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Abstract

Benzodiazepines, which are routinely used as anti-anxiety drugs, have been shown
to be beneficial in various toxicological tests. Because of their impact on the central
nervous system, drugs are also used in sexual assaults cases. Due to their potency and
frequent use at low levels, the goal threshold for detection of these chemicals in bodily
fluids is 10 ng/mL. To analyze these compounds at the moment, immunoassay
methods are routinely utilized, although more specialist screening methods are
needed. This led to the development of a rapid, reliable Surface enhanced Raman
spectroscopy (SERS) which is an analytical method induced a dipole moment in the
molecules when a laser emits light as this approach used for screening of
benzodiazepine in forensic samples, The ability of SERS to detect extremely low
quantities of pharmaceuticals in aqueous solutions has been previously proven.
Historically, the selectivity and fluorescence effects of Raman spectroscopy have been
constrained by surface enhancement. By placing an analyte on a metal substrate with
a SERS-active characteristic, such as colloidal metal particles, the spectrum can be
created. Including aggregate solutions, the signal strength of the SERS solution can
be raised even more. These compounds make the nanoparticles cluster and form areas

of greatest need, which amplify the signal and make the problem worse.

The colloidal particles used in this study can be split into two groups: sphere particles
of zinc in an aqueous solution, having a mean dimension of about 30 nm, and iron
oxide and zinc nanocomposites that with an average diameter of about 15 nm.
Consequently, without calcination, extremely crystalline and mesoporous oxide of
zinc oxide (ZnO) nanoparticles with a substantial area of surface were synthesizedin
this study. A thorough analysis of the effects of various pH values on the related to
structure, physicochemical, and morphological properties of ZnO nanoparticles was
also carried out. According to the Rietveld modification, the pH variation significantly

affected the crystal structure of ZnO nanoparticles.



The production of ZnO as a significant phase in all nanopowders was confirmed by
the phase, molecular, and elemental structures. ZnO nanoparticles have an uneven
shape and a mean size of 45-9 nm (nanometer). ZnO nanoparticles were found to be
polycrystalline according to phases and atomic structures. Furthermore, isotherms
demonstrated the better specific surface area as well as the porosity volume of the
mesoporous morphology of all ZnO nanoparticles. It was determined that the ideal
aggregating agent is one that exhibits the highest signal intensity at the least amount
of drug concentration and has a limit of detection among 0.5 and 127 ng/mL in order

to detect benzodiazepines at the lowest levels of drug concentration.

It was possible to isolate benzodiazepines from urine using a extraction technique at
pH 5 allowing for clean the extraction of drug via detection limits ranging from 6 to
640 ng/mL, and dispersive solid phase extraction (DSPE) technique that permitted a
rapid clean extraction. There is proof that the benzodiazepine that is important can be
preferentially detected with a pH of 6.5 by eliminating other medications that are
commonly found in biological samples. It has been demonstrated that this technology,
able to detect benzodiazepines in urine at very low concentrations (conc.) in a manner
that is both highly sensitive and very specific. The creation of a sensitive and targeted
testing approach for determining the presence of benzodiazepines has aided the
forensic community in the identification of cases involving drug- facilitated attacks
that involve benzodiazepines. Urine, blood, and saliva extracts from oral fluids are
combined with an aggregate agent and nanoparticles made of zinc or iron oxide to

detect tiny levels of these substances.

In this study the application of this method to the testing of samples as well as the
optimisation of key process parameters. Numerous metabolites, including 1, 2-
triazolo-benzodiazepines and 1, 4-benzodiazepines, were investigated. The findings
of this investigation showed that, for each drug evaluated individually, each
aggregating agent caused varying degrees of signal augmentation. Zinc nanoparticles
in saliva exhibited the lowest threshold of detection for the medications at 2.5 ng/mL

and linearity over a broad range of levels for these medicines.



As it has shown the practicality of SERS in this situation, there is no question that this
technique can be used to detect minute amounts of Xanax and this methodology
optimized to detect a variety of substances. By using this technique, benzodiazepines
can be found in toxicology samples following the analyte have been removed and can

be utilized to find trace amounts of the chemical.
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CHAPTER 1
INTRODUCTION



Chapter1
1. Introduction
1.1. Toxicology

The study of poisons (also called toxins) is known as toxicology, mainly focuses on
how poisonous substances impact biological systems (Flanagan et al., 1990). Harmful
substance administered can results in abnormal, unfavorable, or hazardous
modifications in that organism is often known as a toxin (Cooper et al., 1986). The
negative consequences of a toxin may vary from mild signs, such as nausea and
migraines, through more serious signs, such as seizures and death in humans
(Drummer et al., 2002; Gurney et al., 2014). An organic compounds fundamental
characteristic includes its toxic effects. In most cases, toxins disrupt normal
physiological processes by altering basic cellular metabolic functions (Leikin and
Watson, 2003). They also experience metabolic changes in their systems that render
them inert (purification). In terms of its complexity and interdisciplinary nature,
toxicology involves the different disciplines of the sciences of chemistry
pharmaceuticals, healthcare, inheritance, finance, and legal system (Skopp, 2010).

Three major branches of toxicology are usually distinguished in modern toxicology:

«Clinical toxicology is the study of how toxic substances (often drugs) affect human
health;

«Forensic toxicology, which deals with the detection of toxic agents used in criminal

acts, and

«Environmental toxicology, which examines how industrial and agricultural toxins

affect humans and the environment (Gupta, 2016).

The first practitioners of toxicology were prehistoric cave dwellers who identified
deadly animals and plants and used the extracts for combat and hunt. Legends from
1500 BC claim that opponents were slaughtered or drugged with the sap of hem the
drug opium arrowhead poison, and specific alloys. The use of poison has become

widespread and sophisticated over time. There were many notable poisoning victims



throughout history, including Socrates, Cleopatra, and Claudius. Toxicology began
to take shape period of Renaissance and Age of Enlightenment. While in 1500s AD
also in 1800s AD, Paracelsus, also known as Philippus Aureolus Theophrastus
Bombastus von Hohenheim, is considered as father of toxicology. Paracelsus and
Orfila performed important scientific studies (Gallo and Doull, 1996; Langman and
Kapur, 2006). Based on Paracelsus' findings, toxic plant or animal toxic effects were
caused by specific compounds. He also showed that how much of these compounds
had an impact on the body's reaction to them. While tiny amounts of a chemical can
be useful or safe, greater doses could prove toxic. The dose-effect relationships
connection has grown in importance as a result of this finding, which changed the field
of poisoning (Eaton and Gilbert, 2008). One among the fathers of contemporary the
study of toxicology he is considered as. His most well-known quotes: All chemicals
are toxic substances; it's the amount they consume that renders them poisonous
(Maurer, 2010).

1.2. Forensic Toxicology

Forensic toxicology involves the application of poison to elucidate the questions that
arise during a judicial proceeding. The maintenance of commercial, agricultural, and
health regulations (to ensure the security of water, food, and air) as well as drug
detection and analysis are additional important concepts in forensic toxicology. Each
side should be aware of the benefits and drawbacks of each other's techniques as civil
analysts may occasionally be subjected to harsh public examination in a courtroom,
similar to how forensic toxicologists are in criminal cases (Anderson et al., 2005). In
most cases of accidental self-poisoning and attempted suicides, the medical
toxicologist or biochemist are responsible for taking care of them and work closely
with a poison control center to assist them. There are cases wherea forensic
toxicologist is referred to, such as when there is a claim of poisoning or aninquest is
ordered following a death (Gunja, 2013). An important distinction between a clinical
toxicologist and a forensic toxicologist is that forensic toxicologists specialize in
evidence in court. A clinical toxicologist diagnoses and treats acute and chronic
poisoning by identifying drugs and poisons. The clinical toxicologist able to gather
sufficient analytical information for the pathologist and



the coroner to be able to determine the cause of death based on the analytical results
obtained by them if the patient dies without any suspicious circumstances surrounding
the death (Levine et al., 1999; Peters et al., 2017). Forensic toxicologists are often
involved in poisoning cases. In recent years, they have also been engaged in additional

activities, such as animal and human doping in sports and drug screening.

Field of forensic toxicology can, therefore, be divided into three main areas of study
(Figure 1):

*Workplace or pre-employment drug testing is performed to determine whether

an applicant will be eligible for employment prior to a drug test.

«The postmortem toxicology procedure involves testing a deceased person's

toxicology post- mortemand is a normal part of the autopsy procedure.

*Human performance testing or criminal toxicology to determine whether

substances affect human performance or behavior. (Peters, 2007; Cina et al., 2011).

One of the most difficult tasks of forensic toxicology is to separate, purify, and
measure minute harmful compound and their byproduct (Poklis, 1997). All handling
procedures for forensic and toxicology specimens must be followed to reduce therisk
of degradation, contamination, adulteration, and/or destruction. Samples have
typically been delivered to toxicology labs physically, by mail shipments, or by
private courier services. As a component of the entire chain of custody, as well as a
form which will follow specimens through the point of collecting to the testing is

essential (Reys and Santos, 1992).
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Detecting toxins or
chemicals in body fluids,
tissues, or organs, the use

of spectrophotometry
represents a valuable tool

An alcohol content test in
vrine of blood (using gas
chromatography or
breathalyzers) can be used
to determine the amount of
alcohel in the body

Tests for the presence of
narcotics such as cocaine
(thin layer chromatography,
color analysis) are
conducted to establish their
potency.

Figure 1. Categorized areas of forensic toxicology
1.3. Benzodiazepines

Leo Sternbach synthesized the first benzodiazepine in 1955 at the Swiss drug
manufacturer Hoffmann-La Roche, the drug was named as Librium (Kanto et al.,
1982). Benzodiazepines are frequently prescribed and widely available medicines that
are frequently discovered during toxicology testing in cases of drug- facilitated sexual
(DFSA).
benzodiazepines are a class of psychoactive drugs misused because of their varietyof

assault Currently among the most frequently prescribed drugs
color, no specific smell and can be easily available without prescription (Hirschtritt et
al., 2018). Treatment for anxiety-related conditions, panic attacks, and muscle spasms
all involve the medicinal consumption of sedative drugs. Other negative consequences
that may lead to diminished ability include memory loss, vertigo, sleepiness, and
impaired awareness. Considering their increased potential for abuse and addiction in
the case of crime, driving under the impact of drugs, drug and suicides in term of

sexual offences (Zin and Ismail, 2017).

Beside this reason, there is need of simultaneous analysis of benzodiazepines and their
metabolites in biological matrices are of great interest to clinicians and forensic
toxicologists. According to the International Narcotics Control Board, in the last ten
years the most commonly BZD were: alprazolam, chlordiazepoxide, diazepam,
flunitrazepam, lorazepam, nitrazepam, temazepam and triazolam (Chang et al., 2006).
A study by the World Health Organization estimates that 10-20% of adults in



developing countries use these drugs every year (Manchester et al., 2018). Moreover,
these types of pharmaceuticals are widely spread due to their effectiveness and safety,
their low cost (Narayana et al., 2006). Overdoses of BZD occur more often than
overdoses of any other drug, mainly because human bodies adjust quite quickly to an
increased level of the drug in the blood. The safety of using BZD is decreased when
co-administered with alcohol, sedatives, narcoleptics antidepressants, and morphine-
like substances (Greenblatt et al., 2000).

The purpose of the study is to use surface enhanced Raman spectroscopy (SERS) for
developing a quick screening technique intended to detect low dosage
benzodiazepines in toxicology cases. While, Raman spectroscopy not just to detect
the drug, but it also allows for the measurement of spectrum information, which is
extremely valuable in the presumptive detection of unknown chemicals (McKernan et
al., 2000). As this technique is highly promising for analyzing drug products because

it is non- invasive, fast, reliable and non-destructive.
Currently there are two form BZD evaluations:

1. Qualitative or semi-quantitative techniques are used to detect the presence or
absence of a chemical is determined using a qualitative test. Instead of using statistical
terms to explain the results, qualitative terms like positive, negative, reactive,
nonreactive, and normal are used (Chweh et al., 1984). Semi-quantitative testing is
comparable to qualitative testing in that the results are presented as an estimate the
amount of a detected substance; but semi-quantitative testing does not precisely

measure the amount of a material.

2. Quantitative technique- Toxicological screening often necessitates the use of
various screening and dosing procedures. Quantitative analysis reveals chemical as
well concentration of poisons. Nonspecific instrumental investigations, also including
colorimetric and UV- visible spectrometric tests, may be employed for the qualitative
assessment of toxins (Wright et al., 1980). To quantify the toxins, sophisticated

technologies like infrared spectroscopy, HPLC, GC-MS approaches can be employed.



1.3.1. Development and structure

The first benzodiazepines were created in 1950. The advancement of these compounds
sparked a boom in the creation of novel medications which could pharmacologically
outperform existing tranquillizers such as barbiturates (Hirschtrittet al., 2018).
Sternbach discovered the very first benzodiazepines, chlordiazepoxide (Librium), by
unexpectedly expanding the ring of a quinazoline-3-N-oxide derivative in 1955. Since
the synthesis of this initial compound's homolog and analogues was patented in 1959,
pharmaceutical companies have developed and commercialized structurally related
compounds for therapeutic purposes such a s valium, hypnotics, and anxiolytics (Zin
and Ismail, 2017). According to the International Psychoactive drug Regulation
Board's alprazolam and diazepam have been the two most extensively produced

benzodiazepine in the world.

In recent years, new psychoactive substance (NPS) benzodiazepines were developed
for the purpose of inducing benzodiazepine medication. These drugs have a rapidly
expanding market, and new compounds are being produced and reported quite
frequently. There has been recent progress in developing new benzodiazepine
derivatives with alternate metabolic pathways (Dourlat et al., 2007). The proposed
new benzodiazepine, remimazolam, undergoes an organ- independent metabolic
process through ester hydrolysis, which may make it potentially revolutionary. As a
result, most benzodiazepines in the body are excreted in the urine by the kidneys as
their final method of elimination (Salve and Mali, 2013). It has been reported that up
to 20% of parent drug is excreted unchanged in some cases, although the

glucuronidated metabolites are the most prevalent excreted form (Hamilton, 1967).



1.3.2. Chemical structure of Benzodiazepines derivative

+1, 4-benzodiazepine derivative (the main group of benzodiazepines such as

chlordizepoxide, diazepam, clonazepam, temazepam, oxazepam).
«1, 5 derivatives of benzodiazepine (clobazam, triflubazam).

Tricyclic derivatives (alprazolam, adinazolam, estazolam, loprazolam, triazolam)

called trizolobenzodiazepines.
«Miscellaneous benzodiazepine (Imidazenil, Flumazenil, Clotiazepam).

Different benzodiazepines from two of the main classes: 1, 4 benzodiazepine derivates
and 1, 2 triazolo- benzodiazepines (Grossi et al., 2002). The basic structure can be

seen in Figure 2, While substituents for individual drugs can be seen in Table 1.
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(A) 1, 4 benzodiazepines derivative (B) 1, 2 triazolo-benzodiazodiazepine

Figure 2. Base structures



Drugs And Their Properties

Alprazolam

IUPAC name

8-Chloro-1-methyl-6-phenyl-4H-s-triazolo (4,3a) (1,4)

benzodiazepine

Chemical Structure

Molecular Formula C17H13CIN4

Molecular Wt. 308.7 g/mol

Color/Form Pink or peach

Odor Unpleasant

Melting Point 228-229.5°C

Solubility A white crystalline powder, which is soluble in methanol

or ethanol but has little solubility in water at physiological
pH levels (Sardana and Madan, 2002)

Stability/ Shelf Life

Stable under recommended storage conditions

pka

5.08

Other Experimental Properties

*Freely soluble in chloroform, soluble in alcohol,
Sprangily soluble in acetone

Slight solubility inethylacetate (Haiying et al., 2017)

Table: 1 Showing the chemical and physiological properties




1.4. Pharmacokinetics and Pharmacodynamics

Benzodiazepine action is primarily regulated by specific benzodiazepine receptors in
the central nervous system, especially the cortex and limbic system (Roberts et al.,
2011). The hippocampus region of the brain contains the greatest density of
benzodiazepine receptors, but its clinical significance is not yet known. As
benzodiazepines interact with their receptor sites, GABA's inhibitory effects on
neuronal activity are enhanced (Xia and Sun, 2012). As a result of drug concentrations
at the receptor sites, benzodiazepine acts in a predictable manner. Itis also important
to note that drug concentration at receptor sites is dependent on the extent to which
benzodiazepine is up taken by passive diffusion from plasma into the brain (Ohtake
etal., 1999). A drug with high lipid solubility (diazepam and midazolam) passes easily

through the blood brain barrier than a drug with low lipid solubility (clonazepam).

Additionally, pharmacokinetic properties, such as absorption rate and distribution
extent, are also taken into consideration. In determining the time course and intensity
of a drug's action, dose and elimination rate play a key role. After absorption into the
bloodstream, benzodiazepines are distributed throughout the body. The rate at which
the process takes place depends on the level of protein binding, lipid solubility, and
the size of the molecules. The majorities of benzodiazepines are protein-bound and
tend to redistribute to tissues rich in lipids. Benzodiazepines are highly lipophilic,
which makes them widely distributed. The liver metabolizes the majority of
benzodiazepines through phase | oxidative reactions. This process is facilitated by the
enzymes of cytochrome P450. A CYP3A4 enzyme plays a major role in most cases,

but other members of the family play an important role as well (Ashton, 1987).
1.4.1. Absorption

The rate at which benzodiazepines are taken in from the intestines into the systemic
blood, as opposed to the rate at which they diffuse from bloodstream into the brain,

determines how active they are when taken orally (Haefely, 1985). In contrast to
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oxazepam, temazepam, which are gastrointestinal medications that are gradually
absorbed and have a longer onset of action, diazepam and clorazepate are quickly
absorbed through the gastrointestinal tract. The rapid onset of benzodiazepines action
makes them particularly suitable for patients who need to take the drugs on a regular
basis (shown in Table 1). It is however, common for some patients to experience fast
absorption (Miller et al., 1987). Currently staccato is being developed for
intrapulmonary delivery of alprazolam to treat epilepsy seizures rapidly. Through a
heating package, this drug delivery system vaporizes the drug. A normal breath
delivers drug vapor into the lungs as aerosols (Greenblatt et al., 1987). During a phase
1 trial, inhaled alprazolam reached its peak concentration in smokers after 1.8 minutes
at 48ng/ml, and in non-smokers at 26.72ng/ml. The majority of alprazolam's binding
occurs in vitro to serum albumin (80%). The primary metabolizer of this drug is

CYP3A4, which leads to the possibility of pharmacological interactions.

