation ratios of the standards. If any of the 

confirmation ratios of the samples fell outside the range of 1.7485 – 2.1370, these samples were not 

confirmed of containing indole and were discarded. Table 4.3 Shows the potentially identified indole 

standards. Samples that are shaded in blue/grey, have been discarded either through their retention 

times or confirmation ratios. A key, shown at the bottom of Table 4.3, has been produced to explain 

the various samples. 

Indole has been identified and confirmed to be present within 20 post-vape samples, corroborating 

to the fact that indole is produced within the vaping process. 

Quinoline 

An identical identification and confirmation process was performed for quinoline. However, within 

this section, not all of the calculations are displayed. The retention times and peak area ratios for the 

three quinoline standards are shown in Table 4.4. The peak areas of both m/z 102 and m/z 129 are 

used as these peaks are the most significant on the quinoline mass spectrum. Similarly, to the 

retention times of indole, there is also a RT shift of 0.02 minutes which is the maximum observed 

variation within the retention times of the quinoline standards. Therefore, taking into account this RT 

shift a minimum-maximum range was produced of 3.21 – 3.25 minutes. Any sample in which the 

retention times were outside of this range, the sample was discarded. 

 

Using the peak areas of both m/z 102 and m/z 129, confirmation ratios were produced for the 

standards, shown in Table 4.4, and all the samples that were identified of containing quinoline, shown 

in Table 4.5. Comparably to the calculations of indole, the relative intensity (x%) was determined to 

be 25.0362. Hence using the tolerance table in Table 4.2, the tolerance was estimated to be 15%. 

From this, the minimum-maximum range was calculated to be 3.3919 - 4.5890. If any of the 

confirmation ratios of the samples, shown in Table 4.5, fell outside the range of 3.3919 - 4.5890, these 

samples were not confirmed of containing quinoline and were discarded. Table 4.5 Shows the 

potentially identified quinoline standards. Once again, samples that are shaded in blue/grey are the 

Table 4.4. Retention times and peak areas of the three quinoline standard repeats. 

Repeat Retention time 
(minutes) 

Peak area of 
m/z 102 

Peak area of 
m/z 129 

PA of m/z 129

PA of m/z 102
 

(to 4 d.p.) 
1 3.24 6050354 24250194 4.008062 
2 3.24 5360104 20565344 3.836743 
3 3.22 5743542 23701334 4.126606 
Average 3.23 5718000 22838957 3.99047 
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samples that have been discarded either through their retention times or confirmation ratios. Once 

again, a key, shown at the bottom of Table 4.5, explains the various post-vape samples. 

 

Therefore, indole was confirmed to be present within 20 post-vape samples and quinoline was 

confirmed to be present within 20 post-vape samples. This reinforces the fact that both species are 

produced solely from the vaping process.  

Table 4.5. Retentions times and peak areas of the various samples thought to contain quinoline. 

Sample Retention 
Time 

(minutes) 

Peak Area of 
m/z 102 

Peak Area of 
m/z 129 

PA of m/z 129

PA of m/z 102
 

(to 4 d.p.) 

L-A-PG glassware 3.22 1711040 4077312 2.3829 
L-A-PG glasswool 3.22 813440 2573568 3.1638 
L-A-EJ glassware 3.22 343888 1280576 3.7238 
L-A-EJ glasswool 3.22 1108096 3524864 3.1810 
L-M-EJ glassware 3.22 253648 900736 3.5511 
L-M-EJ glasswool 3.21 611136 1934912 3.1661 
WT-A-EJ glassware 3.20 95608 535232 5.5982 
WT-A-EJ glasswool 3.22 977856 3333888 3.4094 
WT-H-EJ glassware 3.22 142128 488176 3.4348 
WT-H-EJ glasswool 3.22 192864 752128 3.8998 
WT-M-EJ glassware 3.22 189184 704256 3.7226 
HH-A-EJ glassware 3.22 525888 2163968 4.1149 
HH-H-EJ glassware 3.21 162992 771008 4.7303 
HH-H-EJ glasswool 3.22 79800 290400 3.6391 
HH-M-EJ glassware 3.23 124256 598976 4.8205 
P-A-PG glassware 3.22 278624 1172736 4.2090 
P-A-PG glasswool 3.21 211392 619264 2.9295 
P-A-EJ glassware 3.22 687936 3411456 4.9590 
P-A-EJ glasswool 3.23 341264 1265152 3.7073 
P-H-EJ glassware 3.21 143408 532224 3.7113 
P-H-EJ glasswool 3.22 289024 1173312 4.0596 
P-M-PG glassware 3.23 118864 430432 3.6212 
P-M-PG glasswool 3.22 45596 190512 4.1783 
P-M-EJ glassware 3.22 1060416 3819520 3.6017 
S-A-PG glassware 3.21 161904 496240 3.0650 
S-A-EJ glassware 3.20 314576 1189376 3.7809 
S-A-EJ glasswool 3.21 270400 728320 2.6935 
S-H-EJ glassware 3.22 84080 316320 3.7621 
S-H-EJ glasswool 3.22 167904 684288 4.0755 
S-M-EJ glassware 3.23 34808 154512 4.4390 
S-M-EJ glasswool 3.22 171120 724480 4.2334 
Note: Samples shaded in blue/grey were not confirmed of containing quinoline. 

