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by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops split a beam of white sunlight into rays of colored light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating
sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and then bending them with electricity and magnetism to make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British
physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red light. Mass spectrometers work in a very similar way, except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or
sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it
separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more
complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly
the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between
two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray
television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions
split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic
detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office.
Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V. Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up
above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle)
bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in the full patent description, (also listed in the references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often
paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart
from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the
International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are.
Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances
found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal
conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological,
nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of
Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-
2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets,
separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help
chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively). Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain
levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics
research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and water pollution travels or to discover how fast things like pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals
and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms
—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and
Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil
Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by Jurgen Gross. Springer, 2017. A fully illustrated reference covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee
(editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research, forensics, security, archaeology, geology, and other common applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley,
2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances in mass spectrometer technology and the sorts of things they can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz.
IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February 27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact,
cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California
Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August
2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article
from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from
Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies
Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical
Engineering department. Analytical technique based on determining mass to charge ratio of ions Mass spectrometry (MS) is an analytical technique that is used to measure the mass-to-charge ratio of ions. The results are presented as a mass spectrum, a plot of intensity as a function of the mass-to-charge ratio. Mass spectrometry is used in many different
fields and is applied to pure samples as well as complex mixtures. A mass spectrum is a type of plot of the ion signal as a function of the mass-to-charge ratio. These spectra are used to determine the elemental or isotopic signature of a sample, the masses of particles and of molecules, and to elucidate the chemical identity or structure of molecules and
other chemical compounds. Discovery of Neon Isotopes In a typical MS procedure, a sample, which may be solid, liquid, or gaseous, is ionized, for example by bombarding it with a beam of electrons. This may cause some of the sample's molecules to break up into positively charged fragments or simply become positively charged without fragmenting.
These ions (fragments) are then separated according to their mass-to-charge ratio, for example by accelerating them and subjecting them to an electric or magnetic field: ions of the same mass-to-charge ratio will undergo the same amount of deflection.[1] The ions are detected by a mechanism capable of detecting charged particles, such as an electron
multiplier. Results are displayed as spectra of the signal intensity of detected ions as a function of the mass-to-charge ratio. The atoms or molecules in the sample can be identified by correlating known masses (e.g. an entire molecule) to the identified masses or through a characteristic fragmentation pattern. Further information: History of mass
spectrometry Replica of F.W. Aston's third mass spectrometer In 1886, Eugen Goldstein observed rays in gas discharges under low pressure that traveled away from the anode and through channels in a perforated cathode, opposite to the direction of negatively charged cathode rays (which travel from cathode to anode). Goldstein called these positively
charged anode rays "Kanalstrahlen"; the standard translation of this term into English is "canal rays". Wilhelm Wien found that strong electric or magnetic fields deflected the canal rays and, in 1899, constructed a device with perpendicular electric and magnetic fields that separated the positive rays according to their charge-to-mass ratio (Q/m). Wien
found that the charge-to-mass ratio depended on the nature of the gas in the discharge tube. English scientist J. J. Thomson later improved on the work of Wien by reducing the pressure to create the mass spectrograph. Calutron mass spectrometers were used in the Manhattan Project for uranium enrichment. The word spectrograph had become part of
the international scientific vocabulary by 1884.[2][3] Early spectrometry devices that measured the mass-to-charge ratio of ions were called mass spectrographs which consisted of instruments that recorded a spectrum of mass values on a photographic plate.[4][5] A mass spectroscope is similar to a mass spectrograph except that the beam of ions is
directed onto a phosphor screen.[6] A mass spectroscope configuration was used in early instruments when it was desired that the effects of adjustments be quickly observed. Once the instrument was properly adjusted, a photographic plate was inserted and exposed. The term mass spectroscope continued to be used even though the direct illumination of
a phosphor screen was replaced by indirect measurements with an oscilloscope.[7] The use of the term mass spectroscopy is now discouraged due to the possibility of confusion with light spectroscopy.[1][8] Mass spectrometry is often abbreviated as mass-spec or simply as MS.[1] Modern techniques of mass spectrometry were devised by Arthur Jeffrey
Dempster and F.W. Aston in 1918 and 1919 respectively. Sector mass spectrometers known as calutrons were developed by Ernest O. Lawrence and used for separating the isotopes of uranium during the Manhattan Project.[9] Calutron mass spectrometers were used for uranium enrichment at the Oak Ridge, Tennessee Y-12 plant established during
World War II. In 1989, half of the Nobel Prize in Physics was awarded to Hans Dehmelt and Wolfgang Paul for the development of the ion trap technique in the 1950s and 1960s. In 2002, the Nobel Prize in Chemistry was awarded to John Bennett Fenn for the development of electrospray ionization (ESI) and Koichi Tanaka for the development of soft laser
desorption (SLD) and their application to the ionization of biological macromolecules, especially proteins.[10] Schematics of a simple mass spectrometer with sector type mass analyzer. This one is for the measurement of carbon dioxide isotope ratios (IRMS) as in the carbon-13 urea breath test. A mass spectrometer consists of three components: an ion
source, a mass analyzer, and a detector. The ionizer converts a portion of the sample into ions. There is a wide variety of ionization techniques, depending on the phase (solid, liquid, gas) of the sample and the efficiency of various ionization mechanisms for the unknown species. An extraction system removes ions from the sample, which are then targeted
through the mass analyzer and into the detector. The differences in masses of the fragments allows the mass analyzer to sort the ions by their mass-to-charge ratio. The detector measures the value of an indicator quantity and thus provides data for calculating the abundances of each ion present. Some detectors also give spatial information, e.g., a
multichannel plate. The following describes the operation of a spectrometer mass analyzer, which is of the sector type. (Other analyzer types are treated below.) Consider a sample of sodium chloride (table salt). In the ion source, the sample is vaporized (turned into gas) and ionized (transformed into electrically charged particles) into sodium (Na+) and
chloride (Cl—) ions. Sodium atoms and ions are monoisotopic, with a mass of about 23 daltons (symbol: Da or older symbol: u). Chloride atoms and ions come in two stable isotopes with masses of approximately 35 u (at a natural abundance of about 75 percent) and approximately 37 u (at a natural abundance of about 25 percent). The analyzer part of the
spectrometer contains electric and magnetic fields, which exert forces on ions traveling through these fields. The speed of a charged particle may be increased or decreased while passing through the electric field, and its direction may be altered by the magnetic field. The magnitude of the deflection of the moving ion's trajectory depends on its mass-to-
charge ratio. Lighter ions are deflected by the magnetic force to a greater degree than heavier ions (based on Newton's second law of motion, F = ma). The streams of magnetically sorted ions pass from the analyzer to the detector, which records the relative abundance of each ion type. This information is used to determine the chemical element
composition of the original sample (i.e. that both sodium and chlorine are present in the sample) and the isotopic composition of its constituents (the ratio of 35Cl to 37Cl). Surface ionization source at the Argonne National Laboratory linear accelerator The ion source is the part of the mass spectrometer that ionizes the material under analysis (the
analyte). The ions are then transported by magnetic or electric fields to the mass analyzer. Techniques for ionization have been key to determining what types of samples can be analyzed by mass spectrometry. Electron ionization and chemical ionization are used for gases and vapors. In chemical ionization sources, the analyte is ionized by chemical ion-
molecule reactions during collisions in the source. Two techniques often used with liquid and solid biological samples include electrospray ionization (invented by John Fenn[11]) and matrix-assisted laser desorption/ionization (MALDI, initially developed as a similar technique "Soft Laser Desorption (SLD)" by K. Tanaka[12] for which a Nobel Prize was
awarded and as MALDI by M. Karas and F. Hillenkamp[13]). Quadrupole mass spectrometer and electrospray ion source used for Fenn's early work In mass spectrometry, ionization refers to the production of gas phase ions suitable for resolution in the mass analyser or mass filter. Ionization occurs in the ion source. There are several ion sources available;
each has advantages and disadvantages for particular applications. For example, electron ionization (EI) gives a high degree of fragmentation, yielding highly detailed mass spectra which when skilfully analysed can provide important information for structural elucidation/characterisation and facilitate identification of unknown compounds by comparison
to mass spectral libraries obtained under identical operating conditions. However, EI is not suitable for coupling to HPLC, i.e. LC-MS, since at atmospheric pressure, the filaments used to generate electrons burn out rapidly. Thus EI is coupled predominantly with GC, i.e. GC-MS, where the entire system is under high vacuum. Hard ionization techniques
are processes which impart high quantities of residual energy in the subject molecule invoking large degrees of fragmentation (i.e. the systematic rupturing of bonds acts to remove the excess energy, restoring stability to the resulting ion). Resultant ions tend to have m/z lower than the molecular ion (other than in the case of proton transfer and not
including isotope peaks). The most common example of hard ionization is electron ionization (EI). Soft ionization refers to the processes which impart little residual energy onto the subject molecule and as such result in little fragmentation. Examples include fast atom bombardment (FAB), chemical ionization (CI), atmospheric-pressure chemical ionization
(APCI), atmospheric-pressure photoionization (APPI), electrospray ionization (ESI), desorption electrospray ionization (DESI), and matrix-assisted laser desorption/ionization (MALDI). Inductively coupled plasma ion source Inductively coupled plasma (ICP) sources are used primarily for cation analysis of a wide array of sample types. In this source, a
plasma that is electrically neutral overall, but that has had a substantial fraction of its atoms ionized by high temperature, is used to atomize introduced sample molecules and to further strip the outer electrons from those atoms. The plasma is usually generated from argon gas, since the first ionization energy of argon atoms is higher than the first of any
other elements except He, F and Ne, but lower than the second ionization energy of all except the most electropositive metals. The heating is achieved by a radio-frequency current passed through a coil surrounding the plasma. Photoionization can be used in experiments which seek to use mass spectrometry as a means of resolving chemical kinetics
mechanisms and isomeric product branching.[14] In such instances a high energy photon, either X-ray or uv, is used to dissociate stable gaseous molecules in a carrier gas of He or Ar. In instances where a synchrotron light source is utilized, a tuneable photon energy can be utilized to acquire a photoionization efficiency curve which can be used in
conjunction with the charge ratio m/z to fingerprint molecular and ionic species. More recently atmospheric pressure photoionization (APPI) has been developed to ionize molecules mostly as effluents of LC-MS systems. Some applications for ambient ionization include environmental applications as well as clinical applications. In these techniques, ions
form in an ion source outside the mass spectrometer. Sampling becomes easy as the samples don't need previous separation nor preparation. Some examples of ambient ionization techniques are Direct Analysis in Real Time (DART),DESI, SESI, LAESI, desorption atmospheric-pressure chemical ionization (DAPCI), Soft Ionization by Chemical Reaction in
Transfer (SICRT) and desorption atmospheric pressure photoionization DAPPI among others. Others include glow discharge, field desorption (FD), fast atom bombardment (FAB), thermospray, desorption/ionization on silicon (DIOS), atmospheric pressure chemical ionization (APCI), secondary ion mass spectrometry (SIMS), spark ionization and thermal
ionization (TIMS).[15] Mass analyzers separate the ions according to their mass-to-charge ratio. The following two laws govern the dynamics of charged particles in electric and magnetic fields in vacuum: F = Q (E + v x B ) {\displaystyle \mathbf {F} =Q(\mathbf {E} +\mathbf {v} \times \mathbf {B} )} (Lorentz force law); F = m a {\displaystyle \mathbf
{F} =m\mathbf {a} } (Newton's second law of motion in the non-relativistic case, i.e. valid only at ion velocity much lower than the speed of light). Here F is the force applied to the ion, m is the mass of the ion, a is the acceleration, Q is the ion charge, E is the electric field, and v x B is the vector cross product of the ion velocity and the magnetic field
Equating the above expressions for the force applied to the ion yields: (m /Q ) a = E + v x B . {\displaystyle (m/Q)\mathbf {a} =\mathbf {E} +\mathbf {v} \times \mathbf {B} .} This differential equation is the classic equation of motion for charged particles. Together with the particle's initial conditions, it completely determines the particle's motion in
space and time in terms of m/Q. Thus mass spectrometers could be thought of as "mass-to-charge spectrometers". When presenting data, it is common to use the (officially) dimensionless m/z, where z is the number of elementary charges (e) on the ion (z=Q/e). This quantity, although it is informally called the mass-to-charge ratio, more accurately speaking
represents the ratio of the mass number and the charge number, z. There are many types of mass analyzers, using either static or dynamic fields, and magnetic or electric fields, but all operate according to the above differential equation. Each analyzer type has its strengths and weaknesses. Many mass spectrometers use two or more mass analyzers for
tandem mass spectrometry (MS/MS). In addition to the more common mass analyzers listed below, there are others designed for special situations. There are several important analyzer characteristics. The mass resolving power is the measure of the ability to distinguish two peaks of slightly different m/z. The mass accuracy is the ratio of the m/z
measurement error to the true m/z. Mass accuracy is usually measured in ppm or milli mass units. The mass range is the range of m/z amenable to analysis by a given analyzer. The linear dynamic range is the range over which ion signal is linear with analyte concentration. Speed refers to the time frame of the experiment and ultimately is used to
determine the number of spectra per unit time that can be generated. ThermoQuest AvantGarde sector mass spectrometer Further information: Sector mass spectrometer A sector field mass analyzer uses a static electric and/or magnetic field to affect the path and/or velocity of the charged particles in some way. As shown above, sector instruments bend
the trajectories of the ions as they pass through the mass analyzer, according to their mass-to-charge ratios, deflecting the more charged and faster-moving, lighter ions more. The analyzer can be used to select a narrow range of m/z or to scan through a range of m/z to catalog the ions present.[16] Further information: time-of-flight mass spectrometry The
time-of-flight (TOF) analyzer uses an electric field to accelerate the ions through the same potential, and then measures the time they take to reach the detector. If the particles all have the same charge, their kinetic energies will be identical, and their velocities will depend only on their masses. For example, ions with a lower mass will travel faster,
reaching the detector first.[17] Ions usually are moving prior to being accelerated by the electric field, this causes particles with the same m/z to arrive at different times at the detector. This difference in initial velocities is often not dependent on the mass of the ion, and will turn into a difference in the final velocity. This distribution in velocities broadens
the peaks shown on the count vs m/z plot, but will generally not change the central location of the peaks, since the starting velocity of ions is generally centered at zero. To fix this problem, time-lag focusing/delayed extraction has been coupled with TOF-MS.[18] Further information: Quadrupole mass analyzer Quadrupole mass analyzers use oscillating
electrical fields to selectively stabilize or destabilize the paths of ions passing through a radio frequency (RF) quadrupole field created between four parallel rods. Only the ions in a certain range of mass/charge ratio are passed through the system at any time, but changes to the potentials on the rods allow a wide range of m/z values to be swept rapidly,
either continuously or in a succession of discrete hops. A quadrupole mass analyzer acts as a mass-selective filter and is closely related to the quadrupole ion trap, particularly the linear quadrupole ion trap except that it is designed to pass the untrapped ions rather than collect the trapped ones, and is for that reason referred to as a transmission
quadrupole. A magnetically enhanced quadrupole mass analyzer includes the addition of a magnetic field, either applied axially or transversely. This novel type of instrument leads to an additional performance enhancement in terms of resolution and/or sensitivity depending upon the magnitude and orientation of the applied magnetic field.[19][20] A
common variation of the transmission quadrupole is the triple quadrupole mass spectrometer. The "triple quad" has three consecutive quadrupole stages, the first acting as a mass filter to transmit a particular incoming ion to the second quadrupole, a collision chamber, wherein that ion can be broken into fragments. The third quadrupole also acts as a
mass filter, to transmit a particular fragment ion to the detector. If a quadrupole is made to rapidly and repetitively cycle through a range of mass filter settings, full spectra can be reported. Likewise, a triple quad can be made to perform various scan types characteristic of tandem mass spectrometry. Further information: quadrupole ion trap The
quadrupole ion trap works on the same physical principles as the quadrupole mass analyzer, but the ions are trapped and sequentially ejected. Ions are trapped in a mainly quadrupole RF field, in a space defined by a ring electrode (usually connected to the main RF potential) between two endcap electrodes (typically connected to DC or auxiliary AC
potentials). The sample is ionized either internally (e.g. with an electron or laser beam), or externally, in which case the ions are often introduced through an aperture in an endcap electrode. There are many mass/charge separation and isolation methods but the most commonly used is the mass instability mode in which the RF potential is ramped so that
the orbit of ions with a mass a > b are stable while ions with mass b become unstable and are ejected on the z-axis onto a detector. There are also non-destructive analysis methods. Ions may also be ejected by the resonance excitation method, whereby a supplemental oscillatory excitation voltage is applied to the endcap electrodes, and the trapping
voltage amplitude and/or excitation voltage frequency is varied to bring ions into a resonance condition in order of their mass/charge ratio.[21][22] The cylindrical ion trap mass spectrometer (CIT) is a derivative of the quadrupole ion trap where the electrodes are formed from flat rings rather than hyperbolic shaped electrodes. The architecture lends itself
well to miniaturization because as the size of a trap is reduced, the shape of the electric field near the center of the trap, the region where the ions are trapped, forms a shape similar to that of a hyperbolic trap. A linear quadrupole ion trap is similar to a quadrupole ion trap, but it traps ions in a two dimensional quadrupole field, instead of a three-
dimensional quadrupole field as in a 3D quadrupole ion trap. Thermo Fisher's LTQ ("linear trap quadrupole") is an example of the linear ion trap.[23] A toroidal ion trap can be visualized as a linear quadrupole curved around and connected at the ends or as a cross-section of a 3D ion trap rotated on edge to form the toroid, donut-shaped trap. The trap can
store large volumes of ions by distributing them throughout the ring-like trap structure. This toroidal shaped trap is a configuration that allows the increased miniaturization of an ion trap mass analyzer. Additionally, all ions are stored in the same trapping field and ejected together simplifying detection that can be complicated with array configurations
due to variations in detector alignment and machining of the arrays.[24] As with the toroidal trap, linear traps and 3D quadrupole ion traps are the most commonly miniaturized mass analyzers due to their high sensitivity, tolerance for mTorr pressure, and capabilities for single analyzer tandem mass spectrometry (e.g. product ion scans).[25] Orbitrap
mass analyzer Further information: Orbitrap Orbitrap instruments are similar to Fourier-transform ion cyclotron resonance mass spectrometers (see text below). Ions are electrostatically trapped in an orbit around a central, spindle shaped electrode. The electrode confines the ions so that they both orbit around the central electrode and oscillate back and
forth along the central electrode's long axis. This oscillation generates an image current in the detector plates which is recorded by the instrument. The frequencies of these image currents depend on the mass-to-charge ratios of the ions. Mass spectra are obtained by Fourier transformation of the recorded image currents. Orbitraps have a high mass
accuracy, high sensitivity and a good dynamic range.[26] Fourier-transform ion cyclotron resonance mass spectrometer Further information: Fourier-transform ion cyclotron resonance Fourier-transform mass spectrometry (FTMS), or more precisely Fourier-transform ion cyclotron resonance MS, measures mass by detecting the image current produced by
ions cyclotroning in the presence of a magnetic field. Instead of measuring the deflection of ions with a detector such as an electron multiplier, the ions are injected into a Penning trap (a static electric/magnetic ion trap) where they effectively form part of a circuit. Detectors at fixed positions in space measure the electrical signal of ions which pass near
them over time, producing a periodic signal. Since the frequency of an ion's cycling is determined by its mass-to-charge ratio, this can be deconvoluted by performing a Fourier transform on the signal. FTMS has the advantage of high sensitivity (since each ion is "counted" more than once) and much higher resolution and thus precision.[27][28] Ion
cyclotron resonance (ICR) is an older mass analysis technique similar to FTMS except that ions are detected with a traditional detector. Ions trapped in a Penning trap are excited by an RF electric field until they impact the wall of the trap, where the detector is located. Ions of different mass are resolved according to impact time. A continuous dynode
particle multiplier detector The final element of the mass spectrometer is the detector. The detector records either the charge induced or the current produced when an ion passes by or hits a surface. In a scanning instrument, the signal produced in the detector during the course of the scan versus where the instrument is in the scan (at what m/Q) will
produce a mass spectrum, a record of ions as a function of m/Q. Typically, some type of electron multiplier is used, though other detectors including Faraday cups and ion-to-photon detectors are also used. Because the number of ions leaving the mass analyzer at a particular instant is typically quite small, considerable amplification is often necessary to get
a signal. Microchannel plate detectors are commonly used in modern commercial instruments.[29] In FTMS and Orbitraps, the detector consists of a pair of metal surfaces within the mass analyzer/ion trap region which the ions only pass near as they oscillate. No direct current is produced, only a weak AC image current is produced in a circuit between
the electrodes. Other inductive detectors have also been used.[30] Tandem mass spectrometry for biological molecules using ESI or MALDI A tandem mass spectrometer is one capable of multiple rounds of mass spectrometry, usually separated by some form of molecule fragmentation. For example, one mass analyzer can isolate one peptide from many
entering a mass spectrometer. A collision cell then stabilizes the peptide ions while they collide with a gas, causing them to fragment by collision-induced dissociation (CID). A further mass analyzer then sorts the fragments produced from the peptides. Tandem MS can also be done in a single mass analyzer over time, as in a quadrupole ion trap. There are
various methods for fragmenting molecules for tandem MS, including 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). An
important application using tandem mass spectrometry is in protein identification.[31] Tandem mass spectrometry enables a variety of experimental sequences. Many commercial mass spectrometers are designed to expedite the execution of such routine sequences as selected reaction monitoring (SRM), precursor ion scanning, product ion scanning, and
neutral loss scanning.[32] In SRM, the first analyzer allows only a single mass through and the second analyzer monitors for multiple user-defined fragment ions over longer dwell-times than could be achieved in a full scan. This increases sensitivity. In product ion scans, the first mass analyzer is fixed to select a particular precursor ion ("parent"), while
the second is scanned to find all the fragments ("products", or "daughter ions") to which it can be fragmented in the collision cell. In precursor ion scans, the second mass analyzer is fixed to select a particular fragment ion ("daughter"), while the first is scanned to find all possible precursor ions that could give rise to this fragment. In neutral loss scans,
the two mass analyzers are scanned in parallel, but separated by the mass of a molecular subunit of interest to the analyst. Ions are detected if they lose that fixed mass during fragmentation. This can be used to look for any chemical that is capable of losing a particular neutral group, for example a sugar residue. Together, neutral loss and precursor ion
scans can be used to hunt for chemicals with particular motifs. Another type of tandem mass spectrometry used for radiocarbon dating is accelerator mass spectrometry (AMS), which uses very high voltages, usually in the mega-volt range, to accelerate negative ions into a type of tandem mass spectrometer. The METLIN Metabolite and Chemical Entity
Database[33][34][35][36] is the largest repository of experimental tandem mass spectrometry data acquired from standards. The tandem mass spectrometry data on over 930,000 molecular standards (as of January 2024)[33][36] is provided to facilitate the identification of chemical entities from tandem mass spectrometry experiments.[37] In addition to
the identification of known molecules it is also useful for identifying unknowns using its similarity searching/analysis.[38] All tandem mass spectrometry data comes from the experimental analysis of standards at multiple collision energies and in both positive and negative ionization modes.[33] When a specific combination of source, analyzer, and detector
becomes conventional in practice, a compound acronym may arise to designate it succinctly. One example is MALDI-TOF, which refers to a combination of a matrix-assisted laser desorption/ionization source with a time-of-flight mass analyzer. Other examples include inductively coupled plasma-mass spectrometry (ICP-MS), accelerator mass spectrometry
(AMS), thermal ionization-mass spectrometry (TIMS) and spark source mass spectrometry (SSMS). Certain applications of mass spectrometry have developed monikers that although strictly speaking would seem to refer to a broad application, in practice have come instead to connote a specific or a limited number of instrument configurations. An example
of this is isotope-ratio mass spectrometry (IRMS), which refers in practice to the use of a limited number of sector based mass analyzers; this name is used to refer to both the application and the instrument used for the application. An important enhancement to the mass resolving and mass determining capabilities of mass spectrometry is using it in
tandem with chromatographic and other separation techniques. A gas chromatograph (right) directly coupled to a mass spectrometer (left) Main article: Gas chromatography-mass spectrometry A common combination is gas chromatography-mass spectrometry (GC/MS or GC-MS). In this technique, a gas chromatograph is used to separate different
compounds. This stream of separated compounds is fed online into the ion source, a metallic filament to which voltage is applied. This filament emits electrons which ionize the compounds. The ions can then further fragment, yielding predictable patterns. Intact ions and fragments pass into the mass spectrometer's analyzer and are eventually detected.