Four- hydroxyalprazolam and alpha- hydroxyalprazolam are two of alprazolam's main
metabolites, both of which have low levels of plasma concentrations not having any
pharmacological effects (Arendt et al., 1987). The main way in which alprazolam and
its metabolites are excreted is through urine. During phase lla study, five patients
diagnosed with photoparoxysmal response were administered alprazolam
intrapulmonarily via the Staccato system in doses ranging between 0.5 and 2 mg. An
inhalation experiment was performed to measure the number of photo- epileptiform
responses induced by photic stimulation frequencies (Greenblatt et al., 1983).
Compared with placebo, staccato alprazolam significantly reduced photonic
stimulation frequencies after 2 min, and the effect lasted 4 hours and 6 hours for the
0.5 and 1 mg doses. Inhaling 2 mg of alprazolam with the goal of achieving 31.5
ng/ml of plasma concentration within 2-minute produced plasma concentrations

which is dependent on dose.
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1.4.2. Distribution

After a single dose, a drug must promptly and broadly reach peripheral areas to
continue to be effective (Greenblatt et al., 1983). There is a high lipid solubility for
midazolam, diazepam, and desmethyldiazepam (metabolite of diazepam), while there
isalow lipid solubility for lorazepam, oxazepam, and clonazepam (Kales et al., 1983).
Once peak concentrations of diazepam are achieved in the blood, the drug is rapidly
and extensively distributed to muscle and adipose tissue. Upon dispersion into these
inactive storage sites, diazepam levels in blood and brain drop, and the impacts of a
single dose are rapidly ended (Greenblatt et al., 1988). Conversely, drugs with a less
extensive distribution such as lorazepam continue to act longer after a single dose

since they remain in the system for longer periods of time.

1.4.3. Elimination

It is also important to consider the rate of drug elimination during the half- life of an
individual dose when considering the time span of action of a single dose (Dietch and
Jennings, 1988). A drug elimination half- life refers to the rate at which it is removed
from the body during the post distribution phase; it does not take into account the rate
and extent at which it is distributed into peripheral tissues (Greenblatt et al., 1989).
Once the drug has been distributed to peripheral tissues, theplasma levels of the drug
begin to decline steadily. It depends on how wide ly the drug is distributed and how

quickly it is eliminated by the liver that the drug disappears at this point.

Due to the rapid and extensive distribution of the drug from blood into adipose tissue,
drugs with long half- lives, such as diazepam, may actually have a short duration of
action. It is important to consider drug accumulation during chronic or multiple-dose
therapy, since clinical effects are influenced by its rate and extent (Ciraulo et al.,
1988). Longer half- life means a slower accumulation rate. Once an interval of at least
four times the half- life has elapsed since treatment commenced, asteady-state
condition is achieved in more than 90% of cases. Consequently, the relative amount

of accumulation increases as half- life increases (Ciraulo et al.,
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1988). The rapid and sometimes superficial accumulation of short-acting
benzodiazepines, the buildup of long-acting benzodiazepines occurs slowly and
extensively and cannot be removed from the body as quickly as they were

accumulated by body once the treatment has been discontinued (Strom, 1987).
1.4.4. Role of Metabolites

Benzodiazepine compounds are considered to have a net clinical effect taking into
account the parent compound's effects, as well as any active metabolites generated
during biotransformation (Miller et al., 1988). Compared with the parent compound
or other metabolic products, some metabolites appear in small amounts, while other
metabolites may have concentrations that are as high as or much higher than those of
parent drug (Jacobson et al., 1983). It is also important to note that lipid solubility and
binding to serum or plasma proteins affects the ability of metabolites to reach brain
tissue. A metabolite's affinity towards benzodiazepine receptors also determines its
intrinsic activity. In contrast to benzodiazepines with a long half- life, which usually
have active metabolites which are pharmacologically active, benzodiazepines with an
intermediate or short half- life do not usually have active metabolites. There are three
metabolites of diazepam: desmethyldiazepam, temazepam, and oxazepam (Shen et al.,
2019). In comparison to desmethyldiazepamand diazepam, two final metabolites are
present, but at much lower concentrations its levels may potentially reach levels above
those of diazepam during chronic therapy when administered in greater doses (Strom,
1987). Flutoprazepam was administered orally to 8 participants in a trial, and the
results were examined by HPLC and GC-MS, concentrations started to progressively
decline after two hours and were undetectable after nine hours (Cornett et al., 2018).
In contrast, N- desalkylflurazepam, its metabolite, had a much higher concentration
than the parent compound (Foitzick et al., 2020). An average half- life of 90 hours
was associated with its rapid onset (within 2 hours). During the period of 2-12 hours,

the peak concentration was achieved.
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1.4.5. Mechanism of action

1,4-Benzodiazepines increase the action of the neurotransmitter gamma- aminobutyric
acid, which results in effects that are sedative, hypnotic, anxiolytic (anti-anxiety), anti-
convulsant, and relaxant (Sanabria et al.,, 2021). There are different 1, 4-
benzodiazepines that stimulate the binding of GABA at the GABAA receptor, and
increases the frequency of opening the cl” ion channel (Skolnick, 2012).
Consequently, the sedative and hypnotic effects, the anti-anxiety effects, and the
calming effect on many of the functions of the brain are a result of the reduction of
communication between neurons and, thus, have a calming effect on many of these
functions. As a result of binding to the receptors on the surface of neurons, GABA
controls the excitability of these cells (Berro and Rowlett, 2020). GABA receptor is a
macromolecular complex that not only binds GABA but also binds other molecules
such as benzodiazepines that modulate GABA's activity. As benzodiazepines binds to
a specific site on a GABA receptor, they do not directly stimulate (Engin et al., 2018).
The molecules actually enhance the efficiency of the channel by causing it to open
more frequently when GABA binds to its own receptor, when it binds to its own site.
Consequently, a higher concentration of cl” ions is present in the post-synaptic neuron,
which causes it to become more polarized and less excitable (Figure 3). In addition
to binding to the GABA receptor, barbiturates also bind to other sites on the receptor

in a similar manner (Meng et al., 2020).
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Figure 3. Showing Benzodiazepines Mechanism of Action

ACTIVITY

MEDICAL USE

Anti- fear medication

Nervousness, social phobia, mental
disorders as well as drug symptoms off

withdrawal.

Insomniac

Sleeplessness

Relaxant for muscles

CNS abnormalities involve muscle
spasm

Anticonvulsive

Drug- induced assaults, as well as certain
forms of epilepsy

Amnesic

Pre-surgery or perioperative medicine

Table: 2 BZDs' key effects and applications
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1.5. Epidemiology of benzodiazepine abuse

The use of benzodiazepines is significantly public health concern, an increase in anti-
depressant related deadly overdoses and emergency hospitalization in recent years
(Gaudreault et al., 1991; Park et al., 2020). However, there has not been much focus
on this expanding problem (Han et al., 2018). There are several indications that these
drugs pose a risk to the public's health. The number of emergency room visits due to
antidepressant increased by over 300 percent between 2004 and 2011, while the
number of overdose deaths increased by over 400 % between 1996 and 2013 (Bleich
et al., 1999; Blazer and Wu, 2009; Blanco et al., 2013). A survey of substance abuse
disorder treatment centers reported a 109% increase in admissions for opiates abuse
between 2013 and 2022. These increases coincided with an increase in the number
of sedative prescriptions. Between the middle of the 1990 and 2013, the quantity of
benzodiazepine prescriptions (i.e., the dosage counterparts)grew by 67% has increased
three- fold. The prevalence of benzodiazepine dependence or abuse in the elderly has

been documented in research study (Bleich etal., 2002).

The pattern of psychotropic drug use by elderly patients presenting to a tertiary care
outpatient department in India revealed in a retrospective cross- sectional study, found
that benzodiazepines were the most common drugs prescribed, with 64% of those
patients who received the medication. Study reported that benzodiazepines were
prescribed to elderly outpatients across diagnostic groups, with clonazepam themost
frequently prescribed drug. A case series also highlights a number of elderly patients
who were prescribed zolpidem and eventually developed dependence and delirium
(Boggis and Feder, 2019). Despite evidence that concurrent opiate and
benzodiazepine prescriptions increase the risk of death, the percentage of patients
having an opioid prescription who were given BZDs increased by 41% between 2002
and 2014 (Bouvier et al., 2018). Indeed, the current opioid overdose epidemic has
been considerably facilitated by the use and misuse of benzodiazepines, with
benzodiazepines accounting for nearly 30% of opioid overdose death As National
Institute on Drug Abuse, 2018 concerns are developing as more harmful
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benzodiazepines, such as potent designer benzodiazepine and illegally manufactured
tablets containing benzodiazepines and fentanyl, are available illegal in the market.

Despite the worsening public health indicators associated to benzodiazepine use, the
government and the science community continue to disregard this issue (Borges et al.,
2000; Grover et al., 2012). According to NDPS act, commenced on 14 November
1985, demonstrated that family of benzodiazepine including alprazolam are classified
under Schedule 1V prohibited substance. The recommended commercial dosage for
alprazolam is 100 gm, per NDPS recommendations. Infractions involving the illegal
diversion and supply of neuro-psychotropic medications are punishable by a minimum
10- year prison term and a fine under Sections 8(c), 21(c), 27(a), and 29 of the NDPS
Act (Sharma et al., 2017). Although evidence indicates that benzodiazepines have had
the potential to be abused, the risk was originally regarded to be low (Brady et al.,
1991). This is particularly true for only certain vulnerable populations, such as
individuals with a history of substance abuse issues (SUDs). Different
benzodiazepines formulations are more commonly misapplied than others, but on
availability (drug prescription rates) has a substantial impact (Brands et al., 2008).
General populace of the United States, 73% of individuals who overused
benzodiazepines in the previous year reported using the same alprazolam products
(Brandt et al., 2014).

Alprazolam is the most often prescribed benzodiazepine in the United States, according
to data, thus its consistent finding (Breen et al., 2004). Participants in the trials
illustrate they had abused clonazepam, diazepam, and lorazepam (also among the
most commonly prescribed psychiatric medications) (Calhoun et al., 1996; Chen et
al., 2011). Even while there appears to be a correlation between dosage rates and
estimations of prevalence for misuse of particular benzodiazepine formulations, some
benzodiazepines appear to be preferred over others, indicating a larger abuse potential.
Many substance-using participants said that they endorsed diazepam and
flunitrazepam over other benzodiazepine medications (Boyd et al., 2018). Given that
these trials were published and over 20 years ago, choice may have reflected
accessibility at the time. The most popular injectable benzodiazepines are

flunitrazepam and temazepam, particularly the gel-filled capsule version; the way a
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drug is administered may affect a person's preference (Cochran et al., 2004).
According to study, when benzodiazepine and alcohol are consumed simultaneously,
expressing multiple motives is associated with higher levels of drug use severity
(Comiskey and Snel, 2016). This is particularly true for those who additionally take
opioids and/or inject substances.

In persons who use opioids and/or inject narcotics, benzodiazepines are frequently
used to enhance the effects of the drugs agonist medicines. In similar contexts, the
study also demonstrated that benzodiazepines were inappropriately used to alleviate
the symptoms of opiate withdrawal and to serve as an alternative for opioids, either to
help to reduce its use or taken in limited supply (Compton et al., 2000). The likelihood
of benzo overdose, as well as the risk of an elevated heart rate and respiratory failure,
is raised when alcohol or opioids are consumed. Similarly, benzodiazepine usage and
dependency have been associated to non- fatal overdoses in retrospective studies
(Cook etal., 2018). Given the association among receiving a higher methadone dosage
and benzodiazepine misuse, it is particularly concerning that benzodiazepines are also
implicated with methadone and buprenorphine-related overdoses (Darke et al., 1992;
Daderman and Lidberg, 1999).

The understanding of the increased risk of overdose when mixing opioids and
sedatives differs dramatically across overdose samples. Furthermore, research on
benzodiazepine use disorders, their treatment, and prevention is lacking. The majority
of non- usage-related therapy studies have concentrated on xanax withdrawal in
patients with long-term prescription for the treatment of insomnia or anxiety (Darke
and Ross, 2000). It is critical to develop better therapies to reduce benzodiazepine
misuse in order to reduce the danger of an overdose. It should be emphasized that
combining a benzo reduction alongside cognitive-behavioral therapy (particularly,
exposure-based psychotherapy) improves the chances to quit taking benzodiazepines
(Darke et al., 1994). As a result, given the tight relationship among anxiety and its

abuse, these strategies may also be helpful in the treatment of antidepressant abuse.
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1.6. Utilization of recent detection approaches

Drug abuse, particularly illicit drug abuse, is widespread across the globe, making it
a concern not only for medical professionals but also for those involved in forensics
(Vinyas et al., 2019). Forensic investigation often requires the analysis of drugs, for
example, in the identification of seized drugs or in the analysis of post- mortem
samples. In order to ensure rapid and sensitive detection methods for drug screening,
simple and inexpensive detection methods are required (Blanco et al., 2018).
Previously, the methods were time-consuming, expensive, and required laboratory
settings for analysis, but now the methods have been affirmed by the SWGDRUG,
USA (Scientific Working Group for Seized Drugs), and are sensitive and specific. In
place of the labor- intensive traditional methods for detecting drugs including cocaine,
cannabis, amphetamines, and opiates, drug detection employing new biosensors is
proving to be a feasible option for the quick and accurate screening of drug samples
(Blanco et al., 2013).

In addition, ability to utilize multiplex biosensors to simultaneously test various drugs
represents a major advantage, since unidentified samples may be screened for a
number of drugs at the same time. Drug detection applications using nanotechnology
increasingly important in the pharmaceutical industry to prevent such problems
(Bleich et al., 1999; Blazer and Wu, 2009). Due to its unique properties, nanoscience
plays a vital role in the detection of illegal drugs due to its selectivity, specificity, cost
effective and also time consuming (Bleich et al., 2002). In this new study, clonazepam
is detected by a colorimetric sensor with very high sensitivity and selectivity. An
ultrasensitive detection using gold nanoprobes capped with melamine was
demonstrated in this study through a simple, quick, and rapid methodology (Boggis
and Feder, 2019). In this detection, melamine and cyanine (CN) form hydrogen bonds
that cause AuNPs agglomerate instantly and change color from red to blue. The
presence of CN can be detected with the utilization of highly sophisticated instruments
luminescence spectroscopy. For the purpose of detecting drugs in samples, this highly

specific and sensitive sensing technology can
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be adapted into a strip-based kit for on-site analysis (Borges et al., 2000). It can be
used in forensic drug analysis, because of several advantages like, cost-efficient,
rapid, precise, and real-time analysis this colorimetric technique can be used as a
tentative spot test and a good substitute for on- field samples as nano-sensors can be
applied to toxicological samples (Bouvier et al., 2018). As a result of the different
types of evidence found at crime scenes, forensic science procedures vary
considerably (Boyd et al., 2018).

1.6.1. Nanotechnology as an efficient tool in forensic science

A nanometer (hm) is a unit of measurement that ranges from 1 to 100 nm. To put that
into perspective, a nanometer is an estimate of about 1/80,000 of the measurement of
single human hair, which is about ten billion micrometers large (Breen et al., 2004).
Nanotechnology also has the potential to revolutionize the way we diagnose, treat,
and prevent diseases, since nanomaterials can enter cells and deliver essential drugs,
hormones, and other substance directly into the body (Cochran et al., 2004).
Additionally, nanomaterials can be used to create lighter, stronger, and more efficient

materials for use in the automotive, aerospace, and electronics industries.

Nanomaterials are so small that they can provide unprecedented levels of control over
the structure of materials and can be used to manipulate physical and chemical
properties at nanoscale levels. Ideally used in light weight and strength products are
important, such as in airplanes and cars, as well as for use in electronics where
precision and efficiency are a key (Comiskey and Snel, 2016). The field of
nanotechnology has a wide range of technologies and techniques available for
synthesizing, creating, developing, or creating nanomaterials (Compton et al., 2000).
The nanoscale can also be used to engineer specified properties and characteristics
in nanomaterials, such as improved strength or electrical conductivity, which makes
them ideal for various uses. This is because at the nanoscale, materials have different
properties than they do at a broad scale. For example, nanomaterials are stronger than
their larger counterparts due to their higher surface area-to-volume ratio, and they
can also be engineered to have specific electrical properties that make them useful in

electronics applications (Cook et al., 2018).

20



In fact, it is because of the characteristics of nanomaterials that enable them to detect
and analyze the crucial evidence at a nanoscale levels. Furthermore, these offer
enhanced sensitivity, as well as selectivity, in analyte detection, which can provide
more accurate results compared to traditional methods. Additionally, they can detect
trace levels of evidence that may have previously been undetectable, thus increasing
the potential for successful outcomes in criminal investigations. The use of these
devices has been shown to enhance the detection and collection of evidence that was
previously difficult to attain, including the detection of drug, toxicological screening,

and analytical techniques (Darke et al., 1992).