Note: A Key to explain the various samples. 
‘Legal high’ product Extraction using: Solvent used: 

L         Loop A Acetone PG Propylene glycol 
WT    White Tiger M Methanol VG Vegetable glycerin 
HH     Herbal Haze H Homemade EJ EJ mix 
P        Paradox     
S        Sensate     
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4.3. PRODUCTION OF QUINOLINE AND INDOLE 

As formerly mentioned, it is thought that both compounds were produced as degradation products of 

the synthetic cannabinoid 5F-PB-22, when it underwent the vaping process. As regards to Chapter 3.2, 

it was determined that various degradation products were formed from 5F-PB-22, when it encounters 

heat in the GC injector port. However, neither quinoline nor indole were observed within any initial 

analysis sample that took place before the vaping process. Figure 4.5 illustrates the fragmentation of 

the synthetic cannabinoid 5F-PB-22, to produce the two species of quinoline and indole. In Chapter 

3.2.1, the mass spectra interpretation of 5F-PB-22 was discussed. From Figure 3.4, a peak at m/z 116 

was observed, matching that of the structure of indole, in which 5F-PB-22 was cleaved twice, showing 

that these are weak points of the molecule. In addition, the production of 5-fluoropentylindole also 

proves that the formation of indole is extremely likely through demonstrating one of the cleavages, 

and through the mass spectra of this molecule. On the mass spectrum of 5-fluoropentylindole, a peak 

of m/z 89 was observed, signifying the cleavage of the alkyl chain. Hence, from this earlier 

interpretation, it was clear that indole was likely to be produced through the degradation of 5F-PB-22 

In regard to quinoline, it can be seen on the mass spectrum of 5F-PB-22, displayed in Figure 3.4, a 

small peak of m/z 129, illustrating how this molecule was likely formed from the breakdown of 5F-PB 
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Figure 4.5. Fragmentation of 5F-PB-22, producing  both quinoline and indole.  

 

  



                                                                                                                                                                 

   89 
 

Chapter 4 

 
-22. It is known that when 5F-PB-22 was vaped, the full cannabinoid molecule was absent from all the 

post-vape samples and was not captured within either the vapour or aerosol that were produced. In 

addition, to consider the possibilities to why this was the case, numerous coils that had been used to 

vape the product of Loop, in which 5F-PB-22 was originally contained, were also analysed via GC-MS. 

This was to explore the prospect of whether 5F-PB-22 was actually still contained within the coil and 

wick material itself and was either too heavy or unable to undergo the vaping process. However, it 

was determined that 5F-PB-22 was also absent from all the analysed coils. Therefore, it was deducted 

that 5F-PB-22 completely degrades when undergoing the vaping process. This statement also 

coincides with the fact that two other degradation products from 5F-PB-22 were identified when this 

cannabinoid undergoes the vaping process. Therefore, this further degradation to that of what had 

been previously recognised, contributes to the volume of breakdown products of 5F-PB-22 that were 

identified. Therefore, this additional degradation may explain why 5F-PB-22 as a whole molecule is 

absent from all post-vape samples. 

4.4. TOXICOLOGY OF QUINOLINE AND INDOLE 
 

Quinoline 

Quinoline is a hygroscopic, colourless liquid with an extremely pungent odour. It is usually used as an 

intermediate in the production of various other products, such as 8-hydroxyquinoline and 

hydroxyquinoline sulphate which can be used as fungicides, antibacterial agents and antiseptics. In 

addition, quinoline is used within the production of copper-8-hydroxyquinolate, a substance which is 

used as a wood preservative, preventing and destroying mitigating pests within the wood, as well as 

within conventional pesticides and antimicrobials. Hence, quinoline is also sourced within wood 

preservation, polymers and agricultural chemicals and is used as a solvent for terpenes and resins[135]. 

