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Abstract: Gas chromatography-mass spectrometry is an effective tool in organic chemistry and pharmaceutical studies 

for separating volatile chemicals by gas chromatography and identifying them by mass spectrometry fragmentation 

patterns. Among its many applications are API quantification, quality control, impurity identification, and screening for 

unknown compounds in complex biological samples and medication formulations. For thorough examination in the 

pharmaceutical sector, GC-MS is an essential instrument since it gives both quantitative (quantity) and qualitative 

(identification) data. The analytical technique known as gas chromatography-mass spectrometry (GC-MS) integrates 

the concepts of gas chromatography and mass spectrometry. The name gives it away: it's a hybrid approach to chemical 

mixture analysis that combines two separate methods. For testing samples taken from the environment, it is among the 

most reliable instruments. When working with complicated mixtures, GC-MS is useful for both qualitative and 

quantitative component identification and measurement. Metabolites that are volatile after derivatization, have a low 

boiling point, or have low polarity can be analyzed using GC/MS, the most advanced chromatography mass spectrometry 

coupling method. A few examples of where GC-MS has found use are in forensics (drug detection, explosives, fire, 

etc.), academia, astrochemistry, and the identification of previously unidentified samples. Materials that were believed 

to have decomposed irretrievably can now have their trace elements identified. When it comes to detecting and 

determining organic compounds, GC-MS is an essential and complementary tool in many field research, as seen in a 

few examples of its use. For the purpose of determining fuel composition, quality, and impurity identification, gas 

chromatography (GC) is widely utilized in the energy and fuel sectors for the analysis of volatile chemicals in petroleum 

products. Some of the many uses include keeping an eye on petrochemicals and natural gas, checking the purity of fuel, 

finding out how many octane numbers a given fuel has, assessing biogas, and helping with research and quality control 

for different hydrocarbon-based fuels. Modern gas chromatography (GC) methods, like high-temperature GC (HTGC) 

and multidimensional GC (GC×GC), enhance its applicability to molecules with higher boiling points and more intricate 

fuel matrices, and when coupled with mass spectrometry (GC-MS), it offers precise molecular identification. 
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INTRODUCTION 
Chromatography is a powerful tool for 

separating complex chemical mixtures into their 

individual components. After being separated, each part 

can be examined separately. The basic idea behind all 

chromatographic techniques is the same. There is always 

a gas or liquid in the mobile phase and a solid or liquid 

supported on a solid in the stationary phase. The mobile 

phase in gas chromatography (GC) is an inert gas like 

helium. In the 1950s, Roland Gohlke and Fred 

McLafferty created gas chromatography with a mass 

spectrometer as the detector. Many scientific and 

technological fields make use of gas chromatography 

(GC). The role of GC in establishing the number and 

proportion of components in a mixture has been crucial 

for more than fifty years. However, without a 

spectroscopic detection device, it is difficult to determine 

the exact chemical composition and identity of these 

isolated molecules [1, 2]. Mass spectrometric detectors 
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(MSDs) are the most common because they can 

determine a molecule's "fingerprint" (its mass spectra). If 

a high-resolution mass spectrometer is employed, the 

mass spectra reveal the molecular weight, elemental 

composition, functional groups, and, occasionally, the 

geometry and spatial isomerism of the molecule. 

Combining gas chromatography with mass 

spectrometry, a technique known as gas 

chromatography/mass spectrometry (GC/MS) may 

detect a wide variety of compounds in a sample. The gas 

chromatography (GC) and molecular sieve (MS) 

components of this device work together to separate 

chemical mixtures [3-5]. Metabolites that have been 

derivatized, have a low boiling point, or are low polarity 

provide good candidates for this kind of analysis. An 

very potent analytical tool is gas chromatographic-mass 

spectrometry (GC-MS). Due to its ability to conduct a 

100% specific test that positively detects the presence of 

a particular chemical, GC-MS has been considered a 

"gold standard" for forensic substance identification. A 

nonspecific test just shows the presence of any of 

multiple substances in a category. Importantly, the study 

question that a researcher (geochemist, environmentalist, 

pharmacist, etc.) is attempting to address dictates the 

selection of the GC model. In order to improve the 

signal-to-noise ratio for faint peaks, the analyses can be 

executed in many modes, including full scan, Total Ion 

Current (TIC), and Selected Ion Monitoring (SIM). This 

review focuses on gas chromatography mass 

spectrometry (GC-MS) as an analytical tool, going over 

its foundational ideas and the equipment needed to use it. 

When it comes to analytical chemistry, gas 

chromatography is a go-to method for separating and 

studying chemicals that can be evaporated without 

breaking down. References [6, 7]. Among all the 

methods for separating volatile chemical mixtures, it is 

the most effective and widely used. A gaseous eluent, or 

mobile phase, carries the analyte through a stationary 

phase-packed or -coated column in gas chromatography. 

The length of certain GC columns can reach 100 meters. 

the eleventh In gas chromatography, the stationary phase 

is typically a column coated with liquid or a packing of 

small, inert particles (like diatomaceous earth) with a 

nonpolar liquid covering. The layer of this liquid is 

extremely thin, ranging from 0.1 to 5 ξm. The analyte 

molecules are carried through the column by the mobile 

phase, which is an inert gas like argon, helium, or 

nitrogen. There is no interaction between the analyte, 

column packing material, and the carrier gas. Nearly 

90% of equipment still utilize helium as a carrier gas, 

even though hydrogen provides better separations. A 

lengthy tubular column, called a chromatography 

column, is used to inject the sample. Different drugs in a 

sample have different retention times in the column, 

which allows for their separation [8, 9]. Analytes with 

polarity closer to the stationary phase have longer 

retention durations, which is the time it takes for the 

analyte to transit through the column. This is determined 

by the relative amounts of time spent in the stationary 

and mobile phases. 

