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Atomic spectra refer to the unique patterns of light emitted or absorbed by atoms when their electrons move between different energy levels. When an electron jumps from a higher energy level to a lower one, it emits light; when it jumps from a lower to a higher level, it absorbs light. This phenomenon occurs because an atoms energy levels are
quantized, meaning the electrons can only exist at specific energy levels and not in between. Atomic spectra can be broadly classified into two types based on their appearance: continuous spectra and discontinuous (or line) spectra. A continuous spectrum shows a smooth range of all wavelengths of light with no gaps. A discontinuous spectrum
consists of lines of specific wavelengths superimposed over the entire range. These spectral lines provide a detailed and relevant exploration of atomic spectra. Discontinuous spectra are further classified into two types: emission spectra and absorption spectra. The image below shows the absorption and emission spectral lines of hydrogen, sodium,
and nitrogen in the visible range (400 to 700 nm). 1. Atomic Emission Spectra When atoms are exposed to a high-energy source, such as plasma or flame, their electrons are excited to higher energy levels. As these electrons return to their ground state, they release energy at specific wavelengths in the form of photons, resulting in the emission of
light. This phenomenon is known as atomic emission. 2. Atomic Absorption Spectra When a sample is atomized, typically using a flame or graphite furnace, it produces free atoms in the gaseous state. These atoms absorb light from a source that emits wavelengths characteristic of the element being analyzed. The amount of light absorbed is
proportional to the concentration of the element in the sample, allowing for quantitative analysis. This process is called atomic absorption. slot 4d To understand emission and absorption, we introduce the Bohr model of an atom. The Bohr model describes electrons orbiting the nucleus in circular paths, each with a unique energy level. When an
electron transitions from a higher energy level to a lower one, it releases a photon with an energy equal to the difference between the two levels and given by the formula \[ E = \frac{hc} {\lambda} \] Where h is Plancks constant, c is the speed of light, and is the wavelength. The Rydberg formula is a mathematical expression used to predict the
wavelengths of spectral lines of many chemical elements. It is particularly known for its application to the hydrogen atom, where it explains the wavelengths of the light emitted or absorbed when an electron transitions between energy levels. The Rydberg Formula is expressed as: \[ \frac{1} {\lambda} = R H\left( \frac{1}{n {1}"2} \frac{1}
{n_{2}72} \right) \] Where: is the wavelength of the emitted lightRH is the Rydberg constant, a physical constant with a value of approximately 1.097 x 10 mn and n are the initial and final energy levels of the electron, respectively Explanation of Atomic Spectra for Hydrogen Atom When an electron in a hydrogen atom transitions from a higher
energy level (n2) to a lower energy level (nl), it emits a photon with a specific wavelength. This wavelength corresponds to the spectral line observed in the atomic spectrum. The Rydberg formula allows us to calculate these wavelengths precisely, thus explaining the observed spectral lines. Applications to Other Elements While the Rydberg formula
was initially developed for hydrogen, it can be adapted for other elements by modifying the Rydberg constant to account for nuclear charge and electron shielding effects. This generalization helps explain the spectral lines of other hydrogen-like atoms (e.g., He+, Li2+). Analyzing the spectral lines provides valuable information about the elements
structure and composition. The technique used for such analysis is called atomic spectroscopy. While there are several types of atomic spectroscopy, only two allow for a more straightforward and focused explanation. They are atomic emission spectroscopy and atomic absorption spectroscopy. Atomic emission spectroscopy (AES) is an analytical
technique used to identify and quantify the elemental composition of a sample. It relies on the emission of light at specific wavelengths that are characteristic of the elements present in the sample. When the sample is excited, typically by a high-energy source like a plasma or flame, the elements emit light at their characteristic wavelengths. AES can
be used for both qualitative analysis (identifying which elements are present) and quantitative analysis (determining how much of each element is present). It is commonly used in environmental monitoring, materials science, and food and pharmaceutical analysis. One key advantage of AES is its ability to detect and measure trace elements, making it
a valuable tool for various industries. Additionally, AES is a relatively simple and cost-effective technique. Atomic absorption spectroscopy (AAS) is a widely used analytical technique for quantifying trace elements in various samples. It relies on the principle of light absorption by free atoms in the gaseous state. AAS involves atomizing the sample
through a flame or furnace to convert the analyte elements into free, unexcited atoms in the ground state. These atoms then absorb light at specific wavelengths, with the amount of absorption being proportional to the elements concentration, as per the Beer-Lambert law. AAS is highly sensitive and selective, enabling the analysis of trace elements at
parts-per-million or parts-per-billion levels. It is widely used in environmental monitoring, food and beverage analysis, clinical diagnostics, and materials science. In analytical chemistry, elemental spectral signatures are used to identify and quantify material compositions. Atomic absorption/emission spectroscopy is invaluable for studying samples in
fields such as metallurgy, geology, and environmental monitoring.In materials science, atomic spectroscopy provides insights into the electronic structure and bonding of materials, which is crucial for developing new advanced materials.Astrophysicists use atomic spectroscopy to determine the composition, temperature, and properties of celestial
bodies, helping to shed light on the evolution of the universe.Studying atomic spectra benefits plasma physics, as the emission patterns of ionized gases can be used to diagnose the properties of high-temperature plasmas.Atomic spectroscopy is essential in environmental monitoring and medical diagnostics by detecting specific elemental
concentrations. Article was last reviewed on Tuesday, June 10, 2025 Spectroscopy is a scientific technique used to study the interaction between matter and electromagnetic radiation. It helps identify the composition, structure, and properties of substances by analyzing how they absorb, emit, or scatter light. Spectroscopy is the study of the
interaction of electromagnetic radiation (light) with atoms and molecules, typically used to determine the structure, concentration, and dynamics of chemical compounds. Spectroscopy is a technique where we studied the interaction between matter and electromagnetic radiation.Matter may be ions, molecules or atoms.This technique employ light
tends to interact with matter and exhibit some features of a sample to know much about its consistency or structure.The nature of the interactions in spectroscopy techniques between radiation and matter may includes- absorption, emission or scattering.Spectroscopy techniques are two types:Qualitative spectroscopy: This technique studied the
radiation absorbed or emitted by an atom or molecule which will give information about its identity.Quantitative spectroscopy: This technique will give information about the number of absorbing or emitting atoms or molecules by measuring the total amount of radiation.Electromagnetic radiation It is a form of energy and it consists of both magnetic
and electric field.It is composed of an electric and a perpendicular magnetic vector, each one oscillating in plane at right angles to the direction of propagation.Electromagnetic spectrum is mainly range from shorter wavelengths to longer wavelengths such as gamma rays.Wavelengths of the visible region of the spectrum is ranges between 400-700
nm.Blue end of the spectrum has shorter wavelengths, while red end has longer wavelengths.In spectrum, energy associated with the given segment is much related to the frequency and wavelength.Frequency (v) of the electromagnetic radiation is the number of oscillations made by wave in 1 second.Frequency is measured in hertz (Hz), Where, 1Hz
= 1 cycle per sec.Wavelength (): It is the length of on complete wave cycle.Wavelength is generally measured in centimeters (cm).Wavelength is inversely proportional to the frequency.The relation between wavelength and frequency is defined by:V= ¢/, where, c= speed of light.E= hv = hc/ where, Plancks constant (h) = 6.6 X 10-34 joules per
second.Wavenumber: It defines the number of completed wave cycles per distance. It is m3easuered in 1 cm-1 wavenumber is reciprocal to the wavelength.Types of spectroscopySpectroscopy is the collective terms for diverse group of techniques which involves the interactions of electromagnetic radiation with a matter of interest are
studied.Radiation is either get scattered, emitted or absorbed, when the radiations meets with the matter.Based on this there is three principles branches of spectroscopy:Absorption spectroscopyScattering spectroscopyEmission spectroscopyAbsorption spectroscopy uses the range in which a material absorbs the electromagnetic spectrum. It
involves atomic absorption spectroscopy and different molecular techniques that area, such as infrared spectroscopy and radio region nuclear magnetic resonance (NMR) spectroscopy.Emission spectroscopy uses the electromagnetic spectrum range in which a material radiates (emits). The material must consume energy first. This energy may come
from several sources, such as luminescence, which defines the subsequent emission. Spectro fluorimetry includes molecular luminescence techniques.Scattering spectroscopy tests the amount of light at specific wavelengths, incident angles, and polarization angles that a material scatter. The method of scattering is much quicker than the process of
absorption/emission. Raman spectroscopy is one of the most beneficial applications of light scattering spectroscopy.Major types of absorption spectroscopyElectromagnetic radiations Spectroscopic typesX- rayX-ray absorption spectroscopyUV-VisibleUV/Visible absorption spectroscopylRInfrared absorption spectroscopyMicrowaveMicrowave
absorption spectroscopyRadiowaveNuclear magnetic resonance spectroscopyPrinciples of absorption spectroscopyAbsorption spectroscopy is based on law known as Beer-Lambert law.When electromagnetic radiations pass or fall onto homogeneous medium, some amount of light is reflected, some amount is absorbed and remained is
transmitted.Absorption spectroscopy is governed by two laws i.e., Lamberts law and Beers law, in the combined form it is known as Beer-Lambert law.Lamberts law: It states that when monochromatic light passes through a transparent medium, the intensity of transmitted light decreases exponentially as the thickness of absorbing material
increases.Beers law: It states that the intensity of transmitted monochromatic light decreases exponentially as the concentration of the absorbing substances increases.A= log Io/ I e.c.1A = absorbancelo = intensity of incident lightl = intensity of light through the sample.e = extinction coefficient or absorption coefficient.c = concentrationl = path
length (cm)Applications of spectroscopySpectroscopy used for cure monitoring ofcompositesusingoptical fibers.It is most commonly used for estimating weathered wood exposure times using near infrared spectroscopy.Absorption spectroscopy is usually used both visible and infrared spectrum for Measurement of different compounds in food
samples.For the measurement of toxic compounds in blood samplesNon-destructive elemental analysis byX-ray fluorescence. It also used in the electronic structure research by using various types of spectroscopy.Reference and Sources //en.wikipedia.org/wiki/Spectroscopy //www.chegg.com/homework-help/questions-and-answers/ecl-absorbance-
optical-density-od-equal-log-iounitless-io-intensity-light-irradiating-sam-q1 148165 //edurev.in/studytube/Spectroscopy-Principles-TheoryTechniques-and-App/dObb4b0e-97ec-4e41-8591-0bd850bf23af pAlso Read: ,the free encyclopedia that anyone can edit.107,590 active editors 7,026,765 articles in EnglishThe hippocampus is a major component of
the brain of humans and many other vertebrates. It plays important roles in the consolidation of information from short-term memory to long-term memory, and in spatial memory that enables navigation. In humans and other primates, the hippocampus is located in the archicortex, one of the three regions of allocortex, in each hemisphere. The
hippocampus is a structure found in all vertebrates. In Alzheimer's disease (and other forms of dementia), the hippocampus is one of the first regions of the brain to suffer damage; short-term memory loss and disorientation are included among the early symptoms. Damage to the hippocampus can also result from oxygen starvation, encephalitis or
medial temporal lobe epilepsy. Since different neuronal cell types are neatly organized into layers in the hippocampus, it has frequently been used as a model system for studying neurophysiology. (Fullarticle...)Recently featured: Red (Taylor Swift album)Sir William Gordon-Cumming, 4th BaronetGreat Wilbraham (causewayed enclosure)ArchiveBy
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Communications. It included 700,000 cartridges of various games, including unsold copies of E.T. the Extra-Terrestrial (1982), one of the largest video game failures in history. For several decades after the burial was first reported, there were doubts as to its veracity and scope, and it was frequently dismissed as an urban legend. In 2013 and 2014,
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(MetalRooster)4499 or 4292to (WaterDog)4500 or 4293Coptic calendar15181519Discordian calendar2968Ethiopian calendarl17941795Hebrew calendar55625563Hindu calendars- Vikram Samvat18581859- Shaka Samvat17231724- Kali Yuga49024903Holocene calendar11802Igbo calendar802803Iranian calendar11801181Islamic
calendar12161217]Japanese calendarKansei 14 / Kywa 1()Javanese calendar17281729]Julian calendarGregorian minus 12 daysKorean calendar4135Minguo calendar110 before ROC110Nanakshahi calendar334Thai solar calendar23442345Tibetan calendar(female Iron-Bird)1928 or 1547 or 775to(male Water-Dog)1929 or 1548 or 776Wikimedia
Commons has media related to 1802.August 2: Napoleon is confirmed as the First Consul of France.1802 (MDCCCII) was a common year starting on Friday of the Gregorian calendarand a common year starting on Wednesday of the Julian calendar, the 1802nd year of the Common Era (CE) and Anno Domini (AD) designations, the 802nd year of the
2ndmillennium, the 2nd year of the 19thcentury, and the 3rd year of the 1800s decade. As of the start of 1802, the Gregorian calendar was 12 days ahead of the Julian calendar, which remained in localized use until 1923. Calendar year January 5 Thomas Bruce, 7th Earl of Elgin, British ambassador to the Ottoman Empire, begins removal of the Elgin
Marbles from the Parthenon in Athens, claiming they are at risk of destruction during the Ottoman occupation of Greece; the first shipment departs Piraeus on board Elgin's ship, the Mentor, "with many boxes of moulds and sculptures", including three marble torsos from the Parthenon.[1]January 15 Canonsburg Academy (modern-day Washington &
Jefferson College) is chartered by the Pennsylvania General Assembly.[2]January 29 The French Saint-Domingue expedition (40,000 troops) led by General Charles Leclerc (Bonaparte's brother-in-law) lands in Saint-Domingue (modern Haiti) in an attempt to restore colonial rule following the Haitian Revolution in which Toussaint Louverture (a black
former slave) has proclaimed himself Governor-General for Life and established control over Hispaniola.February 3 Leclerc and the first 5,000 of 20,000 troops arrive at Cap-Franois (modern Cap-Hatien).[3]February 17 The remains of Pope Pius VI are returned to the Vatican by France; the Pope had died in captivity at Valence, on August 29, 1799.