It is also found to possess antimalarial, antibacterial, antifungal, anti-inflammatory and analgesic 

properties[136].  Quinoline is thought to be very hazardous, with potentially acute oral toxicity and 

acute dermal toxicity, becoming harmful if swallowed or is in contact with skin. Therefore, this 

degradation product can cause skin irritation and eye irritation as well as respiratory tract irritation if 

inhaled. Additionally, quinoline is thought to be category 1B carcinogenic and have category 2 germ 

cell mutagenicity properties, with the potential to cause cancer and genetic defects. The calculated 

LD50 of orally administered quinoline in rats is 262 mgkg-1 and the LD50 of dermally administered 

quinoline in rats is 1377 mgkg-1 [137]. Several studies have been carried out on numerous mice and rats 

on the oral application of quinoline. From these studies, it was indicated that quinoline increased the 

volumes of incidences of haemangioma (collection of blood vessels that form a lump underneath the 

skin) of the liver, subcutis, peritoneum, and retroperitoneum. In addition quinoline also increases the 
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volumes of incidences of hemangiosarcoma (cancer of the blood vessel walls) of the liver[138]. The 

American industrial hygiene association recommends a workplace environmental exposure limit of 

0.001 ppm per 8 hour shift. Inhaling quinoline can irritate the nose, throat and the lungs, encouraging 

coughing, wheezing and shortness of breath, along with a high exposure causing headaches, nausea 

vomiting and dizziness [139]. 

Indole 

Indole is a naturally occurring substance, that is responsible for the odours in faeces. At high 

concentrations this odour is strong, but at lower concentrations a flowery scent is produced. For this 

reason, indole is commonly used as an ingredient in perfumes and synthetically produced essential 

oils[140]. Indole is also produced by various bacteria and has major effects on bacterial physiology. In 

addition, indole is commonly used as a biochemical pesticide and an attractant of pests and can also 

be used as useful pesticides in agricultural systems[141] and are widely used for the synthesis of 

pharmaceuticals, dyes, and industrial solvents. Indole and its derivatives are thought to be vastly toxic 

to microorganisms and numerous animals and can be considered mutagens and carcinogens. There is 

experimental evidence suggesting that various diseases can be caused through the interaction of 

indole, such as glomerular sclerosis (scarring of the kidneys blue vessels), haemolysis (rupture of red 

blood cells) and chronic arthritis [142]. Indole is also considered to be hazardous, with potentially acute 

oral toxicity and acute dermal toxicity, becoming harmful if swallowed and is extremely toxic if in 

contact with skin, with severe skin irritation. In addition, indole is also deemed to cause extreme eye 

damage and irritation as well as potentially causing respiratory irritation. The calculated LD50 of orally 

administered indole in rats is 1000 mgkg-1 and the LD50 of dermally administered indole in rabbits is 

790 mgkg-1  [143]. 
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CHAPTER 5. CONCLUSIONS, OUTCOMES AND FURTHER WORK 
 

The misuse of controlled drugs is a major problem across numerous countries globally. A major part 

of this problem is the misuse of cannabis, which has been used as a recreational drug for millennia 

and is the third most used drug, falling behind alcohol and tobacco only. Recently, in addition to 

cannabis, novel psychoactive substances which originally started as ‘legal highs’, were developed to 

imitate the effects of controlled drugs and were emerging into very popular drugs of abuse. An 

example of this, was the development of synthetic cannabinoids, which were established to interact 

with the cannabinoid receptors CB1 and CB2, in turn generating cannabimimetic effects. Therefore, 

these drugs were used as an alternative to cannabis. However, the effects of synthetic cannabinoids 

were notably far more severe and harmful than those of cannabis.  