 

Mass Spectrometry 

An analytical technique known as mass 

spectrometry (MS) selects ions according to their mass-

to-charge ratio after ionizing chemical species. The 

masses of a sample can be determined using a mass 

spectrometer. Mass spectrometry is applicable to both 

simple and complicated mixtures, and it finds usage in a 

wide variety of industries. The three main parts of a mass 

spectrometer are the detector, the mass analyzer, and the 

ion source. A small amount of the material is transformed 

into ions by the ionizer. The sample's phase (solid, liquid, 

or gas) and the efficacy of several ionization mechanisms 

for the unknown species dictate the ionization approach. 

When an ion moves by or collides with a surface, the 

detector captures the resulting charge or current. While 

ion-to-photon detectors and Faraday cups are two 

examples of detectors, electron multipliers are the most 

common [10, 11]. Many contemporary commercial 

equipment make use of micro channel plate detectors. 

The mass spectra show the ion mass-to-charge ratio, not 

the neutral species molecular weight (amu/e or Da/z). 

The charge on an electron is represented by e, the number 

of positive charges is denoted by z, and Da is the unit of 

Daltons (1 Da = 1 amu). 

 

 
Figure 1: Mass Spectrometry Platform-Creative Proteomics 

https://www.creative-proteomics.com/support/overview-of-mass-spectrometric-platform.htm
https://www.creative-proteomics.com/support/overview-of-mass-spectrometric-platform.htm
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The GC-MS System and Its Operation 

The dimensions of the capillary column and its 

phase qualities (such as 5% phenyl polysiloxane) 

determine how it is used in the gas chromatograph. As a 

sample moves down the column, its molecules will be 

more effectively separated due to their varied chemical 

characteristics and their varying attraction for the 

stationary phase. By retaining the molecules in the 

column and allowing them to elute at different periods, 

the mass spectrometer downstream may catch, ionize, 

accelerate, and detect the ionized molecules 

independently. To achieve this, the mass spectrometer 

uses the mass-to-charge ratio to identify the ionized 

fragments that are produced when molecules are broken 

down. Below, we will go over its instruments and 

functions: 

 

 
Figure 2: Instrumentation and working of GC-MS 

 

 
Figure 3: Mass Spectrometry Explained: Principle, Steps and Uses 

 

Ionization 

Ionization of the molecule, followed by 

cleavage or fragmentation, is fundamental to mass 

spectrometric methods. A variety of energy sources can 

be utilized to accelerate electrons, photons, atoms, or 

ions in various processes, including thermal impact, 

photoionization, corona discharge, and electron capture. 

Additionally, a high electrostatic field gradient or laser 

beam can also accelerate ions or atoms. There are a lot of 

different ways to transfer energy for ionization to 

molecules that are either gas-phase or condensed-phase. 

Some of these methods include electron impact (EI), 

chemical ionization (CI), photoionization (PI), field 

ionization (FI), and plasma desorption (PD). Still others 

include fast atom bombardment (FAB), laser desorption 

(LD), SIMS, and matrix-assisted laser desorption 

ionization (MALDI) [12, 13]. The fragmentation or 

dissociative ionization that follows the ionization of 

neutral molecules allows for the separation of their 

product ions to variable degrees, depending on the 

"spectroscopic balance" (the analyzer) that is utilized. 

 

https://www.creative-proteomics.com/support/overview-of-mass-spectrometric-platform.htm
https://www.creative-proteomics.com/support/overview-of-mass-spectrometric-platform.htm
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Figure 4: Mass Spectrometry Ionization-Technology Networks 

 

Metabolic Profilers 

Two classes of mass selective detectors exist. 

Scanner analyzers make up the first set. Sector analyzers 

are one example; another is magnetic deflection of single 

or double focus, which can be achieved with the addition 

of an electrostatic analyzer. Differentiating features and 

analytical capabilities are two key aspects of mass 

selective detectors. Among the most crucial settings are: 

• Resolution 

• The transfer of ions 

• The largest mass that can be measured 

 

A mass analyzer's ion transmission is the 

fraction of ions that make it to the detector from the ions 

produced in the ionization chamber. The ion 

transmission values of simultaneous transmission 

analyzers (TOF, orbitrap, FT-ICR-MS) are higher than 

those of scanning analyzers (quadrupole, sector). The 

latter are often more sensitive. A time-of-flight (TOF) 