[4]February The Rosetta Stone is brought to England by Colonel Tomkyns Hilgrove Turner, who arrives at Portsmouth on the captured French frigate L'Egyptiane.[5]March 3 Ludwig van Beethoven publishes his Piano Sonata No. 14, commonly known as the "Moonlight Sonata" (Mondschein), in Vienna; the availability of the sheet music is announced
by Giovanni Cappi in the newspaper Wiener Zeitung.[6]March 11 The Rosetta Stone is presented to the Society of Antiquaries of London, which in turn presents it to the British Museum.[5]March 16 The United States Army Corps of Engineers is re-established, and the United States Military Academy at West Point, New York is established under its
management, opening on July 4.March 2527 The Treaty of Amiens between the French Republic and the United Kingdom ends the War of the Second Coalition. The treaty also ends the French Revolutionary Wars.March 28 H. W. Olbers discovers the asteroid Pallas.[7]April 10 The Great Trigonometrical Survey of India begins with the measurement
of a baseline near Madras.April 12 Beethoven leaves Vienna for a small nearby Austrian village named Heiligenstadt where he would cope with his declining mental and physical health including his growing deafness. He would stay until October and there he would write an unsent letter to his brothers called the Heiligenstadt Testament. In the letter,
Beethoven contemplates suicide but it was his passion for the art of music that prevented him so.April 21 About 12,000 Wahhabi Sunnis under the command of Abdul-Aziz bin Muhammad, the second ruler of the First Saudi State attack and sack Karbala, kill between 2,000 and 5,000 inhabitants and plunder the tomb of Husayn ibn Ali, grandson of
Muhammad and son of Ali ibn Abi Talib.April 26 A general amnesty signed by Napoleon allows all but about 1,000 of the most notorious migrs of the French Revolution to return to France as part of a conciliatory gesture to make peace with the various factions of the Ancien Rgime that ultimately consolidates his own rule.May 19 Napoleon establishes
the French Legion of Honour (Lgion d'honneur).May 20 By the Law of 20 May 1802, Napoleon reinstates slavery in the French colonies, revoking its abolition in the French Revolution.May Madame Marie Tussaud first exhibits her wax sculptures in London, having been commissioned, during the Reign of Terror in France, to make death masks of the
victims.[8]June The first account of Thomas Wedgwood's experiments in photography is published by Humphry Davy in the Journal of the Royal Institution in London.[9][10] Since a fixative for the image has not yet been developed, the early photographs quickly fade.June 1The United States Patent and Trademark Office is established within the
Department of State.At Hu, shortly before his conquest of Tonkin, Nguyen Anh is crowned as the Emperor Gia Long, the first ruler of the Nguyn dynasty in Vietnam.[11]June 2 Indigenous Australian Pemulwuy, a leader of the resistance to European settlement of Australia, is shot dead by Henry Hacking.June 8 Haitian revolutionary Toussaint
Louverture is seized by French troops and imprisoned at the Fort de Joux.July 5 Parliamentary elections begin in the United Kingdom, with voting continuing until August 28; the Tories, led by Henry Addington, win control of the House of Commons.July 19 leuthre Irne du Pont founds E. I. du Pont de Nemours and Company, the modern DuPont
chemical company, as a gunpowder manufactory near Wilmington, Delaware.[12]July 22 Gia Long captures Hanoi, completing his unification of Vietnam.July 31 William Wordsworth, leaving London for Dover and Calais with his sister Dorothy, witnesses the early morning scene which he captures in his sonnet "Composed upon Westminster
Bridge".August 2 In a plebiscite, Napoleon Bonaparte is confirmed as the First Consul of France.September 11 The Italian region of Piedmont becomes a part of the French First Republic.October 2 War ends between Sweden and Tripoli. The United States also negotiates peace, but war continues over the size of compensation.October 15 French
Army General Michel Ney enters Switzerland with 40,000 troops, on orders of Napoleon Bonaparte.[13]October 16 The port of New Orleans and the lower Mississippi River are closed to American traffic by order of the city's Spanish administrator, Juan Ventura Morales, threatening the economy in the western United States, and prompting the need
for the Louisiana Purchase.[14]October 26 A powerful 7.9 earthquake shakes the Romanian district of Vrancea destroying hundreds of buildings, triggering landslides and killing 4 people. This earthquake is considered one of the strongest to have shaken Europe.November 16 The newly elected British Parliament is inaugurated by King George III,
who tells the members, "In my intercourse with foreign powers, I have been actuated by a sincere disposition of the maintenance of peace," but adds that "My conduct will be invariably regulated by a due consideration of the actual situation of Europe, and by a watchful solicitude for the permanent welfare of my people."[15]November 23 East
Indiaman Vryheid, in the service of the Batavian Republic, is shipwrecked in a gale off Hythe, Kent, in the south of England; only 18 of 472 on board survive.December 2 The Health and Morals of Apprentices Act in the United Kingdom comes into effect, regulating conditions for child labour in factories. Although poorly enforced, it pioneers a series of
Factory Acts.Victor HugoLydia Maria ChildDorothea DixJanuary 3 Charles Pelham Villiers, British politician (d. 1898)January 10 Carl Ritter von Ghega, Albanian-born Venetian road engineer (d. 1860)January 22 Richard Upjohn, English-American architect (d. 1878)February 6 Charles Wheatstone, English physicist, inventor (d. 1875)February 11
Lydia Maria Child, American abolitionist author (d. 1880)February 15 Jean-Jacques Uhrich, French general (d. 1886)February 16 Phineas Quimby, American physician (d. 1866)February 19 Wilhelm Matthias Naeff, Swiss Federal Councillor (d. 1881)February 26 Victor Hugo, French author (d. 1885)March 7 Edwin Henry Landseer, British painter (d.
1873)March 8 Zebulon Crocker, American congregationalist pastor (d. 1847)March 25 Maria Silfvan, Finnish actor (d. 1865)March 27 Charles-Mathias Simons, Prime Minister of Luxembourg (d. 1874)April 4 Dorothea Dix, American activist (d. 1887)[16]April 9 Elias Lnnrot, Finnish folklorist, philologist who created the Finnish national epic, the
Kalevala (d. 1884)May 2 Heinrich Gustav Magnus, German chemist, physicist (d. 1870)May 26 Karl Ferdinand Ranke, German educator (d. 1876)June 12 Harriet Martineau, British social theorist, writer (d. 1876)Alexandre DumasSara ColeridgeJuly 5 (June 23 O.S.) Pavel Nakhimov, Russian admiral (d. 1855)July 24 Alexandre Dumas, French author (d.
1870)July 26 Mariano Arista, President of Mexico (d. 1855)August 4 Joseph Bonnell, hero of the Texas Revolution (d. 1840)August 5 Niels Henrik Abel, Norwegian mathematician (d. 1829)August 31 Karl von Urban, Austrian field marshal (d. 1877)September 19 Lajos Kossuth, Hungarian politician (d. 1894)September 30 Antoine Jrme Balard, French
chemist (d. 1876)October 31 Benot Fourneyron, French engineer (d. 1867)November 9 Elijah P. Lovejoy, American abolitionist (d. 1837)November 19 Solomon Foot, American politician (d. 1866)December 15 Jnos Bolyai, Hungarian mathematician (d. 1860)December 23 Sara Coleridge, British scholar (d. 1852)Friedrich Hohe, German lithographer,
painter (d. 1870)Emma Frstenhoff, Swedish florist (d. 1871)Mary Short, queen consort of Awadh (d. 1849)Erasmus DarwinMartha WashingtonFebruary 2 Welbore Ellis, 1st Baron Mendip, British statesman (b. 1713)February 3 Pedro Rodrguez, Count of Campomanes, Spanish statesman, writer (b. 1723)February 10 Samuel Phillips, Jr., Massachusetts
lieutenant governor (b. 1752)February 26 Esek Hopkins, American Revolutionary War admiral (b. 1718)April 13 Charles Moss, British bishop (b. 1711)April 18 Erasmus Darwin, English physician and botanist (b. 1731)April 26 Edmund Nelson (clergyman), English priest (b. 1722)May 9 Erik Magnus Stal von Holstein, Swedish ambassador (b.
1749)May 22 Martha Washington, first First Lady of the United States (b. 1731)July 6 Daniel Morgan, American pioneer, Congressman from Virginia, and general (b. 1736)July 15 John de Verdion, London-based bookseller and language instructor (b. 1740s)July 22 Xavier Bichat, French anatomist and pathologist (b. 1771)July 24 Joseph Ducreux,
French noble, portrait painter, pastelist, miniaturist, and engraver (b. 1735)July 25 Friedrich Karl Joseph von Erthal, Archbishop of Mainz (b. 1719)August 10 Franz Aepinus, German philosopher (b. 1724)August 12 Louis Lebgue Duportail French military leader in the Continental Army during the American Revolutionary War (b. 1743)September 19
Princess Luisa of Naples and Sicily (b. 1773)September 26 Jurij Vega, Slovenian mathematician, physicist, and soldier (b. 1754)October 5 Suzanne Blair, Haitian national heroine (b. 1781)October 8 Emmanuele Vitale, Maltese military leader (b.1758)October 31 Sir William Parker, 1st Baronet, of Harburn, British admiral (b. 1743)November 9 Thomas
Girtin, English artist (b. 1775)November 15 George Romney, English artist (b. 1734)November 16 Andr Michaux, French botanist (b. 1746)December 5 Lemuel Francis Abbott, English portrait painter (b. 1716)December 31 Francis Lewis, signer of the United States Declaration of Independence (b. 1713)”~ Christopher Hitchens, The Parthenon
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Smith, in The Louisiana Purchase: A Historical and Geographical Encyclopedia, Junius P. Rodriguez, ed. (ABC-CLIO, 2002) p226~ William Belsham, History of Great Britain: From the Revolution, 1688, to the Conclusion of the Treaty of Amiens, 1802, Volume 12 (Phillips, 1805) p485”~ Brown, Thomas J. (1998). Dorothea Dix: New England Reformer.
Cambridge MA: Harvard University Press. p.1. ISBN978-0-67421-488-0. Archived from the original on December 7, 2023. Retrieved June 25, 2021.Retrieved from " 30ne hundred years, from 1701 to 1800For other uses, see 18th century
(disambiguation).Millennia2ndmillenniumCenturies17thcenturyl8thcenturyl9thcenturyTimelines17thcenturyl8thcenturyl9thcenturyState leaders17thcenturyl8thcenturyl9thcenturyDecades1700s1710s1720s1730s1740s1750s1760s1770s1780s1790sCategories:Births Deaths Establishments DisestablishmentsvtePolitical boundaries at the beginning
of year 1700Storming of the Bastille, 14 July 1789, an iconic event of the French Revolution.Development of the Watt steam engine in the late 18th century was an important element in the Industrial Revolution in Europe.The American Revolutionary War took place in the late 18th century. The 18th century lasted from 1 January 1701 (represented by
the Roman numerals MDCCI) to 31 December 1800 (MDCCC). During the 18th century, elements of Enlightenment thinking culminated in the Atlantic Revolutions. Revolutions began to challenge the legitimacy of monarchical and aristocratic power structures. The Industrial Revolution began mid-century, leading to radical changes in human society
and the environment. The European colonization of the Americas and other parts of the world intensified and associated mass migrations of people grew in size as part of the Age of Sail. During the century, slave trading expanded across the shores of the Atlantic Ocean, while declining in Russia[1] and China.[2]Western historians have occasionally
defined the 18th century otherwise for the purposes of their work. For example, the "short" 18th century may be defined as 17151789, denoting the period of time between the death of Louis XIV of France and the start of the French Revolution, with an emphasis on directly interconnected events.[3][4] To historians who expand the century to include
larger historical movements, the "long" 18th century[5] may run from the Glorious Revolution of 1688 to the Battle of Waterloo in 1815[6] or even later.[7] France was the sole world superpower from 1659, after it defeated Spain, until 1815, when it was defeated by Britain and its coalitions following the Napoleonic Wars.In Europe, philosophers
ushered in the Age of Enlightenment. This period coincided with the French Revolution of 1789, and was later compromised by the excesses of the Reign of Terror. At first, many monarchies of Europe embraced Enlightenment ideals, but in the wake of the French Revolution they feared loss of power and formed broad coalitions to oppose the French
Republic in the French Revolutionary Wars. Various conflicts throughout the century, including the War of the Spanish Succession and the Seven Years' War, saw Great Britain triumph over its rivals to become the preeminent power in Europe. However, Britain's attempts to exert its authority over the Thirteen Colonies became a catalyst for the
American Revolution. The 18th century also marked the end of the PolishLithuanian Commonwealth as an independent state. Its semi-democratic government system was not robust enough to prevent partition by the neighboring states of Austria, Prussia, and Russia.In West Asia, Nader Shah led Persia in successful military campaigns. The Ottoman
Empire experienced a period of peace, taking no part in European wars from 1740 to 1768. As a result, the empire was not exposed to Europe's military improvements during the Seven Years' War. The Ottoman military consequently lagged behind and suffered several defeats against Russia in the second half of the century.In South Asia, the death of
Mughal emperor Aurangzeb was followed by the expansion of the Maratha Confederacy and an increasing level of European influence and control in the region. In 1739, Persian emperor Nader Shah invaded and plundered Delhi, the capital of the Mughal Empire. Later, his general Ahmad Shah Durrani scored another victory against the Marathas,
the then dominant power in India, in the Third Battle of Panipat in 1761.[8] By the middle of the century, the British East India Company began to conquer eastern India,[9][8] and by the end of the century, the Anglo-Mysore Wars against Tipu Sultan and his father Hyder Ali, led to Company rule over the south.[10][11]In East Asia, the century was
marked by theHigh Qing era, a period characterized by significant cultural and territorial expansion. This period also experienced relative peace and prosperity, allowing for societal growth, increasing literacy rates, flourishing trade, and consolidating imperial power across the vast Qing dynasty's territories. Conversely, the continual seclusion policy
of the Tokugawa shogunate also brought a peaceful era called Pax Tokugawa and experienced a flourishment of the arts as well as scientific knowledge and advancements, which were introduced to Japan through the Dutch port of Nagasaki. In Southeast Asia, the KonbaungAyutthaya Wars and the Ty Sn Wars broke out while the Dutch East India
Company established increasing levels of control over the Mataram Sultanate.In Africa, the Ethiopian Empire underwent the Zemene Mesafint, a period when the country was ruled by a class of regional noblemen and the emperor was merely a figurehead. The Atlantic slave trade also saw the continued involvement of states such as the Oyo Empire.