[39] However, the high temperatures (300 °C) used in the GC-MS injection port (and oven) can result in thermal degradation of injected molecules, thus resulting in the measurement of degradation products instead of the actual molecule(s) of interest.[40] Main article: Liquid chromatography-mass spectrometry Indianapolis Museum of Art conservation
scientist performing liquid chromatography-mass spectrometry Similarly to gas chromatography MS (GC-MS), liquid chromatography-mass spectrometry (LC/MS or LC-MS) separates compounds chromatographically before they are introduced to the ion source and mass spectrometer. It differs from GC-MS in that the mobile phase is liquid, usually a
mixture of water and organic solvents, instead of gas. Most commonly, an electrospray ionization source is used in LC-MS. Other popular and commercially available LC-MS ion sources are atmospheric pressure chemical ionization and atmospheric pressure photoionization. There are also some newly developed ionization techniques like laser spray. Main
article: Capillary electrophoresis-mass spectrometry Capillary electrophoresis-mass spectrometry (CE-MS) is a technique that combines the liquid separation process of capillary electrophoresis with mass spectrometry.[41] CE-MS is typically coupled to electrospray ionization.[42] Main article: lon-mobility spectrometry-mass spectrometry Ion mobility
spectrometry-mass spectrometry (IMS/MS or IMMS) is a technique where ions are first separated by drift time through some neutral gas under an applied electrical potential gradient before being introduced into a mass spectrometer.[43] Drift time is a measure of the collisional cross section relative to the charge of the ion. The duty cycle of IMS (the time
over which the experiment takes place) is longer than most mass spectrometric techniques, such that the mass spectrometer can sample along the course of the IMS separation. This produces data about the IMS separation and the mass-to-charge ratio of the ions in a manner similar to LC-MS.[44] The duty cycle of IMS is short relative to liquid
chromatography or gas chromatography separations and can thus be coupled to such techniques, producing triple modalities such as LC/IMS/MS.[45] Mass spectrum of a peptide showing the isotopic distribution See also: Mass spectrometry data format Mass spectrometry produces various types of data. The most common data representation is the mass
spectrum. Certain types of mass spectrometry data are best represented as a mass chromatogram. Types of chromatograms include selected ion monitoring (SIM), total ion current (TIC), and selected reaction monitoring (SRM), among many others. Other types of mass spectrometry data are well represented as a three-dimensional contour map. In this
form, the mass-to-charge, m/z is on the x-axis, intensity the y-axis, and an additional experimental parameter, such as time, is recorded on the z-axis. Mass spectrometry data analysis is specific to the type of experiment producing the data. General subdivisions of data are fundamental to understanding any data. Many mass spectrometers work in either
negative ion mode or positive ion mode. It is very important to know whether the observed ions are negatively or positively charged. This is often important in determining the neutral mass but it also indicates something about the nature of the molecules. Different types of ion source result in different arrays of fragments produced from the original
molecules. An electron ionization source produces many fragments and mostly single-charged (1-) radicals (odd number of electrons), whereas an electrospray source usually produces non-radical quasimolecular ions that are frequently multiply charged. Tandem mass spectrometry purposely produces fragment ions post-source and can drastically change
the sort of data achieved by an experiment. Knowledge of the origin of a sample can provide insight into the component molecules of the sample and their fragmentations. A sample from a synthesis/manufacturing process will probably contain impurities chemically related to the target component. A crudely prepared biological sample will probably contain
a certain amount of salt, which may form adducts with the analyte molecules in certain analyses. Results can also depend heavily on sample preparation and how it was run/introduced. An important example is the issue of which matrix is used for MALDI spotting, since much of the energetics of the desorption/ionization event is controlled by the matrix
rather than the laser power. Sometimes samples are spiked with sodium or another ion-carrying species to produce adducts rather than a protonated species. Mass spectrometry can measure molar mass, molecular structure, and sample purity. Each of these questions requires a different experimental procedure; therefore, adequate definition of the
experimental goal is a prerequisite for collecting the proper data and successfully interpreting it. Main article: Mass spectrum analysis Since the precise structure or peptide sequence of a molecule is deciphered through the set of fragment masses, the interpretation of mass spectra requires combined use of various techniques. Usually the first strategy for
identifying an unknown compound is to compare its experimental mass spectrum against a library of mass spectra. If no matches result from the search, then manual interpretation[46] or software assisted interpretation of mass spectra must be performed. Computer simulation of ionization and fragmentation processes occurring in mass spectrometer is
the primary tool for assigning structure or peptide sequence to a molecule. An a priori structural information is fragmented in silico and the resulting pattern is compared with observed spectrum. Such simulation is often supported by a fragmentation library[47] that contains published patterns of known decomposition reactions. Software taking advantage
of this idea has been developed for both small molecules and proteins. Analysis of mass spectra can also be spectra with accurate mass. A mass-to-charge ratio value (m/z) with only integer precision can represent an immense number of theoretically possible ion structures; however, more precise mass figures significantly reduce the number of candidate
molecular formulas. A computer algorithm called formula generator calculates all molecular formulas that theoretically fit a given mass with specified tolerance. A recent technique for structure elucidation in mass spectrometry, called precursor ion fingerprinting, identifies individual pieces of structural information by conducting a search of the tandem
spectra of the molecule under investigation against a library of the product-ion spectra of structurally characterized precursor ions.[48] NOAA Particle Analysis by Laser Mass Spectrometry aerosol mass spectrometer aboard a NASA WB-57 high-altitude research aircraft Mass spectrometry has both qualitative and quantitative uses. These include
identifying unknown compounds, determining the isotopic composition of elements in a molecule, and determining the structure of a compound by observing its fragmentation. Other uses include quantifying the amount of a compound in a sample or studying the fundamentals of gas phase ion chemistry (the chemistry of ions and neutrals in a vacuum). MS
is now commonly used in analytical laboratories that study physical, chemical, or biological properties of a great variety of compounds. Quantification can be relative (analyzed relative to a reference sample) or absolute (analyzed using a standard curve method).[49] As an analytical technique it possesses distinct advantages such as: Increased sensitivity
over most other analytical techniques because the analyzer, as a mass-charge filter, reduces background interference, Excellent specificity from characteristic fragmentation patterns to identify unknowns or confirm the presence of suspected compounds, Information about molecular weight, Information about the isotopic abundance of elements,
Temporally resolved chemical data. A few of the disadvantages of the method is that it often fails to distinguish between optical and geometrical isomers and the positions of substituent in o-, m- and p- positions in an aromatic ring. Also, its scope is limited in identifying hydrocarbons that produce similar fragmented ions. Mass spectrometer to determine
the 160/180 and 12C/13C isotope ratio on biogenous carbonate Main article: Isotope-ratio mass spectrometry Mass spectrometry is also used to determine the isotopic composition of elements within a sample. Differences in mass among isotopes of an element are very small, and the less abundant isotopes of an element are typically very rare, so a very
sensitive instrument is required. These instruments, sometimes referred to as isotope ratio mass spectrometers (IR-MS), usually use a single magnet to bend a beam of ionized particles towards a series of Faraday cups which convert particle impacts to electric current. A fast on-line analysis of deuterium content of water can be done using flowing
afterglow mass spectrometry, FA-MS. Probably the most sensitive and accurate mass spectrometer for this purpose is the accelerator mass spectrometer (AMS). This is because it provides ultimate sensitivity, capable of measuring individual atoms and measuring nuclides with a dynamic range of ~1015 relative to the major stable isotope.[50] Isotope
ratios are important markers of a variety of processes. Some isotope ratios are used to determine the age of materials for example as in carbon dating. Labeling with stable isotopes is also used for protein quantification. (see protein characterization below) Membrane-introduction mass spectrometry combines the isotope ratio MS with a reaction
chamber/cell separated by a gas-permeable membrane. This method allows the study of gases as they evolve in solution. This method has been extensively used for the study of the production of oxygen by Photosystem II.[51] Several techniques use ions created in a dedicated ion source injected into a flow tube or a drift tube: selected ion flow tube (SIFT-
MS), and proton transfer reaction (PTR-MS), are variants of chemical ionization dedicated for trace gas analysis of air, breath or liquid headspace using well defined reaction time allowing calculations of analyte concentrations from the known reaction kinetics without the need for internal standard or calibration. Another technique with applications in
trace gas analysis field is secondary electrospray ionization (SESI-MS), which is a variant of electrospray ionization. SESI consist of an electrospray plume of pure acidified solvent that interacts with neutral vapors. Vapor molecules get ionized at atmospheric pressure when charge is transferred from the ions formed in the electrospray to the molecules.
One advantage of this approach is that it is compatible with most ESI-MS systems.[52][53] This section is an excerpt from Residual gas analyzer.[edit] Residual gas analyzer installed on a laboratory-scale freeze dryer A residual gas analyzer (RGA) is a small and usually rugged mass spectrometer, typically designed for process control and contamination
monitoring in vacuum systems. When constructed as a quadrupole mass analyzer, there exist two implementations, utilizing either an open ion source (OIS) or a closed ion source (CIS). RGAs may be found in high vacuum applications such as research chambers, surface science setups, accelerators, scanning microscopes, etc. RGAs are used in most cases
to monitor the quality of the vacuum and easily detect minute traces of impurities in the low-pressure gas environment. These impurities can be measured down to 10 — 14 {\displaystyle 10"~ {-14}} Torr levels, possessing sub-ppm detectability in the absence of background interferences. RGAs would also be used as sensitive in-situ leak detectors
commonly using helium, isopropyl alcohol or other tracer molecules. With vacuum systems pumped down to lower than 10 — 5 {\displaystyle 10" {-5}} Torr—checking of the integrity of the vacuum seals and the quality of the vacuum—air leaks, virtual leaks and other contaminants at low levels may be detected before a process is initiated. An atom probe
is an instrument that combines time-of-flight mass spectrometry and field-evaporation microscopy to map the location of individual atoms. Main article: Pharmacokinetics Pharmacokinetics is often studied using mass spectrometry because of the complex nature of the matrix (often blood or urine) and the need for high sensitivity to observe low dose and
long time point data. The most common instrumentation used in this application is LC-MS with a triple quadrupole mass spectrometer. Tandem mass spectrometry is usually employed for added specificity. Standard curves and internal standards are used for quantitation of usually a single pharmaceutical in the samples. The samples represent different
time points as a pharmaceutical is administered and then metabolized or cleared from the body. Blank or t=0 samples taken before administration are important in determining background and ensuring data integrity with such complex sample matrices. Much attention is paid to the linearity of the standard curve; however it is not uncommon to use curve
fitting with more complex functions such as quadratics since the response of most mass spectrometers is less than linear across large concentration ranges.[54][55][56] There is currently considerable interest in the use of very high sensitivity mass spectrometry for microdosing studies, which are seen as a promising alternative to animal experimentation.
Recent studies show that secondary electrospray ionization (SESI) is a powerful technique to monitor drug kinetics via breath analysis.[57][58] Because breath is naturally produced, several datapoints can be readily collected. This allows for the number of collected data-points to be greatly increased.[59] In animal studies, this approach SESI can reduce
animal sacrifice.[58] In humans, SESI-MS non-invasive analysis of breath can help study the kinetics of drugs at a personalized level.[57][60][61] Main article: Protein mass spectrometry Mass spectrometry is an important method for the characterization and sequencing of proteins. The two primary methods for ionization of whole proteins are electrospray
ionization (ESI) and matrix-assisted laser desorption/ionization (MALDI). In keeping with the performance and mass range of available mass spectrometers, two approaches are used for characterizing proteins. In the first, intact proteins are ionized by either of the two techniques described above, and then introduced to a mass analyzer. This approach is
referred to as "top-down" strategy of protein analysis. The top-down approach however is largely limited to low-throughput single-protein studies. In the second, proteins are enzymatically digested into smaller peptides using proteases such as trypsin or pepsin, either in solution or in gel after electrophoretic separation. Other proteolytic agents are also
used. The collection of peptide products are often separated by chromatography prior to introduction to the mass analyzer. When the characteristic pattern of peptides is used for the identification of the protein the method is called peptide mass fingerprinting (PMF), if the identification is performed using the sequence data determined in tandem MS
analysis it is called de novo peptide sequencing. These procedures of protein analysis are also referred to as the "bottom-up" approach, and have also been used to analyse the distribution and position of post-translational modifications such as phosphorylation on proteins.[62] A third approach is also beginning to be used, this intermediate "middle-down"
approach involves analyzing proteolytic peptides that are larger than the typical tryptic peptide.[63] NASA's Phoenix Mars Lander analyzing a soil sample from the "Rosy Red" trench with the TEGA mass spectrometer As a standard method for analysis, mass spectrometers have reached other planets and moons. Two were taken to Mars by the Viking
program. In early 2005 the Cassini-Huygens mission delivered a specialized GC-MS instrument aboard the Huygens probe through the atmosphere of Titan, the largest moon of the planet Saturn. This instrument analyzed atmospheric samples along its descent trajectory and was able to vaporize and analyze samples of Titan's frozen, hydrocarbon covered
surface once the probe had landed. These measurements compare the abundance of isotope(s) of each particle comparatively to earth's natural abundance.[64] Also on board the Cassini-Huygens spacecraft was an ion and neutral mass spectrometer which had been taking measurements of Titan's atmospheric composition as well as the composition of
Enceladus' plumes. A Thermal and Evolved Gas Analyzer mass spectrometer was carried by the Mars Phoenix Lander launched in 2007.[65] Mass spectrometers are also widely used in space missions to measure the composition of plasmas. For example, the Cassini spacecraft carried the Cassini Plasma Spectrometer (CAPS),[66] which measured the mass
of ions in Saturn's magnetosphere. Mass spectrometers were used in hospitals for respiratory gas analysis beginning around 1975 through the end of the century. Some are probably still in use but none are currently being manufactured.[67] Found mostly in the operating room, they were a part of a complex system, in which respired gas samples from
patients undergoing anesthesia were drawn into the instrument through a valve mechanism designed to sequentially connect up to 32 rooms to the mass spectrometer. A computer directed all operations of the system. The data collected from the mass spectrometer was delivered to the individual rooms for the anesthesiologist to use. The uniqueness of this
magnetic sector mass spectrometer may have been the fact that a plane of detectors, each purposely positioned to collect all of the ion species expected to be in the samples, allowed the instrument to simultaneously report all of the gases respired by the patient. Although the mass range was limited to slightly over 120 u, fragmentation of some of the
heavier molecules negated the need for a higher detection limit.[68] The primary function of mass spectrometry is as a tool for chemical analyses based on detection and quantification of ions according to their mass-to-charge ratio. However, mass spectrometry also shows promise for material synthesis.[50] Ion soft landing is characterized by deposition of
intact species on surfaces at low kinetic energies which precludes the fragmentation of the incident species.[69] The soft landing technique was first reported in 1977 for the reaction of low energy sulfur containing ions on a lead surface.[70] Bioelectrospray Dumas method of molecular weight determination Evolved gas analysis Helium mass spectrometer
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Resources in other libraries Wikibooks has more on the topic of: Mass spectrometry Wikimedia Commons has media related to Mass spectrometry. Look up mass spectrometry in Wiktionary, the free dictionary. Interactive tutorial on mass spectra National High Magnetic Field Laboratory Mass spectrometer simulation An interactive application simulating
the console of a mass spectrometer Realtime Mass Spectra simulation Tool to simulate mass spectra in the browser Retrieved from " by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops split a beam of white sunlight into rays of colored light, bending the
blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and then bending them with electricity and magnetism to make a kind of
spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red light. Mass spectrometers work in a very similar way, except they bend
beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket into a mass
spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can use this information
to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There are
numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into ions. This process is
called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions separate out
according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend into an arc,
with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many ions arrive
for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How does it
work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V. Langmuir
[PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated downward in
an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in the full patent description, (also listed in the references at the
end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove the existence of
many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to drug design.
Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious way of
investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science relies on
being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to a
particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking traces
of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but by
smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying
viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as
proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a
Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively).
Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at
Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and water pollution travels or to discover how fast things like
pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials
used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of
dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms
Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by Jurgen Gross. Springer, 2017. A fully illustrated reference
covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research, forensics, security, archaeology, geology, and other common
applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances in mass spectrometer technology and the sorts of things they
can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February
27,2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities
were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass
spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use
at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed
technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much
more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent
I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops split a beam of white sunlight into rays of colored light,
bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and then bending them with electricity and magnetism to make
a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red light. Mass spectrometers work in a very similar way, except
they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket
into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can use this
information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There
are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into ions. This
process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions separate
out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend into an
arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many ions
arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How does
it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V.
Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated
downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in the full patent description, (also listed in the
references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove
the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to
drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious
way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science
relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to
a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking
traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but
by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying
viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as
proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a
Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively).
Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at
Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and water pollution travels or to discover how fast things like
pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials
used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of
dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms
Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by Jirgen Gross. Springer, 2017. A fully illustrated reference
covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research, forensics, security, archaeology, geology, and other common
applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances in mass spectrometer technology and the sorts of things they
can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February
27,2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William ]J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities
were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass
spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use
at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed
technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much
more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent
I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. 1. no 3Meginat velreizThis third edition of the highly successful textbook, acclaimed for its comprehensiveness, accuracy, and excellent illustrations and photographs now comes with updated coverage plus
numerous didactical improvements: The number of figures has notably increased, with about one third of them now presented in color. More photographs and schematics make it easier to understand and provide valuable insights into the practical aspects of instrumentation and procedures. Flow charts describe procedures and approaches to mass
spectral interpretation and aid in decision making. Bulleted enumerations offer a quick overview wherever several features, arguments, assumptions, or properties of a subject call for clear presentation. Examples and notes no...This third edition of the highly successful textbook, acclaimed for its comprehensiveness, accuracy, and excellent illustrations
and photographs now comes with updated coverage plus numerous didactical improvements: The number of figures has notably increased, with about one third of them now presented in color. More photographs and schematics make it easier to understand and provide valuable insights into the practical aspects of instrumentation and procedures. Flow
charts describe procedures and approaches to mass spectral interpretation and aid in decision making. Bulleted enumerations offer a quick overview wherever several features, arguments, assumptions, or properties of a subject call for clear presentation. Examples and notes now come with a short subheading that immediately conveys what this section is
about. More examples, especially of methods and applications are given and some how-to-style paragraphs provide practical guidance. Each chapter ends with a concise summary that is subdivided into compact sections highlighting the basics of the subject, its figures of merit, typical applications, and its role in current mass spectromety. In the case of
instrumentation (chapter 4), there are even summaries covering mass analyzers type by type. Digital object identifiers (DOIs) are now included to facilitate retrieval of references. All of this is presented in a new, attractive layout. The book’s website provides exercises and supplementary material (www.ms-textbook.com). Plasaka informacija par $o
izdevumuPlasi izplatiti vardi un frazes Ionization Mass Spectrometry Matrix-Assisted Laser Desorption/Ionization 2. no 3Méginat vélreiz3. no 3Meginat vélreiz Home » Instrumentation Mass Spectrometry (MS) is an analytical chemistry technique that helps identify the amount and type of chemicals present in a sample by measuring the mass-to-charge
ratio and abundance of gas-phase ions. In this instrumental technique, the sample is converted to rapidly moving positive ions by electron bombardment and charged particles are separated according to their masses. A mass spectrum is a plot of relative abundance against the ratio of mass/charge (m/e). These spectra are used to determine the elemental
or isotopic signature of a sample, the masses of particles and of molecules, and to elucidate the chemical structures of molecules and other chemical compounds. Created with BioRender.com In this technique, molecules are bombarded with a beam of energetic electrons.The molecules are ionized and broken up into many fragments, some of which are
positive ions. Each kind of ion has a particular ratio of mass to charge, i.e. m/e ratio (value).For most ions, the charge is one, and thus, the m/e ratio is simply the molecular mass of the ion.The ions pass through magnetic and electric fields to reach the detector where they are detected and signals are recorded to give mass spectra. In a typical procedure, a
sample, which may be solid, liquid, or gas, is ionized, for example by bombarding it with electrons.This may cause some of the sample’s molecules to break into charged fragments. These ions are then separated according to their mass-to-charge ratio, typically by accelerating them and subjecting them to an electric or magnetic field:Ions of the same mass-
to-charge ratio will undergo the same amount of deflection.The ions are detected by a mechanism capable of detecting charged particles, such as an electron multiplier. Results are displayed as spectra of the relative abundance of detected ions as a function of the mass-to-charge ratio.The atoms or molecules in the sample can be identified by correlating
known masses (e.g. an entire molecule) to the identified masses or through a characteristic fragmentation pattern. A. Sample Inlet A sample stored in the large reservoir from which molecules reach the ionization chamber at low pressure in a steady stream by a pinhole called “Molecular leak”. B. Ionization Atoms are ionized by knocking one or more
electrons off to give positive ions by bombardment with a stream of electrons. Most of the positive ions formed will carry a charge of +1.Ionization can be achieved by : Electron Ionization (EI-MS) Chemical Ionization (CI-MS) Desorption Technique (FAB) C. Acceleration Ions are accelerated so that they all have the same kinetic energy.Positive ions pass
through 3 slits with voltage in decreasing order.Middle slit carries intermediate and finals at zero volts. D. Deflection Ions are deflected by a magnetic field due to differences in their masses.The lighter the mass, the more they are deflected.It also depends upon the no. of +ve charge an ion is carrying; the more +ve charge, the more it will be deflected. E.