analyzer is the most basic type of analyzer; it has a large 

mass range, a resolution of up to40,000, a dynamic range 

of up to105, a fast scanning speed, and a very high ion 

collection efficiency. For the analysis of extremely 

complicated metabolomics samples, TOF is an excellent 

choice. In a short amount of time, it can get qualitative 

data by scanning the entire spectrum. Ionic current 

detection and measurement systems follow the 

conventional arrangement of MS1, the collision-

activated chamber, and MS2 in a tandem mass 

spectrometer [14-17]. Depending on the kinds of mass 

analyzers used, tandem mass systems can be broadly 

classified into two categories. The tandem-in-time mass 

spectrometers make up the first set. Some examples of 

these are orbital traps (orbitrap), FTICR-MS, and 

quadrupolar and linear ion traps. The so-called tandem-

in-space mass spectrometers are the second category of 

tandem mass (MS/MS) equipment. There are at least two 

spatially distinct analyzers in these. When molecules are 

fragmented in between mass spectrometry runs, the 

result is a tandem mass spectrometer. Alternatively, a 

quadrupole ion trap allows for the continuous execution 

of tandem MS in a single mass analyzer. Several 

techniques exist for breaking molecules apart in tandem 

MS, such as collision-induced dissociation (CID), 

electron capture dissociation (ECD), electron transfer 

dissociation (ETD), infrared multiphoton dissociation 

(IRMPD), blackbody infrared radiative dissociation 

(BIRD), electron-detachment dissociation (EDD), and 

surface-induced dissociation (SID). Selective reaction 

monitoring, multiple reaction monitoring, neutral loss, 

product ions, precursor ions, and MSn scans are the 

primary techniques of tandem MS/MS searches. Protein 

identification is a significant area that utilizes tandem 

mass spectrometry. 

 

https://www.technologynetworks.com/analysis/articles/mass-spectrometry-ionization-347995
https://www.technologynetworks.com/analysis/articles/mass-spectrometry-ionization-347995
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Figure 5: The Tandem Mass Spectrometry study is summarized in (A). A first mass analyzer ionizes the digested 

peptides, which are then run through a second analyzer to detect them as MS spectra, survey spectra, or MS1. 

The first mass analyzer further selects the high-intensity peaks from the resultant spectra (MS1), the collision cell 

fragments them, and the second mass analyzer analyses them. This process yields the product ions, which are 

detected in MS/MS spectra (MS2) and provide information for peptide sequencing and protein identification. (B) 

A primer on the various tandem mass spectrometry data acquisition methods. After DIA's concurrent analysis of 

all precursor ions in MS mode (i.e., with low-collision energy), the collision cell uses high-collision energy to 

fragment the ions. The fragmentation of numerous precursor ions results in the detection of multiple product ions 

in a single spectrum. The DDA process begins with the survey MS spectrum, where all precursor ions are 

recognized. Then, the most intense precursor ions are chosen in the first analyzer (quadrupole), broken down in 

the collision cell, studied in the second analyzer (TOF), and finally, the MS/MS spectrum is detected. 

 

Gas Supply, Injector, Column and Detectors 

The instrument receives carrier gas from the 

cylinders via tubing and regulators. Gas purification is a 

common practice for maintaining high gas purity and 

pressure during supply. While helium is the gas most 

commonly utilized as a carrier for hydrocarbon 

applications, other options include hydrogen, argon, and 

nitrogen. It is essential for a carrier gas to be oxygen-free, 

chemically neutral, and dry. At this point, the gas that is 

produced by volatilizing the sample is incorporated into 

the carrier stream that is about to enter the GC column. 

By activating the sample injection valve and switching 

on the carrier gas, the sample can be pushed out of the 

sample loop and into the first column, where it can enter 

the analytical flow route. Columns packed with coated 

silica particles or hollow capillary columns with the 

stationary phase coated onto the inner wall convey 

sample components through gas chromatography. The 

columns use a physical property to divide the gas mixture 

into its constituent parts. Substances with lower boiling 

points move more slowly in the gas sample as it passes 

through the column than those with higher boiling points. 

How quickly this separation happens is proportional to 

the column's temperature. The degree of component 

separation is proportional to the column length. 

Typically, capillary GC columns range in length from 10 

to 120 meters and have an internal diameter between 0.1 

and 0.50 millimeters. Packed GC columns, on the other 

hand, are typically 1 to 5 meters long and have an internal 

diameter of 2 or 4 millimeters [18, 19]. The β value, 
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which is the ratio of substances distributed between the 

gas phase and the stationary phase, is determined by the 

capillary column diameter and the thickness of the 

stationary phase. In other words, it is the amount of 

substances distributed in both phases. For volatile 

compound analysis, a thick-film stationary phase column 

with a low β value is usually employed, however for less 

volatile compounds with a high boiling point, a thin-film 

column works well. The components go across the 

detector after being separated by the chromatograph 

columns. At the very end of the column sits the detector, 

which measures the mixture's components quantitatively 

as they elute with the carrier gas. The thermal 

conductivity detector (TCD) is the most common 

detector utilized for hydrocarbon gas measurements, 

although gas chromatographs can use flame ionization 

detectors for hydrocarbons at the ppm level and flame 

photometric detectors for sulfur at the ppb to ppm level. 

The other detectors include GC chemiluminescence, 

Electron-capture, and Atomic Emission. Peak widths of 

eluting peaks on the order of 10-100 ms are caused by 

the second column's dimensions. Quick response from 

detectors is necessary for accurate sampling of the 

narrowest peaks. Consequently, the detector signal 

should be sampled at a minimum of 100 Hz, however a 

slower data rate of 50 Hz might be employed for larger 

peaks. The most common type of detector is the flame 

ionization detector (FID), which can collect data at 

frequencies ranging from 50 to 300 Hz and has a very 

small internal volume. A excellent detection approach is 

the mass spectrometer (MS), which can give structural 

information, allow unambiguous identification, and 

guarantee high selectivity throughout the chromatogram. 