Recently, e-cigarettes that were initially developed as an alternative method for the delivery of 

nicotine within a hand-held electric device, started to acquire the interest of many people and 

especially amongst traditional cigarette smokers. As e-cigarettes had proved to be a successful 

method of the delivery of nicotine, numerous users of these devices became aware that they had the 

potential to effectively deliver illicit drugs. This method became extremely popular amongst many 

cannabis users, in which it was thought that this method was less harmful than the traditional smoking 

method. The vaping of cannabis can be achieved through dissolving various forms of the drug within 

e-liquids, using a generic e-cigarette device. Additionally, commercial cannabis e-liquids became 

available on the internet, alongside an abundance of online recipes, which detailed the production of 

‘homemade’ e-liquids, in which the cannabis herbs were contained. Similarly, to the smoking of 

cannabis, many users also used e-cigarettes to administer synthetic cannabinoids, with the production 

of synthetic cannabinoid e-liquids also being relatively straightforward. Therefore, the aim of this 

thesis was to investigate the degradation of the synthetic cannabinoids, alongside the potential 

presence of harmful substances created during the vaping of synthetic cannabinoids when using e-

cigarettes. 

The aim was achieved through several objectives. These objectives included preparation of various 

synthetic cannabinoid e-liquids and the design of a vaping simulation set-up, in which all the various 

fractions of the ‘vape’ could be trapped and collected for analysis. Therefore, chemical profiles of the 

various samples before and after the vaping process were produced for comparison, using Gas 

Chromatography – Mass Spectroscopy. From this, six ‘legal high’ synthetic cannabinoid products were 

used to create the various e-liquids. These e-liquids were produced through utilising three different 

extractions techniques, and three various vaping solvents. Overall, 54 e-liquids were created to 

undergo the vaping process. As it was known that e-cigarettes produce a complex sample, consisting 
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of both a vapour and an aerosol, the apparatus was set-up to mimic a vaping simulation with the ability 

to trap and collect both phases. From this, all samples and e-liquids pre-vape and all post-vape samples 

were analysed via GC-MS, producing chemical profiles, which were scrutinised to observe the 

degradation of the synthetic cannabinoids and the possible production of harmful substances.  

Within the various e-liquids and ‘legal high’ products, six synthetic cannabinoids were identified, which 

included; 5F-PB-22, 5F-AKB48, AB-FUBINACA, BB-22, AB-CHMINACA and AKB48. From the analysis of 

the post-vape samples it was indicated that four of these synthetic cannabinoids were able to 

withstand the vaping process and were transferred into the vapour and aerosol, demonstrating the 

robustness of these cannabinoids. Alongside this, it was clear that further degradation of the 

cannabinoids occurred within the process as various degradation products were identified within 

these samples. The two synthetic cannabinoids that were not identified within any post-vape sample 

were 5F-PB-22 and BB-22. As these cannabinoids were not transferred, nine coils that were used to 

vape 5F-PB-22 were analysed. As it was known that 5F-PB-22 was not lost within the system, it was 

thought that the cannabinoid may have remained within the coil, as it was unable to undergo the 

vaping process. However, 5F-PB-22 was also determined to be absent from all nine coils. It was known 

that 5F-PB-22 only partially degrades within the injector port of the gas chromatograph, as the whole 

compound was identified within the initial analysis and within the e-liquids, therefore, it was 

established that 5F-PB-22 fully degrades during the vaping process.  

In addition, two new species were identified within various post-vape samples. These new species of 

indole and quinoline were not observed throughout any earlier analysis and were only distinguished 

after the vaping process. As these species had not been observed before, the use of external standards 

confirmed the presence of both of these species. It was thought that both of the new species were 

formed from the degradation of 5F-PB-22. This further degradation of 5F-PB-22, in which additional 

degradation products were formed, may also provide a possible explanation to the displacement of 

5F-PB-22. Furthermore, it is known that both indole and quinoline are extremely toxic compounds, 

found within a variety of substances such as fungicides, pesticides and industrial solvents. Therefore, 

both compounds are thought to be very hazardous, causing a range of irritations, whilst having 

carcinogenic and mutagenic properties. Therefore, the aim and objectives were achieved, through 

confirming the transfer of some of the synthetic cannabinoids into the aerosol and vapour, alongside 

the degradation of these cannabinoids, in addition to the confirmation of new harmful substances 

that are produced solely through the vaping of synthetic cannabinoids. 

In regard to the further work of this thesis, the next significant step could be to confirm the presence 

of all the degradation and polymerisation products that were thought to be produced within the 
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vaping process. The identification of these products were all based upon the mass spectra data and 

their associated mass spectra library correlations; therefore, confirmation of these products is 

essential to verify that these products were created. This could be achieved through purchasing 

standards of the products, and analysing them via GC-MS, under identical conditions, to observe their 

retention times and mass spectra. However, this method may present certain challenges if the 

products in question are not likely to be commercially available or reasonably affordable. It is also 

crucial to decipher whether these potential degradation products are actually formed from the 

degradation of the synthetic cannabinoids or whether some of the compounds were actually present 

within the sample originally. As some of these degradation products may have been contained within 

the sample as impurities, when used within various parts of the synthetic routes that are used to 

produce the synthetic cannabinoids. 