Detection The beam of ions passing through the mass analyzer is detected by a detector on the basis of the m/e ratio.When an ion hits the metal box, the charge is neutralized by an electron jumping from the metal onto the ion.Types of analyzers: Magnetic sector mass analyzers Double focussing analyzers Quadrupole mass analysers Time of Flight
analyzers (TOF) Ion trap analyzer Ion cyclotron analyser Environmental monitoring and analysis (soil, water, and air pollutants, water quality, etc.)Geochemistry - age determination, soil, and rock composition, oil and gas surveyingChemical and Petrochemical industry - Quality controlldentify structures of biomolecules, such as carbohydrates, nucleic
acidsSequence biopolymers such as proteins and oligosaccharidesDetermination of the molecular mass of peptides, proteins, and oligonucleotides.Monitoring gases in patients’ breath during surgery.ldentification of drug abuse and metabolites of drugs of abuse in blood, urine, and saliva.Analyses of aerosol particles.Determination of pesticides residues in
food. //www.slideshare.net/akshukumarsharma/mass-spectroscopy 55382941 //en.wikipedia.org/wiki/Mass_spectrometry //www.slideshare.net/solairajananant/mass-spectrometry-38534267 About Author by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops
split a beam of white sunlight into rays of colored light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and
then bending them with electricity and magnetism to make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red
light. Mass spectrometers work in a very similar way, except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly
and efficiently, but how do you do it? Simple! Tip your bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies
the ions in different parts of the spectrum and you can use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory
(AFGL). Photo by William W. Magel courtesy of US Air Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so
the atoms or molecules it contains are turned into ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more
highly charged ones are accelerated most, so the ions separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles
with an electric charge enter a magnetic field, they bend into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical
detector records a spectrum pattern showing how many ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field
so each separate ion beam hits the detector in turn. How does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by
American electrical and electronic engineer Dr Robert V. Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded
with electrons to make ions. The ions are accelerated downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in
the full patent description, (also listed in the references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis
Aston (1887-1945), used his machine to prove the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to
archaeology and from environmental science to drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA
2.0) licence. Mass spectrometers are an obvious way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering
components have suddenly failed. Forensic science relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further,
and trace the explosive's unique chemical signature to a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being
used for things like baggage scanning and checking traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes
its ions not by bombarding atoms with electrons, but by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are
used for studying how proteins work and for identifying viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying
macromolecules (very large and complex molecules) such as proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo
by Jeff Dahl published on Wikimedia Commons under a Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time
(which is the key to designing drugs that work effectively). Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-
transform ion cyclotron resonance (FTICR) mass spectrometer at Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and
water pollution travels or to discover how fast things like pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the
aim of identifying the plant, animal, and mineral materials used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida
courtesy of NASA. Chris Woodford is the author and editor of dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate
copy, and more via his website chriswoodford.com. Atoms Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by
Jurgen Gross. Springer, 2017. A fully illustrated reference covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research,
forensics, security, archaeology, geology, and other common applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances
in mass spectrometer technology and the sorts of things they can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source
and a New Life by Dexter Johnson. IEEE Spectrum, February 27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping
to bring war criminals to justice years after their atrocities were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new
forensic evidence: BBC News, 5 August 2011. How mass spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic
scientists developed a mobile mass spectrometer for use at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and
mass spectrometers. Patents If you're looking for a detailed technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996.
Fenn's electrospray ionization technique described in much more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering
Corporation, March 6, 1945. The earliest mass spectrometer patent I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work:
raindrops split a beam of white sunlight into rays of colored light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of
particles and then bending them with electricity and magnetism to make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-
wavelength red light. Mass spectrometers work in a very similar way, except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the
atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized
detector tallies the ions in different parts of the spectrum and you can use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics
Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of
electrons so the atoms or molecules it contains are turned into ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and
the more highly charged ones are accelerated most, so the ions separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving
particles with an electric charge enter a magnetic field, they bend into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized,
electrical detector records a spectrum pattern showing how many ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the
magnetic field so each separate ion beam hits the detector in turn. How does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer
designed by American electrical and electronic engineer Dr Robert V. Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample
is bombarded with electrons to make ions. The ions are accelerated downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read
more about this in the full patent description, (also listed in the references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the
spectrometer, Francis Aston (1887-1945), used his machine to prove the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime
scene investigation to archaeology and from environmental science to drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative
Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or
why engineering components have suddenly failed. Forensic science relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives
can go further, and trace the explosive's unique chemical signature to a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are
increasingly being used for things like baggage scanning and checking traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass
spectrometer. This one makes its ions not by bombarding atoms with electrons, but by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In
biotechnology, mass spectrometers are used for studying how proteins work and for identifying viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization
(ESI), which is used for studying macromolecules (very large and complex molecules) such as proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's
original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the
body for a certain period of time (which is the key to designing drugs that work effectively). Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from
the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to
measure how quickly air and water pollution travels or to discover how fast things like pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on
soil samples, but with the aim of identifying the plant, animal, and mineral materials used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change.
Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles,
scripts, corporate copy, and more via his website chriswoodford.com. Atoms Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry:
A Textbook by Jirgen Gross. Springer, 2017. A fully illustrated reference covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space
research, forensics, security, archaeology, geology, and other common applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent
advances in mass spectrometer technology and the sorts of things they can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New
Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February 27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass
spectrometry is helping to bring war criminals to justice years after their atrocities were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint



breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22
October 2004. How forensic scientists developed a mobile mass spectrometer for use at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s,
including X ray machines and mass spectrometers. Patents If you're looking for a detailed technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale
University, December 3, 1996. Fenn's electrospray ionization technique described in much more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir,
Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at
least roughly, how they work: raindrops split a beam of white sunlight into rays of colored light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components,
turning them into beams of particles and then bending them with electricity and magnetism to make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength
blue light more than long-wavelength red light. Mass spectrometers work in a very similar way, except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You
need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a
spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy
Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The
substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have
different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between
the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and
its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern
spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this
drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V. Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum
chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic
detector apparatus (green). You can read more about this in the full patent description, (also listed in the references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex
chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass
spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy
Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain
why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can
probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent
attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A
fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the
world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called
electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way.
Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level
of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively). Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled)
are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We
can use them to measure how quickly air and water pollution travels or to discover how fast things like pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass
spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and
climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write
books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass
Spectrometry: A Textbook by Jurgen Gross. Springer, 2017. A fully illustrated reference covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology,
pharmaceuticals, space research, forensics, security, archaeology, geology, and other common applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small
selection covers recent advances in mass spectrometer technology and the sorts of things they can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass
Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February 27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August
27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules.
Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC
News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the
1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et
al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert
Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. Mass spectrometry is a powerful scientific method used to detect and analyze different substances in a
sample. It works by measuring the mass of molecules and identifying what they are made of. But to really understand how it works, we must learn about mass spectrometry instruments, what they do, what types exist, and how they function. In this article, we will explain everything in very simple language, step by step, to help students, researchers, and
beginners clearly understand this amazing technology. Mass spectrometry (often called MS) is a technique that helps scientists study the structure and amount of different molecules in a substance. Whether it’s a medicine, food product, environmental sample, or even a blood test—MS can tell what chemicals are inside and in what quantity. The tool that
performs this analysis is called a mass spectrometry instrument. These instruments are used widely in research labs, hospitals, industries, and forensic investigations because of their accuracy and speed. Mass spectrometry instruments are incredibly important because they allow scientists to: Identify unknown compounds Measure the quantity of
substances in a sample Detect very small impurities or traces of chemicals Study the chemical makeup of drugs, foods, and biological fluids Solve crime cases using chemical evidence This makes them a vital part of modern scientific tools across various industries. Read this also : From Separation to Detection: How Gas Chromatography-Mass
Spectrometry (GC-MS) Works in Real-World Applications Every mass spectrometry instrument has a few basic parts that work together to analyze a sample: This is the entry point where the sample is introduced into the instrument. The material may be a gas, liquid, or solid. Sometimes, it’s first separated using gas chromatography (GC) or liquid
chromatography (LC) before entering the mass spectrometer. In this section, the sample is turned into ions—atoms or molecules that carry an electric charge. This process is known as ionization. Different methods are used for different types of samples: Electron Ionization (EI) - Best for small and gas-phase molecules Electrospray Ionization (ESI) - Good
for liquids and biological molecules MALDI (Matrix-Assisted Laser Desorption/Ionization) - Perfect for large molecules like proteins Read this also : Mass Spectrometry Principle Explained: How This Powerful Technique Identifies Molecules This is the heart of the instrument. It sorts the ions based on their mass-to-charge ratio. Each type of analyzer has its
own way of doing this. The most common ones include: Quadrupole Time of Flight (TOF) Ion Trap Orbitrap FT-ICR (Fourier Transform Ion Cyclotron Resonance) Once the ions are separated, they are sent to the detector. It keeps track of the ions’ signals and counts them. This data is then used to make a graph called a mass spectrum, which shows the
mass and quantity of each ion. There are several kinds of mass spectrometry instruments. Each is designed for specific tasks and offers different levels of detail. This is one of the simplest types. It uses a single quadrupole analyzer and is great for basic testing, like checking the quality of medicines. This setup uses three quadrupoles. It’s excellent for very
detailed analysis. It’s commonly used in drug testing, environmental analysis, and food safety. Read this also : From Ions to Insights: How Mass Spectrometry is Transforming Modern Research TOF instruments measure how quickly ions move. Faster ions are lighter; slower ones are heavier. This technique is ideal for analyzing unknown or complex
samples quickly. Orbitrap is a high-resolution instrument that can detect even very tiny differences in mass. It’s widely used in protein studies, clinical research, and environmental monitoring. Ion trap instruments trap ions temporarily and then release them one by one. They are useful for routine tests and are often used in smaller labs due to their
compact size. Let’s understand the working of mass spectrometry instruments through simple steps: The sample is introduced into the machine using an injector, probe, or linked devices like GC or LC systems. Read this also : From Air to Water: Discover the Hidden World of Environmental Chemistry The molecules in the sample are turned into charged
ions using ionization techniques like ESI, EI, or MALDI. These ions are then pushed into the analyzer. Based on their mass and charge, they get separated. The analyzer ensures that lighter and heavier ions are treated differently. After separation, ions reach the detector. After measuring them, the detector transmits the information to the computer. The
computer displays the results in the form of a mass spectrum—a graph showing the mass and amount of each ion in the sample. Scientists study this graph to understand what’s in the sample. These instruments are used in many different areas: They help doctors detect diseases, check vitamin or hormone levels, and monitor how much medicine is in the
blood. Used for developing new drugs, checking product purity, and making sure medications are safe for use. They test food for harmful chemicals like pesticides, and also check for nutritional values. Scientists use them to check air and water for pollutants, monitor soil health, and detect toxic chemicals. In forensic science, MS instruments help find
drugs, poisons, or unknown materials in crime scene evidence. Read this also : From Air to Water: Discover the Hidden World of Environmental Chemistry There are many good reasons why these instruments are preferred: They are highly sensitive - Detect even the smallest amount of substance Extremely accurate - Identify compounds with precision
Fast results - Many analyses can be done in minutes Flexible use - Work with solids, liquids, and gases Wide range of applications - Useful in science, health, law, and industry Like any tool, mass spectrometry instruments have some limitations: Cost - The machines can be expensive to buy and maintain Expertise Required - Not easy to operate without
proper training Sample Prep - Some samples need detailed preparation before testing Maintenance - Regular cleaning and calibration is necessary Technology in this area is always evolving. Here are some modern developments: Portable Mass Spectrometers - Small, handheld versions for field use Improved Software - Makes data analysis easier and
faster AI Integration - Artificial Intelligence now helps detect patterns in data Greater Resolution - Instruments now detect tiny differences in molecules Automation - Reduces manual work and speeds up the testing process Read this also : How Nanotechnology is Transforming Modern Chemistry and Materials Mass spectrometry instruments are changing
the way we analyze the world around us. From hospitals to police labs to food factories, these machines help identify substances quickly and accurately. Understanding the types, functions, and working process of mass spectrometry instruments gives us a deeper appreciation for how science works at the molecular level. Whether you’re a student just
learning about it or a professional working in the lab, mass spectrometry offers endless possibilities for discovery and innovation. Share on FacebookPost on X(Twitter)Follow usShare on Pintrest Assuming 1+ ions, stream A has the lightest ions, stream B the next lightest and stream C the heaviest. Lighter ions are going to be more deflected than heavy
ones. Detection Only ion stream B makes it right through the machine to the ion detector. The other ions collide with the walls where they will pick up electrons and be neutralised. Eventually, they get removed from the mass spectrometer by the vacuum pump. When an ion hits the metal box, its charge is neutralised by an electron jumping from the metal
on to the ion (right hand diagram). That leaves a space amongst the electrons in the metal, and the electrons in the wire shuffle along to fill it. A flow of electrons in the wire is detected as an electric current which can be amplified and recorded. The more ions arriving, the greater the current. Detecting the other ions How might the other ions be detected -
those in streams A and C which have been lost in the machine? Remember that stream A was most deflected - it has the smallest value of m/z (the lightest ions if the charge is 1+). To bring them on to the detector, you would need to deflect them less - by using a smaller magnetic field (a smaller sideways force). To bring those with a larger m/z value (the
heavier ions if the charge is +1) on to the detector you would have to deflect them more by using a larger magnetic field. If you vary the magnetic field, you can bring each ion stream in turn on to the detector to produce a current which is proportional to the number of ions arriving. The mass of each ion being detected is related to the size of the magnetic
field used to bring it on to the detector. The machine can be calibrated to record current (which is a measure of the number of ions) against m/z directly. The mass is measured on the 12C scale. 1. no 3Meginat velreizISBN: 9781118180723, 1118180720Publicésanas datums: 2012. gada 16. aprilisFormats: Elektroniska gramataDue to its enormous
sensitivity and ease of use, mass spectrometry has grown into the analytical tool of choice in most industries and areas of research. This unique reference provides an extensive library of methods used in mass spectrometry, covering applications of mass spectrometry in fields as diverse as drug discovery, environmental science, forensic science, clinical
analysis, polymers, oil composition, doping, cellular research, semiconductor, ceramics, metals and alloys, and homeland security. The book provides the reader with a protocol for the technique described (including sampling methods) and explains why to use a particular method and not others. Essential for MS specialists working in industrial,
environmental, and clinical fields.Plasi izplatiti vardi un frazes Pirmoreiz publicéts: 2012. g.lepriekseja dala: Characterization of Impurities and Degradants Using Mass SpectrometryCitas gramatas si izdeveja kolekcijaMass Spectrometry HandbookDue to its enormous sensitivity and ease of use, mass spectrometry has grown into the analytical tool of
choice in most industries and areas of research. This unique reference provides an extensive ...Applications and TechniquesAn informative and comprehensive book on the applications and techniques of dried blood spot sampling Dried blood spot (DBS) sampling involves the collection of a small volume of blood, via a simple ...Targeted Biomarker
Quantitation by LC-MSThe first book to offer a blueprint for overcoming the challenges to successfully quantifying biomarkers in living organisms The demand among scientists and clinicians for targeted quantitation ...2. no 3Meginat velreiz3. no 3Meginat velreiz IMPORTANT MEDICAL DISCLAIMER: The information on this page was generated by an
Artificial Intelligence model and has not been verified by a human medical professional. It is for informational purposes only and does not constitute medical or dental advice. This content is not a substitute for professional consultation, diagnosis, or treatment from a qualified doctor, dentist, or other health provider. Never disregard or delay seeking
professional medical advice because of something you have read here. Relying on this information is solely at your own risk.In the vast and intricate world of scientific inquiry, understanding the composition and structure of matter is paramount. From identifying novel drug compounds to pinpointing environmental pollutants, precise analytical techniques
are indispensable. Among these, mass spectrometry stands out as a singularly powerful and versatile tool, a cornerstone of both chemistry and biology that has revolutionized our ability to peer into the molecular realm. Often considered the “molecular scale,” a mass spectrometer doesn’t directly weigh molecules, but rather measures the mass-to-charge
ratio of ions, providing an unparalleled fingerprint of a substance’s identity and quantity.At its core, mass spectrometry operates on a surprisingly simple yet elegantly executed principle: turn molecules into ions, separate them based on their mass-to-charge ratio (m/z), and detect them. This process can be broken down into three primary stages, each
crucial for the instrument’s overall function.1. Ionization: Turning Molecules into Charged ParticlesThe first critical step is to convert the neutral sample molecules into charged particles, or ions. This is necessary because neutral molecules cannot be manipulated by electric or magnetic fields. The method of ionization is highly dependent on the nature of
the sample (e.g., volatile gases, heat-labile biomolecules, solids) and the desired outcome. Some of the most common ionization techniques include:Electron Ionization (EI): Historically significant and still widely used, especially for volatile, thermally stable compounds. In EI, a beam of high-energy electrons (typically 70 eV) collides with gas-phase sample
molecules, knocking out an electron and creating a positively charged molecular ion (M+¢). EI often induces fragmentation, providing structural information through characteristic fragment patterns.Chemical Ionization (CI): A softer ionization technique compared to EI, leading to less fragmentation and a more prominent molecular ion. In CI, a reagent
gas (e.g., methane, ammonia, isobutane) is ionized by electron impact. These reagent ions then react with the sample molecules, typically via proton transfer, to form protonated molecular ions ([M+H]+).Electrospray Ionization (ESI): Revolutionary for analyzing large, non-volatile, and thermally labile biomolecules like proteins, peptides, and nucleic acids.
ESI involves spraying a solution of the sample through a fine needle at high voltage, creating charged droplets. As the solvent evaporates, the charge density on the droplets increases until ions are desorbed directly into the gas phase. ESI often produces multiply charged ions, which allows for the analysis of very large molecules.Matrix-Assisted Laser
Desorption/Ionization (MALDI): Another powerful technique for biological macromolecules, MALDI involves embedding the sample in a solid matrix material. A laser pulse then strikes the co-crystallized sample and matrix, causing rapid vaporization and ionization of the sample molecules, often appearing as singly charged ions.Inductively Coupled Plasma
Mass Spectrometry (ICP-MS): Primarily used for elemental analysis, ICP-MS uses an argon plasma at extremely high temperatures (6,000-10,000 K) to desolvate, atomize, and ionize samples, allowing for ultra-trace detection of elements across the periodic table, including metals and metalloids.2. Mass Analyzer: Separating Ions by Mass-to-Charge
RatioOnce ions are formed, they enter the mass analyzer, which is essentially the “heart” of the mass spectrometer. This component separates the ions based on their unique m/z ratios. Different types of mass analyzers offer varying levels of resolution, mass accuracy, and speed:Quadrupole (Q): One of the most common and robust mass analyzers. It
consists of four parallel rods to which oscillating radiofrequency (RF) and direct current (DC) voltages are applied. Ions entering the quadrupole follow oscillating paths, and only ions with a specific m/z ratio traverse the entire length to the detector, while others are unstable and crash into the rods. Quadrupoles are known for their speed, ruggedness, and
relatively low cost.Time-of-Flight (TOF): Simplistically, a TOF analyzer measures the time it takes for ions to travel a fixed distance in a vacuum after being given the same kinetic energy. Lighter ions travel faster and arrive at the detector first, while heavier ions travel slower. TOF instruments offer high resolution, fast acquisition rates, and a broad mass
range.Magnetic Sector: A classic mass analyzer that uses a strong magnetic field to deflect ions. Ions of different m/z ratios are deflected to different extents, allowing them to be separated and detected. Magnetic sector instruments are known for their very high resolution and accuracy but are generally larger and more expensive.lon Trap (IT): Ions are
trapped in an oscillating electric field within a confined space (e.g., a 3D quadrupole array). Ions are then selectively ejected from the trap based on their m/z ratio and sent to the detector. Ion traps are excellent for MS/MS (tandem mass spectrometry) experiments, allowing for multiple stages of fragmentation.Orbitrap: A relatively newer and highly
advanced mass analyzer. lons are trapped in an electrostatic field and orbit a central electrode. The frequency of their orbital motion is inversely proportional to the square root of their m/z ratio. Orbitraps provide exceptionally high resolution, excellent mass accuracy (often in the low parts-per-million range), and high sensitivity, making them ideal for
complex mixture analysis.Fourier Transform Ion Cyclotron Resonance (FT-ICR): Considered the gold standard for mass accuracy and resolution. Ions are trapped in a strong magnetic field and their cyclotron frequency (the frequency at which they orbit due to the magnetic field) is measured. This frequency is inversely proportional to m/z. FT-ICR
instruments are highly complex and expensive but offer unparalleled analytical performance.3. Detection: Recording the Ion SignalFinally, once separated, the ions strike a detector that converts the ion signal into an electrical current. The intensity of this current is directly proportional to the abundance of ions at a particular m/z ratio. Common detectors
include electron multipliers and microchannel plates. The resulting data is then plotted as a mass spectrum, showing a plot of relative ion abundance versus m/z.The data generated by a mass spectrometer - the mass spectrum - provides a wealth of information, enabling insights that are often unattainable by other analytical techniques. Its applications
span an incredible range of scientific and industrial disciplines:1. Structure Elucidation and Identification in Organic ChemistryMass spectrometry, particularly when coupled with gas chromatography (GC-MS) or liquid chromatography (LC-MS), is indispensable for identifying unknown compounds and confirming the structure of synthesized molecules.