In Oceania, the European colonization of Australia and New Zealand began during the late half of the century. In the Americas, the United States declared its independence from Great Britain. In 1776, Thomas Jefferson wrote the Declaration of Independence. In 1789, George Washington was inaugurated as the first president. Benjamin Franklin
traveled to Europe where he was hailed as an inventor. Examples of his inventions include the lightning rod and bifocal glasses. Tpac Amaru II led an uprising that sought to end Spanish colonial rule in Peru.For a chronological guide, see Timeline of the 18th century.See also: Georgian eraMain articles: 1700s, 1710s, 1720s, 1730s, and 1740sEurope
at the beginning of the War of the Spanish Succession, 1700The Battle of Poltava in 1709 turned the Russian Empire into a European power.John Churchill, 1st Duke of Marlborough17001721: Great Northern War between the Russian and Swedish Empires.1701: Kingdom of Prussia declared under King Frederick 1.1701: The Battle of Feyiase marks
the rise of the Ashanti Empire.17011714: The War of the Spanish Succession is fought, involving most of continental Europe.[12]17021715: Camisard rebellion in France.1703: Saint Petersburg is founded by Peter the Great; it is the Russian capital until 1918.17031711: The Rkczi uprising against the Habsburg monarchy.1704: End of Japan's Genroku
period.1704: First Javanese War of Succession.[13]17061713: The War of the Spanish Succession: French troops defeated at the Battle of Ramillies and the Siege of Turin.1707: Death of Mughal Emperor Aurangzeb leads to the fragmentation of the Mughal Empire.1707: The Act of Union is passed, merging the Scottish and English Parliaments, thus
establishing the Kingdom of Great Britain.[14]1708: The Company of Merchants of London Trading into the East Indies and English Company Trading to the East Indies merge to form the United Company of Merchants of England Trading to the East Indies.17081709: Famine kills one-third of East Prussia's population.1709: Foundation of the Hotak
Empire.1709: The Great Frost of 1709 marks the coldest winter in 500 years, contributing to the defeat of Sweden at Poltava.1710: The world's first copyright legislation, Britain's Statute of Anne, takes effect.17101711: Ottoman Empire fights Russia in the Russo-Turkish War and regains Azov.1711: Bukhara Khanate dissolves as local begs seize
power.17111715: Tuscarora War between British, Dutch, and German settlers and the Tuscarora people of North Carolina.1713: The Kangxi Emperor acknowledges the full recovery of the Chinese economy since its apex during the Ming.1714: In Amsterdam, Daniel Gabriel Fahrenheit invents the mercury-in-glass thermometer, which remains the
most reliable and accurate thermometer until the electronic era.1715: The first Jacobite rising breaks out; the British halt the Jacobite advance at the Battle of Sheriffmuir; Battle of Preston.1716: Establishment of the Sikh Confederacy along the present-day India-Pakistan border.17161718: Austro-Venetian-Turkish War.1718: The city of New Orleans
is founded by the French in North America.17181720: War of the Quadruple Alliance with Spain versus France, Britain, Austria, and the Netherlands.17181730: Tulip period of the Ottoman Empire.1719: Second Javanese War of Succession.[15]1720: The South Sea Bubble.17201721: The Great Plague of Marseille.1720: Qing forces oust Dzungar
invaders from Tibet.1721: The Treaty of Nystad is signed, ending the Great Northern War.1721: Sack of Shamakhi, massacre of its Shia population by Sunni Lezgins.1722: Siege of Isfahan results in the handover of Iran to the Hotaki Afghans.17221723: Russo-Persian War.17221725: Controversy over William Wood's halfpence leads to the Drapier's
Letters and begins the Irish economic independence from England movement.Mughal emperor Muhammad Shah with the Persian invader Nader Shah.1723: Slavery is abolished in Russia; Peter the Great converts household slaves into house serfs.[16]17231730: The "Great Disaster", an invasion of Kazakh territories by the Dzungars.17231732: The
Qing and the Dzungars fight a series of wars across Qinghai, Dzungaria, and Outer Mongolia, with inconclusive results.1724: Daniel Gabriel Fahrenheit proposes the Fahrenheit temperature scale.1725: Austro-Spanish alliance revived. Russia joins in 1726.17271729: Anglo-Spanish War ends inconclusively.1730: Mahmud I takes over Ottoman Empire
after the Patrona Halil revolt, ending the Tulip period.17301760: The First Great Awakening takes place in Great Britain and North America.17321734: Crimean Tatar raids into Russia.[17]17331738: War of the Polish Succession.Qianlong Emperor17351739: Austro-Russo-Turkish War.17351799: The Qianlong Emperor of China oversees a huge
expansion in territory.17381756: Famine across the Sahel; half the population of Timbuktu dies.[18]17371738: Hotak Empire ends after the siege of Kandahar by Nader Shah.1739: Great Britain and Spain fight the War of Jenkins' Ear in the Caribbean.1739: Nader Shah defeats a pan-Indian army of 300,000 at the Battle of Karnal. Taxation is stopped
in Iran for three years.17391740: Nader Shah's Sindh expedition.1740: George Whitefield brings the First Great Awakening to New England17401741: Famine in Ireland kills 20 percent of the population.17411743: Iran invades Uzbekistan, Khwarazm, Dagestan, and Oman.17411751: Maratha invasions of Bengal.17401748: War of the Austrian
Succession.1742: Marvel's Mill, the first water-powered cotton mill, begins operation in England.[19]1742: Anders Celsius proposes an inverted form of the centigrade temperature, which is later renamed Celsius in his honor.1742: Premiere of George Frideric Handel's Messiah.17431746: Another Ottoman-Persian War involves 375,000 men but
ultimately ends in a stalemate.The extinction of the Scottish clan system came with the defeat of the clansmen at the Battle of Culloden in 1746.[20]1744: The First Saudi State is founded by Mohammed Ibn Saud.[21]1744: Battle of Toulon is fought off the coast of France.17441748: The First Carnatic War is fought between the British, the French, the
Marathas, and Mysore in India.1745: Second Jacobite rising is begun by Charles Edward Stuart in Scotland.1747: The Durrani Empire is founded by Ahmad Shah Durrani.1748: The Treaty of Aix-La-Chapelle ends the War of the Austrian Succession and First Carnatic War.17481754: The Second Carnatic War is fought between the British, the French,
the Marathas, and Mysore in India.1750: Peak of the Little Ice Age.Main articles: 1750s, 1760s, 1770s, 1780s, 1790s, and 1800s1752: The British Empire adopts the Gregorian Calendar, skipping 11 days from 3 September to 13 September. On the calendar, 2 September is followed directly by 14 September.1754: The Treaty of Pondicherry ends the
Second Carnatic War and recognizes Muhammed Ali Khan Wallajah as Nawab of the Carnatic.1754: King's College is founded by a royal charter of George II of Great Britain.[22]17541763: The French and Indian War, the North American chapter of the Seven Years' War, is fought in colonial North America, mostly by the French and their allies
against the English and their allies.1755: The great Lisbon earthquake destroys most of Portugal's capital and kills up to 100,000.1755: The Dzungar genocide depopulates much of northern Xinjiang, allowing for Han, Uyghur, Khalkha Mongol, and Manchu colonization.17551763: The Great Upheaval forces transfer of the French Acadian population
from Nova Scotia and New Brunswick.17561763: The Seven Years' War is fought among European powers in various theaters around the world.17561763: The Third Carnatic War is fought between the British, the French, and Mysore in India.1757: British conquest of Bengal.Catherine the Great, Empress of Russia.1760: George III becomes King of
Britain.1761: Maratha Empire defeated at Battle of Panipat.17621796: Reign of Catherine the Great of Russia.1763: The Treaty of Paris ends the Seven Years' War and Third Carnatic War.1764: Dahomey and the Oyo Empire defeat the Ashanti army at the Battle of Atakpam.1764: The Mughals are defeated at the Battle of Buxar.1765: The Stamp Act
is introduced into the American colonies by the British Parliament.17651767: The Burmese invade Thailand and utterly destroy Attuthaya.17651769: Burma under Hsinbyushin repels four invasions from Qing China, securing hegemony over the Shan states.1766: Christian VII becomes king of Denmark. He was king of Denmark to 1808.17661799:
Anglo-Mysore Wars.1767: Taksin expels Burmese invaders and reunites Thailand under an authoritarian regime.17681772: War of the Bar Confederation.17681774: Russo-Turkish War.1769: Spanish missionaries establish the first of 21 missions in California.17691770: James Cook explores and maps New Zealand and Australia.17691773: The Bengal
famine of 1770 kills one-third of the Bengal population.1769: The French East India Company dissolves, only to be revived in 1785.1769: French expeditions capture clove plants in Ambon, ending the Dutch East India Company's (VOC) monopoly of the plant.[23]17701771: Famine in Czech lands kills hundreds of thousands.1771: The Plague Riot in
Moscow.1771: The Kalmyk Khanate dissolves as the territory becomes colonized by Russians. More than a hundred thousand Kalmyks migrate back to Qing Dzungaria.1772: Gustav III of Sweden stages a coup d'tat, becoming almost an absolute monarch.Encyclopdie, ou dictionnaire raisonn des sciences, des arts et des mtiers17721779: Maratha
Empire fights Britain and Raghunathrao's forces during the First Anglo-Maratha War.17721795: The Partitions of Poland end the PolishLithuanian Commonwealth and erase Poland from the map for 123 years.17731775: Pugachev's Rebellion, the largest peasant revolt in Russian history.1773: East India Company starts operations in Bengal to
smuggle opium into China.1775: Russia imposes a reduction in autonomy on the Zaporizhian Cossacks of Ukraine.17751782: First Anglo-Maratha War.17751783: American Revolutionary War.1776: Several kongsi republics are founded by Chinese settlers in the island of Borneo. They are some of the first democracies in Asia.17761777: A Spanish-
Portuguese War occurs over land in the South American frontiers.1776: Illuminati founded by Adam Weishaupt.1776: The United States Declaration of Independence is adopted by the Second Continental Congress in Philadelphia.1776: Adam Smith publishes The Wealth of Nations.1778: James Cook becomes the first European to land on the Hawaiian
Islands.1778: Franco-American alliance signed.1778: Spain acquires its first permanent holding in Africa from the Portuguese, which is administered by the newly-established La Plata Viceroyalty.1778: Vietnam is reunified for the first time in 200 years by the Tay Son brothers. The Ty Sn dynasty has been established, terminating the L
dynasty.17791879: Xhosa Wars between British and Boer settlers and the Xhosas in the South African Republic.17791783: Britain loses several islands and colonial outposts all over the world to the combined Franco-Spanish navy.1779: Iran enters yet another period of conflict and civil war after the prosperous reign of Karim Khan Zand.1780:
Outbreak of the indigenous rebellion against Spanish colonization led by Tpac Amaru II in Peru.1781: The city of Los Angeles is founded by Spanish settlers.George Washington17811785: Serfdom is abolished in the Austrian monarchy (first step; second step in 1848).1782: The Thonburi Kingdom of Thailand is dissolved after a palace coup.1783: The
Treaty of Paris formally ends the American Revolutionary War.1783: Russian annexation of Crimea.17851791: Imam Sheikh Mansur, a Chechen warrior and Muslim mystic, leads a coalition of Muslim Caucasian tribes from throughout the Caucasus in a holy war against Russian settlers and military bases in the Caucasus, as well as against local
traditionalists, who followed the traditional customs and common law (Adat) rather than the theocratic Sharia.[24]17851795: The Northwest Indian War is fought between the United States and Native Americans.17851787: The MarathaMysore Wars concludes with an exchange of territories in the Deccan.17861787: Wolfgang Amadeus Mozart
premieres The Marriage of Figaro and Don Giovanni.1787: The Tuareg occupy Timbuktu until the 19th century.17871792: Russo-Turkish War.1788: First Fleet arrives in Australial7881790: Russo-Swedish War (17881790).1788: Dutch Geert Adriaans Boomgaard (17881899) would become the first generally accepted validated case of a
supercentenarian on record.[25][26]Declaration of the Rights of Man and of the Citizen17881789: A Qing attempt to reinstall an exiled Vietnamese king in northern Vietnam ends in disaster.1789: George Washington is elected the first President of the United States; he serves until 1797.1789: Quang Trung defeats the Qing army.17891799: French
Revolution.1789: The Lige Revolution.1789: The Brabant Revolution.1789: The Inconfidncia Mineira, an unsuccessful separatist movement in central Brazil led by Tiradentes1791: Suppression of the Lige Revolution by Austrian forces and re-establishment of the Prince-Bishopric of Lige.17911795: George Vancouver explores the world during the
Vancouver Expedition.17911804: The Haitian Revolution.1791: Mozart premieres The Magic Flute.17921802: The French Revolutionary Wars lead into the Napoleonic Wars, which last from 18031815.1792: The New York Stock & Exchange Board is founded.1792: PolishRussian War of 1792.1792: Margaret Ann Neve (17921903) would become the
first recorded female supercentenarian to reach the age of 110.[27][28]1793: Upper Canada bans slavery.1793: The largest yellow fever epidemic in American history kills as many as 5,000 people in Philadelphia, roughly 10% of the population.[29]17931796: Revolt in the Vende against the French Republic at the time of the Revolution.17941816: The
Hawkesbury and Nepean Wars, which were a series of incidents between settlers and New South Wales Corps and the Aboriginal Australian clans of the Hawkesbury river in Sydney, Australia.1795: The Marseillaise is officially adopted as the French national anthem.Napoleon at the Bridge of the Arcole1795: The Battle of Nuuanu in the final days of
King Kamehameha I's wars to unify the Hawaiian Islands.17951796: Iran invades and devastates Georgia, prompting Russia to intervene and march on Tehran.1796: Edward Jenner administers the first smallpox vaccination; smallpox killed an estimated 400,000 Europeans each year during the 18th century, including five reigning monarchs.[30]1796:
War of the First Coalition: The Battle of Montenotte marks Napoleon Bonaparte's first victory as an army commander.1796: The British eject the Dutch from Ceylon and South Africa.17961804: The White Lotus Rebellion against the Manchu dynasty in China.1797: John Adams is elected the second President of the United States; he serves until
1801.1798: The Irish Rebellion fails to overthrow British rule in Ireland.17981800: The Quasi-War is fought between the United States and France.1799: Dutch East India Company is dissolved.1799: Austro-Russian forces under Alexander Suvorov liberates much of Italy and Switzerland from French occupation.1799: Coup of 18 Brumaire - Napoleon's
coup d'etat brings the end of the French Revolution.1799: Death of the Qianlong Emperor after 60 years of rule over China. His favorite official, Heshen, is ordered to commit suicide.1800: On 1 January, the bankrupt VOC is formally dissolved and the nationalized Dutch East Indies are established.[31]Main articles: Timeline of historic inventions 18th
century, and Timeline of scientific discoveries 18th centuryThe spinning jenny1709: The first piano was built by Bartolomeo Cristoforil711: Tuning fork was invented by John Shorel712: Steam engine invented by Thomas Newcomen1714: Mercury thermometer by Daniel Gabriel Fahrenheit1717: Diving bell was successfully tested by Edmond Halley,
sustainable to a depth of 55ftc. 1730: Octant navigational tool was developed by John Hadley in England, and Thomas Godfrey in Americal733: Flying shuttle invented by John Kay1736: Europeans encountered rubber the discovery was made by Charles Marie de La Condamine while on expedition in South America. It was named in 1770 by Joseph
Priestleyc. 1740: Modern steel was developed by Benjamin Huntsman1741: Vitus Bering discovers Alaskal745: Leyden jar invented by Ewald Georg von Kleist was the first electrical capacitor1751: Jacques de Vaucanson perfects the first precision lathe1752: Lightning rod invented by Benjamin Franklin1753: The first clock to be built in the New
World (North America) was invented by Benjamin Banneker.1755: The tallest wooden Bodhisattva statue in the world is erected at Puning Temple, Chengde, China.1764: Spinning jenny created by James Hargreaves brought on the Industrial Revolution1765: James Watt enhances Newcomen's steam engine, allowing new steel technologies1761: The