Several forensic applications have used nanotechnology over the years, including
fingerprinting, poison detection, narcotic detection, food contamination detection,
analytical analysis of questioned documents etc. (Darke and Ross, 2000; Cochran et
al., 2004). This demonstrates that nanotechnology is an important tool in forensic
science, providing investigators with a powerful, reliable means of collecting and
analyzing evidence in a variety of settings (Figure 4). Nanotechnology has enabled
forensic scientists to take smaller samples of evidence and to better analyze them. In
one of the study, scientists were able to detect and recover DNA evidence from a knife
blade using a handheld Raman spectrometer (Darke et al., 1994). The use of various
instrumental methods chromatography, electrophoresis, spectroscopic techniques are
already in wide use for detection and analysis, however these methods are chemical,

trained manpower, expensive and require a lot of time.
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Nanotechnology is replacing these instrumental techniques in the manufacturing
process. In order to overcome the limitations of various instrumental techniques in
comparison with the conventional methods, various sensors have been developed that
have replaced the conventional method. These nanoscale materials are highly sensitive
and can detect very low concentrations of analytes. They are relatively inexpensive
compared to other sensing materials and can be easily integrated into existing
measurement systems. These nanoparticles sizes, shapes, and structures all influence
a wide spectrum of optical properties. They have been utilized for terrorist tracking,
environmental screening, biological trace detection, and illicit drug screening (Figure
5) (Compton et al., 2000).
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Figure 5: Schematic representation of nanomaterials used in various fields of
forensic analysis
Rapid progress in field of nanotechnology, enormous improvements in biomedical
sciences as nanosized and nanocrystalline mesoporous material has been developed
with significant texture and bioactive characteristics (Koutu et al., 2016). An array of
semiconductor materials such as silicon, germanium, gallium nitride and gallium
arsenide were extensively employedin electronics and textile industry (Lalzawmliana
et al., 2020), photovoltaic cells (Willander et al., 2010), antibacterial (Vaseem et al.,
2010) and cosmetic applications (Podporska et al., 2017). Among these novel
materials, zinc oxide (ZnO) nanoparticles have been acclaiming wide attention in solar
cells, luminescence, electrical devices and chemicals sensors (Masaki and Kim, 2003).
22



A number of studies has been carried out in variety of ZnO nanostructures such as
nanowires and nanorods (Guo et al., 2000), nanorings (Baruah et al., 2008), nano-
loops (Huang et al., 2006), nano-combs (Hughes and Wang, 2005), nano-helices
(Kong and Wang, 2003), nano-bows (Hughes and Wang, 2004), nanobelts and
nanocages (Sun et al., 2008). ZnO is a type of inorganic semiconductor exhibiting
high refractive index, thermal conductivity and many other physic-chemical
properties (Snure and Tiwari, 2007). Metal oxide-based nanoparticles with their
charge and high selective nature become a good conductor and largely used in
application of medical sciences, as they are stable and materials at nanoscale provide
high surface area which in term enhances adsorption capacity (Anand et al., 2019).
Many synthesis routes including sol- gel (Snure and Tiwari, 2007; Li et al., 2010;
Huang et al., 2014; Saxena et al., 2020), wet precipitation (Zak et al., 2011; Dutta and
Ganguly, 2012; Kotodziejczak-Radzimska and Jesionowski, 2014), hydrothermal
(Samanta et al., 2009) chemical vapor deposition (Madathil et al., 2007), and
precipitation (Cheng and Samulski, 2004) methods have been reported to prepare the
monolithic ZnO nanoparticles. Among these techniques, the hydrothermal route has
been a versatile method owing to several advantages. For instance, an increase in
molar concentration of precursors increased to both degree of crystallinity and crystal
size of ZnO nanoparticles (Li et al., 2012).

The homogenous growth of ZnO particles were observed at a threshold pH value
(Wahid et al., 2013). Similarly, the size of ZnO particles increased with increase in
hydrothermal temperature (Bai and Wu, 2011), whereas, decreased with precursor
concentration (Moghri et al., 2013). Furthermore, calcination temperature removed
the organic compounds, thus produced the pure crystalline structure of ZnO
nanoparticles (Bindu and Thomas, 2014). Also, the influence of pH variation on the
dimensions and morphology of ZnO nanoparticles prepared using hydrothermal
process (Xu and Wang, 2011). The investigation reported that the growth of ZnO
nanorods- like particles was rapid in alkaline conditions, whereas, growth of ZnO
particles eroded in acidic conditions (Ridhuan, 2013). Similarly, calcination

temperature had a significant effect on the morphology of ZnO nanoparticles.
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A study was reported that the morphology and size of ZnO nanoparticles transformed
from rods- like to short prisms- like with the increase in the calcination temperature
(Mahmood et al., 2016). The ageing temperature had a critical effect on the
morphology of ZnO nanoparticles, and the different particle morphologies exhibited
different electrical conductivity (Hada et al., 2014). The effects of varying molar
concentrations (0.1- 0.4 M) of NaOH precursor on the properties of resultant ZnO
nanoparticles. Results revealed that the diameter of ZnO nanoparticles decreased with
the increase in molar concentration of NaOH (Koutu et al., 2016). A comprehensive
literature review suggested significant effects of varied synthesis parameters on
structural and physicochemical properties of ZnO nanoparticles. Apart from it, few
reports have been available which have investigated the textural properties of ZnO
nanoparticles. Therefore, in this study, ZnO nanoparticles were hydrothermally
synthesized using solid solutions with different pH values. While nanocomposite
materials offer opportunities to overcome the constraints of micro composites and
monolithic, they also present challenges in terms of controlling elemental
compositions and stoichiometry (Shamhari et al., 2018). As a result of unique design
and combination of properties not found in conventional composites. One type of
special nanocomposites can be comprised of nanoparticles with a core and shell, or
nanoparticles with a surface modification.

An organic shell surrounds an inorganic core, making these nanoparticles hybrid
nanoparticles (Bahari and Ramzannejad, 2012). Among the inorganic elements can be
metals or metal oxides, and organic elements can be polymers, chromophores,
detergents, carbons, or organic molecules (Bahariet al., 2016). Composite materials
widely increasing numbers of applications and have dominated all new marketing
efforts (Robertson, 2005). There is growing evidence that nanoscale composites'
characteristics and properties are influenced by how they are prepared. There are a
number of applications for zinc oxide nanoparticles, including electronic, optical and
photonics, and in nanotechnology, transparent conductor electrodes, polymer
protective covers, varistors, catalysts, solar cells, etc. therefore, they are ideal for
ceramics (Martins et al., 2011). Furthermore, magnetic iron nanoparticles have cubic
inverse spinel structures, which is a type of magnetic material that has attracted
researchers' attention. Magnesium nanoparticles in crystalline form are becoming
increasingly important in research because of their unique properties, such as super

paramagnetism and low toxicity (Green et al., 2001).
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In addition, these nanoparticles tend to aggregate easily in external environments,
which make them difficult to store, process, and apply for long periods of time. Due
to the numerous fields, it is employed in, pharmaceuticals, biological sensors, fluid
sealing, orientation regulate and directional transport, MRI, mineral division, thermal
transfer uses, electro-photography, and effective hyperthermia for treatment of cancer
(Edelstein and Cammaratra, 1998). Prior work on iron oxide/ZnO focused on
understanding the properties of the two components and the use of nanocomposites in
spintronic devices (Holzwarth and Gibson, 2011). None of the studies addressed their
applications in bioscience. This nanocomposite has the potential to be used in
biosensing and bioimaging. It could also be used to create nano-scale drug delivery

systems for targeted drug delivery.

ZF nanocomposites have been synthesized successfully by many researchers using
various methods. The sonochemical method was successfully used to synthesize
ZnO/Fe304 (Yumusak et al., 2009). The hydrothermal method was used to reduce

graphene oxide (RGO)/ Fe30s-ZnO in nanocomposites. An effective method for
measuring methylene blue photodegradation of nanocomposites was found using wet
grinding of nanocomposites (Sudha et al., 2014). Synthesize ZF nanocompositeswith
88.5% degradation efficiency against methylene blue and high stability over five
reaction cycles (Cheung et al., 1986). It is an environmentally friendly method for
synthesizing nanoscale particles and obtaining nanocomposites with high yields. The
structural, physicochemical and textural properties of nanoparticles were
comprehensively studied using XRD, FTIR, FESEM, HRTEM, EDX, and BET
techniques. The crystal structure of nanoparticles was determined using Rietveld
Refinement. The structure-property correlations were comprehensively discussed in

the light of published results.

1.6.2. Surface-enhanced Raman Spectroscopy for detection

Raman spectroscopy is a molecular vibration-based technique, studies molecular
structures by utilizing the Raman scattering effect, discovered by C.VV Raman in 1928.
As a result, conventional Raman spectroscopy's relatively weak Raman scattering
process limits its sensitivity and application range. Hence, it is necessary to utilize
surface enhancement effects for Raman studies. The Raman scattering signal intensity
of pyridine molecules adsorbed on rough silver electrodes was foundto be 106 times
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higher than silver electrodes with smooth surfaces (Fleischmann et al., 1974). Later,
Van Duyne verified this phenomenon as surface enhancement (Jeanmaire and Van,
1977). An effective tool for detecting low-concentration analytes can be developed
with Surface-enhanced Raman spectroscopy (SERS), because the enhancement factor
(EF) can reach 10%°.

As an analytical technique, Raman spectroscopy has gained importance in which
laboratories over last decade (Dlugosz et al., 2021). In this method, molecules are
induced dipole moments by using a laser that emits intense light. The frequency
difference between the lasers scattered light and the incident beam frequency is used
to form a Raman spectrum (Le and Etchegoin, 2008). Compared with commonly used
spectroscopic techniques, which allowed powder samples to be analysed right away,

Raman spectroscopy had some analytical advantages.

Rich spectral information can be obtained, which allows compounds with closely
related structures to be distinguished. It is also possible to study small particles using
Raman instrumentation coupled with an optical microscope (Vankeirshilck et al.,
2002; Bell et al., 2004). Separated from infrared spectroscopy, where water is a
significant limiting factor, Raman spectroscopy can be conducted in an aqueous
environment (He et al., 2023). Fluorescence obscures the spectrum, making it
challenging to detect drugs with spectroscopy, and the signal is typically faint until
the analyte is present in significant concentrations (Trachta et al., 2004; Rana et al.,
2011). While Surface- enhanced Raman spectroscopy (SERS), permits an augmented
signal that is many orders of magnitude above ordinary Raman spectroscopy and
quenches fluorescence, eliminates these limitations. Adsorbate molecules are detectable
using the SERS method on roughened metal surfaces, which results in a significant Raman
scattering enhancement (Rivas et al., 1999; Das and Agrawal, 2011). Past few years, SERS
has made a significant leap forward in terms of sensing and diagnostics. This means
that it will soon at the forefront modern sensing and diagnostics. Studies have found
that non-plasmonic enhanced Raman scattering can be achieved using dielectrics,
enabling SERS experiments to be conducted invasively and reproducibly than an
equivalent SERS being performed using plasmonics (Alessandri, 2013; Alessandri
and Lombardi, 2016; Bontempi et al., 2018). Additionally, as operational SERS- based
method was needed in diverse system and real- world situations, multivariate

techniques for Raman data analysis were introduced, opening the door to a multitude
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of computer and deep learning-based method (Chen et al., 2019; Fan et al., 2019; Zou
et al., 2019). Advances in SERS using naked silver nanorods and oxide-coated silver
nanorods (food, environment, biological molecules, and gas) were summarized

(synthesis and applications in various sensing fields).

Among 39 most widely used drugs are antidepressants, cannabinoids, amphetamines,
fentanyl, benzodiazepines, and other psychoactive small molecules in the SERS
library (Farquharson et al., 2019). In this study, the chemical structure of related
molecules was compared and analyzed. This revealed unique Raman bands, which are
capable of distinguishing and separating identical compounds by their bands. In
addition, there are a number of differences in the Raman spectra due to pH, medium,
and the addition of various metal enhancers. In the field of bio-diagnostics, SERS-
based nano-sensors have been developed and validated with the aim of distinguishing
healthy cells from cancerous cells by the measurement of their extracellular pH
(Capocefalo et al., 2019). The spectral signatures of benzodiazepine drugs were
assessed by Raman confocal microscopy (Montalvo et al., 2014).

In PCA (Principal component analysis) there was a significant spectral difference
between batches of benzodiazepine medication, mostly due heterogeneity. This
analysis calculates the factors influencing spectral variation across samples using the
covariance matrix. In a study, the ability to detect midazolam and metabolites in saliva
using gold- and silver-doped sol gels immobilized in glass capillaries. It can identify
50 ppb cocaine reliably in contaminated saliva with amphetamine, diazepam, and
methadone (Le et al., 2012). Using a portable spectrometer and paper SERS substrate,
consumers can easily analyze pharmaceutical medications containing APIs (active
pharmaceutical ingredients) like oxycodone, hydrocodone, alprazolam, and codeine
(Kneipp et al., 2002). On-board spectral matching of a measured sample to a library
spectrum was performed by implementing a correlation coefficient algorithm, a
popular spectroscopy library matching technique (Kneipp et al., 2006). To ensure
maximum signal generation and enhancement, SERS require careful consideration of
samples and optical setup, and is a non-destructive method of determining a small
number of molecules' chemical identity and structure. Although the discipline is
extremely precise and technically sound, it is still extremely novel and needs to be
incorporated into a broader forensic context (Campion and Kambhampati, 1998).
Despite the fact that nanodevices has many applications in forensic science, but they

are not in practice frequently. This is because many of the reported advancements have
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not been applied to sufficiently complex samples. Studies in the near future on
nanomaterial-based methods of detecting substances abused would probably involve
the use of these nanoparticles as a modifier in the process of detecting these
substances (Camden et al., 2008). In spite of being extremely precise, the discipline
has only been around for a relatively short period of time. Therefore, it must be
incorporated into a broader forensic context to become truly effective (Sharma et al.,
2013).

Gold, silver, and copper are commonly used as active metal substrates for SERS, such
as roughened metal sheets or dispersed metallic particles in water-based solutions.
With increase in signal intensity is caused by the interaction between the analyte and
substrate (Ryder, 2005). As this type of synthesis method result in poor cost in all
batches, colloidal solutions are advantageous. To further enhance the signal in Raman
the combination of nanoparticles agents to provide a fresh surface for each analysis
(Dijkstra et al., 2004; Mosier and Lieberman, 2005). In addition toincreasing signal
intensity, causes the nanoparticles to accumulate and create hot- spots. Two factors
contribute to the greatest enhancement provided by ions producedby metals. The zinc
ions displace the stabilizing agent to cause aggregation and they affect the ionic
strength of the surrounding solution changing the surface charge of the substrate,

therefore increasing the signal intensity (Abdali et al., 2007).

Detecting narcotics, amphetamines, nicotine, and benzodiazepines, the SERS
technique has been tested for the detection of other controlled substances. Typically,
this analysis involves drying the controlled substance onto the SERS active substrate,
which is then analyzed (Inscore et al., 2011; Fox et al., 2012). Although SERS is not
recommended to be used in aqueous solutions, this approach can be adapted for
detection of controlled substances in toxicological samples. Silver colloid surfaces
were used in aqueous solutions at a concentration of 30 ng/mL to detect diazepam and
nitrazepam by SERS (Leopold and Lendl, 2003). For over 40 different compounds,
toxicology laboratories must conduct quick screenings in casesof drug- facilitated
sexual assault (Lucotti et al., 2012). As a member of the benzodiazepine family,
alprazolam is short-acting psychotropic drug characterized by high potency and may
be administered orally (Creighton et al., 1979; Rivas et al.,1999). Among people
suffering from depression, alprazolam is one of the most widely used drugs. A number
of therapeutic uses for alprazolam have been reported. These include anxiolytics,
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tranquilizers, hypnotics, antiepileptics and muscle relaxants (Breimer, 1979; Kerker
et al. 1980; Liao et al., 1981). Recreational abuse has increased as a result of the
widespread use of this class of drugs. The study of methimazole adsorption on
surfaces containing gold nanopowders (AuNPs). SERS experiments and various
calculations suggest that the molecular interactions betweenmethimazole and AuNPs
may exist. Based on the experiment results, a rectilinear connection between
methimazole concentration and Raman signal strength was discovered and found to
have an excellent limit of detection and a good coefficient of correlation (Saleh et al.,
2017). There is a wide range of compounds derived from this drug that may be
encountered by forensic laboratories due to its widespread misuse worldwide.

It is possible to develop drowsiness, muscle numbness, coordination problems,
fainting, and even death from heavy overdoses (Le Beau et al., 1999; Bonora et al.,
2014). It is therefore strongly recommended that toxicologists and clinicians monitor
the effects of this medication. Recently, (Alves et al., 2020) conducted a study to test
the effectiveness of SERS for detecting clonazepam in beverages. Analyses of spectra
from standard solutions were performed, and LDs of clonazepam were calculated. In
accordance with the results of the study, SERS analysis using AuNPs was an
appropriate method for the purpose intended. Using this technique, sample
preparation was not required for distilled beverage samples. The process of extraction

is required for more complex drinks, such as beer and energy drinks.

The use of UV spectroscopy (Salamone, 2001), high performance liquid
chromatography (HPLC) (Elsohly and Salamone, 1999; Salamone, 2001), GC-MS
(Forsman et al., 2009) and LC-MS (Papoutsis et al., 2010; Donoghue et al., 2010)
were earlier methods for determining alprazolam in biological fluids and
pharmaceutical formulations. It takes a lot of time and effort to use any of these
methods. Thus, alprazolam was detected in biological fluids using coated ZnO
nanoparticles for ultrasensitive clinical and forensic trials (Das and Agrawal, 2011).
This method can be adapted for trace detection of benzodiazepines in poisonous
samples as a specific systematic technique for detecting and identifying trace
quantities of benzodiazepines in aqueous solutions. This study employed zinc oxide
solutions prepared under optimalconditions at different pH levels to enhance the
alprazolam signal because these solutions provided signal enhancement for the

drug. Several parameters for the SERS detection were investigated includes
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aggregation, its counter ion, and its absorption to maximize the sensitivity. There is
no doubt that the SERS method is a highly sensitive and precise method that can
become a valuable tool for forensic scientists with the development of non- invasive
measuring methods. The present work was undertaken to analyze Surface Enhanced
Raman Spectroscopy's (SERS) role in identifying abused drugs in a forensic matrix.
Essentially, SERS occurs whenever analytes are deposited on noble metallic
nanoparticles (Brady et al., 1991). A SERS method has been used to identify and
quantify explosives, narcotics (illicit and pharmacological), and explosive residues
(Brands et al., 2008). Single molecule detection is typically conducted using this
technique at extremely low concentrations to detect and characterize analytes.
Although SERS can be used as ananalytical technique, substrates must be reliable and
repeatable in terms of enhancing factors, which are dependent on the form, size, and

aggregate of the nanoparticles (Brandt et al., 2014).