The molecular ion provides the molecular weight, while fragmentation patterns act like a “fingerprint” of the molecule’s substructures, often revealing functional groups, branching patterns, and connectivity.Proteomics: Mass spectrometry is the central technology in proteomics, the large-scale study of proteins. ESI-MS and MALDI-TOF MS are used to
identify proteins in complex biological samples (e.g., cell lysates, tissues), determine their post-translational modifications (e.g., phosphorylation, glycosylation), and quantify their abundance. This is crucial for understanding disease mechanisms, drug targets, and cellular signaling pathways. Shotgun proteomics, employing LC-MS/MS, can identify
thousands of proteins in a single experiment by “digesting” proteins into peptides and analyzing their characteristic fragmentation spectra.Metabolomics: Similar to proteomics, metabolomics uses mass spectrometry to identify and quantify the small molecule metabolites (e.g., sugars, amino acids, lipids) present in a biological system. This provides a
snapshot of the organism’s metabolic state, with applications in disease diagnostics (e.g., newborn screening for metabolic disorders), personalized medicine, and understanding host-microbiome interactions.3. Environmental Monitoring and ForensicsMass spectrometers are widely used for detecting and quantifying trace contaminants in water, air, and
soil. This includes pesticides, industrial pollutants, and pharmaceutical residues. In forensics, MS is crucial for identifying illicit drugs, analyzing arson residues, and examining trace evidence in criminal investigations. GC-MS is a standard tool in toxicology for drug screening in biological fluids.4. Drug Discovery and DevelopmentFrom initial drug
candidate screening to pharmacokinetics and quality control, mass spectrometry plays a critical role. It helps identify potential drug compounds, determine their molecular weight, assess their purity, measure their absorption, distribution, metabolism, and excretion (ADME) in biological systems, and ensure the final drug product meets stringent quality
standards. High-throughput screening using MS can rapidly assess lead compounds.5. Isotope Analysis and GeochronologyHighly precise mass spectrometers (e.g., isotope ratio mass spectrometers, IRMS) can measure the subtle variations in the natural abundance of isotopes (atoms of the same element with different numbers of neutrons). This capability
is fundamental to:Geochronology: Dating rocks and geological events by measuring the decay products of radioactive isotopes (e.g., uranium-lead dating).Paleoclimatology: Reconstructing past climate patterns by analyzing stable isotope ratios in ice cores or sediment layers.Forensic Science: Tracing the geographical origin of illicit drugs or materials
based on their isotopic “fingerprint.”Food Authenticity: Detecting food adulteration or mislabeling by comparing isotopic signatures.6. Clinical DiagnosticsWhile still somewhat nascent, mass spectrometry is gaining traction in clinical laboratories. Tandem mass spectrometry (MS/MS) is routinely used in newborn screening programs to detect dozens of
metabolic disorders from a single dried blood spot. It also shows promise in diagnosing infectious diseases, cancer biomarkers, and therapeutic drug monitoring, offering superior specificity and sensitivity compared to traditional immunoassay methods.The continuous evolution of mass spectrometry technology promises even more profound insights.
Advances in miniaturization, sensitivity, speed, and computational data analysis are pushing the boundaries of what’s possible. New ionization techniques are emerging, allowing for direct analysis of samples without extensive preparation, and ambient ionization methods are paving the way for real-time analysis in complex environments.From unraveling
the complexities of cell biology to ensuring the safety of our food and environment, mass spectrometry remains at the forefront of scientific discovery. Its ability to provide precise molecular information with unparalleled sensitivity makes it a truly indispensable tool, driving innovation across virtually every sector of chemistry, biology, and beyond. by Chris
Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops split a beam of white sunlight into rays of colored light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight.
Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and then bending them with electricity and magnetism to make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist
Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red light. Mass spectrometers work in a very similar way, except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound.
Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates
the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex
than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same
stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two
metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray
television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions
split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic
detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office.
Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V. Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up
above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle)
bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in the full patent description, (also listed in the references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often
paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart
from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the
International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are.
Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances
found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal
conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological,
nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of
Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-
2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets,
separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help
chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively). Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain
levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics
research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and water pollution travels or to discover how fast things like pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals
and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms
—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and
Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil
Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by Jurgen Gross. Springer, 2017. A fully illustrated reference covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee
(editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research, forensics, security, archaeology, geology, and other common applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley,
2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances in mass spectrometer technology and the sorts of things they can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz.
IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February 27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact,
cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California
Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August
2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article
from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from
Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies
Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical
Engineering department. Did you know mass spectrometry is used in many fields? It helps in food, pharmaceuticals, and even environmental monitoring. Mass spectrometers measure the mass-to-charge ratio of ions. This guide will explain how they work and their many uses. Mass spectrometry has five main steps: ionization, acceleration, deflection,
detection, and data processing. It turns molecules into ions and uses electric and magnetic fields to manipulate them. This makes mass spectrometry faster and more precise than other methods. It’s even better when paired with techniques like gas chromatography (GC/MS) or high-performance liquid chromatography (HPLC/MS). We’ll look at the parts of
mass spectrometers, like ion sources, mass analyzers, and detectors. We’ll also talk about different ways to ionize samples. These methods affect how well the sample is preserved and how it breaks down. Key Takeaways: Mass spectrometry measures the mass-to-charge ratio of ions, providing valuable information for compound identification and
quantification. Mass spectrometers consist of an ion source, mass analyzer, and detector, converting molecules into ions manipulated by electric and magnetic fields. Various ionization techniques are available, categorized as hard ionization and soft ionization methods, each impacting sample integrity differently. Combining mass spectrometry with
separation techniques like GC or HPLC enhances its versatility and precision in analyzing complex samples. Mass spectrometry finds applications across diverse industries, including proteomics, metabolomics, forensic analysis, and environmental monitoring. Introduction to Mass Spectrometry Mass spectrometry is a key analytical tool in science. It helps
identify unknown compounds and measure known substances. It also breaks down molecular structures and properties. The mass spectrometry definition is about measuring the mass-to-charge ratio (m/z) of ionized molecules. Definition and Basic Principles The basic principles of mass spectrometry include three main steps: Ionization: Molecules turn into
gas-phase ions. Separation: Ions are sorted by their m/z ratios. Detection: The amount of each ion is measured and recorded. Different methods are used for different compounds. For example, Electron Ionization (EI) works well for small organic molecules. Brief History of Mass Spectrometry The history of mass spectrometry started in the late 19th and
early 20th centuries. Important figures include: Eugen Goldstein: Found canal rays, starting mass spectrometry. Wilhelm Wien: Showed canal rays can be deflected by magnetic fields. J.J. Thomson: Built the first mass spectrometer and found the electron. Arthur Jeffrey Dempster: Made the first modern mass spectrometer. F.W. Aston: Created the mass
spectrograph and found isotopes. Since then, mass spectrometry has grown a lot. New ionization methods, mass analyzers, and detectors have been developed. Now, it’s a vital tool in science and industry. Components of a Mass Spectrometer Thermo Scientific TSQ Quantum Ultra Mass Spectrometer A mass spectrometer is a key tool for analyzing many
substances. It has an ion source, a mass analyzer, and a detector. These parts work together to turn samples into gas ions, sort them by mass, and measure their strength. Ion Source The ion source starts the ionization process. It uses methods like electron ionization (EI) or matrix-assisted laser desorption/ionization (MALDI) to turn molecules into ions.
The choice of method depends on the sample and what’s needed. For example, EI works well with non-polar, volatile samples. On the other hand, electrospray ionization (ESI) is better for polar or ionic compounds, big or small. Mass Analyzer The mass analyzer sorts and separates ions by their mass-to-charge ratios. It uses electric or magnetic fields for
this. There are different types, like: Quadrupole mass analyzer Time-of-flight (TOF) mass analyzer Ion trap mass analyzer Ions are accelerated to the same speed before being deflected. This is based on their mass and charge. Many spectrometers use two or more analyzers for better analysis. Ion Detection System The ion detection system measures the
ions and plots their m/z ratios against their intensities. This creates a mass spectrum. The m/z ratio shows the ion’s mass and charge. Today’s detection systems are very sensitive and can find trace amounts in complex samples. Ionization Techniques Mass spectrometry ionization techniques are key in analyzing different samples. The choice of method
depends on the sample type and the needed level of detail. Hard ionization, like electron ionization (EI), breaks down samples a lot. Soft ionization, including chemical ionization (CI), electrospray ionization (ESI), and matrix-assisted laser desorption/ionization (MALDI), breaks them down less. Electron Ionization (EI) Electron ionization is often used in GC-
MS for environmental studies. It creates a mass spectrum with the molecular ion and many fragments. This makes it great for figuring out structures. It works well with gases and vapors. Chemical Ionization (CI) Chemical ionization breaks down samples less than electron impact ionization. Its mass spectrum has a protonated molecule and a few
fragments. It’s good for gases and vapors. Electrospray Ionization (ESI) Electrospray ionization is the most popular method. It’s soft and great for big molecules like proteins and peptides. It creates multiply-charged ions. There are also nanospray and static nanospray for even more sensitivity. DESI is another technique for analyzing surfaces. Matrix-
Assisted Laser Desorption/Ionization (MALDI) MALDI is best for big molecules like proteins and oligonucleotides. It makes singly charged ions and works well with high molecular weight species. It’s also used for imaging mass spectrometry. Other methods include atmospheric pressure chemical ionization (APCI) and atmospheric solids analysis probe
(ASAP). APCI uses a corona discharge for polar, semi-volatile samples. ASAP is a variation for direct sample analysis. Types of Mass Analyzers Mass spectrometer analyzers are key in separating ions by their mass-to-charge (m/z) ratios. There are several types used in mass spectrometry, each with its own features and uses. Quadrupole Mass Analyzer
Quadrupole mass analyzers are the most used because they are fast, sensitive, and easy to use. They use electric fields to control ion paths based on their m/z ratios. These analyzers speed up charged molecules based on their charge and mass using electric fields. Time-of-Flight (TOF) Mass Analyzer Time-of-flight mass analyzers are fast. They sort ions by
how long it takes them to travel through a tube. The time it takes is related to the ion’s mass and charge. These analyzers use electric fields to speed up ions and measure their flight time. Ion Trap Mass Analyzer Ion trap mass analyzers are popular for identifying proteins and metabolites. They use electric fields to catch and release ions for detection.
Quadrupole ion traps trap ions in a three-dimensional field, ejecting them based on their mass and charge. Fourier Transform Ion Cyclotron Resonance (FT-ICR) Mass Analyzer Fourier transform ion cyclotron resonance (FT-ICR) mass analyzers offer high resolution and accuracy. They are used in biomarker discovery, clinical research, and forensics. These
analyzers trap ions in a magnetic field and measure their cyclotron frequency to find m/z ratios. Mass Spectrometers: Modes of Operation Mass spectrometers are versatile tools used in many fields. They can work in different ways to meet various needs. These modes help scientists learn about the compounds in a sample. The main modes are full scan,
selected ion monitoring (SIM), and multiple reaction monitoring (MRM). In full scan mode, the spectrometer looks at a wide range of masses. This gives a detailed view of the sample’s makeup. It’s great for finding unknown compounds and for broad studies. Selected ion monitoring (SIM) focuses on specific masses. This makes it better for counting known
compounds. It’s used in areas like environmental checks, drug tests, and forensic work, where precision is key. Multiple reaction monitoring (MRM) is used in tandem mass spectrometry (MS/MS). It watches specific changes in mass, offering high precision for counting. This is perfect for complex samples with many similar compounds. It helps accurately
measure specific compounds, even with other substances around. The right mode depends on what you want to know and the sample’s type. Full scan gives a wide view, while SIM and MRM are better for focused studies. By choosing the right mode, scientists can get the best results from their experiments. Interpreting Mass Spectra Mass spectra analysis
helps identify and understand compounds. It looks at how they break down. This gives scientists clues about what a sample is made of. Mass-to-Charge Ratio (m/z) The mass-to-charge ratio (m/z) is key in mass spectrometry. It shows the mass of an ion compared to its charge. In a mass spectrum, m/z values are on the x-axis, and intensity is on the y-axis.
Modern tools can spot ions that differ by just one atomic mass unit. This means they can be very precise in their analysis. Isotopic Distribution Isotopic distribution is crucial in mass spectra. Many elements have different isotopes, leading to multiple peaks. For example, chlorine has 35Cl and 37Cl, while bromine has 79Br and 81Br. Knowing this helps
scientists figure out what elements are in a sample and how much of each. Fragmentation Patterns Fragmentation patterns help understand a compound’s structure. When a molecule breaks, it forms smaller pieces with specific m/z values. The highest-mass ion is the molecular ion (M+-), showing the whole molecule. The most intense ion is called the base
peak, with an abundance of 100. Other peaks are compared to this. Ions’ stability affects their peak height. For instance, carbocations have a stability order: primary < secondary < tertiary. This influences their formation. Acylium ions ([RCO]+) are stable and often seen in ketones’ spectra. By comparing fragmentation patterns, scientists can spot
similarities and differences. This helps in identifying and understanding unknown samples. Liquid Chromatography-Mass Spectrometry (LC-MS) Liquid chromatography-mass spectrometry (LC-MS) is a powerful tool that combines two techniques. It uses liquid chromatography for separation and mass spectrometry for detection. This makes LC-MS great
for analyzing many types of compounds, from small molecules to proteins. It’s widely used in industries like biotechnology, environmental monitoring, and food processing. It’s also used in pharmaceuticals, agrochemicals, and cosmetics. Principles and Instrumentation In LC-MS, the sample is first separated using liquid chromatography. The mobile phase
interacts with the stationary phase in the LC column. This causes different compounds to elute at different times. Then, the separated components enter the mass spectrometer. Here, they are ionized using methods like electrospray ionization (ESI). These methods, developed in the 1990s, have made LC-MS more versatile. After ionization, the molecules
are analyzed by the mass analyzer. This separates them based on their mass-to-charge ratio (m/z). Common mass analyzers include quadrupoles, time-of-flight (TOF), and ion traps. Applications in Proteomics and Metabolomics LC-MS is widely used in proteomics and metabolomics. In proteomics, it helps identify, characterize, and quantify proteins. The
soft ionization techniques like ESI preserve the integrity of large biomolecules. This allows for the analysis of intact proteins and peptides. Coupled with tandem MS, LC-MS can sequence peptides and identify post-translational modifications. In metabolomics, LC-MS studies small molecules and metabolites in biological systems. It provides good coverage
of a wide range of metabolites. This makes it suitable for untargeted metabolomics studies. LC-MS has been used in clinical settings since the early 2000s. It’s a more generally applicable alternative to GC-MS. This is because it can analyze a broader range of biological molecules. Gas Chromatography-Mass Spectrometry (GC-MS) Gas chromatography-
mass spectrometry (GC-MS) is a top-notch analytical tool. It mixes the separating power of gas chromatography with the detection strength of mass spectrometry. This combo helps identify, measure, and figure out the structure of volatile compounds in complex mixes. The GC-MS works by heating a sample to turn it into vapor. The gas chromatograph
then sorts out the vapor based on how it interacts with a stationary phase. Next, the mass spectrometer breaks down the molecules into ions, creating unique “fingerprints” for each compound. The GC-MS setup has two key parts: Gas Chromatograph: Sorts out volatile parts in a mix Mass Spectrometer: Gives mass details for spotting and measuring Ion
Source: Turns neutral molecules into ions Quadrupole Mass Analyzer: Picks and checks ions by mass-to-charge ratio (m/z) Detector: Captures data as mass spectra GC-MS is used in many fields, like food and flavor checks, environmental checks, forensic work, and drug quality control. It’s great for finding volatile organic compounds (VOCs), BTEX
compounds from oil, and tiny elements in materials. It’s also used in airport security to find substances in luggage or on people. By combining gas chromatography and mass spectrometry, GC-MS boosts the ability to spot tiny amounts of chemicals in complex samples. This makes GC-MS a key tool for research, quality checks, and following rules in many
areas. Tandem Mass Spectrometry (MS/MS) Tandem mass spectrometry, also known as MS/MS or MS2, is a powerful analytical technique. It involves multiple stages of mass analysis. This method uses two or more mass analyzers in series, with an additional reaction step between each stage. By employing tandem mass spectrometry principles,
researchers can gain valuable insights. They can understand the structural elucidation and quantitative analysis of various compounds. Tandem mass spectrometry instrumentation typically consists of four major sections. These include an inlet, an ionization source, an analyzer, and a detector, all maintained under high vacuum conditions. Common
instrumental setups for MS/MS include: Triple quadrupole mass spectrometer (QgQ) Quadrupole-time of flight (Q-TOF) Ion trap Fourier transform ion cyclotron resonance (FT-ICR) Hybrid mass spectrometers Principles of Tandem Mass Spectrometry In tandem mass spectrometry, a precursor ion is selected in the first mass analyzer. It is then fragmented
through collisions with gas molecules. The resulting product ions are analyzed in the second mass analyzer. This process can be accomplished using various instruments. These include instruments that separate the mass analyzers in space, like sectors, transmission quadrupoles, or time-of-flight components. Alternatively, tandem MS in time involves
trapping ions in the same location, with multiple separation steps occurring over time using instruments like quadrupole ion traps or FT-ICR. Different tandem MS/MS experimental modes provide various types of information. These include precursor ion scan, product ion scan, neutral loss scan, and selected reaction monitoring. Fragmentation methods in
tandem mass spectrometry include in-source fragmentation, collision-induced dissociation (CID), and higher-energy collisional dissociation (HCD) techniques. Applications in Structural Elucidation and Quantitative Analysis Tandem mass spectrometry is widely used for the analysis of biomolecules like proteins and peptides. It is valuable for structural
elucidation, allowing for the determination of fragmentation pathways and the identification of specific functional groups. MS/MS is also essential for quantitative analysis, particularly in targeted approaches like multiple reaction monitoring (MRM). In metabolomics research, tandem mass spectrometry is used to identify and quantify metabolites. It is
crucial for large-scale metabolic pathway analysis. Therapeutic drug monitoring of immunosuppressant drugs using MS/MS is also important. It helps avoid toxicity or rejection by requiring individualized drug therapy. Expanded newborn screening using tandem mass spectrometry can screen for over 30 disorders. It uses only a few drops of blood, with a
significantly reduced false-positive rate compared to traditional testing methodologies. Applications of Mass Spectrometry Thermo Fisher TSQ Endura Triple Quadrupole Mass Spectrometer with Vanquish UHPLC Mass spectrometry is key in many scientific fields. It gives deep insights into molecules. It’s used in proteomics, metabolomics, forensic science,
drug testing, and environmental monitoring. This tool helps us understand complex biological systems, solve crimes, check food safety, and monitor our environment. Proteomics and Protein Characterization In proteomics, mass spectrometry is the main tool for studying proteins. It helps identify and understand protein changes. Techniques like top-down,
middle-down, and bottom-up approaches are used. Quantitative proteomics lets us measure protein amounts. This is done through stable isotope labeling and label-free methods. It shows how proteins change and work together. Metabolomics and Small Molecule Analysis Metabolomics studies small molecules in living systems. Mass spectrometry and
NMR are key for identifying and measuring these molecules. This helps understand metabolic pathways and find new treatments. Mass spectrometry imaging (MSI) shows where molecules are in a sample. Techniques like DESI, MALDI, and secondary ion mass spectrometry imaging are used. This gives us spatial information about molecules. Forensic
Analysis and Drug Testing Mass spectrometry is vital in forensic science and drug testing. It helps identify and measure drugs and toxins in samples. Forensic scientists use it to analyze evidence from crime scenes. In the pharmaceutical world, mass spectrometry helps determine drug formulas. This is important for development and safety checks.