problem of longitude was finally resolved by the fourth chronometer of John Harrison1763: Thomas Bayes publishes first version of Bayes' theorem, paving the way for Bayesian probability17681779: James Cook mapped the boundaries of the Pacific Ocean and discovered many Pacific Islands1774: Joseph Priestley discovers "dephlogisticated air",
oxygenThe Chinese Putuo Zongcheng Temple of Chengde, completed in 1771, during the reign of the Qianlong Emperor.1775: Joseph Priestley's first synthesis of "phlogisticated nitrous air", nitrous oxide, "laughing gas"1776: First improved steam engines installed by James Watt1776: Steamboat invented by Claude de Jouffroy1777: Circular saw
invented by Samuel Miller1779: Photosynthesis was first discovered by Jan Ingenhousz1781: William Herschel announces discovery of Uranus1784: Bifocals invented by Benjamin Franklin1784: Argand lamp invented by Aim Argand[32]1785: Power loom invented by Edmund Cartwright1785: Automatic flour mill invented by Oliver Evans1786:
Threshing machine invented by Andrew Meikle1787: Jacques Charles discovers Charles's law1789: Antoine Lavoisier discovers the law of conservation of mass, the basis for chemistry, and begins modern chemistryl1798: Edward Jenner publishes a treatise about smallpox vaccination1798: The Lithographic printing process invented by Alois
Senefelder[33]1799: Rosetta Stone discovered by Napoleon's troopsMain articles: 18th century in literature and 18th century in philosophy1703: The Love Suicides at Sonezaki by Chikamatsu first performed17041717: One Thousand and One Nights translated into French by Antoine Galland. The work becomes immensely popular throughout
Europe.1704: A Tale of a Tub by Jonathan Swift first published1712: The Rape of the Lock by Alexander Pope (publication of first version)1719: Robinson Crusoe by Daniel Defoel725: The New Science by Giambattista Vicol726: Gulliver's Travels by Jonathan Swift1728: The Dunciad by Alexander Pope (publication of first version)1744: A Little Pretty
Pocket-Book becomes one of the first books marketed for children1748: Chushingura (The Treasury of Loyal Retainers), popular Japanese puppet play, composed1748: Clarissa; or, The History of a Young Lady by Samuel Richardson1749: The History of Tom Jones, a Foundling by Henry Fielding1751: Elegy Written in a Country Churchyard by Thomas
Gray published17511785: The French Encyclopdiel755: A Dictionary of the English Language by Samuel Johnson1758: Arithmetika Horvatzka by Mihalj ilobod Boli1759: Candide by Voltaire1759: The Theory of Moral Sentiments by Adam Smith17591767: Tristram Shandy by Laurence Sternel762: Emile: or, On Education by Jean-Jacques
Rousseaul762: The Social Contract, Or Principles of Political Right by Jean-Jacques Rousseaul774: The Sorrows of Young Werther by Goethe first published1776: Ugetsu Monogatari (Tales of Moonlight and Rain) by Ueda Akinaril776: The Wealth of Nations, foundation of the modern theory of economy, was published by Adam Smith17761789: The
History of the Decline and Fall of the Roman Empire was published by Edward Gibbon1779: Amazing Grace published by John Newton17791782: Lives of the Most Eminent English Poets by Samuel Johnson1781: Critique of Pure Reason by Immanuel Kant (publication of first edition)1781: The Robbers by Friedrich Schiller first published1782: Les
Liaisons dangereuses by Pierre Choderlos de Laclos1786: Poems, Chiefly in the Scottish Dialect by Robert Burns17871788: The Federalist Papers by Alexander Hamilton, James Madison, and John Jay1788: Critique of Practical Reason by Immanuel Kant1789: Songs of Innocence by William Blake1789: The Interesting Narrative of the Life of Olaudah
Equiano by Olaudah Equiano1790: Journey from St. Petersburg to Moscow by Alexander Radishchev1790: Reflections on the Revolution in France by Edmund Burke1791: Rights of Man by Thomas Paine1792: A Vindication of the Rights of Woman by Mary Wollstonecraft1794: Songs of Experience by William Blake1798: Lyrical Ballads by William
Wordsworth and Samuel Taylor Coleridge1798: An Essay on the Principle of Population published by Thomas Malthus(mid18th century): The Dream of the Red Chamber (authorship attributed to Cao Xueqin), one of the most famous Chinese novels1711: Rinaldo, Handel's first opera for the London stage, premiered1721: Brandenburg Concertos by
J.S. Bach1723: The Four Seasons, violin concertos by Antonio Vivaldi, composed1724: St John Passion by J.S. Bach1727: St Matthew Passion composed by J.S. Bach1727: Zadok the Priest is composed by Handel for the coronation of George II of Great Britain. It has been performed at every subsequent British coronation.1733: Hippolyte et Aricie, first
opera by Jean-Philippe Rameaul741: Goldberg Variations for harpsichord published by Bach1742: Messiah, oratorio by Handel premiered in Dublin1749: Mass in B minor by J.S. Bach assembled in current form1751: The Art of Fugue by J.S. Bach1762: Orfeo ed Euridice, first "reform opera" by Gluck, performed in Viennal786: The Marriage of Figaro,
opera by Mozart1787: Don Giovanni, opera by Mozart1788: Jupiter Symphony (Symphony No. 41) composed by Mozart1791: The Magic Flute, opera by Mozart17911795: London symphonies by Haydn1798: The Pathtique, piano sonata by Beethoven1798: The Creation, oratorio by Haydn first performed”™ Volkov, Sergey. Concise History of Imperial
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that means for yourvisuals.Download Our Latest VisualGPS ReportData-backed trends. Generative Al demos. Answers to your usage rights questions. Our original video podcast covers it allnow ondemand.Watch NowThe study of the emission and absorption of light and other radiations by matter is known as spectroscopy. They mainly process the
wavelength of the radiation. Spectroscopy also deals with the study of the interactions between particles like protons, electrons, and ions. Spectroscopy can also be used to study the interaction with other particles related to the function of their collision energy. Spectroscopic analysis plays an important role in quantum mechanics, theory of relativity
and quantum electrodynamics.This article explains the principle of spectroscopy, uses of spectrometers, types and applications of spectroscopy in detail. (image will be updated soon) Principle of SpectroscopySpectroscopy is mainly used to identify and elucidate the elements and compounds of atoms and molecules. They are measured by examining
the absorbed or emitted radiant energy by the sample or object. Here, the beam of electromagnetic radiation like infrared rays, UV rays..etc are passed on the sample and the response of the sample is measured through the wavelength of the electromagnetic spectrum applied from the external energy source. What is Spectrometer?A scientific
instrument that is mainly used to analyse the wavelength of electromagnetic radiations by measuring and separating the spectral components based on their physical phenomenon is known as a spectrometer. The spectrometer is commonly used for molecular spectroscopy. The spectrometer mainly consists of radiation source and detection and
analysis equipment. The emission spectrometers are used to excite molecules of a sample to higher energy states and analyze the radiation emitted while molecules return to their original energy state. Usually, the absorption spectrometers will pass the radiations of known wavelengths. So, it is possible to determine the changes in the radiation
wavelength. The process of Fourier-transform spectrometers are similar to the absorption spectrometers, but they are using broadband radiations and the computer will analyze the output. Mass spectrometers are mainly used for analysing the atomic or molecular components in a sample based on their masses. What is Spectroscope?An instrument
that is used for measuring the properties of light in a certain portion of the electromagnetic spectrum is known as a spectroscope. Spectroscope is also known as optical spectroscope, spectrophotometer or spectrograph. Usually, the spectrometer present in the spectroscope will produce spectral lines and help them to measure wavelengths and
intensities of light. Types of SpectroscopyHere, a few important types of spectroscopy with their properties and applications are explained below.IR Spectroscopylnfrared spectroscopy will mainly deal with the electromagnetic spectrum lying in the infrared region. They mainly work on absorption spectroscopy. IR spectroscopy is mainly used for
identifying the chemical composition of the material. Fourier transform infrared (FTIR) spectrometers mainly use IR spectroscopy techniques. The electromagnetic spectrum of infrared is mainly classified into three types namely, near-infrared, far-infrared and mid-infrared. The near-infrared ranges between 14000-4000 cm-1, which will help to study
overtone or harmonic vibrations. The mid-infrared ranges from 4000-400 cm-1, which will help to study the fundamental vibrations and associated rotational-vibrational structure. The mid-infrared ranges from 400-10 cm-1, which will help to study microwave regions that have low energy and may be used for rotational spectroscopy.UV
SpectroscopyUltraviolet spectroscopy is also known as absorption spectroscopy or reflectance spectroscopy. The electromagnetic spectrum of the ultraviolet region lies adjacent to the infrared region. UV spectroscopy is mainly used for bacteria culture, drug identification and to check nucleic acid purity.Mass SpectroscopyMass spectroscopy is
mainly useful for studying the protein-protein interaction. So, Mass spectroscopy can be used for identifying biomolecules or proteins present in biological samples. The detector of these mass spectroscopy will analyse the substance based on mass and charge ratio. Here, ion deflection is mainly based on mass, velocity and charge.Raman
SpectroscopyUsually, Raman spectroscopy works based on the absorption of photons. The Raman spectroscopy will analyze the material based on the scattering of photons at a higher or lower frequency. While photons incident the molecules or atoms, they may either gain energy or lose energy based on the vibration or rotation of the molecules. If
most of the incident photons get scattered by the sample without the changes in frequency, then the scattering process is known as Rayleigh scattering. Usually, the Raman spectra will be the monochromatic visible laser. The scanning optical monochromator with a phototube is used as a detector for analysing the radiation.Fluorescence
SpectroscopyFluorescence Spectroscopy is one of the important types of electromagnetic spectroscopy. They are mainly used for the fluorescence of a sample. Usually, UV lights are used in fluorescence spectroscopy. Fluorescence spectroscopy is mainly used for analysing organic components in biochemical, medical, and chemical research fields. By
using microfluorimetry, fluorescence spectroscopy can be adopted for the microscopic level. By using the Atomic Fluorescence Spectroscopy (AFS) techniques, we can find the compound present in air or water, or other media.FTIR SpectroscopyFTIR Spectroscopy is also known as Fourier-transform infrared spectroscopy. This technique is obtained
by an infrared spectrum of absorption or emission of a solid, liquid or gas. FTIR spectroscopy is widely used for analysing nano and biological materials, water content determination in plastics and compositions, detectors in chromatography...etc. Application of SpectroscopySpectroscopy is mainly used for studying the structure of molecules and
atoms. Spectroscopy will use a large wavelength to investigate the structure and electron configurations of atoms and molecules.Spectroscopy can also be used for finding the unknown chemical composition of materials. Spectroscopys emission spectrum will help to concentrate on a few parts per million of a trace element in a material.The study of
the spectral emission lines will help astronomers to study distant galaxies. This will help to analyse the universe in all directions. Astronomers will also use the doppler shift of spectral lines for observations. Usually, a doppler shift will occur when the source of radiation like stars, nebula moves relative to an observer.This article explains the principle
of spectroscopy, a few important types of spectroscopy and their applications and a list of the important applications of spectroscopy in various fields are given in detail. Examples of Spectroscopy ApplicationsMonitoring diffused oxygen content in freshwater and aquatic ecosystems.Determining the atomic structure of a sample.Determining the
metabolic structure of a muscle.Studying spectral emission lines of distant galaxies.Altering the structure of drugs to improve the effectiveness.Space explorationCharacterization of proteinsRespiratory gas analysis in hospitals Atomic emission spectroscopy or AES is a procedure of analyzing chemicals that employs the intensity of light from a
plasma, flame, arc or spark at a definite wavelength to calculate the quantitative presence of an element in a particular sample. The atomic spectral line wavelength identifies the element and the intensity of light is proportional to the atom count of the element.Atomic Emission Spectroscopy PrincipleThe theory or working principle of Atomic
Emission Spectroscopy involves the examination of the wavelengths of photons discharged by atoms and molecules as they transit from a high energy state to a low energy state. A characteristic set of wavelengths is emitted by each element or substance which depends on its electronic structure. A study of these wavelengths can reveal the elemental
structure of the sample.Flame Atomic Emission Spectroscopyln this method, a sample of the material to be analyzed is brought into flame in the form of a sprayed solution or gas. Free atoms of the material are produced when the flame heat evaporates the solvent and breaks the chemical bonds of the analyte. The heat also changes the atoms into
electronically charged particles which emits light when they get back to the ground electronic state. Light is emitted at a wavelength characteristic to each element which is then dispersed by a prism or grating and detected in spectrometer. Picture 1 Atomic Emission SpectroscopyFlame emission spectroscopy is frequently used while studying alkali
metals for pharmaceutical research and analysis.Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES)Inductively coupled plasma atomic emission spectroscopy (ICP-AES) employs the use of inductively coupled plasma for producing excited ions and atoms that radiate electromagnetically charged particles at wavelengths
characteristic to a definite element.Uses of Inductively Coupled Plasma Atomic Emission SpectroscopyThe various uses of ICP-AES have been discussed below:Inductively coupled plasma atomic emission spectroscopy is used to determine the presence of arsenic in food, metals in wine and to study trace elements that are bound to proteins.ICP-AES is
frequently used for analyzing trace elements present in the soil. Forensic experts use this method to study soil samples found at the crime scenes and ascertain their origin. The metal composition of two types of soil samples can be compared to determine the origin of the soil samples taken from crime scene.ICP-AES is also used for analyzing motor
oils. The results from such studies help in determining the life of the oil, as well as assist in quality control and help in functional efficiency of automobile engines.Advantages and disadvantages of ICP Atomic Emission SpectroscopyThere are a few advantages of inductively coupled plasma atomic emission spectroscopy (ICP-AES). These include
excellent linear dynamic range and limit of detection, low chemical interference, multi-element capability as well as a stable, reproducible signal.The disadvantages of this method include a huge cost of infrastructure maintenance and operating expense, the presence of several emission lines or spectral interferences and the necessity of having
samples dissolved in solutions.Atomic Absorption SpectroscopyWhen a ground state atom is collided with light of appropriate wavelength, the atom absorbs the light and enters an excited phase. This process is referred to as atomic absorption. The aim of atomic absorption is to measure the quantity of light at resonant wavelength that is absorbed
when it passes through a cluster of atoms. The increase in the amount of absorbed light is proportional to the increase in the number of atoms on the light stream. The quantity of analyte substance present can be calculated by measuring the quantity of absorbed light. The quantitative determination of varied individual elements in presence of other