Therefore, the aim of this study is to evaluate whether SERS was adequate of
distinguishing spiked alprazolam in oral fluids at toxicological levels. This work is
divided into four parts. In part one, zinc oxide nanoparticles were synthesized for
SERS analysis. The second objective of the study examined the coating of zinc coated
strips in order to determine its composition. Also, examined the results of our method
using a portable Raman spectrometer, as compared to our bench mark results in part
two. Lastly, SERS's use as a toxicological screening method for urine samples that

have been spiked.
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Chapter 2
2. Reviewof literature
Overview of synthesis and preparation of various metallic nanostructures

Wittwer et al. (1980) several benzodiazepines were separated and measured using an
HPLC adsorption system utilizing isocratic elution coupled with 280 nm and 254 nm
dual wavelength detection. A powder form and solid dosage form of 10
benzodiazepines are simply ground and extracted with chloroform. Benzodiazepines
can be presumptively identified using the W absorbance ratios and chromatographic
systems together with dipotassium which does not dissolve in chloroform.
Clorazepate dipotassium was analyzed with a novel approach and the chloroform-

soluble benzodiazepines were demonstrated.

Lloyd and Parry, (1989) suggested using high-performance liquid chromatography
(HPLC) with electrochemical reductive mode detection and micro column cleanup;
researchers have developed procedures for determining benzodiazepines and their
metabolites from degraded and contaminated blood samples, which are typical of
forensic science work. Detection limits and recovery values range from 0.3-12 ng / mL
and 75-95 070, respectively, and selectivity far exceed those of HPLC techniques

normally used on this type of sample.

Musshoff and Daldrup, (1992) demonstrated diode-array detection (DAD) technique
having a great speed recovery and quantification for detection of benzo family of drug.
C18 extraction columns were used to extract drugs from oral fluids. A brotizolam
internal standard was used. Researchers recovered 75% to 94% of all the
benzodiazepines they investigated using spiked serum/blood samples. Over the range
of 5-1500 ng benzodiazepine/ml, excellent linearity was obtained. Approximately
2ng/ml was detected. It is also possible to detect low remedial level of serum of highly

potent benzodiazepines.

Inoue et al. (2000) there were no significant differences in the SIM chromatograms or
TICs between 19 benzodiazepines and two thienodiazepines, except for oxazolamto

cloxazolam separation. No benzodiazepines or thienodiazepines interfered with
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the blank whole blood extract from the chromatogram. The blank whole blood extract
did not interfere with any of the benzodiazepines or thienodiazepines on the
chromatogram. Benzodiazepines that were calibrated with fludiazepam as an internal
standard displayed excellent linearity with correlation coefficients of 0.995 over the
concentration range 5-500ng/ml blood. Based on the detection limits, bloodsamples
ranged from 0.2 to 20ng/ml. As a method for determining benzodiazepines in whole
blood, it is both simple and sensitive, which makes it useful in forensic science

practice.

Scarisoreanu et al. (2005) Zn oxide thin films were obtained by laser ablation of aZn
target in an oxygen reactive atmosphere, where the oxygen was supplied either by an
inlet valve or via radio- frequency (RF) oxygen plasma. A Pt-coated silicon substrate
and a MgO substrate were used as substrates. A study was conducted on the impact
of the laser wavelength (266, 355, 1064 nm), laser fluence (1.5-20 J/cm2), and
oxygen pressure (1-60 Pa) on the deposition process. In addition to these tests, several
configurations of the ablation plasma, the RF plasma beam, and the substrate were
also investigated with respect to the influence of the RF plasma beam addition on zinc
oxide films' morphological properties. AFM, X-ray diffraction, and transmission
electron microscopy have been used to characterize the obtained films with
thicknesses between 50 nm and 1 mm. The development of thin films with different
crystalline orientations by pulsed laser deposition assisted by RFplasma beams was
demonstrated by varying the direction of the RF plasma beam, the gas pressure, and
the substrate. It has been possible to deposit films with the c- axis parallel to the film
surface under a limited set of experimental conditions. It wasdetermined that the

crystallite orientations were grouped in two orthogonal directions.

Wu et al. (2008) In view of current medical, industrial, and commercial usage, a brief
description of the production of iron oxide nanoparticles, their size and morphological
manipulation, and magnetic characteristics. The hydrophobic character of monolayer
polymer coating and organic ligand coating has been successfully turned into water
soluble and biocompatible. Large-scale particle production techniques face

difficulties with toxicity, scaling up, and safety.
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Singh et al. (2011) reported a case on a comparison of Zinc oxide nanoparticles
generated utilizing two different methods: the sol- gel method and the solid phase
reaction method. The fluctuation in the energy band gap as a function of the particle
size too was discovered using absorption spectra analysis. The sol- gel method
produced highly crystalline ZnO nanoparticles. It was discovered that size affects
the band gap of the synthesized nps. The results of XRD and TEM experiments are
supported by a photoluminescence. Particle size-dependent variations and significant

fluctuations were not appropriately accounted.

Tamang et al. (2011) presented the study; the wet chemical method was used to
successfully produce ZnO nanoparticles utilizing zinc acetate. Improvements in nps
production have been made using a variety of techniques, including chemical and
biological ones. Further analysis revealed that S. aureus exhibited greater levels of
antibacterial activity than E. coli in both qualitative and quantitative tests. Only very

minimal clumping of nanoparticles was observed.

Khoshhesab et al. (2011) studied ZnO nanostructures have been effectively created
by dissolving micron-sized ZnO powder from an aqueous ammonium hydrogen
carbonate solution, re-precipitating it in the presence of thiourea, and then calcining
itat 400°C for one hour. The Scherrer formula determined that the average size of the
particles of ZnO nanoparticles ranged 8from 4 nm to 18 nm. The main drawbacks
include the necessity for pricey chemicals like surfactants as well as requirement to
wash and filter the precipitate formed in order to get rid of impurities like NaOH, ClI,

etc. from the starting material.

Lee et al. (2013) demonstrated and studies that nanoparticles are produced using
simple precipitation and hydrothermal processes at RT-100°C. Precipitation was
performed by mixing zinc nitrate with NaOH aqueous solutions with strict controls
on temperature, pH, and precursor content. Crystallite sizes and shapes might be
effectively controlled by changing the processing parameters of the preparation
procedures. There remains a need for aqueous medium nanoparticle synthesis

techniques that take the powder's shape and phase into account.
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Santhosh (2016) According to this review, nanometal oxides can effectively remove
heavy metals and trace elements. Their adsorbent efficiency can be increased by
optimizing working circumstances such as pH, nano-adsorbent quantity, time of
exposure, and so on. The best adsorbents and photocatalysts have been found to be
zinc oxide and iron oxide nanomaterials because of their large surface area, simplicity
in synthesis, and good to extraordinary performance. These approachesare expensive

to achieve nanoscale size, whereas bottom-up procedures use chemical technologies.

Maldonado et al. (2017) described a dependable statistical method, Taguchi's
methodology, was used to reduce the number of experiments. The following elements
were studied at: kinds of precursors, solvent, and precipitating agent, Zn molar
content, saturating percentage, speed and period of agitation, overall synthesis
temperature. It is shown that using a statistically experimental design makes it possible
to quickly and accurately optimize the synthesis parameters in order to create small-
sized Zinc oxide even while making the best use of the available resources, such as
energy, labor, and materials. However, it is clear that more studyis necessary to

enhance the comprehension of the concepts behind the formation of nanoparticles.

Dien et al. (2019) demonstrated the hydrothermal procedure and the chemical solution
method have been utilized to create nonmaterial with diverse morphologies. SEM,
TEM, XRD, and EDS studies were performed to confirm the produced ZnO
nanostructures. Although there were differences in morphology and crystalline size
across all XRD signals, there was no evident change in crystal structure.

Naderi et al. (2020) demonstrated the sol-gel method was used in the current
investigation to create the ZF nanocomposite. After analysis of nanostructural
composition, the composite was tested on MCF-7 cancer cells to see if it may be used
in treatment. As a result of their small size, colloidal durability, magnetic properties,
and low toxicity, these nanocomposites could be a great candidate for application in
medicine. Coercive fields of the samples, changes in temperature will increase

crystallite size and crystal anisotropy.
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Johari and Rafati, (2021) explained the shape of nanoparticles influences their
characteristics significantly. In this study, zinc oxide and cupric oxide nanoparticles
were produced using the identical co-precipitation procedures. The generated ZnO
and CuO nanoparticles have sphere- like and hierarchical flower- like structures due
to their different parameters of different and electrostatic interactions. Their diverse
structures are the result of distinct electrostatic interactions among their ionic species

and polar surfaces.

Pourmadadi, (2022) explained and demonstrated different parameters of synthesis
affect the textural, optical, and micro structural properties of ZnO nanoparticles. The
adsorptive behavior of ZnO nanoparticles for heavy metal removal has also been
summarized, particularly at different pH levels. The shape and crystallite size of the
nanoparticles of zinc oxide are significantly influenced by each of the parameters.
Future studies should concentrate on immobilizing ZnO nanoparticles on appropriate

supports for simple separation after use.

Bharti et al. (2022) explained the primary objective to provide an outline of the
biomedical application of Fe203-based nano - composites, such as drug transporters,
tissue engineering, and wound repair. Their magnetic properties, biocompatibility, and
toxic nature also discussed. The effectiveness and drug loading capacity of tissue
engineering applications were both enhanced by IONPSs' (iron nps) increased surface
area and porosity. By coating iron oxide NPs with the suitable polymers, extend the
carrier's life span, raise the possibility of future functionalization, and boost drug

loading capacity.

Development of Raman based SERS nanoparticles sensing method for detection

of benzodiazepines in forensic samples

Drummer, (1998) presented a method for the measurement of benzodiazepine in
biological specimen published in last few years. Several immunoassays have been
published and show great sensitivity and specificity and offer advantage of being able
to detect these drugs with equal sensitivity. No, of confirmation tests available, most
favored are HPLC, GC and GC-MS techniques were strongly represented. TLC has
shown little interest over last 5 years, still suffers from lack of sensitivity and

specificity, particularly for never more potent benzodiazepine.
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The use of a variety of solvents for solvent extraction remains popular, offering
acceptable recovery ratesand minimal interference by other substances. There were
also a number of papers published describing solid phase extraction procedures. There
were also successful reports of samples being directly injected into a HPLC column
with backflushing. This review examined 72 chromatographic methods based on
HPLC, LC-MS, GC, and GC-MS. Using 1-2 ml of urine or serum (blood), HPLC was
able to detect many benzodiazepines below 1-2ng/ml. It was an order of magnitude
lower than NPD detection limits for ECD detectors from 1 ml of specimen. Although
EI-MS was similar in sensitivity, NCI-MS was capable of detecting as low as
0.1ng/ml. A HPLC method has been described for separating enantiomers of

benzodiazepines.

Manthey et al. (2010) reported that antidepressants possess anxious symptoms, they
are expected to engage the stress levels. BZD use suppressed cortisol levels during
short-term treatment. It has been shown that long-term Xanax administration will
affect the hypothalamic-pituitary-adrenal (HPA) axis. However, little research has
been done in this area. BZD use over a lifetime was investigated in subjects of them
Netherlands sleeping disorder and mental study with a lifetime diagnosis of mental
health issues. In this study the subjects were classified into three categories: daily BZD
users, infrequent BZD users, and non-users. Various BZD use features such as dose,
dependence and duration which are analyzed for possible associations with salivary
cortisol levels. Seven saliva samples were collected, and four cortisol indicators were
calculated: cortisol awakening response, diurnal slope, evening cortisol, and cortisol
suppression after ingestion of 0.5 mg of dexamethasone. Based on the results, daily
users used BZDs for a median of 26.5 months and 6.0 mg of diazepam equivalents per
day. When compared to non- users, evening cortisol levels were significantly lower
in daily users (P = 0.004; effect size: d = 0.24) and infrequent users (P = 0.04; effect
size: d = 0.12). There were no progressive changes in alertness, pattern slope, or
dexamethasone suppressive results. The authors concluded that despite the finding of
slightly lower evening cortisol levels in daily and infrequent BZD users compared to

nonusers, long-term use of BZD does not appear to alter the HPA axis.
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Wang et al. (2011) Demonstrated a nanostructure for SERS to trace chemical
detection, surface can be formed by depositing of metallic particles or clusters. n the
invention,the nano-structures are designed to have functions to improve chemical
adsorption tothe array surfaces, thus further improving the SERS sensitivity. A
method of determining measurement chemical compounds is based on their charge
states. Chemicals can be attracted to array surfaces using electrical bias applied to
nanostructures or to function layers built beneath the nanostructures. Depending on
the chemical properties of the chemicals being measured by SERS, the bias can be
negative or positive. In another embodiment, special surface bonds are used to
enhance the chemical attraction to thin chemical function layers. To selectively
condense the measured chemicals to the array Surface, the array structure can be
cooled to a specific temperature with the Substrate. Magnetic fields can also be
applied to the sensing Surface, or the function layer at the sensing Surface, containing
magnetic materials, such as Fe, Co, Ni, or their compounds. Therefore, the polar
molecules would have statistically aligned to a preferred orientation on the sensing
surface. With the application of magnetic fields or the presence of localized magnetic
materials in an active layer, chemical specific binding is enhanced, as is the molecule
Surface binding efficiency. By increasing the number of molecules adsorbing on the
sensing surface within a unit period of time, Raman signals are enhanced. It was
showed that with interactions between nanoparticles and chemicals enhanced Raman
signals are obtained. Only until particle distance is close to or nearly equal to particle
diameter does significant enhancement begin to take off.

Inscore et al. (2011) investigated the ability of SERS to classify and measure drugs
and their metabolites in saliva. Developed and patented a process for incorporating
silver and gold nanoparticles in glass structure. They claimed that the concentration
of cocaine was 5000 times more robust by SERS calculation than previously reported
research. Future work corporate capillaries in lab-on-a-chip as a part of sample kit to
be used by police with hand held SERS analyzer for roadside testing.

Doctor and McCord, (2013) evaluated an application of SERS to toxicological
samples, obtaining SERS spectra for 11 benzodiazepines of interest in sexual assault

with drugs. A total of eleven benzodiazepines byproducts were examined, also 1,2-
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triazolo- benzodiazepines and 1,4-benzodiazepines. In this study, four distinguish
chlorides salts, KCI, MgCl,, NaCl and CaCl, were used as aggregation for
nanopowders of gold. The level of signal improvement for each compound varied
depending on which aggregating agent was used. It provided linearity over a wide
range of concentrations for a variety of drugs, with the lowest limit of detection at
2.5 ng/mL. Furthermore, 1.67 M of MgCl, was found to be the optimum concentration.
A wide range of compounds have been tested and optimized using SERS to detect
trace number of benzodiazepines in water solutions. Trace benzodiazepines can be
detected in sample of toxicology after extracting the analyte using this technique. Such
techniques are also used to restrict the technique of immunoassay by having lower
detection limits. The methods were robust, generating reproducible intensities and
frequencies of SERS. These methods show low limit detections in water-based
solutions, which require proof of principle to demonstrate implementation in cases

involving true biological samples.

Kannan et al. (2013) sedative drugs are mostly found in various criminal case studies
which involves traffic crimes and drug overuse. Chromatoplate chromatographic
analysis was performed for alprazolam, clobazam, chlordiazepoxide, clonazepam,
flurazepam, diazepam, nitrazepam, olanozepam and lorazepam, which are nine most
commonly used benzodiazepines. A rapid efficient and simple method for separating
the drugs is developed utilizing pre-coated silica gel GUV254 as the stationary phase
in this study. Separation of the previously mentioned drugs using ten different mobile
phases was successful. Utilizing an appropriate mobile phase will allow you to
separate each drug from the others. This study found that CHCI3: CH3OH (97:3) was
found to be great solvent in above studies.

Montalvo et al. (2014) demonstrated Raman spectral signals which were used to
discriminate drug product with the same benzodiazepine from different Pharma
companies those manufacture it. It was concluded that bands increase with increasing
doses. The study of all the drug products at the same dose was not possible because

they were commercialized at different doses depending on their therapeutic effects.
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Mir et al. (2015) described the applications of Raman spectroscopy in the forensic
area, especially in toxicology. Various types of Raman Spectroscopic techniques have
been utilized for purposes including portable Raman, micro- Raman, fiber opticraman
for on field applications SERS to increase the sensitivity and spatially offset Raman
spectroscopy (SORS) for in depth sample analysis. No measurements were reported
for drug of abuse the potential application of SORS forensic and national security
purpose, airports, border control terminals, customs check posts were only discussed.
An effective method has been introduced for fabricating a diazepam sensor. This
sensor utilizes the synergetic influence of Ag nanodendrimers and graphene
nanosheets. This sensor shows high repeatability and stability and offers several
advantages such as simplicity, rapidity and low cost. The interference of some drugs
from benzodiazepines family such as A fixed amount of diazepam was mixed with
these drugs. The results indicated because of same structures and they produce
voltammetric peaks overlapping with the diazepam.

Mostowtt and Bruce McCord, (2017) demonstrated the analysis of a set of similar
structure synthetic cannabinoid s utilizing SERS. The procedure includes mixing
analytes with gold nanoparticles made in a solution which contains basic or alkaline
salt solutions. The results examines that the procedure show good potential as a
method for tentative screening of synthetic cannabinoids. The wide distribution of
these cannabinoids able to virtual guaranty the screening through immunoassay which
causes false negatives. As immune-based assay studies are particularly not compound
specific, however a positive result cannot give much guidance for particular
confirmation by GC-MS or LC-MS.