Environmental Monitoring and Food Safety Mass spectrometry is crucial for environmental monitoring and food safety. It detects harmful substances in food and the environment. This ensures our food and environment are safe. In environmental science, it’s used for many tasks. This includes studying geology, soil quality, water purity, and isotopes in
solar wind. NASA also uses it for space research, like studying planetary atmospheres. Mass spectrometry’s versatility and sensitivity make it essential in many fields. It drives scientific progress. As technology improves, mass spectrometry will help solve more complex problems and uncover molecular secrets. Conclusion Mass spectrometry has become a
key tool in science, changing many fields. It helps find and measure compounds with great detail. This makes it essential in studying proteins, metabolites, forensic science, and environmental studies. It’s also vital in finding new drugs, checking product quality, and ensuring food safety. This shows how useful it is in many areas. New tools and methods in
mass spectrometry have made it even better. For example, electrospray ionization (ESI) has improved how it works with liquid chromatographs. But, there are still problems like making sure samples are the same and finding the right standards. Despite these issues, mass spectrometry is still very important. It helps figure out what proteins are, how much
there is, and their structure. It also speeds up DNA sequencing and helps in studying how genes work. As mass spectrometry keeps getting better, it will help solve more complex questions. It’s already helping in drug studies by looking at how drugs work in the body. It’s also key in finding and studying proteins and biomarkers, which helps us understand
diseases better. 1. no 4Meginat velreizThe renowned Oxford Chemistry Primers series, which provides focused introductions to a range of important topics in chemistry, has been refreshed and updated to suit the needs of today's students, lecturers, and postgraduate researchers. The rigorous, yet accessible, treatment of each subject area is ideal for
those wanting a primer in a given topic to prepare them for more advanced study or research. Moreover, cutting-edge examples and applications throughout the texts show the relevance of the chemistry being described to current research and industry. The learning features provided, including questions at the end of every chapter and online multiple-
choice questions, encourage active learning and promote understanding. Furthermore, frequent diagrams, margin notes, further readin...The renowned Oxford Chemistry Primers series, which provides focused introductions to a range of important topics in chemistry, has been refreshed and updated to suit the needs of today's students, lecturers, and
postgraduate researchers. The rigorous, yet accessible, treatment of each subject area is ideal for those wanting a primer in a given topic to prepare them for more advanced study or research. Moreover, cutting-edge examples and applications throughout the texts show the relevance of the chemistry being described to current research and industry. The
learning features provided, including questions at the end of every chapter and online multiple-choice questions, encourage active learning and promote understanding. Furthermore, frequent diagrams, margin notes, further reading, and glossary definitions all help to enhance a student's understanding of these essential areas of chemistry. This brand new
addition to the series provides the most concise, clear, and accessible first introduction to the basic principles of mass spectrometry. Online resources The online resources that accompany iMass Spectrometry/i include: For students: - Multiple-choice questions for self-directed learning For registered adopters of the text: - Figures from the book available
to downloadPlasaka informacija par So izdevumuPlasi izplatiti vardi un frazes accurate mass measurement Pirmoreiz publicéts: 2019. g. junijsA Practical Guide to Structure Determination in Organic ChemistryAutori: Andrew N. Boa, Timothy D. W. Claridge, James S. O. McCullaghThis text offers a concise introduction to the key analytical techniques used
to determine the molecular structure of organic compounds. It sets out a systematic approach to using and integrating ...Citas gramatas $1 izdevéja kolekcijaAutors: Laurence M. HarwoodThe general principles of polar rearrangements are brought together in this undergraduate chemistry text, which deals with all the major rearrangements involving
electron-deficient atoms or charged ...Aromatic Heterocyclic ChemistryHeterocyclic compounds are of prime importance to organic chemists working in the chemical industry, and heterocyclic chemistry is therefore a fundamental topic in undergraduate chemistry courses. ...Autori: Christopher J. Moody, Gordon Harlow WhithamNeutral reactive
intermediates -- radicals, carbenes, nitrenes, and aryenes -- occupy a fascinating place in the history of organic chemistry. First regarded as mere curiosities, neutral reactive ...2. no 4Méginat velreiz3. no 4Méginat velreiz4. no 4Méginat vélreiz Mass spectrometry (often abbreviated as mass spec) is a powerful analytical technique used to determine the
mass of molecules in a sample. A mass spectrometer is the instrument used to perform this measurement, making it an indispensable tool in scientific research and industry.The first mass spectrometer was built in 1912 by ]J.J. Thomson. Originally called a parabola spectrograph, it provided definitive evidence of nonradioactive isotopes. Over the years,
mass spectrometry has evolved and become a key technique used in nearly every scientific field, contributing to significant breakthroughs in areas such as proteomics, environmental science, drug development, anad more.What Is a Mass Spectrometer?A mass spectrometer is any device that produces a mass spectrum, which is a visual output of the
individual mass spectra of molecules in a sample. Since Thomson’s early version, numerous types of mass spectrometers have been developed to address a wide range of research needs.Today, mass spectrometers are commonly used in life science research to analyze proteins, peptides, and amino acids. They play a crucial role in applications such as DNA



sequencing, environmental analysis, and forensic investigations. Mass spectrometry is also widely used in industries such as pharmaceuticals, biotechnology, and even cosmetics.What Does a Mass Spectrometer Measure?Mass spectrometers measure the speed at which positively charged ions move through a vacuum chamber toward a negatively charged
plate. The speed of these ions is determined by their mass-to-charge ratio (m/z), enabling scientists to analyze the molecular composition of a sample.For instance, using mass spectrometry, researchers can analyze blood samples for signs of lead poisoning or test water sources for chemical contaminants. The versatility and precision of this analytical
technique make it one of the most widely used instruments in labs around the world.How Does a Mass Spectrometer Work?Despite the variations in mass spectrometry methods, the basic components of a mass spectrometer include:Ionization Source: Converts sample molecules into charged particles.Mass Analyzer: Separates the ions by their mass-to-
charge ratio.Detector: Records the mass spectra, providing the mass spectrum readout.Molecule IonizationThe sample is first vaporized or combined with a matrix material. Using electrospray ionization (ESI), chemical ionization, or an electric field, the sample molecules are ionized into charged particles.Acceleration and DeflectionThe ionized particles
are then accelerated through the vacuum chamber toward the negatively charged plate (also called the electron multiplier). The magnetic field deflects the ions based on their mass and charge. Lighter ions are deflected more than heavier ones, allowing them to be separated for detection.Detection/MeasurementAs the ions reach the detector, the mass
analyzer measures their speed and relative abundance to generate a mass spectrum. By comparing the mass spectrum to known substances, researchers can determine the composition of the sample.Applications of Mass SpectrometryMass spectrometry has a wide range of applications across many industries. Here are a few examples of how it's
used:Pharmaceuticals: In drug development, mass spectrometry helps analyze the structure of new drug molecules, ensuring they have the desired properties before moving to clinical trials.Environmental Testing: Mass spectrometers detect contaminants in water, air, and soil, providing critical data to maintain safe environments and public
health.Proteomics: In the field of proteomics, mass spectrometry is used to identify and quantify proteins in biological samples, aiding in the understanding of diseases and development of new therapies.Forensics: Forensic labs use mass spectrometers to analyze crime scene samples such as toxic substances, drugs, and biological material, offering key
insights in criminal investigations.Types of Mass SpectrometersThere are many types of mass spectrometers, each suited for specific applications. Below are some of the most common:Liquid Chromatography Mass Spectrometry (LC-MS)LC-MS combines liquid chromatography with mass spectrometry. Liquid chromatography separates the components of
a mixture, and mass spectrometry analyzes each component’s molecular weight. This combination is ideal for analyzing organic and inorganic compounds in fields like food safety, biotechnology, and pharmaceuticals.Gas Chromatography Mass Spectrometry (GC-MS)GC-MS combines gas chromatography with mass spectrometry. Gas chromatography
separates volatile compounds such as fatty acids and alcohols, and mass spectrometry measures the molecular weight. It’s widely used in environmental testing and forensic analysis.Triple Quadrupole Mass Spectrometer (TQMS)A triple quadrupole mass spectrometer (TQMS) uses two quadrupole mass analyzers separated by a collision cell. This setup
improves the sensitivity and accuracy of mass measurements, making it ideal for drug metabolism, pharmacokinetics, and environmental studies.Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS)MALDI-TOF MS is used to analyze large molecules like proteins and polymers without breaking them down. A
sample is mixed with a matrix and hit with a laser, causing the molecules to ionize. The ions are then accelerated into a Time-of-Flight (TOF) analyzer, which measures their mass-to-charge ratios based on how fast they travel through the vacuum.Emerging Trends in Mass SpectrometryThe field of mass spectrometry continues to evolve with new
technologies emerging every year. High-resolution mass spectrometry and ion mobility spectrometry are among the latest advancements, offering increased accuracy and the ability to explore more complex biological systems. These innovations are revolutionizing research, particularly in proteomics and biomarker discovery, allowing for more detailed and
precise molecular analysis.Staying ahead of these advancements is crucial for cutting-edge research, and leasing equipment ensures that your lab is equipped with the latest tools as technology evolves.Maintenance and Calibration of Mass SpectrometersTo ensure accurate results, mass spectrometers must be properly maintained and calibrated regularly.
Routine calibration checks ensure the instrument measures ions accurately, while regular cleaning of ion sources and detectors prevents contamination.Leasing with Excedr includes maintenance and calibration services, so you don’t have to worry about costly downtime or repairs. This ensures your equipment remains in peak condition, providing
consistent and reliable results.Comparing Popular Mass SpectrometersDifferent models of mass spectrometers offer varying capabilities. For example, Thermo Fisher Scientific’s Q Exactive HF-X excels at high-resolution measurements, making it ideal for proteomics. On the other hand, Agilent’s 7700x ICP-MS is a go-to for trace elemental analysis,
particularly in environmental testing.Leasing gives labs the flexibility to try different models and find the instrument that best fits their specific needs.The Cost of Mass SpectrometersMass spectrometers vary widely in price, from under $10,000 for basic models to nearly $100,000 for high-end units. For labs with limited budgets, leasing offers a practical
solution to acquiring this essential piece of equipment.Leasing a mass spectrometer allows you to spread the cost over time, making it easier to access the latest technology without a large upfront investment. Leasing also typically includes maintenance and servicing, ensuring your equipment stays in peak condition. Additionally, leasing gives you the
flexibility to upgrade as newer models become available, keeping your lab up to date with the latest advancements in mass spectrometry.Why Leasing Is Ideal for Evolving Research Needsln a rapidly advancing field like mass spectrometry, staying on the cutting edge is essential. Leasing allows you to adapt as new technologies emerge, ensuring your lab
isn’t stuck with outdated equipment. As scientific research evolves, so do instrumentation needs. By leasing, you have the flexibility to upgrade to more advanced mass spectrometers that meet your lab’s changing demands, all while managing costs effectively.At Excedr, we offer leasing solutions for a wide range of mass spectrometers, ensuring you can
equip your lab with the most advanced tools without straining your budget. Learn more about our leasing program and how it can help your lab succeed. by Chris Woodford. Last updated: September 3, 2022. Everyone loves a rainbow and most people understand, at least roughly, how they work: raindrops split a beam of white sunlight into rays of colored
light, bending the blueish ones more than the reddish ones to make the well-known arc in the sky. Rain, then, is a brilliant method for separating sunlight. Chemists and physicists use a similar method for separating mixtures of substances into their components, turning them into beams of particles and then bending them with electricity and magnetism to
make a kind of spectrum of different atoms that are easier to identify. This technique is called mass spectrometry and it was pioneered by British physicist Francis Aston in 1919. Let's take a closer look at how it works! Photo: Rainbows bend short wavelength blue light more than long-wavelength red light. Mass spectrometers work in a very similar way,
except they bend beams of ions (charged atoms) instead of beams of light. Contents Mass spectrometers are much simpler than they look—or sound. Suppose someone gives you a bucketful of atoms of different chemical elements and asks you what's inside. You need to separate out the atoms quickly and efficiently, but how do you do it? Simple! Tip your
bucket into a mass spectrometer. It turns the atoms into ions (electrically charged atoms with either too few or too many electrons). Then it separates the ions by passing them first through an electric field, then through a magnetic field, so they fan out into a spectrum. A computerized detector tallies the ions in different parts of the spectrum and you can
use this information to figure out what kinds of atoms were originally in your bucket. That's the basic idea, anyway. In reality, it's a bit more complex than this—there's no bucket, for a start! Photo: A scientist uses a mass spectrometer in the Aeronomy Laboratory, Air Force Geophysics Laboratory (AFGL). Photo by William W. Magel courtesy of US Air
Force. There are numerous different kinds of mass spectrometers, all working in slightly different ways, but the basic process involves broadly the same stages. You place the substance you want to study in a vacuum chamber inside the machine. The substance is bombarded with a beam of electrons so the atoms or molecules it contains are turned into
ions. This process is called ionization. The ions shoot out from the vacuum chamber into a powerful electric field (the region that develops between two metal plates charged to high voltages), which makes them accelerate. Ions of different atoms have different amounts of electric charge, and the more highly charged ones are accelerated most, so the ions
separate out according to the amount of charge they have. (This stage is a bit like the way electrons are accelerated inside an old-style, cathode-ray television.) The ion beam shoots into a magnetic field (the invisible, magnetically active region between the poles of a magnet). When moving particles with an electric charge enter a magnetic field, they bend
into an arc, with lighter particles (and more positively charged ones) bending more than heavier ones (and more negatively charged ones). The ions split into a spectrum, with each different type of ion bent a different amount according to its mass and its electrical charge. A computerized, electrical detector records a spectrum pattern showing how many
ions arrive for each mass/charge. This can be used to identify the atoms or molecules in the original sample. In early spectrometers, photographic detectors were used instead, producing a chart of peaked lines called a mass spectrograph. In modern spectrometers, you slowly vary the magnetic field so each separate ion beam hits the detector in turn. How
does it work in reality? Artwork: Mass spectrometer designed by Robert Langmuir. Diagram courtesy of US Patent and Trademark Office. Although that's a very simplified explanation, it's not too far from what really happens. Take a look at this drawing of an early mass spectrometer designed by American electrical and electronic engineer Dr Robert V.
Langmuir [PDF]. in the late 1930s and patented in 1945. I've colored it to make it easier to follow and used the same numbering as I used up above to emphasize the similarity. Here's how it works: A sample of gas (blue) flows into the vacuum chamber (inner orange circle). The sample is bombarded with electrons to make ions. The ions are accelerated
downward in an electric field (toward the curved electric plate labelled 3). A magnetic field created by the electromagnet (outer red circle) bends the ions round in a semicircle (yellow). The ions separate out and are picked up by the electronic detector apparatus (green). You can read more about this in the full patent description, (also listed in the
references at the end). Now why would you want to go separating a beam of atoms into a rainbow? Like chromatography, with which it's often paired, mass spectrometry is an important method for identifying the atoms or molecules in complex chemical substances. The inventor of the spectrometer, Francis Aston (1887-1945), used his machine to prove
the existence of many naturally occurring isotopes (atoms of the same element with different numbers of neutrons and different mass). Apart from this kind of pure scientific research, there are all sorts of everyday fields in which mass spectrometers are indispensable tools, from crime scene investigation to archaeology and from environmental science to
drug design. Photo: A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons (CC BY-SA 2.0) licence. Mass spectrometers are an obvious
way of investigating situations where strange chemicals suddenly appear—and figuring out exactly what those things are. Materials scientists use them to identify the precise chemical composition of samples, which can help to explain why buildings or bridges collapse unexpectedly or why engineering components have suddenly failed. Forensic science
relies on being able to identify unusual substances found at a crime scene and match them precisely with similar substances found elsewhere. So, for example, if traces of explosive can be found at an airplane crash site, investigators can probably rule out mechanical failure. If detectives can go further, and trace the explosive's unique chemical signature to
a particular place or person, with the help of mass spectrometry, that powerful evidence could lead to a successful criminal conviction. Security is a very closely related application, but works in a more pro-active way (aiming to prevent attacks altogether). Mass spectrometers are increasingly being used for things like baggage scanning and checking
traces of chemicals found in suspicious mail packages, to identify what are termed CBRNE (chemical, biological, radiological, nuclear, and explosive) threats. And this sort of application is bound to become more important in future. Photo: A fast atomic bombardment mass spectrometer. This one makes its ions not by bombarding atoms with electrons, but
by smashing high-speed atoms into a surface to knock electrons out of them. Photo by courtesy of US National Library of Medicine Digital Collections. More optimistically, mass spectrometers can help us design new things that make the world a better place. In biotechnology, mass spectrometers are used for studying how proteins work and for identifying
viruses and bacteria much more quickly than traditional culture-based methods allow. US chemist John B. Fenn (1917-2010) won the 2002 Nobel Prize in Chemistry for jointly developing an improved form of mass spectrometry called electrospray ionization (ESI), which is used for studying macromolecules (very large and complex molecules) such as
proteins. Unlike normal mass spectrometry, this technique involves turning a sample into an aerosol burst of droplets, separating it into individual protein molecules, which can then be analyzed with a mass spectrometer in the usual way. Photo: John Fenn's original ESI mass spectrometer. Photo by Jeff Dahl published on Wikimedia Commons under a
Creative Commons (CC BY-SA 3.0) Licence. Widely used in the pharmaceutical industry, mass spectrometers can help chemists design new drugs much more quickly; among other things, they're useful for figuring out how to maintain the level of a chemical in the body for a certain period of time (which is the key to designing drugs that work effectively).
Agricultural scientists who breed and genetically engineer plants use mass spectrometers to measure and maintain levels of desirable chemicals in new crops, or to study how quickly things like fertilizers (which have been radioactively labeled) are taken up from the soil. Photo: A Fourier-transform ion cyclotron resonance (FTICR) mass spectrometer at
Pacific Northwest National Laboratory. This highly accurate machine is used for molecular biology and genetics research. Photo by courtesy of US Department of Energy. Mass spectrometers can also help us to understand our environment. We can use them to measure how quickly air and water pollution travels or to discover how fast things like
pesticides break down when they're released into soil. Geologists use them to analyze rock samples for valuable minerals and to find out the precise chemical composition of oil and gas deposits. Archaeologists—human history detectives—also use mass spectrometers on soil samples, but with the aim of identifying the plant, animal, and mineral materials
used in certain places hundreds or thousands of years ago. So there's much more to a rainbow—at least a rainbow of atoms—than you might think! Photo: A chemical ionization mass spectrometer being used by NASA scientists to study air pollution and climate change. Photo by Tom Tschida courtesy of NASA. Chris Woodford is the author and editor of
dozens of science and technology books for adults and children, including DK's worldwide bestselling Cool Stuff series and Atoms Under the Floorboards, which won the American Institute of Physics Science Writing award in 2016. You can hire him to write books, articles, scripts, corporate copy, and more via his website chriswoodford.com. Atoms
Chromatography Electromagnetic spectrum Forensic science Materials Mass Spectrometry by by James McCullagh and Neil Oldham. Oxford, 2019. Perhaps the best place to go next: a well-digested, comprehensive, illustrated introduction in about 200 pages. Mass Spectrometry: A Textbook by Jurgen Gross. Springer, 2017. A fully illustrated reference
covering the chemistry and theory of mass spectrometry more than the applications. Mass Spectrometry Handbook by Mike Lee (editor). Wiley, 2012. This 1000-page academic reference has sections covering the use of mass spectrometry in biotechnology, pharmaceuticals, space research, forensics, security, archaeology, geology, and other common
applications. Mass Spectrometry: Principles and Applications (Third Edition) by Edmond de Hoffmann and Vincent Stroobant. Wiley, 2013. Aimed at a similar (undergraduate) audience to the one above, this book has exercises and covers applications. This small selection covers recent advances in mass spectrometer technology and the sorts of things they
can be used for in everyday life: Handheld Mass-Spectrometry Pen Identifies Cancer in Seconds During Surgery by Emily Waltz. IEEE Spectrum, September 6, 2017. A new, handheld mass spectrometry detector offers a much faster test for cancer. Mass Spectrometry Gets a New Power Source and a New Life by Dexter Johnson. IEEE Spectrum, February
27, 2017. New power supplies called triboelectric nanogenerators (TENGs) could make mass spectrometers more compact, cheaper, and more portable. Chemical Attack Evidence Lasts Years, Experts Say by William J. Broad. The New York Times, August 27, 2013. Mass spectrometry is helping to bring war criminals to justice years after their atrocities
were committed. A Scale for Weighing Single Molecules by Douglas McCormick, IEEE Spectrum, September 7, 2012 California Institute of Technology researchers have developed a nanotechnology mass spectrometer for weighing individual molecules. Fingerprint breakthrough offers new forensic evidence: BBC News, 5 August 2011. How mass
spectrometry can be used to probe fingerprints in greater detail than ever before. Machine 'sniffs out skin cancer': BBC News, 21 August 2008. An example of how mass spectrometry has been used in medical research. Mobile 'crime scene lab' developed: BBC News, 22 October 2004. How forensic scientists developed a mobile mass spectrometer for use
at crime scenes. Can technology stop terror in the air? by Steven Ashley, Popular Science, November 1985. This old but excellent article from Pop Sci explores the various technologies that were being developed to stop terrorist attacks on airplanes back in the 1980s, including X ray machines and mass spectrometers. Patents If you're looking for a detailed
technical description of how mass spectrometers work, patents are a really good place to start. Here are a few I've picked out from Google Patents: US Patent #5,581,080: Method for determining molecular weight using multiply charged ions by John Fenn et al, Yale University, December 3, 1996. Fenn's electrospray ionization technique described in much
more detail, in his own words. US Patent #7,053, 367: Mass Spectrometer by Tomoyuki Tobita et al, Hitachi High-Technologies Corporation, May 30, 2006. A typical modern mass spectrometer. US Patent #2,370, 673: Mass Spectrometry by Robert Langmuir, Consolidated Engineering Corporation, March 6, 1945. The earliest mass spectrometer patent
I've found. Dr Langmuir went on to work for General Electric's Research Laboratories before joining Caltech's Electrical Engineering department. , the free encyclopedia that anyone can edit. 110,144 active editors 7,022,679 articles in English Sirius A with Sirius B, a white dwarf, indicated by the arrow A white dwarf is a stellar core remnant composed
mostly of electron-degenerate matter, supported against its own gravity only by electron degeneracy pressure. A white dwarf is very dense: in an Earth sized volume, it contains a mass comparable to the Sun. What light it radiates is from its residual heat. White dwarfs are thought to be the final evolutionary state of stars whose mass is insufficient for
them to become a neutron star or black hole. This includes more than 97% of the stars in the Milky Way. After the hydrogen-fusing period of such a main-sequence star ends, it will expand to a red giant and shed its outer layers, leaving behind a core which is the white dwarf. This, very hot when it forms, cools as it radiates its energy until its material
begins to crystallize into a cold black dwarf. The oldest known white dwarfs still radiate at temperatures of a few thousand kelvins, which establishes an observational limit on the maximum possible age of the universe. (Full article...) Recently featured: Battle of Groix Scott Carpenter Johann Reinhold Forster Archive By email More featured articles About
Joanna Schaffhausen ... that Joanna Schaffhausen (pictured) earned a doctorate in behavioral neuroscience before writing serial-killer novels? ... that the book Animals in War inspired the campaign that led to the Animals in War Memorial? ... that Chinese actress Huang Wei portrayed a single historical figure in numerous Chinese films and dramas for
more than 20 years? ... that bills to postpone the 2025 Philippine barangay elections were filed even after the Supreme Court declared unconstitutional the postponement of the 2023 elections? ... that Janet Evans was banned from Coldbath Fields Prison, where her husband was imprisoned, for inciting a riot at the gates? ... that even before its first
broadcast, a Florida TV station was the subject of a U.S. Supreme Court case and a protest by a competitor over its antenna? ... that Perceval, the Story of the Grail by Chrétien de Troyes is considered by literary historians to be the earliest example of the narrative technique of entrelacement? ... that German athlete Leander Wiegand received a
scholarship to play American football at an American college that had never seen him play? ... that a judge on DVD Verdict found Death Race 2 guilty of "running on empty"? Archive Start a new article Nominate an article Vera Rubin Observatory The Vera C. Rubin Observatory (pictured) in Chile releases the first light images from its new 8.4-metre (28 ft)
telescope. In basketball, the Oklahoma City Thunder defeat the Indiana Pacers to win the NBA Finals. The United States conducts military strikes on three nuclear facilities in Iran. In rugby union, the Crusaders defeat the Chiefs to win the Super Rugby Pacific final. In ice hockey, the Florida Panthers defeat the Edmonton Oilers to win the Stanley Cup.