substances is aided by the employment of special light sources as well as the appropriate selection of light wavelength. The atom cloud needed for measuring atomic absorption is produced by exposing the sample to enough thermal energy. This dissociates the structures of chemical compounds and liberates free atoms. This purpose is served by
presenting the sample solution into the flame coordinated with the light beam. The majority of atoms will stay in the ground state form when exposed to appropriate flame conditions. These atoms can absorb light emitted from the source lamp at specific analytical wavelength. Atomic Absorption Spectroscopy offers great speed and ease while making
comprehensive and accurate calculations and hence it is among the most widely used methods for determining metal samples.Spark and arc atomic emission spectroscopySpark or arc atomic emission spectroscopy is a procedure used for analyzing solid samples for metallic elements. While studying non-conductive substances, conductivity is induced
in the solid sample by grinding it with graphite powder. Traditionally, the arc spectroscopy method involved grinding and destroying a solid sample during analysis and passing an electric spark or arc through it. This results in producing a heat of high temperature that excites the atoms into highly charged particles. Light is emitted by the excited
atoms at characteristic wavelengths which can then be dispersed and detected using a monochromator. The analysis for metallic elements in solid samples is qualitative as the spark and arc conditions are generally not well monitored. The modern usage of spark sources using controlled discharges under presence of argon is also considered to be
quantitative. Both the traditional and modern methods of qualitative and quantitative spark analysis methods are frequently used for quality control in steel mills and foundries.Atomic Emission Spectroscopy InstrumentationThe sample that needs to be studied should be first converted to highly excited free atoms. The liquid samples are generally
nebulized and carried to the source of excitation by flowing gas. Solid samples are introduced into a source by slurry or laser ablation in a stream of gas. Another way of dealing with solid samples would be to directly vaporize the sample and excite it by using a laser pulse or a spark between electrodes. The excitation source should desolvate the
sample, atomize and excite the atoms. A number of excitation sources can be used for these purposes, which are listed below:Direct-current plasma (DCP) This process involves using two electrodes to produce an electrical discharge. A plasma support gas like Argon is necessary.Inductively-coupled plasma (ICP) This process requires a plasma torch
which is made up of concentric quartz tubes. The inner tube contains Argon and the sample and Argon gas flows through the outer tube and acts as a cooling agent. A radiofrequency generator (RF) having a range of 1-5 kW at 27 MHz or 41 MHz creates an oscillating current within an induction coil which surrounds the tubes. An oscillating magnetic
field is produced by this induction coil.Flame A flame is high temperature source that is used to desolvate and vaporize a sample and generate free atoms for spectroscopic study.Laser-induced breakdown (LIBS) A high energy laser beam is utilized for this method.Microwave-induced plasma (MIP) In this method, a quartz tube is surrounded by a
cavity or a microwave waveguide. A magnetron is required to produce microwaves that will fill the microwave waveguide. A spark is needed to facilitate the plasma state.Laser-induced plasma A high energy CO?2 laser is required to be focused on a support gas such as Argon for maintaining a heated plasma.Spark or arc Spark and arc excitation
sources employ a spark or a current pulse (spark) or an arc of continuous electrical discharge between two electrodes for vaporizing and exciting the atoms of the sample. The electrodes are made of either graphite or metal.Atomic Emission Spectroscopy ApplicationsThe principal application of atomic emission spectroscopy is to determine the
proportional quantity of a particular element in a given sample. The various methods of atomic emission spectroscopy are utilized to examine different substances such as foods and drinks, motor oil and soil samples. Atomic Emission Spectroscopy is predominantly utilized in space research labs by NASA and ESA. It is also used for aiding various
military operations. Study involving matter and electromagnetic radiationAn example of spectroscopy: a prism separates white light by dispersing it into its component colors.Spectroscopy is the field of study that measures and interprets electromagnetic spectra.[1][2] In narrower contexts, spectroscopy is the precise study of color as generalized
from visible light to all bands of the electromagnetic spectrum.Spectroscopy, primarily in the electromagnetic spectrum, is a fundamental exploratory tool in the fields of astronomy, chemistry, materials science, and physics, allowing the composition, physical structure and electronic structure of matter to be investigated at the atomic, molecular and
macro scale, and over astronomical distances.Historically, spectroscopy originated as the study of the wavelength dependence of the absorption by gas phase matter of visible light dispersed by a prism. Current applications of spectroscopy include biomedical spectroscopy in the areas of tissue analysis and medical imaging. Matter waves and acoustic
waves can also be considered forms of radiative energy, and recently gravitational waves have been associated with a spectral signature in the context of the Laser Interferometer Gravitational-Wave Observatory (LIGO).[3]Spectroscopy is a branch of science concerned with the spectra of electromagnetic radiation as a function of its wavelength or
frequency measured by spectrographic equipment, and other techniques, in order to obtain information concerning the structure and properties of matter.[4] Spectral measurement devices are referred to as spectrometers, spectrophotometers, spectrographs or spectral analyzers. Most spectroscopic analysis in the laboratory starts with a sample to
be analyzed, then a light source is chosen from any desired range of the light spectrum, then the light goes through the sample to a dispersion array (diffraction grating instrument) and captured by a photodiode. For astronomical purposes, the telescope must be equipped with the light dispersion device. There are various versions of this basic setup
that may be employed.Spectroscopy began with Isaac Newton splitting light with a prism; a key moment in the development of modern optics.[5] Therefore, it was originally the study of visible light that we call color that later under the studies of James Clerk Maxwell came to include the entire electromagnetic spectrum.[6] Although color is involved
in spectroscopy, it is not equated with the color of elements or objects that involve the absorption and reflection of certain electromagnetic waves to give objects a sense of color to our eyes. Rather spectroscopy involves the splitting of light by a prism, diffraction grating, or similar instrument, to give off a particular discrete line pattern called a
"spectrum" unique to each different type of element. Most elements are first put into a gaseous phase to allow the spectra to be examined although today other methods can be used on different phases. Each element that is diffracted by a prism-like instrument displays either an absorption spectrum or an emission spectrum depending upon whether
the element is being cooled or heated.[7]Until recently all spectroscopy involved the study of line spectra and most spectroscopy still does.[8] Vibrational spectroscopy is the branch of spectroscopy that studies the spectra.[9] However, the latest developments in spectroscopy can sometimes dispense with the dispersion technique. In biochemical
spectroscopy, information can be gathered about biological tissue by absorption and light scattering techniques. Light scattering spectroscopy is a type of reflectance spectroscopy that determines tissue structures by examining elastic scattering.[10] In such a case, it is the tissue that acts as a diffraction or dispersion mechanism.Spectroscopic
studies were central to the development of quantum mechanics, because the first useful atomic models described the spectra of hydrogen, which include the Bohr model, the Schrdinger equation, and Matrix mechanics, all of which can produce the spectral lines of hydrogen, therefore providing the basis for discrete quantum jumps to match the
discrete hydrogen spectrum. Also, Max Planck's explanation of blackbody radiation involved spectroscopy because he was comparing the wavelength of light using a photometer to the temperature of a Black Body.[11] Spectroscopy is used in physical and analytical chemistry because atoms and molecules have unique spectra. As a result, these
spectra can be used to detect, identify and quantify information about the atoms and molecules. Spectroscopy is also used in astronomy and remote sensing on Earth. Most research telescopes have spectrographs. The measured spectra are used to determine the chemical composition and physical properties of astronomical objects (such as their
temperature, density of elements in a star, velocity, black holes and more).[12] An important use for spectroscopy is in biochemistry. Molecular samples may be analyzed for species identification and energy content.[13]The underlying premise of spectroscopy is that light is made of different wavelengths and that each wavelength corresponds to a
different frequency. The importance of spectroscopy is centered around the fact that every element in the periodic table has a unique light spectrum described by the frequencies of light it emits or absorbs consistently appearing in the same part of the electromagnetic spectrum when that light is diffracted. This opened up an entire field of study with
anything that contains atoms. Spectroscopy is the key to understanding the atomic properties of all matter. As such spectroscopy opened up many new sub-fields of science yet undiscovered. The idea that each atomic element has its unique spectral signature enabled spectroscopy to be used in a broad number of fields each with a specific goal
achieved by different spectroscopic procedures. The National Institute of Standards and Technology maintains a public Atomic Spectra Database that is continually updated with precise measurements.[14]The broadening of the field of spectroscopy is due to the fact that any part of the electromagnetic spectrum may be used to analyze a sample from
the infrared to the ultraviolet telling scientists different properties about the very same sample. For instance in chemical analysis, the most common types of spectroscopy include atomic spectroscopy, infrared spectroscopy, ultraviolet and visible spectroscopy, Raman spectroscopy and nuclear magnetic resonance.[15] In nuclear magnetic resonance
(NMR), the theory behind it is that frequency is analogous to resonance and its corresponding resonant frequency. Resonances by the frequency were first characterized in mechanical systems such as pendulums, which have a frequency of motion noted famously by Galileo.[16]A huge diffraction grating at the heart of the ultra-precise ESPRESSO
spectrograph.[17]Spectroscopy is a sufficiently broad field that many sub-disciplines exist, each with numerous implementations of specific spectroscopic techniques. The various implementations and techniques can be classified in several ways.The types of spectroscopy are distinguished by the type of radiative energy involved in the interaction. In
many applications, the spectrum is determined by measuring changes in the intensity or frequency of this energy. The types of radiative energy studied include:Electromagnetic radiation was the first source of energy used for spectroscopic studies. Techniques that employ electromagnetic radiation are typically classified by the wavelength region of
the spectrum and include microwave, terahertz, infrared, near-infrared, ultraviolet-visible, x-ray, and gamma spectroscopy.Particles, because of their de Broglie waves, can also be a source of radiative energy. Both electron and neutron spectroscopy are commonly used. For a particle, its kinetic energy determines its wavelength.Acoustic spectroscopy
involves radiated pressure waves.Dynamic mechanical analysis can be employed to impart radiating energy, similar to acoustic waves, to solid materials.The types of spectroscopy also can be distinguished by the nature of the interaction between the energy and the material. These interactions include:[2]Absorption spectroscopy: Absorption occurs
when energy from the radiative source is absorbed by the material. Absorption is often determined by measuring the fraction of energy transmitted through the material, with absorption decreasing the transmitted portion.Emission spectroscopy: Emission indicates that radiative energy is released by the material. A material's blackbody spectrum is a
spontaneous emission spectrum determined by its temperature. This feature can be measured in the infrared by instruments such as the atmospheric emitted radiance interferometer.[18] Emission can also be induced by other sources of energy such as flames, sparks, electric arcs or electromagnetic radiation in the case of fluorescence.Elastic
scattering and reflection spectroscopy determine how incident radiation is reflected or scattered by a material. Crystallography employs the scattering of high energy radiation, such as x-rays and electrons, to examine the arrangement of atoms in proteins and solid crystals.Impedance spectroscopy: Impedance is the ability of a medium to impede or
slow the transmittance of energy. For optical applications, this is characterized by the index of refraction.Inelastic scattering phenomena involve an exchange of energy between the radiation and the matter that shifts the wavelength of the scattered radiation. These include Raman and Compton scattering.Coherent or resonance spectroscopy are
techniques where the radiative energy couples two quantum states of the material in a coherent interaction that is sustained by the radiating field. The coherence can be disrupted by other interactions, such as particle collisions and energy transfer, and so often require high intensity radiation to be sustained. Nuclear magnetic resonance (NMR)
spectroscopy is a widely used resonance method, and ultrafast laser spectroscopy is also possible in the infrared and visible spectral regions.Nuclear spectroscopy are methods that use the properties of specific nuclei to probe the local structure in matter, mainly condensed matter, molecules in liquids or frozen liquids and bio-molecules.Quantum
logic spectroscopy is a general technique used in ion traps that enables precision spectroscopy of ions with internal structures that preclude laser cooling, state manipulation, and detection. Quantum logic operations enable a controllable ion to exchange information with a co-trapped ion that has a complex or unknown electronic
structure.Spectroscopic studies are designed so that the radiant energy interacts with specific types of matter.Atomic spectra comparison table, from "Spektroskopische Methoden der analytischen Chemie" (1922).Atomic spectroscopy was the first application of spectroscopy. Atomic absorption spectroscopy and atomic emission spectroscopy involve
visible and ultraviolet light. These absorptions and emissions, often referred to as atomic spectral lines, are due to electronic transitions of outer shell electrons as they rise and fall from one electron orbit to another. Atoms also have distinct x-ray spectra that are attributable to the excitation of inner shell electrons to excited states.Atoms of different
elements have distinct spectra and therefore atomic spectroscopy allows for the identification and quantitation of a sample's elemental composition. After inventing the spectroscope, Robert Bunsen and Gustav Kirchhoff discovered new elements by observing their emission spectra. Atomic absorption lines are observed in the solar spectrum and
referred to as Fraunhofer lines after their discoverer. A comprehensive explanation of the hydrogen spectrum was an early success of quantum mechanics and explained the Lamb shift observed in the hydrogen spectrum, which further led to the development of quantum electrodynamics.Modern implementations of atomic spectroscopy for studying
visible and ultraviolet transitions include flame emission spectroscopy, inductively coupled plasma atomic emission spectroscopy, glow discharge spectroscopy, microwave induced plasma spectroscopy, and spark or arc emission spectroscopy. Techniques for studying x-ray spectra include X-ray spectroscopy and X-ray fluorescence.The combination of