Romeiro et al. (2017) in this work, two TiO2 photocatalysts were prepared under
different calcination conditions as mesoporous nanoparticles by a sol- gel method,
characterized, and their photocatalytic activity was examined using a 366 nm laser
light for the transformation of alprazolam (ALP). After 90 minutes of photolysis,
about 90% degradation was observed. ALP was phot- transformed without a catalyst
using 254 nm irradiation, but the transformation percentage was only 9%. In the
photo-transformation of ALP, B500 TiO2, which contains both rutile and anatase
phases, is more effective than B400 TiO.. After 120 min of photolysis, the efficiency
of B500 TiO2 is comparable to that of Degussa TiO> synthesized in this study.
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Following 90 minutes of incubation, the TOC analysis shows that the ALP has been
mineralized completely. When synthetic TiO, was used, mineralization ranging from
38% to 56% was achieved over the same photolysis time period. Using fluorescence
spectroscopy, triazolaminoquinoline and 8H-alprazolam were identified as
luminescent photoproducts. Further, HPLC-MS analysis of ALP photolysis products
with B500 TiO2 revealed three products with m/z values of 327,297, and 325. The

photo transformation is hypothesized to be mechanistic in nature.

Ziegler et al. (2018) identified and improve the capabilities of optically mediated laser
light scattering, blood trace detection SERS, sperm, vaginal fluid and forensic sample
saliva. The portability of this device makes it perfect. The goal of this projectis to
decide whether or not dried fluid SERS spectrum. Stain could decide how long the
sample was outside the body for a crime. The outcome of using SERS to differentiate
different animal blood though not complete is incredibly encouraging because they
have only found a single blood check procedure it helps SERS to identify distinctly
different species.

Hamideh et al. (2018) demonstrated distinct nanoparticles of silver with addition of
dopant as graphene quantum dots based on nano- ink formation which were prepared,
utilized in the combination to produce a novel, distinct, as well as sensitivesensing for
the detection of alprazolam. This biodegradable nano- ink-based detector was found
to provide electrical detection that is affordable, environmentally safe, sensitive, and
quick. Although their extraordinary advantages, these substances possess drawbacks.

For example, both silver and gold are expensive whenever used in huge quantities.

Pandya and Shukla, (2018) reviewed the providing information on a new field of study
using nanotechnology to solve crimes locally. Possibly the most intriguing
breakthrough that could further reduce laboratory contamination problems is the
possible integration of all the laboratory processes onto a nanoscale platform. The
various advancement in the new technology can be used in various nano devices like
probes chips effective approaches to prevent crime and provide augmenting security
to the society. The results showed that silicon, a material aluminium and calcium
was present in some of the leftovers. But in order to do this technique, you required

an instructor and a tool.
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Fritea et al. (2018) electrochemically generated gold nanoparticles-coated reduced
graphene oxide nanoplatform was developed to detect nitrazepam with high
sensitivity and selectivity. Various techniques such as AFM, scanning electron
microscopy coupled with energies dispersive X-ray spectroscopy, chemical methods,
and infrared spectroscopy using the Fourier transform were used to analyzethe
nanostructure of the material. Collectively, the two nanomaterials offer an electrode
substrate with a substantial surface area, high electrical conductivity, and outstanding
catalytic activity. This sensor provides exceptional sensitivity for the detection of
hypnotic drugs in serum, good selectivity, a high degree of stability, and a medicinal
formulation with high recovery rates. Among its important characteristics are a broad
linear range from 0.5 mm to 400 mm a small detection range (0.266 mm), exceptional

sensitivity, good selectivity, and outstanding durability.

Kevin, (2019) demonstrated a large proportion of the earlier reported research has
focused on the use of Hg-based electrodes, characterized by low detection limits in
both biological and pharmaceutical samples, requiring little sample preparation. The
approaches have been shown to be selective, sensitive, and capable of determining
benzodiazepines in complex samples, such as serum and forensic samples. In future,
the development of new benzodiazepines and applications will also drive the further
development of electrochemical assays for this important class of drugs.

Segawa et al. (2019) demonstrated that forensic drug analysis requires a method with
high qualification capabilities for sensitive drug detection. It can provide detailed
structural information about the compounds included in samples by using simple
experimental protocols through vibrational spectroscopy. The main idea was to
develop a method for the rapid detection of hypnotics in a wet system using SERS with
gold nanoparticle co-aggregation. A simple analytical protocol was required forthe
developed method. Rapid analysis was therefore enabled with a high level of
sensitivity and specific. Different types of hypnotic drugs, including benzodiazepines
and non- benzodiazepines, was conducted to examine the relationship between
structure and spectrum. Simulations of spiked beverages containing a hypnotic
(etizolam, flunitrazepam, zolpidem, or zopiclone) were analyzed as proof of concept.

Detecting these hypnotics was possible due to dilution of beverage samples, which
decreased the matrix effect. Among all hypnotics, strong signals were observed except

for flunitrazepam, and the estimated lower detection limit in apple juice was 50 ppm.
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The developed method is a rapid screening method for hypnotics with low sample

requirements.

Merlen et al. (2020) presented a gold nanoparticle-containing non-porous silicon
matrices was employed as the SERS surface for recording the surface-enhanced
Raman spectra of benzodiazepine molecule oxazepam. Observe spectral fluctuations
in the measured spectra, with minor shifts in wave numbers, appearances and
disappearance of peaks, and variations in peak shapes. The density functionaltheory-
simulated spectra and the experimentally determined fingerprints of themolecule's
numerous sites of adsorption on the surface of gold can be connected. It has also
been shown that temperature and laser power can affect absorption sites,indicating
that lasers can be used to activate absorption sites. SERS spectra could be
misinterpreted and drug identification errors could occur as a result. In order to
correctly interpret the SERS spectra of drug molecules, it should be taken intoaccount
systematically, oxazepam powder and SERS spectra differ by no means due to
orientation effects, but rather fluctuations in the SERS spectrum will becaused by
changes in the absorption site. The findings of the study also suggestthat laser
illumination can activate this mechanism as well. For the due to themolecule's
distinctive relationship to metal surfaces, especially dependent ontemperature sites
for adsorption. From these two important conclusions are drawn:first, the SERS
spectrum differs significantly from the powder spectrum and second, laser power must
be precisely controlled.

Sha et al. (2020) demonstrated method SERS method was used to identify estazolam
in water and beverages utilizing silver and gold core shell nanoparticles using paper
as a substrate. This method allows for the quick and easy identification of medications
that have been illegally added to beverages. This methodology, along with the carried
out qualitative and semi-quantitative analysis, show too early identification. The
results showed that drinks interact with the Laser signal; as a result, dilution should

be introduced as a pretreatment step going forward to avoid interference.

Alessandri and Lombardi, (2020) reviewed In line with the development of
nanotechnology, surface-boosted Raman scattering has generated both thrilling
anticipation due to its great sensitivity, which can be expanded to single molecules
identification, and unpleasant disappointments due to its poor data repeatability.

Additional specific instances of analytical SERS were described in studies intended
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for application in criminal justice, drug analysis, biological sensing, and advanced

diagnostics.

Alves et al. (2020) sought to detect clonazepam in beverages by combining the
extraction of liquids from with low-temperature partitioning preparation of samples
method with the SERS, which is analytical methodology. The outcomes showed that
analysis carried out with AuNPs was suitable for the forensic objective. For samples
of distilled beverages, there was no sample preparation necessary using this analysis
method. However, the simple extraction phase extract was required for more

complicated drinks, such beer and energy beverages.

Chen et al. (2021) established a technique for quick, sensitive, repeatable,
multiplexed, and low-cost detection of illicit substances in urine based on surface-
enhanced Raman spectroscopy (SERS) and a sample preparation procedure. Studies

have a great potential to be used for rapid screening of illegal drugs in urine.

Azimi & Docoslis, (2022) SERS has made tremendous development in the last decade
as a non- destructive, fast, and sensitive technique for drug detection and
categorization. This has aided in the preservation of forensic evidence obtained at
crime scenes, as well as the maintenance of the chain of custody. It is possible to
identify and quantify trace samples using this method. SERS will move out of the lab
and into the field for forensic and strategic applications due to rapid advancements in

equipment.

Paschoarelli et al. (2023) an electrochemical detection device for diazepam (DZ) and
midazolam (MZ) of BZ drugs in commercial drink samples was fabricated using
laser-scribed graphene (LSG). SEM shows morphological examinations revealed the
LSG material to be porous, which increased the electroactive area. The experiments
using a Raman cyclic voltage measurement (CV), and electrical impedance
spectroscopy (EIS) show that the PEI-LSG is highly disorganized and has high
electron mobility properties. Square Wave Voltammetry (SWV) was used to detect
MZ and DZ employing its analytical curve with two linear ranges in concentrations
that ranged from 2.5 to 25.0 mole and 25.0 to 100.0 mols.

The maximum level of detection, or LOD for short, and estimation (LOQ) for DZ and
MZ, respectively, were 0.66 and 2.01. DZ and MZ were present in samples of fluid,
whisky, and sugarcane spirits, which resembled potential forensic proof of crimes

related to drugs.
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Ramalingam and Singh, (2023) evaluated food industries around the world continue
toworry about toxicity through food and feed. The detection of these contaminants in
food matrices is still an emerging science, even in developed countries. It focuses on
the design and fabrication of an electrochemical microfluidichiosensor that detects
trace levels of Aflatoxin-M1 (AF-M1) in milk samples using aptamers. With
graphene quantum dot composite and Au nanoparticles,aptamers are anchored to
the sensor surface and their signal conductivity isimproved. In order to promote
portability and improve mixing effects, screen-printed carbon electrodes modified
with graphene quantum dots- gold nanoparticles are placed between
polydimethylsiloxane layers. The linear range of the sensor wasbetween 100 pM and
2 nM, indicating a detection limit of 0.3 nM based on differential pulse
voltammograms. To evaluate sensor selectivity, interferencemolecules of similar size

were analyzed.
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3. Hypothesis

Due to their higher chances of addiction and abuse, separating and identifying these
compounds is of great importance. A method capable of identifying benzodiazepines
in different matrixes must be developed along with an efficient sample preparation
technique. SERS (surface-enhanced Raman spectroscopy) is a sensitive and analytical
technique for detecting and identifying number of benzodiazepinesin water solutions.
It has been proven to be effective in detecting trace quantities in toxicological samples
as well. Because of their signal enhancement and great recovery rate, metal oxide
nanoparticles were used for this study to enhance signal detection and recovery rates.
By studying the variables for SERS detection, the technique's sensitivity was
optimized. In the study, tr ace quantities of drugs in aqueous solutions will be detected,
which can be used to detect ultra-trace amounts in toxicology samples. It is currently
not possible to diagnose limited quantities of drugs detected on crime scenes. It can
therefore be employed for detecting and determining trace amounts of drugs, which
can later be developed into sensing Kits. Therefore, a new type of test strip that is cost-
effective needs to be developed. Detecting benzodiazepine in drug facilitated assault

cases requires a sensitive, specific screening method.
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4. Research objectives
1. (a) Synthesis of novel nano dimensional pure and composite metallic particles.
(b) And their coatings on some novel substrate.

2. Comprehensive characterization of synthesized nanoparticles and their coatings

for structural, physico-chemical and textural attributes.
3. Utilization of synthesized and coated nanoparticles in forensic sample.

4. Development of Raman based SERS nanoparticles sensing method for detection

of benzodiazepines in forensic samples
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CHAPTER 5
MATERIALS AND METHOD
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5. Materials and method
5.1. Chemicals and Reagents

All chemicals and reagents are used were of analytical high grade (99%) pure, Zinc
nitrate hexahydrate (Zn (NOz3)2.6H-0), sodium hydroxide (NaOH), Ferric nitrate (Fe
(NO3)39H:0, ethylene glycol PEG (C2HsO2), sodium citrate (NasCeHs07), Whatman
filter (WF) paper (Table 4), HPLC grade methanol, sodium phosphate, procured from
Merck Sigma-Aldrich Chemical Co. (India). Alprazolam was purchased from the
Pharmaceutical Co. (India) as a reference substance under Lot no. IPRS/75/18. Stock
standard solutions of alprazolam were prepared by dissolving the appropriate amount
in (HPLC grade) methanol.

Also, for samples ethical permission granted from PIMS Jalandhar. Blood, urine and
saliva samples of volunteer were collected and kept in screw- caped bottles and stored

in a refrigerator at 4-8 °C.
5.2. Hydrothermal synthesis of ZnO nanoparticles and Nanocomposites

The hydrothermal assisted wet precipitation route was employed for the synthesis of
ZNH was used as Zn?* ion source, and SH was used to control the pH value of the
precursor. The synthesis methodology has been schematically depicted in Figure 6.
Typically, 1 M hydrous precursors of ZNH and SH were separately prepared at room
temperature (27°C). Later, SH precursor was added drop-wise in ZNH precursor under
continuous stirring. The pH value of the solid solution was continuously monitored
using a calculated digital pH meter. The five solid solutions of Zn?" ions were
separately prepared with different pH values. After homogeneous mixing, the milky-
white suspension was put in Teflon bottle which is sealed in a metallic autoclave and
further heated at 110x 3°C in an electric furnace for 24 hours. After annealing, the
resultant crystals underwent five rounds of centrifugation and washing with distilled
water. The finished powder was then dried at 100°C for 24 hours in an air oven before
milled into a fine powder. The nomenclatures of synthesized products categorized

based on the pH value of their solid solutions have been given in Table 3.
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pH value | Nomenclature
7 Zn0O7
8 Zn08
9 Zn09

10 Zn010

12 Zn012

Table 3: pH value of solid solutions and corresponding nomenclature of synthesized nanopowders
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Figure 6. Synthesis methodology of ZnO nanoparticles
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FesO4 nanoparticles: The chemical co-precipitation method, which entailed stirring
1M of PEG and iron nitrate at 40°C for 02 hours, was used to create FezOq
nanoparticles. After drying, they undergo two- hour calcination at 400°C. The
produced iron oxide was mixed with sodium citrate, 0.5 M, and stirred in an ultrasonic
bath for 12 hours. Modified nanostructures were created by utilizing a magnet to

collect the prepared silt (Figure 7.

Fes04.ZnO (ZF) nanocomposite: ZF was created via the hydrothermal method,
which involved suspending 10 mg of synthesized Fe3s04 nanoparticles in 5 mL of milli
Q water and ultrasonically processing it for 10 minutes. A second ZnO solution was
made, and the two were mixed and stirred magnetically for 30 minutes. After that, the
pH was kept constant by gradually adding 3.2 g of NaOH while stirring for 10 minutes.
The aforementioned solution was then dried in an oven at 100°C for 24 hours before
being finely ground to produce a ZF nanocomposite (Figure 7). The percentage yield
of the nanoparticle was calculated using equation 1 and the calculated values are
presented in Table 4 (Wang et al., 2021). The weight of the dried nanoparticles with

respect to the mixture-volume ratio shows thigh yield percentage.

weight of dried nanoparticles

Percentage yield - calculated weight of the salt x 100% Eq' 1
Sample Label Mass of salt (g) Wi. of Percentage
nanoparticles
ZnO 0.78 0.39 50.0
FesOa4 0.52 0.29 55.8
Fe304.Zn0O 0.78 0.53 68.0

Table 4: Percentage yield of dried nanoparticles
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Figure 7. Synthesis methodology of ZF nps by sol-gel method
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Figure 8. Visibility of the iron oxide, the zinc oxide and the various Zn/Fe oxide

composite nanoparticles distributed from left to right.
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5.2.1. Coating process of synthesized nps on WF substrate

Catalog | Description Pore Max. Wettability | Thickness | Application
number size Operatin
g temp.
1600- Having high | 5 um 550°C Hydrophilic | 176um. Offers  high
003 particle retention absorbency
and excellent and increased
loading capacity. wet strength

Table 5: Physiochemical specification of the WF (Grade 3) paper

Briefly the prepared solution was warmed till boiling with vigorous stirring, for
layering nanoparticles on the filter paper: As a result, 02 grams of ZnO nanoparticles
(NPs) as well as ZF were sonicated in 200 mL of deionized water for 10 minutes,
using a fixed power sonicator (L&R Ultrasonics, Quantrex 140, 150 W, 45 kHz).
Afterwards, it was sonicated for an additional 10 minutes, and NHsOH was added
drop wise until the pH of the mixture matched the alkalinity of the paper, and the
mixture was then sonicated for an additional 10 minutes before each experiment. The
study reveals it is acceptable to use NHs in place of NH4. Coating was needed on a
white paper surface from Taiwanese company YFY Papers. The paper was positioned
so that it barely touched the scattered solution, and the substrate was attached face
down. The spin coater was used for coating the paper surface evenly with synthesized
nps. After coating the paper strips were air dried and further kept in desiccators
(Figure 9). Each experiment used a different amount of sonication time-5, 10, 15, 20,
25, and 30 minutes. The fabricated paper was then separated, overdried to 80°C, and

then characterized.

53




Preheating
\ (25 degree for
| 10 min)

Deposition of
|| | solution on thin film e

—|N] —8 — .

' Six ey
\ Repititions
Hydrothermal /
treatment

Adding NaOH Spin coating
precursor into
ZNH solution

Figure 9. Schematic methodology for coating of synthesized nanoparticle filter paper

5.2.2. Characterization of nanoparticles samples

The patterns used for XRD were produced with the Bruker D8 (Cuk radiations, 1.54)
between 20 and 70. Rietveld refining was carried out using the MAUD 2.7
programme. The fifth-order polynomial function and Pseudo-Voigt algorithm were
used to fit the XRD patterns. The patterns of the JCPDS, i.e., 005-0664 for ZnO, 024-
1460 for Zinc nitrate hydroxide hydrate (ZNHH), and 025-1028 for Zinc nitrate
hydroxide (ZNH) phases. The crystalline size (Xs) was evaluated utilizing the Debye

0.9
BCos6

Scherrer formula (Equation. 2): X, =

Where 4 is the wavelength of radiations,
f is full width at half maximum (FWHM),
and ¢ is the diffraction angle.