Ongoing: Gaza war Iran-Israel war Russian invasion of Ukraine timeline Sudanese civil war timeline Recent deaths: Frederick W. Smith Ron Taylor Mohammad Kazemi Marita Camacho Quirés Kim Woodburn William Langewiesche Nominate an article June 24: Jaanipaev in Estonia Julia Gillard 1374 - An outbreak of dancing mania, in which crowds of
people danced themselves to exhaustion, began in Aachen (in present-day Germany) before spreading to other parts of Europe. 1717 - The first Grand Lodge of Freemasonry, the Premier Grand Lodge of England, was founded in London. 1724 - On the Feast of St. John the Baptist, Bach led the first performance of Christ unser Herr zum Jordan kam,

BWYV 7, the third cantata of his chorale cantata cycle. 1943 - Amid racial tensions, U.S. Army military police shot and killed a black serviceman after a confrontation at a pub in Bamber Bridge, England. 2010 - Julia Gillard (pictured) was sworn in as the first female prime minister of Australia after incumbent Kevin Rudd declined to contest a leadership spill
in the Labor Party. William Arnold (b. 1587)John Lloyd Cruz (b. 1983)Lisa (b. 1987)Rodrigo (d. 2000) More anniversaries: June 23 June 24 June 25 Archive By email List of days of the year About The springbok (Antidorcas marsupialis) is a medium-sized antelope found mainly in the dry areas of southern and southwestern Africa. A slender, long-legged
bovid, it reaches 71 to 86 cm (28 to 34 in) at the shoulder and weighs between 27 and 42 kg (60 and 93 1b). Both sexes have a pair of long black horns that curve backwards, a white face, a dark stripe running from the eyes to the mouth, a light-brown coat with a reddish-brown stripe, and a white rump flap. Primarily browsing at dawn and dusk, it can live
without drinking water for years, subsisting on succulent vegetation. Breeding peaks in the rainy season, when food is more abundant. A single calf is weaned at nearly six months of age and leaves its mother a few months later. Springbok herds in the Kalahari Desert and the semi-arid Karoo used to migrate in large numbers across the countryside. The
springbok is the national animal of South Africa. This male springbok was photographed in Etosha National Park, Namibia. Photograph credit: Yathin S Krishnappa Recently featured: Geraldine Ulmar Shah Mosque (Isfahan) Cape Barren goose Archive More featured pictures Community portal - The central hub for editors, with resources, links, tasks, and
announcements. Village pump - Forum for discussions about Wikipedia itself, including policies and technical issues. Site news - Sources of news about Wikipedia and the broader Wikimedia movement. Teahouse - Ask basic questions about using or editing Wikipedia. Help desk - Ask questions about using or editing Wikipedia. Reference desk - Ask
research questions about encyclopedic topics. Content portals - A unique way to navigate the encyclopedia. Wikipedia is written by volunteer editors and hosted by the Wikimedia Foundation, a non-profit organization that also hosts a range of other volunteer projects: CommonsFree media repository MediaWikiWiki software development Meta-
WikiWikimedia project coordination WikibooksFree textbooks and manuals WikidataFree knowledge base WikinewsFree-content news WikiquoteCollection of quotations WikisourceFree-content library WikispeciesDirectory of species WikiversityFree learning tools WikivoyageFree travel guide WiktionaryDictionary and thesaurus This Wikipedia is written in
English. Many other Wikipedias are available; some of the largest are listed below. 1,000,000+ articles &, ,2J| Deutsch Espafiol _uw,ls Francais Italiano Nederlands H#<3E Polski Portugués Pycckuii Svenska Vkpaincbka Tiéng Viét F1X 250,000+ articles Bahasa Indonesia Bahasa Melayu Ban-lam-gi Bwnrapcku Catala Cestina Dansk Eesti EAAnvik& Esperanto
Euskara nnay Quyliptit Magyar Norsk bokmal Roméana Simple English Slovencina Srpski Srpskohrvatski Suomi Tirkce O‘zbekcha 50,000+ articles Asturianu Azsrbaycanca [J[J[JJ] Bosanski s»,sS Frysk Gaeilge Galego Hrvatski Jo®mygmo Kurdi LatvieSu Lietuviu 000000 Makemoucku (000000000 Norsk nynorsk (00000 Shqip Slovensc¢ina (00 00000 so,! Retrier
from " 2 This article needs additional citations for verification. Please help improve this article by adding citations to reliable sources. Unsourced material may be challenged and removed.Find sources: "1374" - news - newspapers - books - scholar - JSTOR (June 2017) (Learn how and when to remove this message) Calendar year Years Millennium

2nd millennium Centuries 13th century 14th century 15th century Decades 1350s 1360s 1370s 1380s 1390s Years 1371 1372 1373 1374 1375 1376 1377 vte 1374 by topic Leaders Political entities State leaders Religious leaders Birth and death categories Births - Deaths Establishments and disestablishments categories Establishments - Disestablishments
Art and literature 1374 in poetry vte 1374 in various calendarsGregorian calendarl 374MCCCLXXIVAD urbe condita2127Armenian calendar823(3Jd MhQAssyrian calendar6124Balinese saka calendar1295-1296Bengali calendar780-781Berber calendar2324English Regnal year47 Edw. 3 - 48 Edw. 3Buddhist calendar1918Burmese calendar736Byzantine
calendar6882-6883Chinese calendarz H (Water Ox)4071 or 3864 — to —FES (Wood Tiger)4072 or 3865Coptic calendar1090-1091Discordian calendar2540Ethiopian calendar1366-1367Hebrew calendar5134-5135Hindu calendars - Vikram Samvat1430-1431 - Shaka Samvat1295-1296 - Kali Yuga4474-4475Holocene calendarl1374Igbo calendar374-
375Iranian calendar752-753Islamic calendar775-776Japanese calendarOan 7(j&% 7 £)Javanese calendar1287-1288]Julian calendar1374MCCCLXXIVKorean calendar3707Minguo calendar538 before ROCR #5385 Nanakshahi calendar—94Thai solar calendar1916-1917Tibetan calendarfA/K4-£ (female Water-Ox)1500 or 1119 or 347 — to —PAAREE (male
Wood-Tiger)1501 or 1120 or 348Year 1374 (MCCCLXXIV) was a common year starting on Sunday of the Julian calendar. April 23 - In recognition of his services, Edward III of England grants the English writer Geoffrey Chaucer a gallon of wine a day, for the rest of his life. June 24 - The illness dancing mania begins in Aix-la-Chapelle (Aachen), possibly due
to ergotism. October 27 - King Gongmin of Goryeo is assassinated and succeeded by U of Goryeo on the throne of Goryeo (in modern-day Korea). November 25 - James of Baux succeeds his uncle, Philip II, as Prince of Taranto (modern-day eastern Italy) and titular ruler of the Latin Empire (northern Greece and western Turkey). Rao Biram Dev succeeds
Rao Kanhadev as ruler of Marwar (the modern-day Jodhpur district of India). Shaikh Hasan Jalayir succeeds his father, Shaykh Uways Jalayir, as ruler of the Jalayirid Sultanate in modern-day Iraq and western Iran. Hasan proves to be an unpopular ruler and is executed on October 9 and succeeded by his brother, Shaikh Hussain Jalayir. Musa II succeeds
his father, Mari Djata II, as Mansa of the Mali Empire (modern-day Mali and Senegal). Robert de Juilly succeeds Raymond Berenger as Grand Master of the Knights Hospitaller. Princes from the Kingdom of Granada choose Abu al-Abbas Ahmad to succeed Muhammad as-Said, as Sultan of the Marinid Empire in Morocco. The Empire is split into the
Kingdom of Fez and the Kingdom of Marrakech. A form of the Great Plague returns to Europe. The Chateau de Compiegne royal residence is built in France. April 11 - Roger Mortimer, 4th Earl of March, heir to the throne of England (d. 1398) November 26 - Yury Dmitrievich, Russian grand prince (d. 1434) probable Queen Jadwiga of Poland King Martin I
of Sicily (d. 1409) March 12 - Emperor Go-Kogon of Japan (b. 1338). June 5 or June 6 - William Whittlesey, Archbishop of Canterbury June 29 - Jan Mili¢ of Kromeériz, Czech priest and reformer July 19 - Petrarch, Italian poet (b. 1304) September - Joanna of Flanders, Duchess of Brittany (b. 1295) October 27 - King Gongmin of Goryeo (b. 1330) November
25 - Prince Philip II of Taranto December 1 - Magnus Eriksson, king of Sweden (b. 1316) date unknown - Gao Qi, Chinese poet (born 1336) date unknown - Konrad of Megenberg, historian (b. 1309)[1] ™ "Book of Nature". World Digital Library. August 7, 2013. Retrieved August 27, 2013. Retrieved from " 30ne hundred years, from 1201 to 1300 For the
video game series, see XIII Century (series). Millennia 2nd millennium Centuries 12th century 13th century 14th century Timelines 12th century 13th century 14th century State leaders 12th century 13th century 14th century Decades 1200s 1210s 1220s 1230s 1240s 1250s 1260s 1270s 1280s 1290s Categories: Births - Deaths Establishments -
Disestablishments vte Mongol Emperor Genghis Khan whose conquests created the largest contiguous empire in history The 13th century was the century which lasted from January 1, 1201 (represented by the Roman numerals MCCI) through December 31, 1300 (MCCC) in accordance with the Julian calendar. The Mongol Empire was founded by Genghis
Khan, which stretched from Eastern Asia to Eastern Europe. The conquests of Hulagu Khan and other Mongol invasions changed the course of the Muslim world, most notably the Siege of Baghdad (1258) and the destruction of the House of Wisdom. Other Muslim powers such as the Mali Empire and Delhi Sultanate conquered large parts of West Africa
and the Indian subcontinent, while Buddhism witnessed a decline through the conquest led by Bakhtiyar Khilji. The earliest Islamic states in Southeast Asia formed during this century, most notably Samudera Pasai.[1] The Kingdoms of Sukhothai and Hanthawaddy would emerge and go on to dominate their surrounding territories.[2] Europe entered the
apex of the High Middle Ages, characterized by rapid legal, cultural, and religious evolution as well as economic dynamism. Crusades after the fourth, while mostly unsuccessful in rechristianizing the Holy Land, inspired the desire to expel Muslim presence from Europe that drove the Reconquista and solidified a sense of Christendom. To the north, the
Teutonic Order Christianized and gained dominance of Prussia, Estonia, and Livonia. Inspired by new translations into Latin of classical works preserved in the Islamic World for over a thousand years, Thomas Aquinas developed Scholasticism, which dominated the curricula of the new universities.[3] In England, King John signed the Magna Carta,
beginning the tradition of Parliamentary advisement in England. This helped develop the principle of equality under law in European judisprudence.[4] The Southern Song dynasty began the century as a prosperous kingdom but were later invaded and annexed into the Yuan dynasty of the Mongols. The Kamakura Shogunate of Japan successfully resisted
two Mongol invasion attempts in 1274 and 1281. The Korean state of Goryeo resisted a Mongol invasion, but eventually sued for peace and became a client state of the Yuan dynasty.[5] In North America, according to some population estimates, the population of Cahokia grew to be comparable to the population of 13th-century London.[6] In Peru, the
Kingdom of Cuzco began as part of the Late Intermediate Period. In Mayan civilization, the 13th century marked the beginning of the Late Postclassic period. The Kanem Empire in what is now Chad reached its apex. The Solomonic dynasty in Ethiopia and the Zimbabwe Kingdom were founded. Eastern Hemisphere in 1200 AD Main article: 1200s 1202:
Introduction of Liber Abaci by Fibonacci. 1202: Battle of Basian occurs on July 27, between Kingdom of Georgia and Seljuks. 1202: Battle of Mirebeau occurs on August 1, between Arthur I of Brittany and John of England. 1204: Islamization of Bengal by Bakhtiyar Khalji and oppression of Buddhism in East India. 1204: Fourth Crusade of 1202-1204
captures Zadar for Venice and sacks Byzantine Constantinople, creating the Latin Empire. 1204: Fall of Normandy from Angevin hands to the French King, Philip Augustus, end of Norman domination of France. 1205: The Battle of Adrianople occurred on April 14 between Bulgarians under Tsar Kaloyan of Bulgaria, and Crusaders under Baldwin I, (July
1172 - 1205), the first emperor of the Latin Empire of Constantinople. 1206: Genghis Khan is declared Great Khan of the Mongols. 1206: The Delhi Sultanate is established in Northern India under the Mamluk Dynasty. 1209: Francis of Assisi founds the Franciscan Order. 1209: The Albigensian Crusade is declared by Pope Innocent III. Main article: 1210s
A page of the Italian Fibonacci's Liber Abaci from the Biblioteca Nazionale di Firenze showing the Fibonacci sequence with the position in the sequence labeled in Roman numerals and the value in Arabic-Hindu numerals. 1210: Qutb-ud-Din Aibak, the first ruler of the Delhi Sultanate, fell down from a horse while playing chovgan (a form of polo on
horseback) in Lahore and died instantly when the pommel of the saddle pierced his ribs. 1212: The Battle of Las Navas de Tolosa in Iberia marks the beginning of a rapid Christian reconquest of the southern half of the Iberian Peninsula, mainly from 1230-1248, with the defeat of Moorish forces. 1212: Frederick of Sicily is crowned King of the Romans at
Mainz. 1213: The Kingdom of France defeats the Crown of Aragon at the Battle of Muret. 1214: France defeats the English and Imperial German forces at the Battle of Bouvines. 1215: King John signs Magna Carta at Runnymede. 1216: Battle of Lipitsa between Russian principalities. 1216: Maravarman Sundara I reestablishes the Pandya Dynasty in
Southern India 1217-1221: Fifth Crusade captures Egyptian Ayyubid port city of Damietta; ultimately the Crusaders withdraw. Main article: 1220s c. 1220: The Kingdom of Mapungubwe was established 1220: Frederick II, Holy Roman Emperor is crowned in Rome 1221: Merv, Herat, Bamyan and Nishapur are destroyed in the Mongol invasion of the
Khwarazmian Empire. 1222: Andrew II of Hungary signs the Golden Bull which affirms the privileges of Hungarian nobility. 1223: The Signoria of the Republic of Venice is formed and consists of the Doge, the Minor Council, and the three leaders of the Quarantia. 1223: The Mongol Empire defeats various Russian principalities at the Battle of the Kalka
River. 1223: Volga Bulgaria defeats the army of the Mongol Empire at the Battle of Samara Bend. 1225: Tran dynasty of Vietnam was established by Emperor Tran Théi Téng ascended to the throne after his uncle Tran Thu Do orchestrated the overthrow of the Ly dynasty. 1226-1250: Dispute between the so-called second Lombard League and Emperor
Frederick II. 1227: Estonians are finally subjugated to German crusader rule during the Livonian Crusade. 1227: Genghis Khan dies. 1228-1229: Sixth Crusade under the excommunicated Emperor Frederick II, who returns Jerusalem to the Crusader States in a negotiated settlement with the Sultan of Egypt, Al-Kamil 1228-1230: First clash between
Gregory IX and Emperor Frederick II. Main article: 1230s Portrait of the Chinese Zen Buddhist Wuzhun Shifan, painted in 1238, Song dynasty. 1231: Emperor Frederick II promulgates the Constitutions of Melfi, a far-reaching legal code influential in the development of continental European statehood.[7][8] 1232: The Mongols besiege Kaifeng, the capital
of the Jin dynasty, capturing it in the following year. 1233: Battle of Ganter, Ken Arok defeated Kertajaya, the last king of Kediri, thus established Singhasari kingdom[9] Ken Arok ended the reign of Isyana Dynasty and started his own Rajasa dynasty. 1235: The Mandinka kingdoms unite to form the Mali Empire which leads to the downfall of Sosso in the
1230s. 1237: Emperor Frederick II virtually annihilates the forces of the second Lombard League at the Battle of Cortenuova. 1239-1250: Third conflict between the Holy Roman Empire and the Papacy. 1237-1240: Mongol Empire conquers Kievan Rus. 1238: Sukhothai becomes the first capital of Sukhothai Kingdom. Main article: 1240s 1240: Russians
defeat the Swedish army at the Battle of the Neva. 1241: Mongol Empire defeats Hungary at the Battle of Mohi and defeats Poland at the Battle of Legnica. Hungary and Poland ravaged. 1242: Russians defeat the Teutonic Knights at the Battle of Lake Peipus. 1243-1250: Second Holy Roman Empire-Papacy War. 1244: Ayyubids and Khwarezmians defeat
the Crusaders and their Muslim allies at the Battle of La Forbie. 1249: End of the Portuguese Reconquista against the Moors, when King Afonso III of Portugal reconquers the Algarve. 1248-1254: Seventh Crusade captures Egyptian Ayyubid port city of Damietta, crusaders ultimately withdraw, after the capture of French king Louis IX. Mamelukes
overthrow Ayyubid Dynasty. Main article: 1250s Mongol Empire in 1227 at Genghis Khan's death By 1250, Pensacola culture, through trade, begins influencing Coastal Coles Creek culture.[10] 1250: The Mamluk dynasty is founded in Egypt. 1250: Death of Emperor Frederick IT on December 13th. 1257: Baab Mashur Malamo established the Sultanate of
Ternate in Maluku. 1258: Baghdad captured and destroyed by the Mongols, effective conclusion of the Abbasid Caliphate in Baghdad. 1258: Pandayan Emperor Jatavarman Sundara I invades Eastern India and northern Sri Lanka. 1259: Treaty of Paris is signed between Louis IX and Henry III Main article: 1260s 1260: Mongols first major war defeat in the
Battle of Ain Jalut against the Egyptians. 1260: Toluid Civil War begins between Kublai Khan and Ariq Boke for the title of Great Khan. 1261: Byzantines under Michael VIII retake Constantinople from the Crusaders and Venice. 1262: Iceland brought under Norwegian rule, with the Old Covenant. 1265: Dominican theologian Thomas Aquinas begins to
write his Summa Theologiae. 1268: Fall of the Crusader State of Antioch to the Egyptians. Main article: 1270s The opening page of one of Ibn al-Nafis' medical works. This is probably a copy made in India during the 17th or 18th century. 1270: Goryeo dynasty swears allegiance to the Yuan dynasty. 1270: The Zagwe dynasty is displaced by the Solomonic
dynasty. 1271: Edward I of England and Charles of Anjou arrive in Acre, starting the Ninth Crusade against Baibars. 1272-1274: Second Council of Lyon attempts to unite the churches of the Eastern Roman Empire with the Church of Rome. 1274: The Mongols launch their first invasion of Japan, but they are repelled by the Samurai and the Kamikaze
winds. 1274: The Tepanec give the Mexica permission to settle at the islet Cauhmixtitlan (Eagle's Place Between the Clouds) 1275: Sant Dnyaneshwar who wrote Dnyaneshwari (a commentary on the Bhagavad Gita) and Amrutanubhav was born. 1275: King Kertanegara of Singhasari launched Pamalayu expedition against Melayu Kingdom in Sumatra
(ended in 1292). 1277: Passage of the last and most important of the Paris Condemnations by Bishop Tempier, which banned a number of Aristotelian propositions 1279: The Song dynasty ends after losing the Battle of Yamen to the Mongols. 1279: The Chola Dynasty in Southern India officially comes to an end. Main article: 1280s 1281: The Mongols
launch their second invasion of Japan, but like their first invasion they are repelled by the Samurai and the Kamikaze winds. 1282: Aragon acquires Sicily after the Sicilian Vespers. 1284: Peterhouse, Cambridge founded by Hugo de Balsham, the Bishop of Ely. 1284: King Kertanegara launches the Pabali expedition to Bali, integrating Bali into the
Singhasari territory. 1285: Second Mongol raid against Hungary, led by Nogai Khan. 1289: The County of Tripoli falls to the Bahri Mamluks led by Qalawun. 1289: Kertanegara insulted the envoy of Kublai Khan, who demanded that Java pay tribute to the Yuan Dynasty.[11][12] Main articles: 1290s and 1300s Hommage of Edward I (kneeling), to the
Philippe le Bel (seated). As duke of Aquitaine, Edward was a vassal to the French king. The Mamluk Dynasty comes to an end and is replaced by the Khalji dynasty. 1290: By the Edict of Expulsion, King Edward I of England orders all Jews to leave the Kingdom of England. 1291: The Swiss Confederation of Uri, Schwyz, and Unterwalden forms. 1291:
Mamluk Sultan of Egypt al-Ashraf Khalil captures Acre, thus ending the Crusader Kingdom of Jerusalem (the last Christian state remaining from the Crusades). 1292: Jayakatwang, duke of Kediri, rebels and kills Kertanegara, ending the Singhasari kingdom. 1292: Marco Polo, on his voyage from China to Persia, visits Sumatra and reports that, on the
northern part of Sumatra, there were six trading ports, including Ferlec, Samudera and Lambri.[13] 1292: King Mangrai founds the Lanna kingdom. 1293: Mongol invasion of Java.[14] Kublai Khan of Yuan dynasty China, sends punitive attack against Kertanegara of Singhasari, who repels the Mongol forces. 1293: On 10 November, the coronation of
Nararya Sangramawijaya as monarch, marks the foundation of the Hindu Majapahit kingdom in eastern Java. 1296: First War of Scottish Independence begins. 1297: Membership in the Mazor Consegio or the Great Council of Venice of the Venetian Republic is sealed and limited in the future to only those families whose names have been inscribed therein.
1299: Ottoman Empire is established under Osman I. 1300: Islam is likely established in the Aceh region. 1300: Aji Batara Agung Dewa Sakti founds the Kingdom of Kutai Kartanegara/Sultanate of Kutai in the Tepian Batu or Kutai Lama. 1300: The Turku Cathedral was consecrated in Turku.[15] 1300: Sri Rajahmura Lumaya, known in his shortened name
Sri Lumay, a half-Tamil and half Malay minor prince of the Chola dynasty in Sumatra established the Indianized Rajahnate of Cebu in Cebu Island on the Philippine Archipelago. Alai Gate and Qutub Minar were built during the Mamluk and Khalji dynasties of the Delhi Sultanate.[16] Early 13th century - Xia Gui paints Twelve Views from a Thatched Hut,
during the Southern Song dynasty (now in Nelson-Atkins Museum of Art, Kansas City, Missouri). The motet form originates out of the Ars antiqua tradition of Western European music. Manuscript culture develops out of this time period in cities in Europe, which denotes a shift from monasteries to cities for books. Pecia system of copying books develops in
Italian university-towns and was taken up by the University of Paris in the middle of the century. Wooden movable type printing invented by Chinese governmental minister Wang Zhen in 1298. The earliest known rockets, landmines, and handguns are made by the Chinese for use in warfare. The Chinese adopt the windmill from the Islamic world. Guan
ware vase is made, Southern Song dynasty. It is now kept at Percival David Foundation of Chinese Art, London. 1250 - Cliff Palace, Mesa Verde, and other Ancestral Pueblo architectural complexes reach their apex[17] 1280s - Eyeglasses are invented in Venice, Italy. Late 13th century - Night Attack on the Sanjo Palace is made during the Kamakura
period. It is now kept at Museum of Fine Arts, Boston. Late 13th century - Descent of the Amida Trinity, raigo triptych, is made, Kamakura period. It is now kept at the Art Institute of Chicago. The Neo-Aramaic languages begin to develop during the course of the century. Christianity in the 13th century ©~ "Samudra Pasai worthy to be world historical site".