If a GC×GC peak is not broadened, quadrupole mass 

spectrometers running in full scan mode will not be able 

to accurately sample it. There have been many 

investigations using fast time-of-flight mass 

spectrometers (TOFMS) for GC × GC, which have 

spectral collection speeds of 100-200 Hz. In contrast, 

chemicals containing nitrogen have been detected using 

sulfur chemiluminescence detections (SCD) while 

compounds containing sulfur have been detected using 

nitrogen chemiluminescence detections (NCD). The 

ovens used in gas chromatography are temperature-

programmable; normally, they go from 50 to 4000 

degrees Celsius, but they may be cooled to -250 degrees 

Celsius using cryogenic technology. The components are 

protected from changes in ambient temperature by the 

oven's construction, which also ensures that the inside 

temperature remains very steady. Generally speaking, 

the heavier the anticipated hydrocarbon combination 

[20], the higher the oven temperature should be set. 

However, this does vary from application to application. 

Ovens heated to about 800C are common for use with 

natural gas. 

 

Samples 

Gas chromatograph injection requires organic 

chemicals to be in a solution, according to the samples. 

A volatile organic solvent, such as hexane or 

dichloromethane, is required. 

 

Measurement: Analytical sensitivities ranging from 1 to 

100 pg per component are commonly seen, depending on 

the ionization method. 

 

Step One: 

Prepare the sample. This can be as simple as 

dissolving a small amount of the sample in an 

appropriate solvent, or it can include a long process of 

cleanup using several types of liquid chromatography. 

 

Research Period 

The instrumental analysis time is set by the 

duration of the gas chromatographic run, which is 

normally between 20 and 100 minutes, in addition to the 

time it takes to prepare the sample. The amount of detail 

required determines how many hours (or more) data 

analysis can take. 

 

Information Infrastructure 

Based on the prototype file system, a bespoke 

GC-MS data system was created. The "accumulate mass 

chromatogram" stands out as an exceptional illustration 

of distributed processing. Chromatographic profile 

calculations are performed locally by the remote file 

system and only the results are transmitted to the GC-MS 

data system. One GC-MS experiment can generate an 

enormous amount of data. The mass spectrometer in a 

standard GC-MS experiment may be scanned every 2 

seconds during a 90-minute GC run, regardless of 

whether GC peaks are entering or not. Internally, the 

system has two distinct rates. As the mass spectrometer 

scans, there is a slow rate that determines when it starts 

and stops. On a normal GC peak, this is often adjusted so 

that 10–15 mass spectra are acquired. Set the mass 

spectrometer scan speed to 2 to 3 seconds each spectrum 

because these peaks are often 20 to 30 seconds wide. For 

the computer to accurately determine the mass peak 

profile, it must read the electron multiplier's output 

quickly enough while the scan is running. Around 10,000 

to 100,000 times per second, an analog-to-digital 

converter transforms the voltage output from the 

preamplifier on the electron multiplier into a digital 

number. This process is standard in commercial GC-MS 

data systems. The data produced by this technique is 

substantial: Assuming an analog-to-digital converter 

operating at 10,000 conversions/second, the GC-MS 

experiment would produce 600,000 numbers every 

minute. In order to prevent the data from becoming too 

large to retain on a bulk storage medium, most data 

systems instead detect the mass peaks as they happen and 

transform them into mass intensity pairs, which are 

subsequently saved on the computer's hard drive. After 

the most current mass spectral scan is saved, this process 

continues until the gas chromatogram is finished. The 

retention time of each spectrum saved on the hard drive 

is directly correlated with the gas chromatogram. It is 

common practice for the GC-MS data system to recreate 
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the latter by incorporating the mass spectrometer's output 

[21]. Graphing the mass spectra as a bar plot of 

normalized ion abundance vs mass-to-change (m/z) ratio 

(often called mass) is a capability of all current GC-MS 

data systems. Data system calibration is required, as is 

the case with all other components of the GC-MS 

equipment. 

 

Use in Healthcare and the Pharmaceutical Industry 

Even at low concentrations, GC-MS may 

identify substances in urine. Patients with metabolic 

disorders often exhibit the presence of these compounds, 

which are typically absent in the general population. 

Similar to how a urine test administered at birth can 

identify metabolic problems with a high degree of 

certainty, this method is simple, quick, and accurate. 

Positive results for morphine, cocaine, and 

amphetamines are verified by GC-MS after EMIT (Syva) 

analysis of the urine. Metabolic activity can be 

determined using GC-MS in conjunction with isotope 

tagging of metabolites. The ability to identify oils in 

topical medications is a great asset. In contrast to NMR 

and LC/MS, GC/MS metabolic profiling has just recently 

begun to find use in toxicology. 

 

 Analytical research and development, quality 

control, production, pilot plant departments for API, bulk 

pharmaceuticals, and formulations are some of the many 

areas of the pharmaceutical industry that make extensive 

use of GC-MS. Method and process development, as 

well as the detection of API contaminants, make use of 

it. Research in medicinal chemistry (compound synthesis 

and characterisation), pharmaceutical analysis (impurity 

profiling, stability testing), pharmacognosy, 

pharmaceutical process control, pharmaceutical 

biotechnology, and related fields relies heavily on it. 