In order to determine the size of ZnO crystals, atomic planes (100), (021), (002),
(101), (102), and (110) were considered. Also, Williamson Hall-ISM (Eg. 2) model
was used to confirm the crystal size and lattice strain in ZnO crystals. The degree of

crystallinity (Xc) was calculated using the peak-area method.

Pruicos (Bna) = 0%1 + 4esin(0y;) (Equation 3), where ¢ is the lattice strain in ZnO
N

crystals.
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Nanopowder FWHM
(002) (101)
Zn0O7 0.1076 0.1135
Zn08 0.0689 0.1082
Zn09 0.0492 0.1082
Zn010 0.0492 0.1079
Zn012 0.0787 0.2952

Table 6: FWHM values corresponding to (002) and (101) diffraction peaks of ZnO

phase pertinent to each nanopowder

Further, for molecular structure FTIR spectrums of pellets made from KBr were
captured using the Bruker Tensor 27 spectrometer for synthesized nps. Also, Perkin
Elmer (System 2000 FTIR) was used to record FTIR spectra of paper coated with
synthesized nanoparticles and blank paper. This technique uses infrared radiation to
measure how molecules rotate and vibrate can identify changes in functional groups,
which can indicate changes in biomolecule composition. The presence of molecules'
interactions can be detected by detecting differences in their structures. The most
popular FTIR based characterization methods are ATR-FTIR, transmittance FTIR,
and micro-spectroscopy FTIR. Wavenumber is used to quantify the FTIR spectrum
and makes spectrum interpretation easier because of its strong correlation with both
energy and frequency. The atomic structure and morphology of nanoparticles were
examined using FESEM (JEOL JSM-7610F Plus). The size of nanoparticles was
measured using the Image-J programme. The elemental composition of nanoparticles
was ascertained using BrukerXFlash 4010 EDX tool. The Autosorb-1-C
Quantachrome was employed to measure the porosity and specific surface area of

nanoparticles. HRTEM (FEI Tecnai) electron microscopy to examine the morphology
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and elemental characteristics. This uses a technique called phase-contrast imaging,
which creates an image by combining transmitted and scattered electrons. HRTEM
requires a bigger objective aperture than traditional TEM imaging when using
scattered electrons. For identifying atom arrays in crystalline structures, phase-
contrast imaging offers the highest resolution currently accessible. For instance,
ordinary electron microscopies do not have the resolution needed to scan the single
particle crystal structure that HRTEM provides, even while they are capable of
providing statistical evaluations of NP shape. Because of this, HRTEM is now the
method most frequently employed to characterize the interior structures of NPs. The

software Image J has been used to assess the dimensions and size of nanoparticles.
5.3. Utilization of nps in forensic samples

As a result of optimization of the above method, a spiked forensic sample (urine,
blood, and saliva) containing alprazolam at concentrations ranging from 10 to 50 ppm
in pure methanol was analyzed using dispersive solid phase extraction (DSPE). For
quality controls, standards of known concentrations, and real samples, the volume of
each sample was kept at 1 mL before extraction. The extraction process was carried
out in 15 mL screw-capped plastic tubes.

On a vortex machine, 4 ml of extraction solvent methanol and 5 mg of synthesized
NPs were added to each tube and stirred for 10 seconds. All tubes were then filled
with 2 g anhydrous Epsom salt, vortexed for 10 seconds, rotated for 5 minutes on the
auto rotator, and centrifuged for 10 minutes at 3500 rpm. A pipette was used to
transfer the supernatant of methanol into a new tube for evaporation (the solvent is
vaporized in two ways: hot water baths are placed at the bottom of the tube and
pressurized air is pressed against solvent surfaces at a set temperature and pressure)
in a digital turbo vaporizer machine. A vortex machine was then used to agitate the
tubes for ten seconds after 50 liters of methanol had been spiked into each tube. SERS
analysis was conducted by centrifuging the supernatant for 5 minutes at 3500 rpm.
For analysis for Surface enhanced validation method: A confocal micro—Raman
Spectroscopy measurement was conducted using a 785nm laser at 100mW power
with resoluteness of 4cm™ (FWHM) for five scans with four seconds laser exposure
for the spiked biological samples of drugs (Make: Renishaw, United Kingdom)
(Model: Renishaw In Via Reflex Raman Spectrometer).
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CHAPTER 6
RESULTS AND DISCUSSION
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6. Results and Discussion
6.1. Phase structure

ZnO nps- XRD pattern of all nanopowders has been shown in Figure 10. Rietveld
refinement suggested biphasic structure (ZnO and ZNH phases) of ZnO at pH 7, 8,
9, and 10 nanopowders, whereas, ZnO at pH 12 nanopowder was triphasic (ZnO, ZNH
and ZNHH) in composition. The presence of the distinctive ZnO peaks (100), (002),
(101), (102), (110), and (103) in all nanopowders demonstrated that ZnO was the
predominant phase and ZNH and ZNHH were the minor impurities Comparison of
FWHM values corresponding to (002) and (101) characteristic peaks of ZnO phase
(Table 6) indicated that size of ZnO crystals increased with the increase in pH value of
ZnO solid solution up to 10. At a pH value of 12, FWHM increased, thereby,
indicating the decrease in ZnO crystal size. Thus, the critical analysis implied that the
pH variation within 7 to 10 did not transform the phase structure, but affected the
size of ZnO crystals (Figure 10). Thus, with the increase in pH value of the ZnO solid
solution, resultant ZnO crystals grew. The speculated chemical reaction supporting

the formation of ZnO phase has been given in Eq. (4-6).

(NO3)2. 6H20 + 2NaOH — Zn (OH)2 (gel) + 2NaNOs + 6H>20 Eq. (4)
Zn (OH)2 (gel) + 2H,0 — Zn*" + 20H™ + 2H,0
— Zn (OH)* + 2H* Eq. (5)

Zn (OH)* — Zn0 + H20 + 20H Eq. (6)
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6.1.1. Crystal structure

The fitted XRD profiles obtained after Rietveld refinement have been shown in Figure
10. The goodness of fit parameters (o, Rwp,Rb) and crystal structure parameters of
each nanopowder. The value of ¢ for all nanopowders were significantly less than
four and was acceptable. With the increase in pH value from7 to 10, the concentration
of stoichiometric ZnO phase increased, whereas, the concentration of ZNH phase
decreased. It has been clear that the pH value of 9 and 10 were optimal to produce the
maximum concentration of ZnO crystals. Although some disparity in the standard (a=
3.250 A and c=5.206 A) and experimental lattice parameters of ZnO crystals were
observed, interestingly, the distortion ratio (c/a) of experimental lattice parameters

was close to the standard value of 1.60.
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Figure 10. XRD image of (a) ZnO7, (b) ZnO8, (c) Zn09, (d) ZnO10, (e) ZnO12

nanopowders
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The ZnO9 nanopowder exhibited stoichiometric lattice parameters of a= 3.250 A and

c=5.206 A. The size of ZnO crystals increased in the increase in pH value up t010 as

calculated by various models. Apart from it, all other model confirmed the

nanodimensional regime of ZnO crystals. Furthermore, the degree of crystallinity

increased with the increase in pH value up to 10, as given in Table 4. The ZnO at pH

9 and ZnO at pH 10 nanopowders exhibited maximum crystallinity of 98%. Thus, the

overall analysis concluded that variation in pH value had a significant influence on

the crystal structure of ZnO crystals (Figure 11). The solid solution of nine pH value

produced a maximum concentration of ZnO crystals with stoichiometric lattice

parameters, nanodimensional size and maximum crystallinity.
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Figure 11. XRD fitted profiles of (a) ZnO7, (b) ZnO8, (c) ZnO9, (d) ZnO10, (e)
Zn012 nanopowders
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Various stages of FezO4 and ZnO/ FezO4 were indicated by the refining. No peaks of
impurity or other substance presence were observed which indicates that the
synthesized nanoparticles were crystalline and thus reducing the particle size
increases the aspect ratio. Figure 12 shows that the magnetic nanocomposite has larger
diffraction pattern towards ZnO with having hexagonal crystalline structure. Its

additions do not alter the crystal phase as shown in Figure 10.

Fe30,/Zn0| _

Intensity (a.u.)

% (222)

2- Theta

Figure 12. XRD patterns of Fe304 and Fe304Zn0O
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XRD spectra were obtained in order to verify the covering of ZnO nanoparticles on
the surface of the paper and its crystallinity. Figure 13, depicts representative XRD
spectra recorded from plain paper and paper coated with ZnO nanoparticles after
sonication as the fabric of paper is complex. However, paper is primarily composed
of cellulose, CaCOg, silicates, thickening agents, and binders. The residual spectral
peaks have been assigned to cellulose and CaCOs, as illustrated in Figure 13 b, c. The
structural features of paper coated with ZnO-NPs and uncoated paper were analyzed
using XRD. The diffraction peak of ZnO-NPs decorated on paper were obtained at
various angles, including 20 = 31.92°, 34.62°, 36.44°, 47.80°, 56.89°,

63.23°, 66.73°, 68.33°, 69.47°, 73.04°, 77.41°, 81.93°, and 89.99°. These peaks
corresponded to the crystal lattice planes (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), (202), (104), and (203), respectively, of the ZnO material,
as illustrated in Figure 13 (c).
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Figure 13. XRD pattern coated nps on WF paper (a) ZnO (b) substrate (c) Fez04
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6.1.2. Molecular structure

The FTIR spectra of all nanopowders have been shown in Figure 14. The peaks

observed below 500 cm™ and 1558 cm™ confirmed the formation of Zn-O molecules.

In addition to Zn-O ions, vibrations at 910 cm™ and 1020 cm™ suggested the presence

of C-O and C-H bonded ions. In-addition, surface adsorbed water (O- H ions) at 3500

cm™* were also present in all nanopowders. These OH- ions remained entrapped in

the surface of as-synthesized nanoparticles and would have been removed upon

sintering at high temperature.
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Figure 14. FTIR spectra of (a) ZnO7, (b) Zn08, (c) Zn09, (d) ZnO10, and (e)

Zn012 nanopowders
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Figure 15 displays the FTIR spectra of ZnO and FesO4 nanocomposites ranging from
400 to 4000 cm™. The CO2 bond type in the air could also be seen at a vibration peak
that was apparent at a wavenumber of 2376 cm?. The characterizationof Fe-O bond
peak is seen in wavenumber of 550 cm™ and 676 cm™, which support the type of
FesO4 spinel inverse structure, and 465, 551, 420, and 490 cm™, which support the
form of Fe20a.
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Figure 15. FTIR spectra of ZnO/ Fe304 and ZnO

Figure 15 shows the FTIR of Fe304-ZnO nanocomposite. O-H tensile vibrations are
shown in this spectrum by the peaks that appear between 3422.31 cm? and 2929.46
cm?. The C=C and O=C=0 bonds may be seen in the peaks at 2366.99 cm1 and 1430.24
cm?, respectively. The Fe-O bond's tensile vibration is associated with the peak at
676.16 cm?, while the Zn-O bonds' fluctuation is associated with the peak at 454.66
cm!. The modified Fe304, ZnO, and ZF (1:10) nanocomposites spectrakare displayed.
The ZnO and FeO absorption maxima, according to measurements, would be at

453.1 and 540.2 cm?, respectively. Acetate bonds and OH hydroxy!l group stretching
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vibration could be responsible for peaks in the range of 3500 cm?.
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Figure 16. FTIR pattern coated nps on WF paper

The FTIR spectra of all nanopowders have been shown in Figure 16. The peaks
observed below 500cm™ and at 1558 cm*confirmed the formation of Zn-O molecules.
In addition to Zn-O ions, vibrations at 910 cm™ and 1020 cm suggested the presence
of C-O and C-H bonded ions. In-addition, surface adsorbed water (O- H ions) at 3500
cm™ was also present in all nanopowders. These OH- ions remained entrapped in the
surface of as-synthesized nanoparticles and would have been removed upon sintering
at high temperature. The CO2 bond type in the air could alsobe seen at a vibration peak

that was apparent at 2376 cm?.
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The characterization of the peak of the Fe-O bond vibration is seen 550 cm™ and 676

cmt

wavenumbers of 465, 551, 420, and 490 cm™, which support the form of Fe;Os. The

, which support the type of FesOs spinel inverse structure, and in the

present study employed FTIR spectroscopy to identify the functional groups, how
they interact, and the chemical the fingerprint of ZnO-NPs that were decorated on
filter paper. The FTIR spectrum of all samples are illustrated in Figure 16 (a, b, ),

wherein the highest peak is observed at 470 cm?.

The spectral bands observed at 950, 1110, 1179, 1274, and 3590 cm?* are commonly
associated with cellulose, which is a major constituent of paper. The evidence
presented indicates that the functional groups of hydroxyls have been used by the ZnO
nanoparticles. The generation of ZnO and ZF crystals on the base material was
supported by the analysis of crystal and molecular structures using XRD and FTIR

techniques.
6.1.3. Mesoporous structure

The isotherms and pore size distribution curves (inset) of all nanopowders have been
shown in Figure 17. The isotherms of all nanopowders were of type IV with H3
hysteresis loop, suggested the mesoporous structure of nanomaterials. Furthermore,
isotherms depicted that the gas adsorption capacity of nanoparticles in increasing
order was Zn010< Zn012< Zn09< Zn08< ZnO7. Moreover, the BJH curves (inset)
suggested the range of diameter of pores between 5- 40 nm, which further confirmed
the mesoporous structure of all nanoparticles. Except for ZnO12, the specific surface

area of nanoparticles in increasing order Zn010<Zn09< Zn08< ZnO7.
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Figure 17. N2 isotherms and BJH curves (inset) of (a) ZnO7, (b) Zn08, (c) Zn09,
(d) Zn0O10, and (e) ZnO12 nanopowders

6.1.4. Morphological and elemental structure

The FESEM micrograph of ZnO at pH 9 nanoparticles has been shown in Figure 18
(a). Particles were irregular in shape and agglomerated. The average size of individual
nanoparticles was 45+ 9 nm, which was in agreement with the crystal sizes calculated
using different models. The EDX micrograph of ZnO9 nanoparticles has been shown
in Figure 18 (b). Particles of vivid shapes and size were present in ZnO9 nanopowder.
No other element like N and C were detected, whereas, observed in phase and
molecular structures. Elements in traces sometimes could not be detected in EDX
analysis. The weight and atomic concentrations of Zn and O elements is shown in
Figure 18. The HRTEM micrographs showing particle morphology and atomic
structure of ZnO9 nanoparticles have been shown in Figure 18, (c-d). Particles were
confirmed to be irregular in shape and agglomerated. The average size of particles
was 47£9 nm. Furthermore, the SAED pattern (Figure 18, (d) also supported the
polycrystalline structure of ZnO crystals in agreement with the XRD phase analysis
(Figure 10). The hexagonal pattern of spots indicated the crystalline nature of the
particles.
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Element

Figure 18. (a) FESEM, (b) EDX, and (c-d) HRTEM micrographs of ZnO9

nanoparticles

Figures 19 (a,b) display the synthetic SEM images of the filled Fe304.ZnO
nanostructures with varying weight ratios. The ZnO and FezO4 formations were found
to be composite, as evidenced by the SEM image. The nanoparameters of the
composite frameworks were also verified by TEM examination. Many sorts of
structures were found during the TEM study. The surface morphology and
distribution of the sample were investigated using the field effect electron microscopy
with scanning electron microscopy (FE-SEM) and the Digimizer software.
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With a diameter between 40 and 50 nm, the nano-crystallite is larger than the one
discovered using the XRD. This might be as a result of the varied crystallite phases
or index miller or the presence of several crystal particles in the pictures from the
scanning electron microscope. Contact point parameters change as a result of

morphological changes. FesOs ana ZF morphology was investigated using SEM.
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Figure 19. FESEM (a-b) Fe304.Zn0O (c-d) EDS mapping

The bare FesO4 nanoparticles are monodisperse without agglomeration and have a
spherical morphology, as shown in Figure 19, the diameter of the particle size is 370
nm on average. The Fe304/ZnO nanocomposite's morphological structure is barely
different from bare FezO4. The coating of ZnO over FesO4 nanoparticles proved that
smooth-surfaced nanoparticles can aggregate (Figure 21). The ZF nanocomposite was
generated and evenly dispersed in aqueous solutions as a result of the hydrophilic
property of ZnQO's outer surface being transferred to Fe3Oa.
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Figure 20. FESEM (a-b) FesOa4(c-d) EDS mapping

As shown in Figure 21 (a,c), various magnifications of FE-SEM pictures of the ZnO-
NPs layered and blank filter paper were examined to determine structural analysis,
their distribution, and effects on the paper. This results in filter paper having a huge
surface area and vacant volume space, which may be observed. The large void volume
space allowing for such a huge amount of fabricated on ZnO— NPs, in such a large

population may have little effect on pores.

Using higher magnification FE- SEM images, the size of ZnO-NPs was measured.
The size manually measured utilizing Image J software, and found that it varied
between 70 to 280 nm with a median of 163.64 nm. Figure 21 (b-d) illustrates how
an EDX study showed that the elemental compositions of the ZnO-NPs adorned paper
and the blank paper were comparable. The presence of components C and O can be
used to identify the composition of filter paper. The ZnO nanoparticles could be seen
to be deposited on the outermost layer of the cellulose fibers in the SEM's
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magnified pictures. With the deposition of ZnO nanoparticles, Zn, C, and O were also
visible in the EDS study. The SEM images in (22 a, b) show the ZnO particles coated
on the paper surface after 20 and 30 minutes of sonication. A decrease in interstitial
voids between fibers can be seen in SEM images as sonication time is increased. The

connection between fibers of cellulose by SEM is displayed in the Figure 21 c.