Republika Online. 2017-03-24. Retrieved 2020-01-24. ~ Coedes, George (1968). Walter F. Vella (ed.). The Indianized States of Southeast Asia. trans.Susan Brown Cowing. University of Hawaii Press. ISBN 978-0-8248-0368-1. ~ "St. Thomas Aquinas". Catholic Encyclopedia. Retrieved 2023-12-09. ~ Brooks, Christopher (2020). Western Civilization: A
Concise History. NSCC Libraries Pressbooks. ™ Lee, Kenneth B. (1997). Korea and East Asia: The Story of a Phoenix. Greenwood Publishing Group. ISBN 9780275958237. ~ "Greater London, Inner London Population & Density History". www.demographia.com. Retrieved 2023-02-10. Quoting from The London Encyclopedia, Ben Weinreb and Christopher
Hibbert, ed., Macmillan, 2010, ISBN 1405049251 ~ Van Cleve, T. C. (1972). The Emperor Frederick II of Hohenstaufen: Immuntator Mundi. Oxford. p. 143. ISBN 0-198-22513-X. ©~ Kantorowicz, Ernst (1937). Frederick the Second, 1194-1250. New York: Frederick Ungar. p. 228. ©~ "Ken Angrok". Encyclopeedia Britannica. Retrieved 25 July 2010. ©
Weinstein, Richard A.; Dumas, Ashley A. (2008). "The spread of shell-tempered ceramics along the northern coast of the Gulf of Mexico" (PDF). Southeastern Archaeology. 27 (2). Archived from the original (PDF) on 2012-04-25. ©~ Grousset, Rene (1988), Empire of steppes, Wars in Japan, Indochina and Java, New Jersey: Rutgers University Press, p. 288,
ISBN 0-8135-1304-9. ~ Kahler, H. (December 31, 1981). Modern Times. Brill Archive. ISBN 9004061967 - via Google Books. ~ "History of Aceh". Archived from the original on August 13, 2012. ~ Weatherford, Jack (2004). Genghis khan and the making of the modern world. New York: Random House. p. 239. ISBN 0-609-80964-4. ~ "Kenelle kellot soivat? -
Kiipea 360-videon avulla Turun tuomiokirkon torniin". Yle Uutiset (in Finnish). 2017-07-02. Retrieved 2023-02-10. ©~ "Qutb Minar and its Monuments, Delhi". UNESCO World Heritage Centre. Retrieved 2023-02-10. ~ Berlo and Phillips, 275 James J. Walsh (1907). "The Thirteenth: Greatest of Centuries". nd.edu. Archived from the original on 2017-03-01.
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1204 (links | edit) 7th century BC (links | edit) View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500) Retrieved from " WhatLinksHere/13th century" Mass spectrometry is a powerful analytical technique for identifying and quantifying molecules based on their mass-to-charge ratio. It is a method to determine a sample’s chemical composition by measuring
the mass of its individual components. [1-4] A mass spectrometer is the instrument used to perform mass spectrometry. It works by ionizing chemical compounds to generate charged particles (ions) and separate them. The resulting data provides valuable information about the molecular structure and composition of the sample. Here is a general overview
of the key steps in a mass spectrometry experiment: [1-4] 1. Ionization: The sample is first ionized, meaning that atoms or molecules are converted into ions by gaining or losing electrons. It can be done using electron impact ionization or electrospray ionization. 2. Acceleration: The generated ions are then accelerated by an electric field, causing them to
move towards a detector. 3. Deflection: In the presence of a magnetic or electric field, the ions are deflected based on their mass-to-charge ratio. Heavier ions are deflected less than lighter ions. 4. Detection: The ions are detected based on their mass-to-charge ratio, and the resulting data are recorded as a mass spectrum, showing the relative abundance
of ions at different mass-to-charge ratios. 5. Data Analysis: The mass spectrum is analyzed to identify the types of atoms or molecules in the sample. Peaks in the spectrum represent different ions, and their positions provide information about the masses. Detectors play a crucial role in analyzing ions generated from the sample. Various types of detectors
are used, each with unique capabilities and applications. [1] 1. Electron Multipliers: Electron multipliers are sensitive detectors commonly used in mass spectrometry for detecting low-energy electrons. These detectors amplify the ion current by generating a cascade of secondary electrons, increasing sensitivity. 2. Faraday Cups: Faraday cups are simple
yet robust detectors that measure the total charge of ions reaching them. They are often used in high-resolution mass spectrometers due to their ability to quantify ion currents accurately. 3. Microchannel Plates: Microchannel plates are versatile detectors with high spatial and temporal resolution capabilities. They consist of tiny channels multiplying the
incident ions through electron cascades, making them ideal for time-of-flight mass spectrometry. 4. Photomultiplier Tubes: Photomultiplier tubes are photon detectors commonly employed in mass spectrometry for detecting light emitted from ion interactions or secondary processes. They offer excellent sensitivity and fast response times, making them
suitable for various analytical techniques. Mass spectrum provides a comprehensive snapshot of the isotopic composition of elements, offering valuable insights into the relative abundance and distribution of its isotopes based on their mass-to-charge ratios. Let us examine the mass spectrum of molybdenum. [1,3] Examining the diagram reveals that the
spectrum exhibits seven peaks, indicating the presence of seven naturally occurring isotopes of molybdenum. Notably, the height of each peak provides insight into the relative abundance of each molybdenum isotope compared to the others. The tallest peak represents the most abundant isotope. In the spectrum, the most prevalent ion in the sample
exhibits a mass of 98. Additionally, the spectrum displays the presence of other ions with masses of 92, 94, 95, 96, 97, and 100. This observation implies that molybdenum exhibits seven distinct isotopes. If we assume a 1+ charge for each ion, this information allows us to infer the average mass of molybdenum (95.94 amu). Mass spectrometry is utilized in
different industries that are discussed below: [1] 1. Pharmaceuticals: Mass spectrometry is extensively used in research and development. It aids in drug discovery by analyzing drug metabolites, assessing drug purity, and studying pharmacokinetics to ensure the safety and efficacy of medications. 2. Environmental Analysis: Environmental scientists rely
on mass spectrometry to monitor pollutants in air, water, soil, and food samples. It enables them to identify contaminants, track their sources, and assess environmental impact accurately. 3. Forensic Science: Mass spectrometry is a valuable tool for identifying unknown substances found at crime scenes, detecting drugs or toxins in biological samples, and
providing crucial evidence for criminal investigations. 4. Proteomics: Mass spectrometry is used to study proteins’ structure, function, and interactions within biological systems. It helps researchers gain insights into diseases like cancer and develop targeted therapies. Share — copy and redistribute the material in any medium or format for any purpose,
even commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but
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limit how you use the material. Home / Practical / Instruments / Mass Spectrometry (MS) - Principle, Parts, Working, Steps, Uses Mass Spectrometry (MS) stands as a pivotal analytical technique in the realm of scientific research, offering insights into the molecular composition of samples. This method is instrumental in discerning the mass-to-charge ratio
(m/z) of ions, thereby facilitating the identification of chemical constituents within a sample.The core principle of MS revolves around the ionization of a sample, transforming it into charged particles. This ionization typically ensues through the bombardment of the sample with electrons, converting it into a stream of positively charged ions. Some of these
ions might fragment, leading to a myriad of charged particles, each with distinct mass-to-charge ratios.Following ionization, the ions are propelled through an electric or magnetic field. Their trajectory within this field is contingent upon their mass-to-charge ratio. Ions with similar m/z values will exhibit analogous deflection patterns. Subsequent to their
journey through the field, these ions are detected, often employing mechanisms like electron multipliers. The culmination of this process is the generation of a mass spectrum, a graphical representation delineating the intensity of detected ions against their respective mass-to-charge ratios.The mass spectrum serves as a fingerprint of the sample, revealing
its elemental or isotopic signature. Not only does it provide data on the masses of individual particles and molecules, but it also sheds light on the chemical structures of various compounds present in the sample. By juxtaposing the obtained mass spectrum with known spectra, one can ascertain the identity of molecules, even elucidating their structural
intricacies.The versatility of MS is evident in its widespread application across diverse scientific domains. From chemistry and biology, where it aids in the identification of unknown compounds, to forensic science, where it assists in the detection of substances, the utility of MS is undeniable. High-resolution mass spectrometry, equipped with state-of-the-
art ionization and detection apparatus, can pinpoint the formula and structure of nearly any compound with remarkable precision.Historically, MS has played a pivotal role in groundbreaking discoveries, such as the identification of neon isotopes. By analyzing the mass spectrum of neon, scientists were able to discern the presence of isotopes,
underscoring the technique’s capability to not only detect but also differentiate between isotopes based on their mass.In summation, Mass Spectrometry is an indispensable tool in the scientific arsenal, offering unparalleled insights into the molecular world. Through its ability to measure the mass-to-charge ratio of ions and generate detailed mass spectra,
it provides a comprehensive understanding of the chemical composition and structure of samples.Mass Spectrometry (MS) is an analytical technique used to identify the chemical composition of a sample by measuring the mass-to-charge ratio of its ions, resulting in a mass spectrum that reveals the molecular and structural information of the sample.Mass
Spectrometry PrincipleMass Spectrometry operates on a foundational principle rooted in the behavior of ions under the influence of electric and magnetic fields. At its core, this technique involves the ionization of molecules, typically achieved by subjecting them to a beam of high-energy electrons. This bombardment results in the fragmentation of
molecules, producing a myriad of ions, predominantly positive in nature. Each of these ions possesses a specific mass-to-charge (m/e) ratio, which, for the majority of ions with a singular charge, equates to their molecular mass.Upon ionization, these ions are channeled through a series of electric and magnetic fields. Drawing from Newton’s second law of
motion, the trajectory and behavior of these ions within the fields are intrinsically linked to their mass. Specifically, the law elucidates the relationship between an object’s mass and its acceleration when subjected to a force. In the context of Mass Spectrometry, ions of differing m/e ratios exhibit distinct deflections when traversing through the electric or
magnetic fields.Ultimately, these ions converge on a detector, where their presence is registered and subsequently translated into a mass spectrum. This spectrum serves as a graphical representation, plotting the intensity of detected ions against their respective mass-to-charge ratios. Through this, the molecular composition and structural intricacies of
the sample under investigation are unveiled.Working of Mass Spectrometry (MS)Sample Introduction: The sample, which can be solid, liquid, or gas, is introduced into the mass spectrometer.lonization: The sample molecules are ionized by bombarding them with high-energy electrons, causing them to break into charged fragments or ions.Separation: The
ions are separated based on their mass-to-charge ratio (m/e ratio) by subjecting them to an electric or magnetic field while accelerating them.Deflection: Ions with different mass-to-charge ratios experience different levels of deflection in the electric or magnetic field. Lighter ions undergo greater deflection, while heavier ions undergo less
deflection.Detection: The separated ions are detected by a charged particle detector, such as an electron multiplier. The detector records the signals produced by the ions as they reach it.Mass Spectrum: The recorded signals are used to generate a mass spectrum, which displays the relative abundance of ions as a function of their mass-to-charge
ratio.Interpretation: The mass spectrum is analyzed to identify the atoms or molecules in the sample. Known masses can be correlated with identified masses, or characteristic fragmentation patterns can be used for identification.By following these steps, mass spectrometry enables scientists to characterize and identify molecules, determine molecular
masses, study chemical reactions, and gain insights into the composition and structure of substances.Instrumentation of Mass Spectrometry (MS)The instrumentation of mass spectrometry (MS) involves several key components and processes. Here’s an overview of the main parts and steps involved:1. Sample Inlet:The sample, stored in a reservoir, is
introduced into the mass spectrometer.Molecules from the sample reach the ionization chamber at low pressure in a steady stream through a pinhole called a “molecular leak.”2. Ionization:The atoms in the sample are ionized, typically by bombarding them with a stream of electrons.This ionization process involves knocking off one or more electrons,
resulting in the formation of positive ions.Most of the positive ions carry a charge of +1.Various ionization techniques are utilized, such as electron ionization (EI-MS), chemical ionization (CI-MS), and desorption techniques (FAB).3. Acceleration:The ions produced are accelerated to ensure they all have the same kinetic energy.Positive ions pass through
three slits with voltages in decreasing order.The middle slit carries intermediate and final ions at zero volts.4. Deflection:Ions are deflected by a magnetic field based on their masses.Lighter ions are deflected more than heavier ions.The deflection is also influenced by the number of positive charges carried by an ion, with ions carrying more positive
charges experiencing more deflection.5. Detection:The beam of ions passing through the mass analyzer is detected by a detector based on the mass-to-charge ratio (m/e ratio).When an ion hits the metal box in the detector, the charge is neutralized by an electron jumping from the metal onto the ion.Various types of analyzers are used in mass
spectrometry, including magnetic sector mass analyzers, double-focusing analyzers, quadrupole mass analyzers, time-of-flight analyzers (TOF), ion trap analyzers, and ion cyclotron analyzers.Mass Spectrometry DiagramMass Spectrometry DiagramHow Does Mass Spectrometry Work?Mass spectrometry is a versatile analytical technique used to determine
the composition, structure, and properties of molecules. Here is an explanation of how mass spectrometry works:Ionization (Ion Source): The sample is first vaporized and ionized to form charged particles or ions. Various ionization techniques can be employed, such as electron impact ionization, electrospray ionization, or matrix-assisted laser desorption
ionization (MALDI), depending on the nature of the sample. The ions may carry a positive or negative charge, depending on the ionization method used.lon Separation/Isolation (Mass Analyzer): The ionized particles are then subjected to a series of electric or magnetic fields within the mass analyzer. The purpose of the mass analyzer is to separate the ions
based on their mass-to-charge ratio (m/z). Different types of mass analyzers, such as time-of-flight (TOF), quadrupole, magnetic sector, or ion trap analyzers, can be used to achieve this separation. The ions are deflected or accelerated by the fields in a way that ions with the same m/z ratio follow a specific path or trajectory.Detection (Ion Detector): The
separated ions are directed towards an ion detector, which measures the abundance of ions as a function of their m/z ratio. The detector records the signals produced by the ions and converts them into electrical signals that can be further processed and analyzed. The resulting data is typically displayed as a mass spectrum, where the x-axis represents the
m/z values and the y-axis represents the relative abundance of ions at each m/z value.Schematics of a simple mass spectrometer with sector type mass analyzer.By analyzing the mass spectrum, scientists can identify the atoms or molecules present in the sample by comparing the m/z values with known masses of specific compounds. Additionally, the
fragmentation pattern of ions can provide valuable information about the structure and composition of the molecules.Overall, mass spectrometry enables qualitative and quantitative analysis of chemical substances, allowing researchers to gain insights into the composition, structure, and behavior of a wide range of molecules in various fields such as
chemistry, biology, medicine, environmental science, and more.How To Read A Mass Spectrometry SpectrumUnderstanding the information displayed on the graph is required to read a mass spectrometry spectrum. The following is a description of how to read a mass spectrometry spectrum:Y-Axis (Relative Intensity or Abundance): The spectrum’s y-axis
displays the relative intensity or abundance of ions at certain m/z values. The height of the peaks or bars represents the abundance of ions at specific m/z values. The peak with the greatest intensity is known as the base peak, and it reflects the ion in the spectrum with the greatest relative abundance.Base Peak: The base peak is the highest peak in the
spectrum and represents the ion with the greatest relative abundance. It may or may not, however, correspond to the molecular ion. The base peak may be a fragment ion rather than the entire molecular ion in some situations.Peaks and m/z Values: Each peak on the spectrum corresponds to a different m/z value, which shows the ions’ mass-to-charge
ratio. When ions have a single charge, the m/z value is equal to the compound’s molecular mass. On the x-axis of the spectrum, the m/z values rise from left to right.Molecular Ion: The molecular ion is often represented as the peak with the highest m/z value. The molecular ion represents the entire molecule under investigation and offers information on its
relative molecular mass. It is vital to highlight that the molecular ion may not be noticed in some situations, particularly if the molecule is fragile or quickly split.Fragments: In addition to the molecular ion, the spectrum may contain peaks corresponding to fragment ions. Fragment ions are formed when a molecule fragments during the ionisation process.