In addition to the confirmation of the degradation products, it would also be important to quantify all 

substances found within the post-vape samples, including the synthetic cannabinoids as a whole, as 

well as the degradation products and the newly identified toxic species. Indole and quinoline would 

need to be quantified to evaluate whether the amount produced through the vaping process is enough 

to cause damage. Alongside this, the dosage of each compound would need to be calculated, so it is 

known how much of both of the compounds is roughly produced from vaping a full tank of the 

synthetic cannabinoid 5F-PB-22. From this, it could be calculated how much is produced within a puff, 

so this information could be used to calculate lifetime expectancy. 

Another vital step would be to ascertain the toxicity of the aforementioned degradation products and 

to discover the hazards, if any, in which they have the potential to impose. The toxicity and 

information surrounding the dangers of synthetic cannabinoids is well known and is presented in 

abundance due to the recent rise in NPS abuse. However, it would also be significant to understand 

the many degradation products that are produced from these synthetic cannabinoids. Also, it is known 

from the initial characterisation of the ‘legal high’ products, that the vast amount of these degradation 

products, excluding indole and quinoline, were produced due to the high temperature within the GC 

injector port. Therefore, as all the post-vape samples were analysed via GC-MS, it cannot be 

categorically determined whether these products were also formed within the vaping process or the 

GC injector port. Hence, it is crucial as a next step for this thesis to determine whether these products 

are produced within the vaping device. This could be achieved through performing a comparative 

quantification of these degradation products before and after the vaping process. In addition, an 

alternative technique that doesn’t use heat, could be used instead of GC-MS, to preserve the sample 

and allow the determination of the exact profile of the post-vape samples. An alternative method 

could be LC-MS, as this analytical technique doesn’t use heat, so would avoid the thermal reactions 
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that take place within the GC injector port.  However, the mobile phase that is used within LC-MS is a 

liquid which is usually not inert. This liquid mobile phase has a unique pH and its own specific 

properties which themselves may affect or alter the sample. Additionally, within mass spectrometry 

the sample needs to be in gaseous form, which is not the case when using LC-MS, as the sample is in 

liquid form. Therefore, alternative ionisation processes would be utilised from the methods used 

within GC-MS, in which these methods may present challenges of their own, as these various 

ionisation methods which are used may encourage other chemical reactions. Other techniques that 

are non-destructive, such as Raman or Infra-red spectroscopy, could also be used but these methods 

also have their own challenges, such as producing a combined spectrum.  

Currently there are over one-hundred  various synthetic cannabinoids that exist and are being abused 

by drug users. In this study, although six different ‘legal high’ products were analysed, only six different 

synthetic cannabinoids were studied. By analysing a larger quantity of these synthetic cannabinoids 

under similar conditions, breakdown patterns and individual differences between the various 

cannabinoids could be established. Similarly, only one e-cigarette device was used throughout the 

whole study. The e-cigarette market is vastly evolving and improving, producing a much larger 

quantity of devices with a variety of settings in which they can be customised for a user’s own use. 

Some devices allow a further increasing of wattage, as well as voltage, with the availability of higher 

and lower resistance coils. Therefore, this demonstrates the levels of customisation for a user of these 

devices, with the range of conditions that these synthetic cannabinoid e-liquids can be subjected to. 

As only one device under one range of settings was used within this study, various other devices and 

conditions need investigating, as this is vital in understanding the interactions of the device when a 

user vapes synthetic cannabinoids.  

Another major step in the further work of this thesis, is focused upon the coils. The coils used in this 

study were replaced after the vaping of each e-liquid, to avoid contamination between the e-liquids. 

However, this is not representative of everyday use of e-cigarette devices, as the majority of users do 

not replace the coils that frequently. Most e-cigarette users only replace the coils after a long period 

of use when the coil becomes used with residues and there is a noticeable change in taste. As the coils 

become used, this often prompts the user to increase various settings, such as the voltage and 

wattage, in an attempt to produce their preferred taste. Therefore, a crucial step would be to analyse 

these coils after a sustained period of use, to observe the residues found on the coils and also to see 

what is being formed to cause the change in taste. This time study would help to provide an increased 

understanding of everyday use of these devices and to better relate the results to further e-cigarette 

research. 
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