Figure 21. FESEM micrograph of (a-b) Uncoated WF, EDX and (c-d) Coated ZnO
nps in WF EDX shows atomic weight percentage

Figure 22. FESEM (a-b) Coated Fe304/ZnO composite on WF (c-d) EDS mapping
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As seen in Figure 23, TEM images were used to further evaluate the morphological
and structural properties of nanocomposites. On top of the FesOs nanoparticles'
surface, a thin layer of ZnO was successfully produced as a coating. The light grey
color of the ZnO matrix on the FesO4 cores could be readily seen after a high-

resolution HRTEM was overlaid.

Figure 23. HRTEM of (a-b) Fe304.Zn0O (c) SAED pattern

6.2. Particle size distribution

The zeta potential of the bio fabricated FesOs-NPs and ZnO NPs was seen as a single,
sudden peak with a highest intensity ranging from 25.8 to 48 mV (Figure 24). This
suggested that the outermost layer of FesO4-NPs contains charge- negative moieties.
The dispersion of the NPs may be attributed to the repulsive nature of the values that
were negative, which also suggested stability of the Fe3Os-NPs. Reducedcapacity to
assemble and little or absent flocculation are indicated by lower zeta potential values.

The effect of pH on metal ion binding on FesO4 was substantial.
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Figure 24. Particle size distribution and zeta potential (a-b) Fe304.Zno (c-d) ZnO

The pH level affected the outside zeta potential of nanoparticles. The particle's surface
zeta potential decreased as pH rose from 2.0 to 11.0. When the pH was between 3.0

and 4.0, the isoelectric point (pHpzc) of surface shifted from positive to negative

(Figure 25). Iron oxides are covered with groups of Fe OH, etc. in an aqueous solution.

Using DLS, one can determine the particle size and distribution of a component was

determined by DLS using a Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.,

GB. The DLS results for the biofabricated iron oxide -NPs indicate a 20-200 nm size

range (Figure 25. a-b). It was found that average particle size of 76.5 nm. Particle size

and distribution as indicated by DLS analysis are consistent with those discovered

through SEM and TEM investigation.
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Figure 25. Effect ofpH on zeta potentialof Fes04-NPs

DLS measurements were taken on a 12mm type cell (DTS 0012). The cell was then
filled with 50 ml of stock dispersion after 1 milliliter r of distilled water (or ethylene
glycol) was added, sonication for 05 minutes. The proper parameters for ZnO and
dispersants were determined (viscosity, absorbance, and refractive index). Results
with ZnO, water, and ethylene glycol revealed that the absorption value was 0.1, the
refractive index was 2.0, the viscosity was 1.0031 cP, and the refractive index was
1, respectively. The pH value of each suspension was then changed by either adding
NaOH or HCI to it. Histograms were produced in order to document the distribution

of sizes.
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6.2.1. Zeta potential measurements

Zeta potential was ascertained by analyzing 0.1 gram of zinc oxide in 10 milliliters of
water (or other solutions). Prior to zeta potential measurements, each sample were
subjected to ultrasonication for 5 minutes. Laser Doppler Velocimetry is used by the
Zetasizer Nano ZS to detect electrophoretic mobility. This automatic titrator also used
sodium hydroxide (0.25 mol/l) and hydrochloric acid (0.25 and 0.025 mol/l) to
automatically change the pH of the concentrations. Figure 26 shows the zeta potential

changes that occurred during the titration of NaOH.

40 0

w——/0ta potential

— S0 e () 20

Zeta potential (mV)
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80
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Figure 26. A study of the effect of pH on the size (triangles) and zeta potential

(encircled) of ZnO particles
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6.3. SERS Raman Validation

The study was conducted to know whether these tiny particles would generate any
extraneous spectra on Whatman filtration paper coated with zinc nanoparticles that
would interfere with subsequent analyses of the drugs. As explained in the methods,
water was subsequently added to the particulates and aggregating agent, and SERS
spectrum were produced. These blanks provided flat baselines with a significant peak
at 200 cm-1 owing to the presence of water; whereas, this peak doesn't interfere with
the spectrum limit required for the analysis of drugs (1800 — 200 cm), as shown in
(Figure 27).
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Figure 27. Surface enhanced Raman spectra of reference sample alprazolam

Each benzodiazepine is characterized by a distinct mixture of peaks, as well as other
peaks indicated in the table. The wave numbers and relative intensities for these peaks
in comparison with the other peaks in the spectral fingerprint each benzodiazepine.
The SERS of each benzodiazepine are showing a table giving their wave numbers,

relative intensities, and peak identification (Table 7).
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Wavenumber (cm™) Assignment
1593 Arom C= N str (diazepine ring)
1559 Arom C-C str (a-ring)
1453 Arom C-C str (a-ring)
1436 CH3 str (N-ring)
1378 In plane CH def (a-ring)
1368 C=N-C sym. str (diazepine ring)
1193 Monosubstituted breathing (b-ring)
1137 Ring breathing (N-ring)
1256 Ring breathing
1207 CeHs-C vibr. (b-ring)
1165 C-C-N str (diazepine ring)
973.9 CH deformation
783 Ring vibration (b-ring)
589 C-Cl str (a-ring)
510 Out-of-plane CH deformation (b-ring)
492 C-Cl str (a-ring)
432 CH deformation
384 Ring vibration (b-ring)

Table 7: Observed wave numbers (cm™) in the surface enhanced Raman spectra of

alprazolam
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The drug was extracted from various samples (blood, urine, saliva) using the DSPE
method and subsequently evaluated and SERS was obtained. Alprazolam is thought
to have two mild to moderate ring breathing peaks at 1257 cm™ and 1138 cm®, which
are attributed to the N-ring with three nitrogen atoms. Regardless of class, the majority
of benzodiazepines exhibit two main spectrum bands as well as two minor spectrum
bands. These bands have a significant correlation with the carbon- nitrogenlinkage in

the diazepine ring.

The presence of weak bands between 856 and 880 cm™ indicates this stretch. Due to
the stretching of nitrogen bonds, between two atoms of carbon there is a final faint
peak near 820 cm™. The wave numbers for these two conspicuous peaks are listed in
Table 8 for the alprazolam analyzed in this study. In addition to providing recognition
for each compound at their lowest possible concentration, the optimized ZnO nps
generate a linear response. In addition, since our objective was to obtain ultra-
detection for use in drug- facilitated assault cases, we aim for a detection limit of 50
ng/mL or less.

In contrast, the spectral signature of nanocomposite (Fes04-ZnO) exhibits a number
of highly significant peaks. Under the same conditions, it was observed that the
nanocomposite generated similar alprazolam spectra with variable strengths at
different concentrations (Figure 28 a, b, c). Regardless of this, the Raman spectrum
of the nanoparticles of zinc was substantially different from those of the
nanocomposite material (Table 7). The parameters utilized in these investigations
were identical to those used in all other studies. Despite the fact that zinc particles
improved the results; the observable detection limits are significantly higher than what

is required for drug-facilitated assault-related analysis (10ng/mL).
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Figure 28 a: SERS signals for 10-50 ppm, alprazolam extracted from blood with

ZnO nps preparation techniques and Dispersive solid phase extraction
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Figure 28 b: SERS signals for 10-50 ppm, alprazolam extracted from saliva with

ZnO nps preparation techniques and Dispersive solid phase extraction
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Figure 28 c: SERS signals for 10-50 ppm, alprazolam extracted from urine with ZnO

nps preparation techniques and Dispersive solid phase extraction
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nps preparation techniques and Dispersive solid phase extraction
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6.3.1. Figures of Merit

Using the spectral peaks, calibration curves were generated for every concentration
of alprazolam dispersed on coated filter paper (Figures 28 and 29). From the
calibration curves for administered drugs, the linear dynamic ranges and LOD have
been calculated (Tables 8 and 9). The nanoparticle- induced increase in sensitivity
varied depending on the concentration of the drug. Zinc nanoparticles have been
displayed to generate the lowest observed and calculated detection limits for a wide
variety of drugs (1 - 250 ng/mL). Observing the high intensity peaks at 1233 cm™,
1613 cm?, 1074 cm™, and 1352 cm, it is apparent that the two spectra are similar.
10 ng/mL to 50 ng/mL drug concentrations have been successfully introduced into
blood, urine, as well as saliva, retrieved by DSPE extraction, in addition, recognized
by DSPE extraction using SERS detection.

On the basis of the findings of all three sets of samples, a curve to calibrate the
samples was produced. Additionally, it was noted that the cation might add to the
enhancement. Blood and urine signals were more intense than mucous signals. This
is illustrated in Figure 28. At a concentration of 50 ng/mL, higher signal strength is
observed in Urine than in Blood. Consequently, as the quantity of extracted
alprazolam increases, the intensity of the spikes produces wider and sharper peaks,
whereas it has been observed in figure that even at lesser concentrations, 10 ng/ml,
the intensity of urine and blood is significantly higher. Smaller cations enabled
nanoparticles to shift closer to one another, thereby increasing the probability of

hotspot formation and signal intensity.
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6.3.2. Linearity curve

To validate the proposed method, linearity, accuracy, LOD and limit of quantification

(LOQ) were evaluated under optimum condition (Table 8). Calibration in urine, blood

and saliva was performed with increasing concentrations of alprazolam as 10, 20, 30,

40 and 50 pgmL™. Good linearity was noted in urine and blood through the complete

concentration range with the regression coefficient of R? = 0.9935 and 0.9979

respectively, with LOD and LOQ were 0.0053 and 0.0171 pgmL™ respectively in

blood samples. Similarly, LOD and LOQ in urine were observed to be 0.0072 and

0.0241 pgmL* respectively.

Matrices | Dynamic R? LOD LOQ Slope
er;iel_) E;lg mL" | (ug mL")
ZnO | Blood 10-50 0.9935 | 0.0053 0.0171 249x+ 630
Urine 10-50 0.9979 | 0.0072 0.0241 173x+310
Saliva 10-50 0.9875 | 0.0033 0.0152 101x+1530
Matrices Accuracy % (ng mL™)
10 20 50
Saliva 55.02 73.69 81.25 86.04 91.32
Urine 94.5 102 100 104 110
Blood 93.7 99.2 98.6 102 108

Table 8: Analytical attributes of ZnO NPs-DSPE-SERS method for alprazolam
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Matrices | Dynamic | R? LOD LOQ Slope
Range
: /g 0 (ng (ng
ug/im 1 1
ZE mL1) mL™)
Nano-composite | Blood 10-50 0.9968 | 0.0063 | 0.0186 156x+ 1170
Urine 10-50 0.9989 | 0.0078 | 0.0334 225x+1030
Saliva 10-50 0.9987 | 0.0030 | 0.0142 135x+1310
Matrices Accuracy % (ng mL?)
10 20 30 40 50
Saliva 65.71 76.48 94.28 99.84 100.86
Urine 96.64 106 110 119 120.9
Blood 95.7 99.286 100.6 102.2 116.2

Table 9: Analytical attributes of ZF NPs-DSPE-SERS method for alprazolam
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6.4. Discussion

In last few decades, in every field of science including nanotechnology has become
more prevalent, engineering, to medical science, to plant and animal science,
environmental science (Calhoun et al., 1996). In the area of science and technology,
nanotechnology is making significant contributions. It can be defined as the
application of nanotechnology to various disciplines of knowledge and development
through the use of nanosized materials that have both high strength and durability
(Chen et al., 2011). Nanotechnology is the study and manipulation of matter on an
atomic and molecular scale. This has enabled the development of new materials and
products, such as nanofibers and nano sensors, having wide range of application, such
as medicine to energy. Forensic science and criminal investigation has seen
nanotechnology as a key technology over the last couple of decades as it has replaced
old laboratory-based evidence analysis with cost-effective and on-the-spot

investigations.

In comparison with traditional methods, nanotechnology can provide precise
evidence analysis, as it offers an unprecedented level of accuracy and detail, allowing
investigators to identify tiny traces of material. In almost every disciplineof forensic
science, nanotechnology has made a significant contribution (Daderman and Lidberg,
1999). In the field of chemical and biosensors, nanoscale materials such as gold and
silver nanoparticles are being used as chemical and biosensors owing to their chemical
structure, optical and colorimetric properties, among many. The nanodimensional
semiconductor crystals have been extensively investigated in recent years owing to
their novel properties, including controllable particle morphology and size, low
toxicity, novel electrical and catalytic abilities (Lanje et al., 2013). In the present
study, the metal oxides-based material owing due to the charge, high conductivity,

and greater surface retention employed in the application of medical sciences.

The various methods employed for the synthesis via wet precipitation as well
hydrothermal route includes the formation of novel nanohybrid and nanocomposite
materials (Rouhi et al., 2014), low-temperature synthesis; cost-effective, strong
capacity for scale-up (Martinez et al.,, 2016) and high temperature-sensitive

application could be created (Shinde et al., 2012).
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Furthermore, hydrothermal synthesis of ZnO nanoparticles critically depends on
varied synthesis parameters such as molar concentration (Li et al., 2012; Moazzen et
al., 2013) and pH value (Wahid et al., 2013) of precursors, hydrothermal temperature
(Bai and Wu, 2011) and calcination temperature (Bindu and Thomas, 2014) etc.
Therefore, in our study we observed for the formation of highly crystalline the process
is dependent on pH value which effects the morphology of ZnO nanoparticles. The
hexagonal shape of the wurtzite structure was the source of the diffraction peak
patterns of the ZnO phase (Rosi and Mirkin, 2005; Rastogi and Arunachalam, 2011;
Wang et al., 2013). Similar results were shown by (Sawai et al., 1998; Sabir et al.,
2014; Shah et al., 2014) had similarly identified similar dispersion peaks. It had been
proved from the results that ZNH and ZNHH contaminants originated from the first
ZNH precursor and were trapped in the crystals formed as a result of the centrifuged

and wash processes.

On the other hand, the characteristic peaks of the ZnO phase were distinct, narrow
and sharp, which suggested their crystalline structure. Thus, the results revealed that
when an increase the pH of sample solutions does not affect the phase but size
decreases. While in the preparation of nanocomposite the variation in route of
synthesis used and diffraction peaks were observed. In earlier studies, it was also
noted that similar diffraction peaks existed the FesOs4 phase was characterized by
peaks at 24.10, 33.10, 40.80, and 50.15 that correlated to (012), (104), (440), and
(024) (Aliahmad and Nasiri Moghaddam 2013; Han et al., 2014).

For the improvement of ZnO nanoparticles properties, it would be a suitable choice
as a reinforced phase. Because of this, the combination of these two materials (FezOa
and ZnO) can be used in a variety of nanotechnology applications. It is possible to
prepare ZF nanocomposite by a variety of methods, including co- precipitation,
solvothermal synthesis, and deposition. As a result of its cost effectiveness, ease of
handling, and control capabilities, in this investigation, the sol- gel technique was
employed (Jeong et al., 2005). Magnetite distinctive diffraction peaks were found to
have a reverse cubic spinel arrangement and a 19 nm crystal size. The ZF sample's

XRD analysis revealed all of the aforementioned
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peaks, which demonstrated the presence of both ZnO and FezOs in the original
material. The similar results were observed where no peaks of impurity of any

substance indicate that synthesis is crystalline and reduced particles size.

It is evident that the nano crystallite sizes are higher than those found using the (XRD)
technique range between 40 and 50 nm. Several crystal particles can also appear in
scans of SEM because of different index millers or phases of crystallites. XRD
patterns and FESEM images indicate that FesOsnano crystallite with quasi-
amorphous structure performs better with regard to tissue properties due to
morphological changes. These reflections may easily be attributed to the lattice
structures of FesO4 and Zn/ Fe3O4 based on the XRD study of the nanopowders (PDF
03-065-3107, a = 8.39A and 8.44A, respectively). The high-resolution image could
not distinguish these oxides because they are structurally similar. However, this image
analyzing technique indicates that these oxide composite nanoparticles lack content
of FesO4 and have high crystallinity. Therefore, the size of nanocrystallites with
smaller particle size values of the nanocrystallites significantly influences crystallinity

structure as well as in particle size (Beitollahi et al., 2008).

In earlier study described ZnO/TiO./SiO.composites as (6:3:1) forming hexagonal
phases with wurtzite morphology because ZnO is higher than FesO4 (Chinnaraj et al.,
2015). The growth pattern of ZnO crystals, as suggested by various crystallographic
models (Rietveld, Scherrer, and WH-ISM) agreed with the change in crystal size, as
suggested by FWHM interpretation. The ZnO crystals in all nanopowders were
subjected to tensile strain. In the XRD spectra, of coated strips we have concentrated
on identifying main components such as cellulose and CaCOsfor the sake of
simplicity. The XRD spectra of plain paper revealed peaks that correspond to cellulose
(JCPDS 03-0289) along with CaCO3 (JCPDS 85-1108). The peaks in Figure 10 (blank
paper) without an asterisk correspond to cellulose, while those with an asterisk
(labeled "CaCO3") correspond to CaCOs. The pattern of XRD images obtained from
paper coated with ZnO nanoparticles (Fig. 23c) revealed peaks with 2h values of
31.7 (100), 34.4 (002), 36.2 (101), 47.5 (102), 56.6 (110), 62.8 (103), 66.4 (200),
67.9 (112), and 69.1 (201) characteristics of ZnO (indicated with an asterisk and

labeled "Zn0O") for which there was substantial agreement.
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The phenomenon can be ascribed to the shapeless nature of cellulose paper, as
documented in sources (Prabhu et al., 2014). The congruence between the 20 and (hkl)
values and the established data on PDF card 01-074-9940 (International Centrefor
Diffraction Data, 2013) is notable. The wurtzite hexagonal lattice arrangement of the
ZnO-NPs (Katoch et al., 2021) was verified through the confirmation of crystal
elements and peak positions. The diffraction pattern acquired from the ZnO-NPs-
coated paper indicates the existence of ZnO-NPs that possess a high degree of
crystallinity. The intensity of the cellulose peak is minimal owing to the intense ZnO
peaks present in the ZnO-NPs that embellish the paper. The absence of any diffraction
peak other than ZnO and filtration paper indicates the high purity of the ZnO-NPs-
coated WF paper.