Metabolites of steroids [22], hormones, and their 

precursors can be examined using GC-MS. Both full 

scan and targeted modes, where ions are chosen at 

random, are compatible with this method. The data 

collection can be checked for any analyte, even years 

after the analysis, and a "scanned" GC-MS run includes 

all excreted steroids. Although there is still room for 

improvement in laboratory repeatability, accurate data 

are being achieved for the first time in most cases, 

especially in pediatric and female patients with low 

estrogen and androgen concentrations. 

 

Potential Uses for Energy and Fuel 

Gas chromatography–mass spectrometry (GC–

MS) is an invaluable tool due to its consistently high-

quality molecular ions, structurally and isomer-specific 

mass spectrum peaks, and wide variety of low-volatility 

hydrocarbons (including waxes) that may be analyzed. 

Aromatic solvents, sulfur, polypropylene impurities, 

menthane sulfur, natural gas, 1,3 butadiene, ethylene, gas 

oil, unleaded gasoline, polyethene, diesel oil, motor oil, 

modified biomass, grafted polymers, and many more 

substances can be analyzed using GC-MS. 

 

Petroleum Hydrocarbon Fluids and Gas 

Chromatograph Applications 

Alkanes (branched or linear paraffins), 

cycloalkanes (naphthenes), aromatic hydrocarbons, and 

more complex compounds like asphaltenes are the most 

prevalent molecules in petroleum hydrocarbon fluids. 

Pentane and heavier hydrocarbons exist as liquids or 

solids under conditions of surface pressure and 

temperature, in contrast to lighter inorganic molecules 

like N2, CO2, and H2S, as well as hydrocarbons like 

CH4, C2H6, which exist as gases. The subsurface 

conditions and the phase diagram (envelop) of the 

petroleum mixture determine the proportions of gas, 

liquid, and solid in a petroleum reservoir. By subjecting 

a reservoir sample to a series of flashes into gas and 

liquid phases under ambient circumstances, the fluid 

compositions of the reservoir may be determined. The 

flashed gas's volume, as well as the flashed liquid's mass, 

molar mass, and density, are all measured. Following 

this, the gas and liquid phases' compositions are 

examined using a gas chromatograph, as will be briefly 

explained later on. The reservoir fluid consists of the 

recombined gas and liquid compositions determined by 

the observed gas/oil ratio. In addition to carbon and 

hydrogen, heteroatom-containing hydrocarbons can 

range from extremely simple ones like thiophene to 

extremely complex mixtures like asphaltenes, the 

structure of which is poorly understood but known to 

contain sulfur, oxygen, and nitrogen at varying levels. 

The acronym "SARA" describes the most popular 

technique for separating several types of petroleum: 

saturates, aromatics, resins, and asphaltenes. It should be 

mentioned that the fraction of saturates includes cyclic 

compounds. Alkanes and aromatics make up the bulk of 

the light fraction. It is possible to distill out light 

aromatics containing heteroatoms using this fraction. 

Supercritical fluid chromatography, with a simple 

adjustment of the solvent concentration, could separate 

aromatics from alkanes. Asphaltenes precipitation is 

initiated by subjecting the heavy fraction to an excess of 

normal alkanes, typically n-pentane or n-heptane [23], 

with an oil-to-alkane ratio ranging from 1 to 40. The 

literature presents a variety of approaches to the 

separation of asphaltenes. 

 

Heavy hydrocarbons (C18+), most commonly 

normal alkanes (paraffins), are the building blocks of 

waxes, which are solids. The waxy oil is suitable for 

making wax-based products; however, it typically 

contains trace amounts of sulfur and metal, both of which 

are detrimental to the refining process. However, 

paraffin waxes in crude oil can precipitate and cause 

major issues like pipeline blockage and oil gelling, etc., 

when the temperature of the oil decreases during 

production, transportation, or storage. To gain a better 

understanding of the wax problem and its potential 

severity, it is crucial to evaluate the wax composition 

(quantity and type) in the crude oil, as well as to estimate 

the crystallization temperature (wax appearance 

temperature, WAT) and the wax precipitation curve 
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(WPC). The range of detectable hydrocarbons is much 

expanded by HTGC in comparison to traditional GC. 

Because of its ability to link its results with the wax's 

physical properties—such as its melting temperature, 

refractive index, kinematic viscosity, etc.—HTGC has 

thus become increasingly common for wax analysis. 

 

Space Chemistry 

Separating molecules according to their 

chemical characteristics is the job of a gas 

chromatograph's thin capillary fiber, or column. Planet 

Earth has lost a number of GC-MS. The Viking program 

sent two of them to Mars. The Venus atmosphere was 

studied using GC-MS by Venera 11 and 12, as well as 

Pioneer Venus. One GC-MS was successfully landed on 

Titan, Saturn's largest moon, by the Huygens probe of the 

Cassini-Huygens mission. In 2014, the Rosetta mission 

will examine the comet 67P/Churyumov-Gerasimenko 

using a chiral GC-MS. Gas chromatography-mass 

spectrometry (GCMS) captures data from direct 

atmospheric observations, such as component altitude 

profiles, isotopic ratios, and trace species (organic 

substances included). 

 

Study of the Surrounding Environment 

The gold standard for determining organic trace 

quantities in environmental samples is gas 

chromatography-mass spectrometry. Due to the 

availability of mass spectrometers that can detect organic 

molecules from pictogram to femtogram quantities and 

the tremendous separating power of modern fused silica 

wall-coated open-tubular (FSOT) columns, GC-MS is an 

effective technique for environmental analysis 

applications. 