These pieces reveal important details about the molecule’s structure and content. The fragment pattern, together with the molecular ion, can be utilised to identify the sample.Database Comparison: When attempting to identify a sample, it is frequently advantageous to compare the mass spectrum to a database of recognised spectra. The National Institute
of Standards and Technology (NIST) has a database of mass spectra for comparison and identification.Scientists can identify the chemicals contained in the sample and get insights into their molecular structures and properties by analysing the peaks, m/z values, relative intensities, and comparing the spectrum to known databases.Matrix-assisted Laser
Desorption/IonizationSpecimen Requirements and ProcedureFor the successful application of mass spectrometry, meticulous specimen preparation is paramount. The objective is to render the sample amenable to ionization, ensuring it is in either the liquid or gaseous phase. This is predominantly achieved through chromatographic techniques, which serve
as preliminary separation methods.Gas Chromatography (GC):Principle: Gas chromatography operates by segregating components of a gaseous mixture. The separation is contingent upon intrinsic molecular attributes such as shape, size, molecular weight, and boiling point.Procedure: The specimen is first diluted and subsequently vaporized within the
chromatograph. Herein, the components are partitioned based on their differential interactions with the stationary phase. Post-separation, these gaseous constituents are channeled into the mass spectrometer for in-depth analysis.Specimen Requirement: It’s imperative that samples destined for gas chromatography are volatile. This ensures that they can
transition to the gaseous phase without undergoing decomposition within the mass spectrometry apparatus.Liquid Chromatography (LC):Principle: This technique hinges on the differential interactions of the sample components with the mobile and stationary phases of the chromatograph.Procedure: The polarity of the sample components plays a pivotal
role. Molecules with polarities divergent from the mobile phase exhibit accelerated migration through the chromatograph column. This results in the stratification of the sample into distinct bands, each representing a specific component. These separated entities are then primed for mass spectrometric analysis.Beyond chromatography, other avant-garde
techniques have been developed to facilitate sample preparation:Electrospray Ionization: This method employs elevated voltages to segregate sample components, rendering them suitable for mass spectrometric analysis.Fast Atom Bombardment: Here, an ion beam is directed at the sample, facilitating the generation of ions from a solid phase.The
versatility of mass spectrometry is underscored by the diverse array of samples amenable to analysis. This includes, but is not limited to, proteins, nucleic acids, lipids, and fatty acids.In essence, the efficacy of mass spectrometry is intrinsically linked to the meticulous preparation of specimens. Through techniques like gas and liquid chromatography,
samples are rendered compatible with the mass spectrometer, ensuring accurate and comprehensive analyses.Testing Procedures in Mass SpectrometryMass spectrometry, a cornerstone in analytical chemistry, necessitates a series of intricate steps to elucidate the composition and properties of samples. Herein, we delineate the key components and
procedures integral to this technique:Ionization:Principle: At the heart of mass spectrometry lies the ionization process, wherein atoms are transformed into cations by electron removal. The instrument exclusively analyzes these positive ions. Remarkably, even elements that are inherently non-ionic or negatively charged are converted into cations within
the mass spectrometer.Mechanism: An internal electric field emits electrons, which, upon collision with sample molecules, engender cations.Electron lonization (EI): Predominantly employed in GC/MS, EI uses a filament subjected to an electric potential, typically around 70 eV. The ensuing high-energy electrons bombard the molecules, culminating in
charged molecular ions and fragments. These ions and their relative proportions serve as reproducible markers for compound identification.Soft Ionization Techniques: Techniques like Electrospray Ionization (ESI) and Atmospheric Pressure Chemical Ionization (APCI) are conducted at atmospheric pressure, preserving the molecular ion’s integrity. ESI
employs voltage, heat, and air to generate progressively smaller droplets, concentrating ions for analysis. APCI, on the other hand, uses heat and a corona discharge to ionize the solvent and subsequently the sample components.Acceleration:Principle: To ensure uniform kinetic energy, all cations undergo acceleration. These cations traverse through
specific slits in the apparatus, entering the ion beam, setting the stage for mass-to-charge ratio-based separation.Deflection:Principle: A magnetic field steers the cations based on their mass and charge. The relationship is such that lighter ions and those with higher positive charges experience greater deflection.Outcome: This deflection mechanism
facilitates the determination of the mass-to-charge ratio (m/z). For ions with a charge of 1+, the m/z value typically mirrors the ion’s mass or molecular weight.Detection:Principle: The detector quantifies the ions, selectively registering positive ions while neutral ones are evacuated by the vacuum.Mechanism: The electron multiplier is a prevalent detection
method. Here, a cascade of electrons is generated as ions strike a series of dynodes with incrementally increasing potentials. This results in a substantial signal amplification, often exceeding a factor of a million.Vacuum:Principle: To mitigate ion collisions and ensure optimal separation, mass spectrometers operate under reduced pressure.Outcome: The
low-pressure environment, akin to a vacuum, ensures that neutral molecules are siphoned off, allowing cations to traverse the apparatus unhindered.In summation, mass spectrometry is a multi-faceted analytical technique, underpinned by a series of meticulously orchestrated steps. From ionization to detection, each component plays a pivotal role in
ensuring accurate and comprehensive sample analysis.Results, Reporting, and Interpretation in Mass SpectrometryMass spectrometry, a cornerstone in analytical chemistry, offers a detailed insight into the mass-to-charge ratio of ions present in a compound. The culmination of this analysis is represented as a mass spectrum, a graphical depiction that
plots the relative abundance of ions against their respective mass-to-charge ratios. This spectrum serves as a fingerprint of the compound, revealing its elemental and isotopic composition, thereby elucidating its chemical identity and structure.Key components of the mass spectrum, integral to its interpretation, include:Molecular Ion Peak (Parent
Peak):Definition: This peak corresponds to the intact molecule or the compound under investigation.Significance: The m/z value of the molecular ion peak mirrors the molecular weight of the compound. For instance, in the case of hexane, an m/z value of 86 signifies its molecular weight.Base Peak:Definition: Among all the ions detected in the sample, the



base peak represents the ion with the highest relative abundance.Significance: Serving as a reference, the intensity of the base peak is designated as 100%. Subsequently, the intensities of all other peaks in the spectrum are gauged relative to this benchmark.M+1 Peak:Definition: This peak, albeit of lower intensity, signifies the presence of isotopes in the
sample.Significance: If a compound has a molecular weight of 96 g/mol, the m/z value would be 96. An m+1 peak at an m/z of 97 indicates the presence of isotopes, such as those of carbon or hydrogen. It might seem counterintuitive for an ion to exhibit a mass surpassing that of the compound, but this anomaly is attributed to the inherent isotopic
variations of elements.M+2 Peak:Definition: Analogous to the m+1 peak, the m+2 peak also denotes isotopic presence.Significance: Elements like chlorine and oxygen, which boast multiple isotopes, can manifest as an m+2 peak when present in a compound.In essence, the mass spectrum, with its array of peaks, offers a comprehensive overview of the
compound’s composition. Proper interpretation of these peaks, from the parent peak to the isotopic peaks, is pivotal for accurate identification and characterization of the compound. Through this, mass spectrometry stands as an invaluable tool in the realm of analytical chemistry.What is a Quadrupole?A quadrupole is an important component of many
mass spectrometers and is used to analyse ions. It’s a type of mass analyzer that can separate and measure ions depending on their mass-to-charge ratio (m/z).The quadrupole is made up of four parallel metal rods placed in a square or rectangular pattern. These rods are often electrically charged and constructed of metal, such as stainless steel. Two of
the rods are positively charged, while the other two are negatively charged. The voltages applied to the rods generate an electric field within the quadrupole.lons enter the quadrupole and are subjected to the combined impact of the electric fields produced by the charged rods. The ions follow a precise course through the quadrupole when the electric
fields oscillate rapidly. The quadrupole functions as a filter by altering the voltages applied to the rods, allowing ions with specified m/z values to pass through while filtering out others.The stability of ion paths within the quadrupole provides the basis for the filtering concept. Ions with specified mass-to-charge ratios that match the quadrupole voltage
settings will have stable trajectories and pass through to the detector, whereas ions with different m/z values will be deflected and will not pass through.Different ions can be selectively transmitted via the quadrupole by altering the voltages supplied to the rods, allowing for the investigation of a wide range of substances. This procedure is also known as
mass filtering or mass selection.Quadrupoles are commonly employed in mass spectrometers of many types, such as quadrupole mass spectrometers (QMS) and quadrupole ion trap mass spectrometers (QIT-MS). They have a high selectivity and sensitivity, enabling exact measurement and identification of ions based on their mass-to-charge ratios.To
summarise, a quadrupole is a key component of mass spectrometry that functions as a mass analyzer. It uses electric fields formed by charged rods to selectively filter ions based on their mass-to-charge ratios, allowing accurate detection of analytes’ composition and structure in a sample.Mass Spectrometry DetectorsMass spectrometry detectors are
critical components of mass spectrometers, which capture and measure ions in order to create data for analysis. These detectors are critical in transforming ion signals into detectable electrical or optical signals that can be processed and analysed.lons are deflected through the mass analyzer based on their mass-to-charge ratios (m/z). The strength and
configuration of the applied electric or magnetic fields determine the extent of deflection. A detector is placed at various deflection locations to count the number of ions that reach it.In mass spectrometry, there are various types of detectors, each with its unique operating principle and advantages. Among the most frequent types of detectors are:Electron
Multiplier: To enhance the ion signal, this detector employs a succession of electron multiplication stages. When ions collide with a surface coated with a substance that emits secondary electrons upon impact, these electrons are accelerated and multiplied by a cascade effect, resulting in a considerably magnified signal.Faraday Cup: Faraday cup detectors
collect ions by electrostatically attracting them to a metal surface, typically a cup or collector electrode. When ions touch the surface, their charge is transferred to the cup, resulting in a detectable electric current. This current is proportional to the number of ions and can be measured to estimate the intensity of the ions.Ion-to-Photon Detectors: Ion-to-
photon detectors transform ions into photons, which are then detected and quantified. A photomultiplier tube (PMT) is a popular example, in which ions create photons through interactions with a scintillation substance. A photomultiplier detects the photons and amplifies the signal for measurement.Because of the low abundance of ions and the sensitivity
necessary for accurate detection, the detectors often produce very weak signals. To overcome this difficulty, the signals are amplified using specialised electronics or amplifiers, allowing even minute ion currents or charges to be precisely monitored and recorded.After that, the detector output is processed and analysed to provide a mass spectrum. The
mass spectrum represents the intensity of ions at different m/z values, providing information on the analytes present in the sample’s composition, structure, and abundance.In conclusion, mass spectrometry detectors are critical in catching and quantifying ions for examination. They detect ions by measuring the generated charge or current caused by ion
collisions on surfaces. Detectors generate mass spectra by amplifying and processing signals, providing significant insights into the chemical composition and properties of analysed substances.The Mass AnalyzerThe mass analyzer is an important component of a mass spectrometer that sorts and separates ions depending on their mass-to-charge ratio
(m/z). It is critical in determining the mass and abundance of ions in a sample.There are several varieties of mass analyzers available, each with its own set of pros and disadvantages, as well as varying capabilities in terms of speed, resolution, and technical criteria. Among the most widely used mass analyzers are:Quadrupole Analyzer: A quadrupole
analyzer is made up of four parallel metal rods that form an electric field. Ions with certain m/z ratios can flow through the quadrupole filter and reach the detector by adjusting the electric field intensity and frequencies delivered to the rods. Others are filtered out. Quadrupole analyzers are popular because of their versatility, stability, and ability to scan
for specific m/z values.Time-of-Flight (TOF) Analyzer: TOF analyzers measure the time it takes for ions to traverse a known distance in order to calculate their m/z values. Ions are propelled into a flight tube and separated based on their velocities, with lighter ions reaching the detector first. TOF analyzers provide fast analysis and are especially suitable
for analysing big macromolecules.Magnetic Sector Analyzers: Magnetic sector analyzers deflect ions based on their m/z ratios using a mix of magnetic and electric fields. Ions follow curved trajectories within the analyzer, and individual ions can be steered towards the detector by altering the magnetic field strength. Magnetic sector analyzers provide
accurate m/z readings with great resolution.lon Trap Analyzer: Ion trap analyzers use electromagnetic fields to confine ions in a three-dimensional space. Ions with varying m/z ratios can be selectively expelled and detected by adjusting the trapping fields. Ion trap analyzers are well-known for their versatility, sensitivity, and capacity to conduct tandem
mass spectrometry investigations.Orbitrap Analyzer: Orbitrap analyzers use an electric and magnetic field combination to capture ions in orbital motion. The ions oscillate, causing a current to be sensed and utilised to calculate their m/z ratios. Orbitrap analyzers provide excellent resolution, precision, and sensitivity, which is especially useful for high-
resolution mass measurements.The type of mass analyzer selected is determined by the individual analytical requirements, such as the necessary resolution, mass range, speed, and sensitivity. The mass analyzer is often used in conjunction with an ion detection device, such as electron multipliers or ion-to-photon detectors, to catch and measure the ions
that pass through the analyzer.Mass spectrometers can provide valuable information about the masses, structures, and abundances of ions in a sample by utilising various mass analyzers and detection systems, allowing identification and characterization of compounds in fields such as chemistry, biology, and materials science.Applications of Mass
Spectrometry (MS)Mass spectrometry (MS) is a versatile analytical technique with a wide range of applications. Here are some of the most important applications of mass spectrometry:Environmental Monitoring and Analysis: Mass spectrometry is used to analyse soil, water, and air pollutants, as well as to assess water quality and monitor environmental
toxins.Geochemistry: Mass spectrometry is important in determining age, researching soil and rock composition, and conducting surveys for oil and gas exploration.Chemical and Petrochemical Industry: Mass spectrometry is used in the chemical and petrochemical industries to ensure the purity and composition of chemicals and petrochemical
products.Biomolecule Analysis: Mass spectrometry is used to identify the structures of biomolecules such as carbohydrates and nucleic acids. It is also used to sequence biopolymers like proteins and oligosaccharides.Molecular Mass Determination: Mass Spectrometry is used to determine the molecular masses of peptides, proteins, and oligonucleotides,
which aids in their characterization and identification.Breath Analysis: During surgery, mass spectrometry is used to analyse gases in patients’ breath, allowing for real-time monitoring and assessment of the patient’s metabolic state.Forensic Analysis: Mass spectrometry is useful in identifying drug misuse and detecting drug metabolites in blood, urine,
and saliva samples, which aids forensic investigations.Aerosol Particle Analysis: Mass spectrometry is used to analyse aerosol particles, allowing researchers to better understand their composition, origins, and effects on air quality and human health.Food Safety and Pesticide Analysis: Pesticide residues in food are determined by mass spectrometry,
assuring food safety and regulatory compliance.Isotope Analysis: Mass spectrometry is used to identify element isotopes, allowing researchers to analyse isotopic compositions and trace elemental sources.Pharmaceutical and Drug Development: Pharmaceutical and drug development rely on mass spectrometry to aid in drug discovery, drug metabolism
investigations, and pharmacokinetic analyses.Proteomics and Metabolomics: Mass spectrometry is widely employed in proteomics and metabolomics investigations to analyse and quantify proteins and metabolites, offering insights into biological systems and disease causes.These are only a handful of the numerous applications of mass spectrometry. Its
adaptability, sensitivity, and capacity to offer specific molecular information make it a valuable tool in a wide range of scientific disciplines and enterprises.Lab Techniques Like Mass Spectrometryln the realm of scientific research, a plethora of analytical techniques exists, each tailored to specific applications and offering unique insights into the nature of
samples. Mass spectrometry stands as a cornerstone among these, but several other methodologies share its objective of elucidating the composition and properties of substances. Herein, we delve into some of these instrumental techniques:Gas Chromatography (GC): This technique involves the volatilization of a sample, which is then transported by an
inert gas through a column packed with a stationary phase. As the sample constituents traverse the column, they separate based on their interaction with the stationary phase. A detector at the column’s end registers the separated components, enabling their identification and quantification.Liquid Chromatography (LC): Analogous to gas chromatography,
this method employs a liquid mobile phase to transport the sample through a column. The differential interactions between the sample components and the column’s stationary phase facilitate their separation. Post-separation, the constituents can be subjected to further analytical techniques for comprehensive analysis.Secondary Ion Mass Spectrometry
(SIMS): Tailored for the examination of solid surfaces and thin films, SIMS involves bombarding the sample with a primary ion beam. This bombardment results in the ejection of secondary ions from the sample’s surface. The mass-to-charge ratios of these secondary ions are then analyzed, providing insights into the sample’s surface composition and
structure.Tandem Mass Spectrometry (MS/MS): This advanced technique employs two sequential mass spectrometers. The first spectrometer ionizes the sample and selects a specific ion of interest. This ion is then fragmented, and the resulting product ions are analyzed in the second spectrometer. Predominantly used in proteomics and metabolomics,
MS/MS offers detailed molecular information, especially concerning complex biological molecules.Inductively Coupled Plasma Mass Spectrometry (ICP-MS): Renowned for its sensitivity, ICP-MS vaporizes the sample using an inductively coupled plasma source. The resultant ions are then introduced into a mass spectrometer. Given its heightened
sensitivity to trace metals, ICP-MS finds extensive application in environmental science, particularly in assessing water quality.In summation, while mass spectrometry remains a pivotal tool in analytical chemistry, a suite of complementary techniques exists, each catering to specific research needs and offering nuanced insights into the nature of
samples.Clinical Significance of Mass SpectrometryMass spectrometry (MS) stands as a pivotal analytical tool, with its applications spanning a myriad of scientific domains, from forensic toxicology to clinical research. The technique’s versatility is underscored by its capacity to elucidate the mass-to-charge ratio of ions, which is subsequently represented
in a mass spectrum. This spectrum, plotting ions’ relative abundance against their mass-to-charge ratios, serves as a molecular fingerprint, revealing the elemental and isotopic composition of compounds.Disease Diagnosis and Biomarkers:MS is instrumental in clinical settings, primarily for disease diagnosis via biomarker analysis. Biomarkers, indicators
of normal or pathological processes, play a crucial role in diagnosis, prognosis, and therapeutic monitoring.Enzymes, such as amylase, serve as biomarkers for conditions like pancreatitis. Similarly, natriuretic peptides are pivotal in cardiovascular disease prognosis.MS can analyze biomarkers ranging from small molecules to macromolecules, with samples
derived from diverse biological sources, including plasma, urine, and saliva. Chromatographic techniques, like liquid or gas chromatography, enhance the spectrometer’s sensitivity and specificity, refining clinical decision-making.Proteomics and Lipidomics:Proteins and lipids are quintessential biomarkers. Proteomics, the study of the entire protein set of
an organism, leverages MS to quantify proteome differences between biological states. MS facilitates the spectral analysis of proteins in various biological samples.Lipidomics, the comprehensive study of lipids, employs MS to characterize lipid oxidation reactions, elucidating the biological properties of lipids within the human body.COVID-19
Testing:Amidst the COVID-19 pandemic, MS emerged as a diagnostic tool. Nasal swab samples were subjected to MS, with the resultant spectrum categorizing patients as COVID-19 positive or negative.Pharmaceutical Analysis:MS plays an indispensable role in pharmaceutical drug analysis. The technique’s ionization capability discerns the molecular
constituents of drugs, expediting and enhancing clinical sample analysis.Glycomics:Oligosaccharides, complex molecules comprising multiple monosaccharides, present analytical challenges. MS, however, is revolutionizing glycomics, enabling comprehensive studies of sugar structures and biosynthesis.Oligonucleotide Analysis:Oligonucleotides, linear
polymers of nucleotides, undergo various modifications. MS identifies these modifications, determining their structure and position, and aids in oligonucleotide sequencing.Environmental and Forensic Analysis:MS’s applications extend to environmental analysis, encompassing drinking water testing, pesticide quantitation, and pollution monitoring. In
forensic science, MS aids in trace evidence analysis, arson investigations, drug abuse confirmations, and explosive residue identifications.In summation, mass spectrometry’s clinical significance is profound, with its applications permeating diverse scientific realms. From disease diagnosis to environmental monitoring, MS stands as an analytical beacon,
driving advancements in myriad scientific disciplines.Fields of Application of Mass SpectrometryMass spectrometry (MS) finds applications in various fields due to its versatility and ability to provide detailed molecular information. Here are some key fields where mass spectrometry is applied:Elemental and Isotopic Analysis:Physics: Mass spectrometry is
used for elemental identification and isotopic abundance measurement in physical sciences.Radiochemistry: It aids in the analysis of radioisotopes and their decay products.Geochemistry: Mass spectrometry is employed to study elemental and isotopic compositions of rocks, minerals, and environmental samples.Organic and Bio-organic Analysis:Organic
Chemistry: Mass spectrometry helps identify and characterize organic compounds, study reaction mechanisms, and assess purity.Polymer Chemistry: It aids in the analysis of polymer structures and composition, as well as the identification of polymer additives.Biochemistry and Medicine: Mass spectrometry is extensively used in proteomics, metabolomics,
and lipidomics to study biological molecules and their interactions.Structural Elucidation:Organic Chemistry: Mass spectrometry is employed to determine the structure and connectivity of organic molecules, including the identification of functional groups.Polymer Chemistry: It helps characterize the structure and sequence of polymers, including
copolymers and block polymers.Biochemistry and Medicine: Mass spectrometry aids in the structural characterization of biomolecules, such as proteins, peptides, nucleic acids, and carbohydrates.Characterization of Ionic Species and Chemical Reactions:Physical Chemistry: Mass spectrometry is used to study ion-molecule reactions, gas-phase kinetics,
and energy profiles of ions.Thermochemistry: It helps determine thermodynamic properties and reaction energetics of ions and molecules.Mass Spectral Imaging:Biomedical Studies: Mass spectrometry imaging enables the spatial mapping of molecules within biological samples, aiding in disease diagnosis and understanding biological processes.Material
Sciences: Mass spectrometry imaging allows the characterization and visualization of molecular distribution on surfaces and materials.These applications demonstrate the wide range of uses for mass spectrometry across different scientific disciplines, including physics, chemistry, biochemistry, medicine, and material sciences. Mass spectrometry plays a
crucial role in elemental analysis, structural elucidation, chemical reaction studies, and imaging, providing valuable insights into the composition, structure, and behavior of various substances.Advantages of Mass SpectrometrySensitivity: Mass spectrometry is highly sensitive, capable of detecting and analyzing substances at very low concentrations (parts
per million or even parts per billion). It can identify trace amounts of compounds in complex mixtures.Identification of Unknown Components: Mass spectrometry is an excellent tool for identifying or confirming the presence of unknown components in a sample. It can help in the discovery of new compounds or the characterization of impurities.Molecular
Mass Determination: Mass spectrometry allows for precise determination of the molecular masses of compounds. This is particularly useful in determining the purity of samples and calculating the molar mass of molecules.Structural Analysis: Mass spectrometry can provide valuable structural information about molecules, helping in the elucidation of
chemical structures, including the identification of functional groups and the sequencing of biomolecules.Versatility: Mass spectrometry is applicable to a wide range of compounds, from small organic molecules to large biomolecules. It can be used in various fields, including chemistry, biochemistry, environmental science, and pharmaceutical
analysis.Disadvantages of Mass Spectrometrylsomer Differentiation: Mass spectrometry alone may not be able to distinguish between optical isomers (enantiomers) or geometric isomers, as they produce similar mass spectra. Additional techniques, such as chromatography or nuclear magnetic resonance (NMR), are often required for complete structural
characterization.Identification of Hydrocarbons: Mass spectrometry may face challenges in accurately identifying hydrocarbons, as many hydrocarbons produce similar fragmented ions. This limitation can be overcome by combining mass spectrometry with complementary techniques like gas chromatography.Instrument Complexity: Mass spectrometry
instruments can be complex and require specialized training to operate and interpret the data. Maintenance and calibration of the instruments can also be time-consuming and costly.Sample Preparation: Sample preparation for mass spectrometry analysis can be demanding, especially for complex matrices. Purification, extraction, and derivatization
techniques may be required to enhance detection and separation.QuizWhat is the primary purpose of mass spectrometry?a) To measure the volume of a sampleb) To determine the boiling point of a compoundc) To measure the mass-to-charge ratio of ionsd) To determine the solubility of a substance Answer: c) To measure the mass-to-charge ratio of
ionsWhich of the following is NOT a component of a mass spectrometer?a) Ion sourceb) Mass analyzerc) Detectord) RefractometerIn mass spectrometry, what does the term “m/z” stand for?a) Mass/Zoneb) Mass/Zeroc) Mass/Charged) Molecular/ZoneWhich ionization technique is considered a “soft” ionization method?a) Electron Ionization (EI)b)
Electrospray Ionization (ESI)c) Fast Atom Bombardment (FAB)d) Both b and cIn a mass spectrum, which peak represents the ion with the highest relative abundance?a) Molecular Ion Peakb) Base Peakc) M+1 Peakd) M+2 PeakWhich of the following samples would NOT be suitable for analysis by Gas Chromatography-Mass Spectrometry (GC/MS)?a)
Volatile organic compoundsb) Gaseous samplesc) Large proteinsd) Small drug molecules Answer: c) Large proteinsWhat is the primary advantage of Tandem Mass Spectrometry (MS/MS)?a) It can analyze larger samples.b) It provides higher resolution.c) It can further fragment ions for detailed analysis.d) It operates at higher temperatures. Answer: c) It
can further fragment ions for detailed analysis.Which of the following is a common use of mass spectrometry in forensic science?a) Determining the age of fossilsb) Analyzing trace evidencec) Studying cellular structuresd) Measuring the pH of a solution Answer: b) Analyzing trace evidenceln Electrospray Ionization (ESI), what is primarily responsible for
producing smaller droplets from the liquid sample?a) High pressureb) Magnetic fieldc) Combination of voltage, heat, and aird) Ultraviolet light Answer: c) Combination of voltage, heat, and airWhich of the following is NOT a typical sample type analyzed in mass spectrometry?a) Plasmab) Urinec) Solid metalsd) SalivaFAQMass spectrometry is an analytical
technique used to measure the mass-to-charge ratio (m/z) of ions. It provides information about the composition, structure, and abundance of molecules in a sample.Some commonly used mass analyzers are quadrupole, time-of-flight (TOF), ion trap, magnetic sector, and Fourier transform ion cyclotron resonance (FT-ICR). These analyzers differ in their
principles of operation and offer different capabilities in terms of resolution, mass range, and scan speed.Mass spectrometry plays a crucial role in proteomics by enabling the identification, quantification, and characterization of proteins. It is used for protein sequencing, post-translational modification analysis, protein-protein interaction studies, and
biomarker discovery.Tandem mass spectrometry (MS/MS) involves using multiple stages of mass analysis to obtain more detailed structural information about molecules. It often involves precursor ion selection, fragmentation of selected ions, and analysis of the resulting fragment ions.High-resolution mass spectrometry (HRMS) provides enhanced mass
accuracy and resolving power compared to conventional mass spectrometry. It allows for more precise determination of molecular masses and the differentiation of closely related compounds.Common ionization techniques include electron impact ionization (EI), electrospray ionization (ESI), matrix-assisted laser desorption/ionization (MALDI), and
atmospheric pressure chemical ionization (APCI). Each technique has its advantages and is suitable for different types of samples.Mass spectrometry has diverse applications in fields such as chemistry, biology, pharmaceuticals, forensics, environmental analysis, and proteomics. It is used for compound identification, quantification, structural elucidation,
and biomolecule analysis, among others.Mass spectrometry involves ionizing a sample, separating the ions based on their m/z ratio, and detecting and analyzing the ions. The ions are generated, separated, and detected using various components such as ion sources, mass analyzers, and detectors.Mass spectrometry is used in drug discovery for lead
compound identification, pharmacokinetic studies, metabolite identification, and drug metabolism analysis. It helps researchers understand the absorption, distribution, metabolism, and excretion (ADME) of drugs.Mass spectrometry offers high sensitivity, selectivity, and accuracy in compound analysis. It can detect and identify trace amounts of analytes,
provide structural information, and is amenable to both qualitative and quantitative analysis. Additionally, it can be coupled with other techniques like chromatography for comprehensive analysis.ReferencesSkoog, D. A., Holler, F. J., & Crouch, S. R. (2013). Principles of Instrumental Analysis. Cengage Learning. (Chapter 20: Mass Spectrometry)Watson, J.
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