atoms into molecules leads to the creation of unique types of energetic states and therefore unique spectra of the transitions between these states. Molecular spectra can be obtained due to electron spin states (electron paramagnetic resonance), molecular rotations, molecular vibration, and electronic states. Rotations are collective motions of the
atomic nuclei and typically lead to spectra in the microwave and millimetre-wave spectral regions. Rotational spectroscopy and microwave spectroscopy are synonymous. Vibrations are relative motions of the atomic nuclei and are studied by both infrared and Raman spectroscopy. Electronic excitations are studied using visible and ultraviolet
spectroscopy as well as fluorescence spectroscopy.[2][19][20][21][22]Studies in molecular spectroscopy led to the development of the first maser and contributed to the subsequent development of the laser.The combination of atoms or molecules into crystals or other extended forms leads to the creation of additional energetic states. These states are
numerous and therefore have a high density of states. This high density often makes the spectra weaker and less distinct, i.e., broader. For instance, blackbody radiation is due to the thermal motions of atoms and molecules within a material. Acoustic and mechanical responses are due to collective motions as well.Pure crystals, though, can have
distinct spectral transitions, and the crystal arrangement also has an effect on the observed molecular spectra. The regular lattice structure of crystals also scatters x-rays, electrons or neutrons allowing for crystallographic studies.Nuclei also have distinct energy states that are widely separated and lead to gamma ray spectra. Distinct nuclear spin
states can have their energy separated by a magnetic field, and this allows for nuclear magnetic resonance spectroscopy.This section is in list format but may read better as prose. You can help by converting this section, if appropriate. Editing help is available. (April 2016)Other types of spectroscopy are distinguished by specific applications or
implementations:Acoustic resonance spectroscopy is based on sound waves primarily in the audible and ultrasonic regions.Auger electron spectroscopy is a method used to study surfaces of materials on a micro-scale. It is often used in connection with electron microscopy.Cavity ring-down spectroscopyCircular dichroism spectroscopyCoherent anti-
Stokes Raman spectroscopy is a recent technique that has high sensitivity and powerful applications for in vivo spectroscopy and imaging.[23]Cold vapour atomic fluorescence spectroscopyCorrelation spectroscopy encompasses several types of two-dimensional NMR spectroscopy.Deep-level transient spectroscopy measures concentration and
analyzes parameters of electrically active defects in semiconducting materials.Dielectric spectroscopyDual-polarization interferometry measures the real and imaginary components of the complex refractive index.Electron energy loss spectroscopy in transmission electron microscopy.Electron phenomenological spectroscopy measures the
physicochemical properties and characteristics of the electronic structure of multicomponent and complex molecular systems.Electron paramagnetic resonance spectroscopyForce spectroscopyFourier-transform spectroscopy is an efficient method for processing spectra data obtained using interferometers. Fourier-transform infrared spectroscopy is
a common implementation of infrared spectroscopy. NMR also employs Fourier transforms.Gamma spectroscopyHadron spectroscopy studies the energy/mass spectrum of hadrons according to spin, parity, and other particle properties. Baryon spectroscopy and meson spectroscopy are types of hadron spectroscopy.Multispectral imaging and
hyperspectral imaging is a method to create a complete picture of the environment or various objects, each pixel containing a full visible, visible near infrared, near infrared, or infrared spectrum.Inelastic electron tunneling spectroscopy uses the changes in current due to inelastic electron-vibration interaction at specific energies that can also
measure optically forbidden transitions.Inelastic neutron scattering is similar to Raman spectroscopy, but uses neutrons instead of photons.Laser-induced breakdown spectroscopy, also called laser-induced plasma spectrometryLaser spectroscopy uses tunable lasers[24] and other types of coherent emission sources, such as optical parametric
oscillators,[25] for selective excitation of atomic or molecular species.Light scattering spectroscopy (LSS) is a spectroscopic technique typically used to evaluate morphological changes in epithelial cells in order to study mucosal tissue and detect early cancer and precancer.[10][26]Mass spectroscopy is a historical term used to refer to mass
spectrometry. The current recommendation is to use the latter term.[27] The term "mass spectroscopy" originated in the use of phosphor screens to detect ions.Mssbauer spectroscopy probes the properties of specific isotopic nuclei in different atomic environments by analyzing the resonant absorption of gamma rays. See also Mssbauer
effect.Multivariate optical computing is an all optical compressed sensing technique, generally used in harsh environments, that directly calculates chemical information from a spectrum as analogue output.Neutron spin echo spectroscopy measures internal dynamics in proteins and other soft matter systems.Nuclear quadrupole resonance is a
chemical spectroscopy method mediated by NMR of the electric field gradient (EFG) in the absence of magnetic fieldPerturbed angular correlation (PAC) uses radioactive nuclei as probe to study electric and magnetic fields (hyperfine interactions) in crystals (condensed matter) and bio-molecules.Photoacoustic spectroscopy measures the sound
waves produced upon the absorption of radiation.Photoemission spectroscopyPhotothermal spectroscopy measures heat evolved upon absorption of radiation.Pump-probe spectroscopy can use ultrafast laser pulses to measure reaction intermediates in the femtosecond timescale.Raman optical activity spectroscopy exploits Raman scattering and
optical activity effects to reveal detailed information on chiral centers in molecules.Raman spectroscopySaturated spectroscopyScanning tunneling spectroscopySpectrophotometrySpin noise spectroscopy traces spontaneous fluctuations of electronic and nuclear spins.[28]Time-resolved spectroscopy measures the decay rates of excited states using
various spectroscopic methods.Time-stretch spectroscopy[29][30]Thermal infrared spectroscopy measures thermal radiation emitted from materials and surfaces and is used to determine the type of bonds present in a sample as well as their lattice environment. The techniques are widely used by organic chemists, mineralogists, and planetary
scientists.Transient grating spectroscopy measures quasiparticle propagation. It can track changes in metallic materials as they are irradiated.Ultraviolet photoelectron spectroscopyUltravioletvisible spectroscopyVibrational circular dichroism spectroscopyVideo spectroscopyX-ray photoelectron spectroscopyUVES is a high-resolution spectrograph on
the Very Large Telescope.[31] There are several applications of spectroscopy in the fields of medicine, physics, chemistry, and astronomy. Taking advantage of the properties of absorbance and with astronomy emission, spectroscopy can be used to identify certain states of nature. The uses of spectroscopy in so many different fields and for so many
different applications has caused specialty scientific subfields. Such examples include:Determining the atomic structure of a sample[32]Studying spectral emission lines of the sun and distant galaxies[33]Space explorationCure monitoring of composites using optical fibers.Estimating weathered wood exposure times using near infrared spectroscopy.
[34]Measurement of different compounds in food samples by absorption spectroscopy both in visible and infrared spectrum.Measurement of toxic compounds in blood samplesNon-destructive elemental analysis by X-ray fluorescence.Electronic structure research with various spectroscopes.Redshift to determine the speed and velocity of a distant
objectDetermining the metabolic structure of a muscleMonitoring dissolved oxygen content in freshwater and marine ecosystemsAltering the structure of drugs to improve effectivenessCharacterization of proteinsRespiratory gas analysis in hospitals[7]Finding the physical properties of a distant star or nearby exoplanet using the Relativistic Doppler
effect.[35]In-ovo sexing: spectroscopy allows to determine the sex of the egg while it is hatching. Developed by French and German companies, both countries decided to ban chick culling, mostly done through a macerator, in 2022.[36]Process monitoring in Industrial process control[37]Main article: History of spectroscopyThe history of spectroscopy
began with Isaac Newton's optics experiments (16661672). According to Andrew Fraknoi and David Morrison, "In 1672, in the first paper that he submitted to the Royal Society, Isaac Newton described an experiment in which he permitted sunlight to pass through a small hole and then through a prism. Newton found that sunlight, which looks white
to us, is actually made up of a mixture of all the colors of the rainbow."[38] Newton applied the word "spectrum" to describe the rainbow of colors that combine to form white light and that are revealed when the white light is passed through a prism.Fraknoi and Morrison state that "In 1802, William Hyde Wollaston built an improved spectrometer that
included a lens to focus the Sun's spectrum on a screen. Upon use, Wollaston realized that the colors were not spread uniformly, but instead had missing patches of colors, which appeared as dark bands in the spectrum."[38] During the early 1800s, Joseph von Fraunhofer made experimental advances with dispersive spectrometers that enabled
spectroscopy to become a more precise and quantitative scientific technique. Since then, spectroscopy has played and continues to play a significant role in chemistry, physics, and astronomy. Per Fraknoi and Morrison, "Later, in 1815, German physicist Joseph Fraunhofer also examined the solar spectrum, and found about 600 such dark lines
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with matter and exhibit some features of a sample to know much about its consistency or structure.The nature of the interactions in spectroscopy techniques between radiation and matter may includes- absorption, emission or scattering.Spectroscopy techniques are two types:Qualitative spectroscopy: This technique studied the radiation absorbed or
emitted by an atom or molecule which will give information about its identity.Quantitative spectroscopy: This technique will give information about the number of absorbing or emitting atoms or molecules by measuring the total amount of radiation.Electromagnetic radiation It is a form of energy and it consists of both magnetic and electric field.It is
composed of an electric and a perpendicular magnetic vector, each one oscillating in plane at right angles to the direction of propagation.Electromagnetic spectrum is mainly range from shorter wavelengths to longer wavelengths such as gamma rays.Wavelengths of the visible region of the spectrum is ranges between 400-700 nm.Blue end of the
spectrum has shorter wavelengths, while red end has longer wavelengths.In spectrum, energy associated with the given segment is much related to the frequency and wavelength.Frequency (v) of the electromagnetic radiation is the number of oscillations made by wave in 1 second.Frequency is measured in hertz (Hz), Where, 1Hz = 1 cycle per
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involves atomic absorption spectroscopy and different molecular techniques that area, such as infrared spectroscopy and radio region nuclear magnetic resonance (NMR) spectroscopy.Emission spectroscopy uses the electromagnetic spectrum range in which a material radiates (emits). The material must consume energy first. This energy may come
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absorption spectroscopyRadiowaveNuclear magnetic resonance spectroscopyPrinciples of absorption spectroscopyAbsorption spectroscopy is based on law known as Beer-Lambert law.When electromagnetic radiations pass or fall onto homogeneous medium, some amount of light is reflected, some amount is absorbed and remained is
transmitted.Absorption spectroscopy is governed by two laws i.e., Lamberts law and Beers law, in the combined form it is known as Beer-Lambert law.Lamberts law: It states that when monochromatic light passes through a transparent medium, the intensity of transmitted light decreases exponentially as the thickness of absorbing material
increases.Beers law: It states that the intensity of transmitted monochromatic light decreases exponentially as the concentration of the absorbing substances increases.A= log Io/ I e.c.]A = absorbancelo = intensity of incident lightl = intensity of light through the sample.e = extinction coefficient or absorption coefficient.c = concentrationl = path
length (cm)Applications of spectroscopySpectroscopy used for cure monitoring ofcompositesusingoptical fibers.It is most commonly used for estimating weathered wood exposure times using near infrared spectroscopy.Absorption spectroscopy is usually used both visible and infrared spectrum for Measurement of different compounds in food
samples.For the measurement of toxic compounds in blood samplesNon-destructive elemental analysis byX-ray fluorescence. It also used in the electronic structure research by using various types of spectroscopy.Reference and Sources //en.wikipedia.org/wiki/Spectroscopy //'www.chegg.com/homework-help/questions-and-answers/ecl-absorbance-
optical-density-od-equal-log-iounitless-io-intensity-light-irradiating-sam-q1148165 //edurev.in/studytube/Spectroscopy-Principles-TheoryTechniques-and-App/dObb4b0e-97ec-4e41-8591-0bd850bf23af pAlso Read: Spectroscopy is a scientific technique used to study the interaction between matter and electromagnetic radiation. It helps identify the
composition, structure, and properties of substances by analyzing how they absorb, emit, or scatter light. Spectroscopy is the study of the interaction of electromagnetic radiation (light) with atoms and molecules, typically used to determine the structure, concentration, and dynamics of chemical compounds. Spectroscopy is a technique where we
studied the interaction between matter and electromagnetic radiation.Matter may be ions, molecules or atoms.This technique employ light tends to interact with matter and exhibit some features of a sample to know much about its consistency or structure.The nature of the interactions in spectroscopy techniques between radiation and matter may
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wavelength and frequency is defined by:V= c/, where, c= speed of light.E= hv = hc/ where, Plancks constant (h) = 6.6 X 10-34 joules per second.Wavenumber: It defines the number of completed wave cycles per distance. It is m3easuered in 1 cm-1 wavenumber is reciprocal to the wavelength.Types of spectroscopySpectroscopy is the collective
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wavelengths, incident angles, and polarization angles that a material scatter. The method of scattering is much quicker than the process of absorption/emission. Raman spectroscopy is one of the most beneficial applications of light scattering spectroscopy.Major types of absorption spectroscopyElectromagnetic radiations Spectroscopic typesX- rayX-
ray absorption spectroscopyUV-VisibleUV/Visible absorption spectroscopylRInfrared absorption spectroscopyMicrowaveMicrowave absorption spectroscopyRadiowaveNuclear magnetic resonance spectroscopyPrinciples of absorption spectroscopyAbsorption spectroscopy is based on law known as Beer-Lambert law.When electromagnetic radiations
pass or fall onto homogeneous medium, some amount of light is reflected, some amount is absorbed and remained is transmitted.Absorption spectroscopy is governed by two laws i.e., Lamberts law and Beers law, in the combined form it is known as Beer-Lambert law.Lamberts law: It states that when monochromatic light passes through a
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studied.Radiation is either get scattered, emitted or absorbed, when the radiations meets with the matter.Based on this there is three principles branches of spectroscopy:Absorption spectroscopyScattering spectroscopyEmission spectroscopyAbsorption spectroscopy uses the range in which a material absorbs the electromagnetic spectrum. It