 

Explorations in Geochemistry 

Supersonic gas chromatography-mass 

spectrometry is an invaluable tool for organic 

geochemical applications due to its consistently high-

quality molecular ions (which can be dominant for 

hopanes and stearanes), prominent isomer and 

structurally significant mass spectral peaks, wide range 

of low-volatility hydrocarbons amenable to analysis, and 

unique isotope ratio information (without combustion). 

It can also perform parent scans MS-MS on biomarkers. 

 

Organic Compound Identification 

When analyzing unknown combinations of 

organic compounds, GC-MS is the method of choice. 

Determining the composition of bio-oils processed from 

raw biomass using GC-MS is a critical use of his 

technology. Membrane inlet mass spectrometry was able 

to identify volatile organic molecules in around 10 

seconds. This article describes the usage of a headspace-

GC-MS system to identify organic chemicals in water. 

There are specific performance requirements for 

analysing drinking water, and this approach meets those. 

A procedure for the detection of trace amounts of organic 

compounds like PCBs, dioxins, hormones, waste plastic, 

explosives, agrochemicals, and medications was 

suggested [24]. A detector, a solid phase absorbent, and 

a UV-Vis spectrophotometer make up the apparatus. 

Adsorbents such as silica gel or alumina were utilized to 

collect the desired organic molecules. As for the 

detection, it was done using GC-MS, GC-electron 

capture detector, or GC-MS-electron capture detector. 

Both potable and wastewater treatment plants could 

benefit from this technique for chemical monitoring. 

 

Recognizing Biological and Pesticide Contaminants 

Pharmacological substances such as 

barbiturates, alcohols, narcotics, anticonvulsants, 

antihistamines, anti-epileptic medications, sedative 

hypnotics, narcotics, and dietary items can be detected 

through the use of GC-MS in bio-analysis of blood and 

urine. Adulteration detection, fatty acid profiling in 

microorganisms, free steroid presence, blood pollutants, 

serum metabolites, organo-chlorinated pesticides in river 

water, drinking water, soft drinks by head space, 

pesticides in sunflower oil, etc., may all be addressed 

with this technique. 

 

Scientific uses in the Food Industry 

GC-MS uses in the food industry are one of the 

most dynamic areas of research and development right 

now. The food sector widely uses it for metabolomics, 

volatile chemical profiling, and target compound 

analysis, and its high-resolution separation is its key 

strength. Due to the complex nature of foods and the 

wide range of components included in them, their 

examination presents a formidable challenge. As a one-

of-a-kind instrument for trustworthy characterization of 

complicated mixtures, GC-MS is at the vanguard of this 

analytical challenge. At the molecular level, food 

characterization became a reality. Gas chromatography-

mass spectrometry has several uses in the food and drink 

industry, such as checking for the fermentation-induced 

production of ethyl carbamate and identifying potentially 

harmful substances such as furan, acrylamide, and 

bisphenol A (BPA). The most prevalent GC-mediated 

food safety issue is the presence of pesticide residues, 

and the detection and quantification of these 

contaminants is the primary use case for complex 

mixtures in this context. Many foods have their good and 

unwanted compounds measured and identified on a 

regular basis. When analyzing complex mixtures, such 

meals, GC-MS is a helpful analytical tool since it allows 

for the simultaneous evaluation of several components. 

GC-MS is a powerful tool for many applications, 

including: identifying and quantifying volatile N-

nitrosamines in meat products, determining melamine 

and cyanuric acid in dairy products, detecting furan 

levels in foods, quantifying inulin type-fructans, 

screening, determining, and confirming seafood, meat, 

and honey, optimizing the analysis of acrylamide in food 

by quadrupole GC/MS, and detecting chloropropanols. 

 

Airport Safety 

Analyzing the volatile compounds included in 

explosives is a common application of GC-MS in 



 

Haider Hameed Ali; SAR J Med Biochem; Vol-6, Iss-4 (Jul-Aug, 2025): 94-105. 

© 2025 | South Asian Research Publication                                                                                                                                  102 

 

explosives search and detection. Security personnel at 

airports can also utilize GC/MS to identify drugs in 

passengers' bags or on their bodies. It also has the ability 

to detect trace amounts of components in materials that 

were believed to have completely decomposed. This 

system can identify explosives automatically by 

sampling the air and running it through a gas 

chromatography mass spectrometry. These machines 

allow for the screening of a substantially larger 

percentage of passengers and bags. 

 

Essential Oil Analysis 

For this study, GC-MS was used to examine the 

hydro distillation-derived essential oils. The essential 

oil's constituent parts were identified by comparing their 

retention periods to those of genuine standards and by 

automatically matching the obtained mass spectra to 

those in the GC-MS data system's NIST21 and NIST107 

mass spectral libraries. Derived from the unharmed M. 

Hydro distillation of indica leaves and subsequent 

analysis by combined GC-FID and GC-MS revealed the 

presence of 17 identified chemicals, accounting for 

72.0% of the overall composition. The diterpene labd-

7.13-dien-15-ol constituted 26.8% of the total, whereas 

sesquiterpenes made up 46.8% of the class. 

Gymnomitrone(25.9%), 14-hydroxy-4,5-dihydro 

caryophyllene(9.3%), and caryophyllene oxide (1.2%) 

were the primary sesquiterpenes found. 