To reveal the molecular structure FTIR spectra of synthesized nanopowders shows,
various peaks observed asymmetric vibrations at 1490cm, 1550 cm™, and 1640 cm’
! were attributed to carboxylic acid (C=0) ions. Carbon had been speculated to come
from the atmosphere and entrapped in ZnO crystal structure during stirring and ageing
process. The similar frequencies for metal oxides are also shown by other respective
metal oxides (Li et al., 2008; Sinha et al., 2011; Leroch et al., 2011; Suntako, 2015;
Shanker et al., 2016; 220-224). Thus, both phase and molecular structures revealed
by XRD and FTIR analysis corroborated formation of ZnO crystals in nanopowders
along with some allied impurities. The FTIR spectra of ZnO and Fe3O4
nanocomposites with wave numbers ranging from 400 to 4000 cm™. Using this
characterization, the functional groups that are inorganic as well as bonding of ZnO/
Fes304 nanocomposites that were studied. The 3430, 1647, and 1547 cm® absorbance
peaks, which indicate the mode of vibrating of the O-H bond produced by vibrations
of water absorbance and hydroxyl surface, are used to demonstrate the organic bond

of the material of ZnO/ Fe304 nanocomposite.

In a study Fe304-ZnO composites were synthesized by co precipitation with ratios
of 1:4 and methylene blue degradation efficiency of 97.9%. It was concluded that the
differences in the synthesis methods have influenced the activity of the photo catalyst
(Lincot and Hodes, 2006; Chiu et al., 2010; Bahari and Gholipur, 2013). This
situation is connected to research that showed O-H bond vibrations at
wavenumbers of 3500 cm™ and 1628 cm™ (Hornyak et al., 2018). Additionally, the
H-O-H vibration could be picked up at 1630 cm™ (Vinogradov and Wei, 2012).
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At wavenumbers of roughly 1384 cm™ and 1630 cm™, the carboxyl bond stretch of
zincvibrated. Additionally, asymmetric and symmetric iron's carboxyl bond stretch
(C=0) vibrated between 1393 cm™ and 1587 cm™ (Zhou et al., 2006; Wan et al., 2009;
Ahadpour and Jafari, 2014).

As similar result has been observed revealed the stretch vibrations of this C=0 bond
first appeared as a result of reactive carbon during the process of synthesis. For the
comprehensive study, observed at 526 cm™ of Zn/ FesO4 served as a defining feature
of its shape. The Zn-O bond's vibration was produced around 426-440 cm™ and 453
cm(Gordon et al., 2011). The spectral regions ranging from 900 to 1300 cm?! and
1300 to 1500 cm! are indicative of the vibration modes associated with C— O and C—
H bonds in cellulose. The absorption band observed at 1640 cm™ can be ascribed to
the presence of absorbed water, as previously reported in literature (Ghule et al., 2006;
Wasim et al., 2020).

The faint broad band observed at 732 cm? could potentially be attributed to the overlap
of the bands corresponding to the 1b and 1a stages of cellulose, which are typically
identified at 710 and 750 cm®. This observation suggests that they may be present in
the composition of the paper as a composite. The spectral indicates spanning from
900 to 1300 cm! and 1300 to 1500 cm! are indicative of the C-O and C—H oscillations
of cellulose, respectively (Sawai, 2003; Vafaee and Ghamsari, 2007). It had already
been attributed to the fact that the smaller the particle size, greater is their surface
area. Interestingly, the surface area of synthesized nanoparticles was greater than the
results reported elsewhere (Baruah and Dutta 2009; Wahab et al., 2007; Singh et al.,
2016). Notably, particles with large particle surface area and porosity volume the drug
delivery and other similar therapeutic applications requiring superior adsorption
capacity. The pH dependent nanopowders differ from each other shows the
agglomeration and smaller particle size usually agreement in calculation the particle

size through different models.
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For the concept of textural attributes, it is necessary to study the morphological and
elemental structure of synthesized and coated materials. Particles of vivid shapes and
size were present in ZnO at pH 9 nano powder. Bigger particles were an
agglomeration of numerous smaller particles. Agglomeration of nanoparticles has
been a common feature owing to their high surface energy. Particles of vivid shapes
and size were present in ZnO nano powder. Bigger particles were an agglomeration
of numerous smaller particles. Agglomeration of nanoparticles has been a common
feature owing to their high surface energy. The weight and atomic ratio of Zn:O were
4.69 and 1.14, respectively, which are agreement with the results reported
(Padmavathy and Vijayaraghavan et al., 2008; Lipovsky et al., 2011). Also, through
HRTEM conferment the particle agglomeration and found to have irregular and vivid

shape which is similarly shows in the previous study (Singh et al., 2016).

The SAED pattern which is used to calculate the d-spacing and lattice structure also
confirm the polycrystalline structure of nanoparticles the spots in the pattern of
hexagonal indicates the crystalline composition. In case of ZF nanocomposites it was
evident from the SEM images that 50-100 nm amorphous branches on FezOs
structures with 10-20 nm irregular sphere ZnO NPs surrounded them. The findings
of the hydrothermally synthesized ZnO/ FesO4 nanostructures' EDS-spot and EDS-
mapping measurements are depicted in Figure 19 respectively. The acquired EDS
spectra revealed Fe, Zn, and O. Prior to the SEM investigations, the samples were
exposed to Au sputter a typical practice employed to enhance the SEM's performance.
This procedure will result in a distinct Au peak appearing in the EDS spectra. This
peak is unrelated to the structure of the nanoparticles. Although they were actually
62.7, 16.8, and 19.4 in the ZnO/Fe304 (1:1) nanostructure, the proportions of Fe, Zn,
and O components were 38.9, 35.4, and 23.5, respectively. The inclusion of iron oxide

in various weight ratios nearly increased the structure's Fe ratio.

Additionally, the presence and chemical makeup of the Fe, Zn, and O components in
the composite ZnO/ Fez04 framework affect the color intensities visible in the EDS-
mapping images. Because of the quasi-amorphous structure of the FesOs4 nano
crystallite, which is consistent with the XRD patterns and FESEM images, the
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spherical ZF nanocomposite has a superior effect on tissue characteristics (Uvarov et
al., 2007; Prabhu et al., 2014).

Further TEM were used to evaluate the structural attributes of nanocomposites which
confirm the binding of nanocomposites is firmly done in the matrix. Regardless of
whether the pH was below or above pHpzc, hydroxyl groups on Fe OH surfaces
protonate or deprotonate to form FeOH?* or FeO functional groups. It was pHpzc and
pH of solution that maintained equilibrium between protonation and deprotonation.
Adsorption was easier between the pH range of 3.0 and 4.0 when the zeta potential
was at its lowest point (Franklin et al., 2007). Using the Smoluchowski equation, the
zeta potential was calculated from the mobility of electrophoretic (Win and Feng,
2005). Started the titration process with the pH at 7.3, zeta potential at +35 mV, and
diameter at roughly 50 nm as similarly it was observed in the previous study (Bahtiar
etal., 2019).

A larger particle size and a lower zeta potential were produced by the addition of
NaOH. The highest size was found to occur close to the isoelectric point at pH 10.2.
To put it another way, maintaining a stable pH for ZnO suspensions requires
knowledge of pH and its ability to be modified (Siregar et al., 2020). Due to the
excellent strength of the fibers, ultrasonic irradiation does not adversely affect the
structure or network, porosity of the fibers. Despite the same pore size (5 pm),
Whatman paper (WF) is different from other filter papers because of its thin fibers
and extensive network. Magnified SEM pictures of the ZnO nanoparticle-coated paper
surface were taken to compare the particle size effect of sonication. It appears that the
particle size is not significantly different after 30 minutes, except the ZnO
nanoparticles are tightly packed afterward, presumably due to collapse of the

nanoparticles.

Therefore, it can be evident from the characterization techniques that highly
crystalline structure was prepared and utilized as a useful substrate in SERS analysis.
For the optimisation of nanoparticles for the uses in SERS, alprazolam was utilised as
this drug is water-soluble and does not require organic solvents which show
interference for dissolution. Alprazolam drug samples were dissolved to nanoparticles
decorated with ZnO and coated on filter paper. However, the Raman spectra
generated by the Zinc nps were significantly different from those produced when drug
94



was extracted from matrices. This is presumably the result of various interactions
among the drug and particles. Due to the drastically diminished amounts of peaks in
the spectra, it is probable that the drug is binding to the outermost layer of the zinc
particles while being in close range to the filter paper surface. The aromatic extension
of the carbon-nitrogen double bond results in a peakbetween 1590 and 1613 cm™ that

strong to very strong.

This peak alters due to the close proximity of components at the ortho position of
the freely rotating b-ring. As consequence of the carbon-to-carbon-to- nitrogen
exertion, the second band has an intensity- between 1166 and 1175 cm that ranges
from moderate to very strong. Due to the significantly diminished number of peaks in
the zinc spectra, it is likely that the drug is binding to the surface of the zinc particles
and is only in very close proximity to the surface of the Iron zinc nanoparticles as a
result of this binding. By investigating the range of visible detection for the
concentrations that were prepared, it was also determined if SERS spectra could be

produced below the high concentrations prepared.

The nanoparticles did not generate a SERS spectrum for alprazolam at concentrations
below 50,000 ng/mL, regardless of the composite’s concentration. However, a
significant intensity was observed. Despite the fact that the gold particles formed
spectra at all ratios examined, it has been obtained spectra for these particles at
concentrations as low as 50 ng/mL. The objective of this technique is to be able to
recognize benzodiazepines at concentrations below 10 ng/mL in order to detect their
existence. In light of this, it has been found that gold nanoparticles are the optimal
colloids for use in the subsequent investigation of benzodiazepines, as they are the
finest colloids for this analysis. This may be due to the simple fact that the substance
interacts different with the particles than it does on its own. Accordingto sthe
wavelength of incident energy, a molecule on the surface of metal experiencesa local
field intensity improvement factor (LFIEF), which plays a crucial role in the SERS
mechanism. On zinc spheres, the greatest effects of local field intensity enhancement
occur more frequently in extremely narrow wavelength ranges, with the maximum
local field intensity enhancement factor appearing at wavelengths of approximately
350 nanometers. Due to the paucity of local field intensity, there is virtually no
enhancement factor at 785 nm. Nanocomposite, on the other hand, generates a high
local field intensity enhancement factor over a broad wavelength range, with a

maximum around 550 nm.
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At 785 nm, the local field enhancement factor is approximately 11.31. Here, we
demonstrate that zinc and nanocomposite adhere to theory, whereas Whatman filter
paper is the optimal substrate for incident wavelengths of 785 nm. Without
interference, benzodiazepines can also be dispersed through methanol solutions up
to 10%. When a substance is dissolved in methanol, a 10% concentration of methanol
invades its SERS spectrum, causing spectral peaks to become visible. The dynamic
range of all three substances was between 0.98 and 0.92, with detection limits that
ranged from 2 to 10 ng/mL, which was lower than our target of 50 ng/mL. This

enhanced SERS technique can detect benzodiazepines obtained from urine.

Through all conditions of biologic fluids, their detection limits varied between 0.5 to
127ng/mL, with nanocomposite spiked with urine demonstrating the maximum signal
intensities. Except for blood and saliva, all compounds tested were traceableat
concentrations below 50ng/m. The present work has demonstrated the importanceof
selecting an aggregation agent appropriately for determining the presence of SERS in
suspension. The smaller the nanoparticles size, the greater the likelihood that the
nanoparticles will move closer together, resulting in the formation of hotspots and an

increase in signal intensity.

At a concentration of 50 ng/mL, the signal intensity is greater for urine and blood than
for saliva. It has been reported that benzodiazepines are lipid-soluble; the liver must
convert them to a water-soluble form before they can be released in the urine. Blood
and breath offer the earliest and quickest detection opportunities for drugs because

they reveal the current serum concentrations of a substance that has been consumed.

The substance can however be detected in sweat and saliva after several hours. The
detection window for narcotics in urine extends from one day to several weeks after
consumption. By altering the ionic strength of the ambient solution and the surface
charge present on the substrate, the presence of metal oxide also contributes to an
increase in signal intensity. This effect has been observed in previous studies (Vafaee
and Ghamsari, 2007; Leopold et al., 2004) and may be attributable to the size of the
cation; however, it has not been studied as extensively as the influence of anions on
the SERS signal.
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7.Conclusion

The ZnO nanoparticles were successfully derived from ZnO solid solutions with
different pH values. A facile hydrothermal rote was employed to prepare the ZnO
nanoparticles. The pH variation had little effect on phase and molecular structures of
ZnO nanoparticles. On the other hand, pH variation had a significant effect on crystal
structure parameters like weight fraction of ZnO nanoparticles constituent stages
lattice structure factors, crystal size, stress in the lattice, and crystallisation. Results
implied that the pH value of nine produced the highest concentration of ZnO phase
with stoichiometric lattice parameters, nanodimensional crystal size and highest
crystallinity. Moreover, ZnO nanoparticles were irregular in shape with an average
size of 45+ 9 nm. The particle sizes calculated using Rietveld, Scherrer, WH-ISM,
FESEM and HRTEM models were close to each other.

All nanoparticles exhibited a mesoporous structure with superior surface area and
porosity. The variation of pH had a significant effect on particle size, and therefore,
particle surface area attribute was also dependent on their pH condition during
synthesis. Interestingly, the particle surface area of synthesized nanoparticles was
superior to the results reported in the literature. Thus, due to the amalgamation of high
crystalline, mesoporous structure, and large particle surface area, the resultant
nanoparticles can be employed for several multifunctional therapeutic applications,
including drug delivery agents. A study was conducted in this study to examine the
structural, morphological, elemental, optical, and magnetic properties of

hydrothermally produced ZnO/ Fe304-NPs nanostructures.

Successfully fabricated ZF nanostructures using hydrothermal methods. We analyzed
ZnO and Fe304-NPs structures using structural characterization, and we did not
detect any impurities. Stability of ZnO suspensions can be influenced in several ways.
Particles coagulated by dispersants, pH, and/or additional chemicals are affected by
these factors. The stability of suspensions can be monitored by measuring the zeta
potential. In the morphological images, the presence of composite nanostructures was
revealed by both SEM and TEM microscopy. Zeta potential measurements can be
used to assess the stability of suspensions. The morphological pictures of the
composite nanostructures were detected by microscopy. The stability of ZnO

suspensions can be impacted by a number of variables. The pH, kind of dispersant,
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and other compounds present all have an impact on how well particles coagulate. By
calculating the particles of zeta potential, one can determine a solution's stability.

The dispersion formulation can be optimized to provide the highest level of stability.
In addition, it can be used to track how the particle size and charge vary over time. It's
crucial to make sure the suspension can be used for the intended purpose in order to
increase stability. Changes in the suspension that would suggest a need for extra
treatment, such as a pH adjustment or the addition of more dispersants, may also be
an indication. The identification of drug blood concentration is a current and ongoing
research topic; therefore, efforts should be made to improve the procedure for
accurately determining drug blood concentration in actual samples. The ultrasensitive
detection of low-quantity medications is essential to personalized cancer therapy. This
thesis goal is to provide a preliminary evaluation of the use of surface enhanced
Raman spectroscopy with hazardous materials. SERS analysis of a wide range of
clinically important urine samples demonstrated its applicability and resistance to
false positives, which is critical for law enforcement applications. Furthermore, this

small kit is simpler to operate than typical analytical equipment.

Alprazolam, a medicine that has been linked to sexual assaults made possible by
drugs, has a SERS range. To produce consistent Raman signal enhancement and,
therefore, ensure precision and reproducibility in clinical applications, a very regular
SERS substrate is essential. This method enables the identification of pharmaceuticals
at trace quantities in aqueous solutions since enhancement levels are several orders of
magnitude higher than those achieved with ordinary Raman spectroscopy. Owing to
the substantial research being done on developing materials for the construction of
active SERS substrates, merging technologies, and building the Raman spectra
database, anticipate a bright future for the use of SERS in the detection of medicines,
proteins, and DNA.

Additionally, this technology overcomes some of the drawbacks of some of the
current immunoassay techniques by offering lower detection limits and precise
spectral-based findings. SERS utility and resilience to false positives were proven by
its analysis of clinically meaningful urine samples, which is crucial for law
enforcement applications. In addition, this small kit is easier to use than most
analytical tools. The prior research assessed the Kkit's dual-analyte detection

capabilities, practicability, reproducibility, consistency, and sensitivity. These
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investigations also showed how well our portable kit can separate and identify
amphetamines in actual human urine samples. This approach yielded SERS
frequencies and intensities thatwere repeatable over a wide range of concentrations.
The previous experiments, which evaluated sensitivity, repeatability, uniformity,
practicability, and dual-analyte detection, demonstrate our portable kit's remarkable
ability to distinguish and detect amphetamines in real-world human urine samples.

Among all aggregating agents tested with detection limits, ZnO nps generated the
strongest SERS signals. The findings of this study highlight the significance of
carefully choosing an aggregatingagent when identifying SERS in suspension. It has
been demonstrated that DSPE combined with surface enhanced Raman spectroscopy
Is an efficient method for screening for alprazolam in various matrices and at
concentrations relevant to drug-facilitated sexual assaults. Additionally, this method
gives scientists spectral data rather than just data about a drug class or class of
pharmaceuticals, giving them insight into the particular chemical discovered. SERS
analysis of clinically significant urine samples proved helpful and resistant to false
positives, which is critical for law enforcement applications. This tiny kit is also easier
to use than most analytical tools. Previous studies, which assessed the Kit's sensitivity,
reproducibility, uniformity, practicability, and dual-analyte detection capabilities,
showed that our portable kit can separate and identify amphetamines in real human
urine samples. This sensing Kit has the potential for rapid and on-the-spot quantitative
sensing, or ultra trace, in a range of fields, including public safety and healthcare.
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