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transmitted.Absorption spectroscopy is governed by two laws i.e., Lamberts law and Beers law, in the combined form it is known as Beer-Lambert law.Lamberts law: It states that when monochromatic light passes through a transparent medium, the intensity of transmitted light decreases exponentially as the thickness of absorbing material
increases.Beers law: It states that the intensity of transmitted monochromatic light decreases exponentially as the concentration of the absorbing substances increases.A= log lo/ I e.c.]A = absorbancelo = intensity of incident lightl = intensity of light through the sample.e = extinction coefficient or absorption coefficient.c = concentrationl = path
length (cm)Applications of spectroscopySpectroscopy used for cure monitoring ofcompositesusingoptical fibers.It is most commonly used for estimating weathered wood exposure times using near infrared spectroscopy.Absorption spectroscopy is usually used both visible and infrared spectrum for Measurement of different compounds in food
samples.For the measurement of toxic compounds in blood samplesNon-destructive elemental analysis byX-ray fluorescence. It also used in the electronic structure research by using various types of spectroscopy.Reference and Sources //en.wikipedia.org/wiki/Spectroscopy //www.chegg.com/homework-help/questions-and-answers/ecl-absorbance-
optical-density-od-equal-log-iounitless-io-intensity-light-irradiating-sam-q1 148165 //edurev.in/studytube/Spectroscopy-Principles-TheoryTechniques-and-App/d0bb4b0e-97ec-4e41-8591-0bd850bf23af pAlso Read: Analytical method using radiation to identify chemical elements in a sampleInductively coupled plasma atomic emission spectrometerAtomic
emission spectroscopy (AES) is a method of chemical analysis that uses the intensity of light emitted from a flame, plasma, arc, or spark at a particular wavelength to determine the quantity of an element in a sample. The wavelength of the atomic spectral line in the emission spectrum gives the identity of the element while the intensity of the emitted
light is proportional to the number of atoms of the element. The sample may be excited by various methods.Atomic Emission Spectroscopy allows us to measure interactions between electromagnetic radiation and physical atoms and molecules. This interaction is measured in the form of electromagnetic waves representing the changes in energy
between atomic energy levels. When elements are burned by a flame, they emit electromagnetic radiation that can be recorded in the form of spectral lines. Each element has its own unique spectral line because each element has a different atomic arrangement, so this method is an important tool for identifying the makeup of materials. Robert
Bunsen and Gustav Kirchhoff were the first to establish atomic emission spectroscopy as a tool in chemistry.[1]When an element is burned in a flame, its atoms move from the ground electronic state to the excited electronic state. As atoms in the excited state move back down into the ground state, they emit light. The Boltzmann expression is used to
relate temperature to the number of atoms in the excited state where larger temperatures indicate a larger population of excited atoms. This relationship is written as:nuppernlower=gupperglowere(upperlower)/kBT {\displaystyle {\frac {n _{upper}}{n {lower}}}={\frac {g {upper}}{g {lower}}}e”{-(\varepsilon
_{upper}-\varepsilon {lower})}/k {B}T} where nupper and nlower are the number of atoms in the higher and lower energy levels, gupper and glower are the degeneracies in the higher and lower energy levels, and upper and lower are the energies of the higher and lower energy levels. The wavelengths of this light can be dispersed and measured
by a monochromator, and the intensity of the light can be leveraged to determine the number of excited state electrons present.[2] For atomic emission spectroscopy, the radiation emitted by atoms in the excited state are measured specifically after they have already been excited.Much information can be obtained from the use of atomic emission
spectroscopy by interpreting the spectral lines produced from exciting an atom. The width of spectral lines can provide information about an atoms kinetic temperature and electron density. Looking at the different intensities of spectral lines is useful for determining the chemical makeup of mixtures and materials. Atomic emission spectroscopy is
mainly used for determining the makeup of mixes of molecules because each element has its own unique spectrum.[3]A flame during the assessment of calcium ions in a flame photometerThe sample of a material (analyte) is brought into the flame as a gas, sprayed solution, or directly inserted into the flame by use of a small loop of wire, usually
platinum. The heat from the flame evaporates the solvent and breaks intramolecular bonds to create free atoms. The thermal energy also excites the atoms into excited electronic states that subsequently emit light when they return to the ground electronic state. Each element emits light at a characteristic wavelength, which is dispersed by a grating
or prism and detected in the spectrometer.Sodium atomic ions emitting light in a flame displays a brilliantly bright yellow emission at 588.9950 and 589.5924 nanometers wavelength.A frequent application of the emission measurement with the flame is the regulation of alkali metals for pharmaceutical analytics.[4]Main article: Inductively coupled
plasma atomic emission spectroscopylnductively coupled plasma atomic emission sourcelnductively coupled plasma atomic emission spectroscopy (ICP-AES) uses an inductively coupled plasma to produce excited atoms and ions that emit electromagnetic radiation at wavelengths characteristic of a particular element.[5][6]Advantages of ICP-AES are
the excellent limit of detection and linear dynamic range, multi-element capability, low chemical interference and a stable and reproducible signal. Disadvantages are spectral interferences (many emission lines), cost and operating expense and the fact that samples typically must be in a liquid solution.Inductively coupled plasma (ICP) source of the
emission consists of an induction coil and plasma. An induction coil is a coil of wire that has an alternating current flowing through it. This current induces a magnetic field inside the coil, coupling a great deal of energy to plasma contained in a quartz tube inside the coil. Plasma is a collection of charged particles (cations and electrons) capable, by
virtue of their charge, of interacting with a magnetic field. The plasmas used in atomic emissions are formed by ionizing a flowing stream of argon gas. Plasma's high-temperature results from resistive heating as the charged particles move through the gas. Because plasmas operate at much higher temperatures than flames, they provide better
atomization and a higher population of excited states.The predominant form of sample matrix in ICP-AES today is a liquid sample: acidified water or solids digested into aqueous forms. Liquid samples are pumped into the nebulizer and sample chamber via a peristaltic pump. Then the samples pass through a nebulizer that creates a fine mist of liquid
particles. Larger water droplets condense on the sides of the spray chamber and are removed via the drain, while finer water droplets move with the argon flow and enter the plasma. With plasma emission, it is possible to analyze solid samples directly. These procedures include incorporating electrothermal vaporization, laser and spark ablation, and
glow-discharge vaporization.Spark or arc atomic emission spectroscopy is used for the analysis of metallic elements in solid samples. For non-conductive materials, the sample is ground with graphite powder to make it conductive. In traditional arc spectroscopy methods, a sample of the solid was commonly ground up and destroyed during analysis.
An electric arc or spark is passed through the sample, heating it to a high temperature to excite the atoms within it. The excited analyte atoms emit light at characteristic wavelengths that can be dispersed with a monochromator and detected. In the past, the spark or arc conditions were typically not well controlled, the analysis for the elements in the
sample were qualitative. However, modern spark sources with controlled discharges can be considered quantitative. Both qualitative and quantitative spark analysis are widely used for production quality control in foundry and metal casting facilities.Atomic absorption spectroscopyAtomic spectroscopylnductively coupled plasma atomic emission
spectroscopyLaser-induced breakdown spectroscopy”™ Thakur, Surya N. (2020-01-01), Singh, Jagdish P.; Thakur, Surya N. (eds.), "Chapter 2 - Atomic emission spectroscopy", Laser-Induced Breakdown Spectroscopy (Second Edition), Amsterdam: Elsevier, pp.2340, doi:10.1016/b978-0-12-818829-3.00002-2, ISBN978-0-12-818829-3, retrieved 2024-11-
13~ Engel, Thomas; Hehre, Warren J.; Angerhofer, Alex (2019). Quantum chemistry and spectroscopy: physical chemistry (Fourthed.). New York: Pearson. ISBN978-0-13-480459-0.” Lajunen, Lauri H.; Permki, P.; Lajunen, Lauri H. J. (2004). Spectrochemical analysis by atomic absorption and emission. Royal Society of Chemistry (2.ed.). Cambridge:
Royal Society of Chemistry. ISBN978-0-85404-624-9.” Sthlavsk A (April 1973). "[The use of spectrum analytical methods in drug analysis. 1. Determination of alkaline metals using emission flame photometry]". Pharmazie (in German). 28 (4): 2389. PMID4716605.” Stefnsson A, Gunnarsson I, Giroud N (2007). "New methods for the direct
determination of dissolved inorganic, organic and total carbon in natural waters by Reagent-Free Ion Chromatography and inductively coupled plasma atomic emission spectrometry". Anal. Chim. Acta. 582 (1): 6974. doi:10.1016/j.aca.2006.09.001. PMID17386476.”~ Mermet, J. M. (2005). "Is it still possible, necessary and beneficial to perform
research in ICP-atomic emission spectrometry?". J. Anal. At. Spectrom. 20: 1116. doi:10.1039/b416511j.|url= R. J.; Thompson, K. C. (1978). Atomic absorption, fluorescence, and flame emission spectroscopy: a practical approach. New York: Wiley. ISBN0-470-26478-0.Uden, Peter C. (1992). Element-specific chromatographic detection by atomic
emission spectroscopy. Columbus, OH: American Chemical Society. ISBN0-8412-2174-X."Atomic Emission Spectroscopy Tutorial". Archived from the original on 2006-05-01. Media related to Atomic emission spectroscopy at Wikimedia CommonsRetrieved from " Atomic emission spectroscopy (AES) is an analytical technique used to quantify metal
atoms by measuring the intensity of light produced by the atoms in excited states. When an excited atom returns to its ground state, it emits a specific wavelength of radiation. Excitation (absorption of radiation) and de-excitation (emission of radiation) of electrons are both involved in atomic emission spectroscopy. Atomic emission spectroscopy
analyzes the radiation released by atoms to identify their structure, composition, and surroundings. We can derive the energy levels (or stationary states) of the atom from wavelength measurements, and this gives an experimental basis for theories of atomic structure. AES is based on the idea that when energy is delivered to a molecule in the form of
light or heat, molecules are excited and shift from a lower energy level state to a higher energy level state. The molecules are unstable at higher energy levels and revert to lower energy levels after producing radiations in the form of photons. The emission spectrometer measures the wavelengths of emitted photons. The basic principle of atomic
emission spectroscopy is the study of the wavelengths of photons released by atoms and molecules as they move from a high energy state to a low energy state. Each element or substance emits a distinct set of wavelengths that are determined by its electrical structure. The elemental structure of the sample can be revealed by studying these
wavelengths. Fig: Basic principle of atomic emission spectroscopy Before analyzing a sample, it should be transformed into highly excited free atoms.The most convenient way to introduce liquids into the gas stream is via aerosol from a nebulizer. The aerosol could be created by the action of a high-speed jet across the tip of the small aperture, or by
some other method.The spectral emissions stability is greatly reliant on droplet sizes. As a result, choosing the right nebulizer type is crucial for producing homogeneous droplet sizes.The appropriate nebulizer depends on sample properties such as density, viscosity, organic content, total dissolved solids, and total sample volume. Fig: Instrumentation
of atomic emission spectroscopy Image source: The samples atoms are dissolved, atomized, and excited using an excitation source. The ideal excitation source will allow the excitation of all the elements in the sample and will do so again until the complete elemental excitation in the sample is covered. This excitation method uses two electrodes to
generate an electrical discharge that heats the plasma gas, which is commonly argon. This form of stimulation is more suited for materials with a high solids content. This is the most often used excitation method, and it necessitates the use of a plasma torch made from concentric quartz tubes to create excitement in the material. Thelight source for
inductively coupled plasma atomic emission spectroscopy (ICP-AES) is a high-frequency inductively coupled plasma.AES uses wavelengths between the upper vacuum ultraviolet (160 nm) to visible light (800 nm). It entails the excitation and de-excitation of electrons by radiation absorption. Electromagnetic radiation (EMR) is measured and evaluated
when an electron transitions from an excited to a de-excited state. The optical quality of radiation during the de-excitation process gives rise to the name optical emission spectroscopy (OES). Because the spectral line has a fixed wavelength, measurement in atomic emission spectroscopy is possible. In this procedure, a sprayed solution or gas
containing a sample of the substanceto be examined is exposed to flame. When the flame heat evaporates the solvent and destroys the chemical bonds of the analyte, free atoms of the substance are created. Heat also causes atoms to become electrically charged particles, which emit light when they return to their ground electronic state. The flame
photometer principle is based on measuring the intensity of emitted light when a metal is introduced into the flame. The wavelength of the color indicates the element, and the color of the flame indicates the numberofelements presentin the sample. Frequencies in the microwave region are employed as an external energy source in a microwave
induced plasma (MIP) source. It is typical to use microwave radiation with a frequency of 2450 MHz. When ultrahigh frequency ac power is capacitively coupled into a stream of noble gas (helium or argon) or nitrogen at around 3 dm3 /min in a resonant cavity, a microwave induced plasma is formed. The heated plasma is maintained in this process by
a support gas, commonly argon, which is focussed by a high-energy CO2 laser source. Spark and arc excitation sources use a spark, an electric pulse, or a continuous electrical discharge arc between two electrodes to vaporize and excite the samples atoms. Monochromators are prisms and diffraction gratings. These are used to select the specific kind
of radiation generated by the analyte and to remove any other undesirable radiation. As a result, it is also known as the wavelength selector. Diffraction gratings produce more accuracy and resolution than prisms. Gratings are utilized as a dispersive element in the AES spectrometer to disperse incident light into component wavelengths. The light is
reflected off the angled grating surface, causing wavelengths to be distributed through constructive interference at wavelength-dependent diffraction angles. Because all atoms in a sample are excited at the same time, they can be detected sequentially using a monochromator or simultaneously using a polychromatorwith multiple detectors. Detectors
are transducers that convert the spectrometers analog output into an electric signal that can be seen and processed on a computer. In atomic emission spectroscopy, detectors include photomultiplier tubes (PMTs), charge-coupled devices (CCDs), and charge-injection devices (CIDs). They convert optical impulses into electrical current, which the
amplifier subsequently amplifies. The amplifiers receive signals from the detectors and amplify them multiple times such that they are usable or comparable. Atomic emission spectroscopy employs computers as readout devices. Using the atomic emission ranges library, computers analyze the data in the form of spectra and plot the calibration curve.