 

Impurity Profiling and Gas Chromatography in the 

Pharmaceutical Industry 

Raw materials, intermediates, and by-products 

are the sources of impurities in pharmaceutical 

substances. Profiling impurities entails collecting and 

analyzing data to determine the biological safety of each 

impurity, which highlights the importance and breadth of 

this method in pharmaceutical research. The 

pharmaceutical industry lacks a consensus on what 

constitutes an impurity. Some examples of impurities 

include residual solvents, byproducts, transformation 

products, degradation products, interaction products, and 

related products. The process of impurity profiling 

involves analyzing pharmaceutical formulations and 

bulk drug materials for the presence of impurities and 

degradation products, as well as identifying and 

understanding their structures. Because of the serious 

health risks posed by unknown, possibly harmful 

impurities and the need to identify and determine these 

impurities using selected approaches to improve drug 

therapy safety, impurity profiling has become an integral 

part of contemporary pharmaceutical analysis. There are 

a number of chromatographic and spectroscopic methods 

that can be used alone or in conjunction with one another 

to identify contaminants. Impurity profiling has been 

completely transformed with the introduction of 

hyphenated techniques. These approaches not only 

separate impurities, but they also structurally identify 

them. The detection of impurities is the primary 

application of hyphenated methods [25]. A hyphenated 

technique is one that combines two or more types of 

analysis. Two hyphenated methods that provide this 

function are GC-MS and GC-IR. The following groups 

of impurities are defined by ICH standards and found in 

APIs: 

• Process and drug-related organic contaminants; 

• Defects that are not organic; 

• Solvents that remain; 

• Natural contaminants. 

 

The drug material may develop organic 

contaminants during in production or storage. 

Ingredients, waste, process by-products, reagents, 

catalysts, ligands, and degradation products. Without 

meticulous attention to detail throughout the whole 

multi-step synthesis process, the most prevalent 

impurities detected in any A PI are starting materials or 

intermediates. Even if solvents are used to cleanse the 

final items, there is still a potential that some may 

remain. Therefore, chromatographic separation allows 

for real-time impurity structure determination, and 

characterization and isolation can be accomplished 

simultaneously. Due to the widespread availability of 

bench-top instrumentation and the unique benefits of 

hyphenated techniques for impurity determination—

such as sensitivity, rapid selective quantitative 

determination of targeted compounds even in mixtures, 

versatility, and the ability to profile substructural 

analysis—their use is on the rise. Unlike GC, HPLC, MS, 

and NMR systems, hyphenated techniques are rarely 

widely used because of the high cost of the equipment. 

Monitoring, characterizing, and identifying 

contaminants are the primary current applications of 

these advanced techniques; however, they have 

additional analytical applications as well. 

 

Metabolomics Applications of GC 

Although gas chromatography coupled with 

mass spectrometry has not traditionally been linked to 

studies involving volatile organic molecules, it has found 

widespread application in metabolomics research. 

Metabolomics research has applications in functional 

genomics, clinical toxicology, nutrigenomics, and drug 

evaluation. High repeatability and strong resolving 

capabilities are two of GC's most notable characteristics 

as a separation process. GC is connected to mass 

spectrometers like the time-of-flight (TOF) device, 

which can find the exact mass to within four decimal 

places, and the triple quadruple (QqQ), which can be 

utilized for quantitative and qualitative analysis. 

Chemical or electron ionization causes compounds 

eluting from a gas chromatography (GC) column to 

become ionized. Food processing, agriculture, 

pharmaceuticals, and the search for disease biomarkers 

are just a few examples of the many potential areas of 

use. Typically, electron ionization occurs at a potential 

of -70 eV. This ionizes the samples so that the mass 

spectrometer can detect them. The chemicals are 

identified by comparing the mass spectra that were 

acquired with those that are already in the database. In 

order to create 2D databases for compounds that are 
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accurate enough to be shared across analytical platforms, 

it is possible to record mass spectra in addition to 

retention time. A common database for this purpose is 

the FeihnLib library. The creation of such databases was 

facilitated by the early use of GC-MS in metabolomics. 

There are two kinds of focused metabolomics studies and 

one kind that isn't. To compare sets of samples and obtain 

valuable biological information, non-targeted 

metabolomics studies detect and, often, quantify the 

greatest number of molecules from a sample. This is 

done to determine the "fingerprint" of an organism's 

metabolome. By comparing the spectra of interest to a 

library of reference spectra of pure substances, the 

molecules in a specific bio fluid or tissue extract can be 

identified and quantified in targeted metabolomics 

profiling. In order to conduct metabolomics studies using 

GC, the chemical must be able to be volatilized or 

derivatized to a volatile form utilizing different 

derivatizing agents. A compound's chemical structure 

can be altered through derivatization in order to facilitate 

its identification by gas chromatography (GC). Both 

selective and non-selective derivatizing reagents are used 

in derivatizing reactions. Derivatizing chemicals modify 

the volatility, stability, and chromatographic behavior of 

substances, which in turn improves their resolution and 

peak tailing. The most common methods for preparing 

derivatives involve attaching functional groups through 

acylation, alkylation, or silylation. Analysis of biological 

fluids requires a dry step before derivatization since 

moisture can quench the process. It is also possible to do 

derivatization in aqueous solutions with the right 

reagents. A plethora of user-friendly derivatization kits 

are already on the market. One common derivatization 

agent that yields TMS derivatives is trimethylsilyl. 

Metabolomics database searches turned up many TMS 

derivatives. The range of metabolites that may be 

analyzed with this method has been expanded with the 

development of new derivatization protocols for non-

volatile compounds. These methods also offer 

opportunities for overlap with other platforms, such as 

liquid chromatography. By analyzing metabolites with 

diverse physiochemical properties, a comprehensive 

profile of an organism or sample can be created through 

the use of interconnected devices. Both internal and 

external standard methods can be used to quantify the 

discovered metabolites. For this purpose, QqQ detectors 

are commonly utilized. Ions will be selectively excluded 

both before and after fragmentation using this strategy. 

That way, the detector will only pick up ions that have 

come from the precursor ion. A selected/multiple 

reaction monitoring (S/MRM) experiment is a kind of 

tandem MS experiment. Metabolite identification relies 

heavily on selectivity and sensitivity, both of which are 

enhanced by this. Accurate quantification at extremely 

low concentrations in complicated biological samples is 

possible with the availability and affordability of 

isotopically tagged internal standards. There are a 

number of drawbacks to gas chromatography–mass 

spectrometry (GC–MS), but there are also many benefits, 

such as high sensitivity, reproducibility, and 

compatibility with extensive libraries, and less sample 

preparation required for polar compounds. The benefits 

of this hybrid method ensure that it will be used for 

metabolomics profiling for the foreseeable future. 

 

Evaluation of Substance Abuse 

When combined, GCMS and Headspace 

provide a powerful analytical tool for narcotics. 

Examples of this type of analysis include the 

determination of amphetamine and its metabolites in 

urine as well as the nicotine content in prescription 

medications. An improvement in sensitivity of almost 20 

times in SIM mode can be achieved by combining 

GCMS with chemical ionization and conventional 

headspace. Because GC MS generates a consistent 

ionization, it is much simpler to compare the discovered 

chemicals to the data in the library. 

 

Advantages 

The benefits of gas chromatography-Mass-

Spectrometry (GC-MS), a technology that successfully 

combines gas chromatography (GC) and mass 

spectrometry (MS), are readily apparent. 

• The GC-MC method provides excellent 

sensitivity, repeatability, and chromatographic 

resolution.  

• Quicker evaluations,  

• A far wider variety of thermally labile and low 

volatility samples that can be analyzed,  

• A considerable increase in sensitivity, 

especially for analytically challenging 

substances,  

• Greater assurance in the identification of 

samples,  

• Determining the structures of unknown organic 

chemicals in complicated mixtures using a 

priori spectral interpretation or by comparing 

their spectra with reference spectra  

• Controlling the quality of industrial products 

through analysis.  

• Compared to LC-MS, GC-MS is more budget-

friendly. You can get months of use out of a 

tank of helium gas.  

• Compared to LC-MS, the maintenance cost of 

GC-MS is lower.  

• Finds organic contaminants at low 

concentrations,  

• Analyzing data quantitatively.  

 

CONCLUSION 
Many scientific and technological fields make 

use of gas chromatography (GC). When mass 

spectrometry and separation methods are used together, 

it creates a wealth of new analytical possibilities for 

studying complicated mixtures with great specificity, 

selectivity, and sensitivity. GC-MS provides enhanced 

sensitivity, faster analysis, and more certainty in sample 

identification, especially for chemicals that are difficult 

to test. Their broad adoption in several fields can be 
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attributed to this. Research in the fields of toxicology, 

forensics, food science, academia, organic chemical 

identification, and environmental studies frequently 

employ this analytical method. In contrast to NMR and 

LC/MS, GC/MS metabolic profiling has just recently 

begun to find use in toxicology. Different operating 

pressures—atmospheric at the GC column exit and low 

(10-5, 10-6 Torr) in the ionization chamber—were the 

sole source of "conflict" (which was temporary and 

resolved) between the two methods. Turbo molecular 

and gas-jet pumps, which technically introduced an 

efficient vacuum pump, were able to overcome this 

limitation. Research into this adaptable GC-MS 

analytical technique may lead to more promising 

outcomes down the road. The examination of petroleum 

hydrocarbons, which have complicated compositions, 

has relied heavily on gas chromatography (GC) since its 

debut. The use of gas chromatography (GC) for 

analyzing petroleum composition has been expanded by 

new methods. The fact that GC can only be used with 

volatile substances or those that can be chemically 

modified to become volatile at a temperature where it 

decomposes is one of its main drawbacks. By increasing 

the temperature in the temperature programming, the 

strongly retained components flow slowly through the 

column when an unknown mixture of chemicals is 

injected. However, depending on the type of column, 

there is a maximum load that it can support. Gas 

chromatography has this drawback as well. Despite the 

aforementioned few drawbacks, GC is widely used in the 

pharmaceutical and clinical fields for research and 

quality control purposes, including production, quality 

assurance, pilot plant developments for APIs, bulk 

medications, and formulations. Its great resolving power 

and detector sensitivity make it useful for identifying 

impurity components in pharmaceutical biotechnology, 

pharmaceutical process control, pharmacognosy, and 

drug synthesis. A few of these methods have been 

quickly discussed, such as GC fingerprinting, two-

dimensional GC (2D-GC), and high temperature GC 

(HTGC). While some of these methods, like 2D-GC and 

GC fingerprinting, are still in their early stages, their 

widespread use is anticipated to increase as research 

progresses. This will allow for more accurate 

composition measurements across a wider range and 

provide valuable geochemical information about 

petroleum fluids in the not-too-distant future. 
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