1. Lower interelement interference due to increased temperature. 2. Emission spectra are created by using a single set of excitation conditions, and several elements can be recorded at the same time. 3. Multielement analysis can be performed on relatively small samples. 4. Refractory substances with low concentrations can be identified. i. The ICP-
AES technology can be used in agriculture to analyze agricultural and food goods. ii. It can be used in earth science to analyze rare earth elements found in rocks. iii. The ICP-AES technique can examine trace metals from alloys, steel, lubricating fluids, and gasoline. iv. Similarly, in biology, the ICP-AES technology can evaluate aluminum from blood,
copper from brain tissue, selenium from the liver, and salt from breast milk. v. Inductively coupled plasma atomic emission spectroscopy can detect metal traces such as calcium (Ca), copper (Cu), iron (Fe), manganese (Mn), magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn) in beer or wine. vi. The quantities of Na+ and K+ ions in the
human body are critical for performing numerous metabolic tasks. The quantities of these substances can be measured by diluting and aspirating a blood serum sample into the flame. vii. Flame photometry can be used to determine the amounts of various metals and elements in soft drinks, fruit juices, and alcoholic beverages. viii. The amounts of
various metals and elements in soft drinks, fruit juices, and alcoholic beverages can also be determined using flame photometry. ix. AES is used to determine calcium and magnesium in cement. x. AES is used to determine lead in gasoline. xi. Ca, Mg, Na, and K levels in blood serum and plasma were analyzed by using AES. xii. AES is an effective
method for detecting metallic toxins.xiii. AES can determine the metallic contents of the soil.xiv. AES can be used to detect adulteration in petroleum products. 1. It is a sensitive methodcapable of detecting concentrations as low as 1 ppm.2. The analysis requires a small sample.3. If proper comparison standards are provided, working time is
reduced.4. There is no need to prepare the sample.5. Solid and liquid samples are easily examined.AnswerEmission spectrometry measures the wavelengths of photons emitted by atoms or molecules as they transition from a high energy state to a lower energy level.It is based on the principle that electrons and compounds emit energy in the form of
light when they are heated. The heating element could be an electric heater or a flame.When the emitted light is passed into a spectrometer, it gets dispersed into separate wavelengths. Every element emits a distinctly different set of wavelengths depending on its electronic structure. The elemental composition of the sample can be determined by
measuring the wavelengths that are emitted.Additional resourcesDensity fluctuation measurements using beam emission spectroscopy on Heliotron JSpectrum Viewer An analyte in an excited state possesses an energy, E2, that is greater than its energy when it is in a lower energy state, E1. When the analyte returns to its lower energy statea process
we call relaxationthe excess energy, E\[E = E 2 E 1 \tag{10.5.1}\] must be released. Figure 10.4 shows a simplified picture of this process. The amount of time the analyte spends in the excited stateits lifetimeis short, typically 105109 s for electronic excited states and 1015 s for vibrational excited states. Relaxation of an analytes excited-state, A*,
occurs through several mechanisms, including collisions with other species in the sample, by photochemical reactions, and by the emission of photons. In the first process, which is called vibrational relaxation, or nonradiative relaxation, the excess energy is released as heat. \[\mathrm{A~* \rightarrow A + heat} \tag{10.5.2}\] Relaxation by a
photochemical reaction may involve a decomposition reaction \[\mathrm{A~* \rightarrow X + Y} \tag{10.5.3}\] or a reaction between A* and another species \[\mathrm{A"~* + Z \rightarrow X + Y} \tag{10.5.4}\] In both cases the excess energy is used up in the chemical reaction or released as heat. In the third mechanism, the excess energy is
released as a photon of electromagnetic radiation. \[\ce{A} ~* \rightarrow \ce{A} + hu \tag{10.5.5}\] The release of a photon following thermal excitation is called emission and that following the absorption of a photon is called photoluminescence. In chemiluminescence and bioluminescence, excitation results from a chemical or biochemical reaction,
respectively. Spectroscopic methods based on photoluminescence are the subject of the next section and atomic emission is covered in Section 10.7. David Harvey (DePauw University) 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 not in any way that suggests the licensor endorses you or your use. ShareAlike If
you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material
in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Atomic emission spectroscopy (AES) is an
analytical technique used to quantify metal atoms by measuring the intensity of light produced by the atoms in excited states. When an excited atom returns to its ground state, it emits a specific wavelength of radiation. Excitation (absorption of radiation) and de-excitation (emission of radiation) of electrons are both involved in atomic emission
spectroscopy. Atomic emission spectroscopy analyzes the radiation released by atoms to identify their structure, composition, and surroundings. We can derive the energy levels (or stationary states) of the atom from wavelength measurements, and this gives an experimental basis for theories of atomic structure. AES is based on the idea that when
energy is delivered to a molecule in the form of light or heat, molecules are excited and shift from a lower energy level state to a higher energy level state. The molecules are unstable at higher energy levels and revert to lower energy levels after producing radiations in the form of photons. The emission spectrometer measures the wavelengths of
emitted photons. The basic principle of atomic emission spectroscopy is the study of the wavelengths of photons released by atoms and molecules as they move from a high energy state to a low energy state. Each element or substance emits a distinct set of wavelengths that are determined by its electrical structure. The elemental structure of the
sample can be revealed by studying these wavelengths. Fig: Basic principle of atomic emission spectroscopy Before analyzing a sample, it should be transformed into highly excited free atoms.The most convenient way to introduce liquids into the gas stream is via aerosol from a nebulizer. The aerosol could be created by the action of a high-speed jet
across the tip of the small aperture, or by some other method.The spectral emissions stability is greatly reliant on droplet sizes. As a result, choosing the right nebulizer type is crucial for producing homogeneous droplet sizes.The appropriate nebulizer depends on sample properties such as density, viscosity, organic content, total dissolved solids, and
total sample volume. Fig: Instrumentation of atomic emission spectroscopy Image source: The samples atoms are dissolved, atomized, and excited using an excitation source. The ideal excitation source will allow the excitation of all the elements in the sample and will do so again until the complete elemental excitation in the sample is covered. This
excitation method uses two electrodes to generate an electrical discharge that heats the plasma gas, which is commonly argon. This form of stimulation is more suited for materials with a high solids content. This is the most often used excitation method, and it necessitates the use of a plasma torch made from concentric quartz tubes to create
excitement in the material. Thelight source for inductively coupled plasma atomic emission spectroscopy (ICP-AES) is a high-frequency inductively coupled plasma.AES uses wavelengths between the upper vacuum ultraviolet (160 nm) to visible light (800 nm). It entails the excitation and de-excitation of electrons by radiation absorption.
Electromagnetic radiation (EMR) is measured and evaluated when an electron transitions from an excited to a de-excited state. The optical quality of radiation during the de-excitation process gives rise to the name optical emission spectroscopy (OES). Because the spectral line has a fixed wavelength, measurement in atomic emission spectroscopy is
possible. In this procedure, a sprayed solution or gas containing a sample of the substanceto be examined is exposed to flame. When the flame heat evaporates the solvent and destroys the chemical bonds of the analyte, free atoms of the substance are created. Heat also causes atoms to become electrically charged particles, which emit light when
they return to their ground electronic state. The flame photometer principle is based on measuring the intensity of emitted light when a metal is introduced into the flame. The wavelength of the color indicates the element, and the color of the flame indicates the numberofelements presentin the sample. Frequencies in the microwave region are
employed as an external energy source in a microwave induced plasma (MIP) source. It is typical to use microwave radiation with a frequency of 2450 MHz. When ultrahigh frequency ac power is capacitively coupled into a stream of noble gas (helium or argon) or nitrogen at around 3 dm3 /min in a resonant cavity, a microwave induced plasma is
formed. The heated plasma is maintained in this process by a support gas, commonly argon, which is focussed by a high-energy CO2 laser source. Spark and arc excitation sources use a spark, an electric pulse, or a continuous electrical discharge arc between two electrodes to vaporize and excite the samples atoms. Monochromators are prisms and
diffraction gratings. These are used to select the specific kind of radiation generated by the analyte and to remove any other undesirable radiation. As a result, it is also known as the wavelength selector. Diffraction gratings produce more accuracy and resolution than prisms. Gratings are utilized as a dispersive element in the AES spectrometer to
disperse incident light into component wavelengths. The light is reflected off the angled grating surface, causing wavelengths to be distributed through constructive interference at wavelength-dependent diffraction angles. Because all atoms in a sample are excited at the same time, they can be detected sequentially using a monochromator or
simultaneously using a polychromatorwith multiple detectors. Detectors are transducers that convert the spectrometers analog output into an electric signal that can be seen and processed on a computer. In atomic emission spectroscopy, detectors include photomultiplier tubes (PMTs), charge-coupled devices (CCDs), and charge-injection devices
(CIDs). They convert optical impulses into electrical current, which the amplifier subsequently amplifies. The amplifiers receive signals from the detectors and amplify them multiple times such that they are usable or comparable. Atomic emission spectroscopy employs computers as readout devices. Using the atomic emission ranges library,
computers analyze the data in the form of spectra and plot the calibration curve. 1. Lower interelement interference due to increased temperature. 2. Emission spectra are created by using a single set of excitation conditions, and several elements can be recorded at the same time. 3. Multielement analysis can be performed on relatively small
samples. 4. Refractory substances with low concentrations can be identified. i. The ICP-AES technology can be used in agriculture to analyze agricultural and food goods. ii. It can be used in earth science to analyze rare earth elements found in rocks. iii. The ICP-AES technique can examine trace metals from alloys, steel, lubricating fluids, and
gasoline. iv. Similarly, in biology, the ICP-AES technology can evaluate aluminum from blood, copper from brain tissue, selenium from the liver, and salt from breast milk. v. Inductively coupled plasma atomic emission spectroscopy can detect metal traces such as calcium (Ca), copper (Cu), iron (Fe), manganese (Mn), magnesium (Mg), phosphorus (P),
potassium (K), and zinc (Zn) in beer or wine. vi. The quantities of Na+ and K+ ions in the human body are critical for performing numerous metabolic tasks. The quantities of these substances can be measured by diluting and aspirating a blood serum sample into the flame. vii. Flame photometry can be used to determine the amounts of various metals
and elements in soft drinks, fruit juices, and alcoholic beverages. viii. The amounts of various metals and elements in soft drinks, fruit juices, and alcoholic beverages can also be determined using flame photometry. ix. AES is used to determine calcium and magnesium in cement. x. AES is used to determine lead in gasoline. xi. Ca, Mg, Na, and K levels
in blood serum and plasma were analyzed by using AES. xii. AES is an effective method for detecting metallic toxins.xiii. AES can determine the metallic contents of the soil.xiv. AES can be used to detect adulteration in petroleum products. 1. It is a sensitive methodcapable of detecting concentrations as low as 1 ppm.2. The analysis requires a small
sample.3. If proper comparison standards are provided, working time is reduced.4. There is no need to prepare the sample.5. Solid and liquid samples are easily examined. Spectroscopy is a scientific technique used to study the interaction between matter and electromagnetic radiation. It helps identify the composition, structure, and properties of
substances by analyzing how they absorb, emit, or scatter light. Spectroscopy is the study of the interaction of electromagnetic radiation (light) with atoms and molecules, typically used to determine the structure, concentration, and dynamics of chemical compounds. Spectroscopy is a technique where we studied the interaction between matter and
electromagnetic radiation.Matter may be ions, molecules or atoms.This technique employ light tends to interact with matter and exhibit some features of a sample to know much about its consistency or structure.The nature of the interactions in spectroscopy techniques between radiation and matter may includes- absorption, emission or
scattering.Spectroscopy techniques are two types:Qualitative spectroscopy: This technique studied the radiation absorbed or emitted by an atom or molecule which will give information about its identity.Quantitative spectroscopy: This technique will give information about the number of absorbing or emitting atoms or molecules by measuring the
total amount of radiation.Electromagnetic radiation It is a form of energy and it consists of both magnetic and electric field.It is composed of an electric and a perpendicular magnetic vector, each one oscillating in plane at right angles to the direction of propagation.Electromagnetic spectrum is mainly range from shorter wavelengths to longer
wavelengths such as gamma rays.Wavelengths of the visible region of the spectrum is ranges between 400-700 nm.Blue end of the spectrum has shorter wavelengths, while red end has longer wavelengths.In spectrum, energy associated with the given segment is much related to the frequency and wavelength.Frequency (v) of the electromagnetic
radiation is the number of oscillations made by wave in 1 second.Frequency is measured in hertz (Hz), Where, 1Hz = 1 cycle per sec.Wavelength (): It is the length of on complete wave cycle.Wavelength is generally measured in centimeters (cm).Wavelength is inversely proportional to the frequency.The relation between wavelength and frequency is
defined by:V= c/, where, c= speed of light.E= hv = hc/ where, Plancks constant (h) = 6.6 X 10-34 joules per second.Wavenumber: It defines the number of completed wave cycles per distance. It is m3easuered in 1 cm-1 wavenumber is reciprocal to the wavelength.Types of spectroscopySpectroscopy is the collective terms for diverse group of
techniques which involves the interactions of electromagnetic radiation with a matter of interest are studied.Radiation is either get scattered, emitted or absorbed, when the radiations meets with the matter.Based on this there is three principles branches of spectroscopy:Absorption spectroscopyScattering spectroscopyEmission
spectroscopyAbsorption spectroscopy uses the range in which a material absorbs the electromagnetic spectrum. It involves atomic absorption spectroscopy and different molecular techniques that area, such as infrared spectroscopy and radio region nuclear magnetic resonance (NMR) spectroscopy.Emission spectroscopy uses the electromagnetic
spectrum range in which a material radiates (emits). The material must consume energy first. This energy may come from several sources, such as luminescence, which defines the subsequent emission. Spectro fluorimetry includes molecular luminescence techniques.Scattering spectroscopy tests the amount of light at specific wavelengths, incident
angles, and polarization angles that a material scatter. The method of scattering is much quicker than the process of absorption/emission. Raman spectroscopy is one of the most beneficial applications of light scattering spectroscopy.Major types of absorption spectroscopyElectromagnetic radiations Spectroscopic typesX- rayX-ray absorption
spectroscopyUV-VisibleUV/Visible absorption spectroscopylRInfrared absorption spectroscopyMicrowaveMicrowave absorption spectroscopyRadiowaveNuclear magnetic resonance spectroscopyPrinciples of absorption spectroscopyAbsorption spectroscopy is based on law known as Beer-Lambert law.When electromagnetic radiations pass or fall onto
homogeneous medium, some amount of light is reflected, some amount is absorbed and remained is transmitted.Absorption spectroscopy is governed by two laws i.e., Lamberts law and Beers law, in the combined form it is known as Beer-Lambert law.Lamberts law: It states that when monochromatic light passes through a transparent medium, the
intensity of transmitted light decreases exponentially as the thickness of absorbing material increases.Beers law: It states that the intensity of transmitted monochromatic light decreases exponentially as the concentration of the absorbing substances increases.A= log Io/ I e.c.]A = absorbancelo = intensity of incident lightl = intensity of light through
the sample.e = extinction coefficient or absorption coefficient.c = concentrationl = path length (cm)Applications of spectroscopySpectroscopy used for cure monitoring ofcompositesusingoptical fibers.It is most commonly used for estimating weathered wood exposure times using near infrared spectroscopy.Absorption spectroscopy is usually used
both visible and infrared spectrum for Measurement of different compounds in food samples.For the measurement of toxic compounds in blood samplesNon-destructive elemental analysis byX-ray fluorescence. It also used in the electronic structure research by using various types of spectroscopy.Reference and Sources
//en.wikipedia.org/wiki/Spectroscopy //www.chegg.com/homework-help/questions-and-answers/ecl-absorbance-optical-density-od-equal-log-iounitless-io-intensity-light-irradiating-sam-q1148165 //edurev.in/studytube/Spectroscopy-Principles-TheoryTechniques-and-App/d0bb4b0e-97ec-4e41-8591-0bd850bf23af pAlso Read: 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 not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that
legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example,
other rights such as publicity, privacy, or moral rights may limit how you use the material.
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