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(4)AcronymDefinitionDLSDe La SalleDLSDynamic Light ScatteringDLSDire la Science (French scientific public relations company)DLSDiamond Light Source (UK)DLSDownloadable SoundsDLSDeployment ServiceDLSDocument Library ServicesDLSDouble LayersDLSDelivery ServerDLSData Location SystemDLSDownloadable SampleDLSDos Lan
ServicesDLSDirty Little SecretsDLSDepartment of Legal ServicesDLSDriver Limousine Services (French vehicle rental company)DLSDirectory Location ServiceDLSDiagnostic Local de Scurit (French: Local Security Diagnostics; various locations)DLSDerrire la Salle (French art group)DLSData Link SwitchDLSData Link SwitchingDLSDigital Logic
Simulator (computer program)DLSData Logging System (software)DLSDistributed Learning System (US Army)DLSDe La Soul (band)DLSDemain la Sant (French: Tomorrow's Health)DLSDrillsearch Energy Limited (Australia; stock symbol)DLSDynamic Languages SymposiumDLSDuty Lawyer ServiceDLSDental Lab Services (Orange, CA)DLSDynamic
Label SegmentDLSDivision of Labor Studies (Indiana)DLSDpannage Levage Service (French lift and transport company)DLSDisaster Legal Services (FEMA)DLSDominion Land Survey (Canada)DLSDynamic Logistics Systems (Supply Chain Management company)DLSDirector of Library ServicesDLSDcoupe Laser Services (French: Laser Cutting
Services)DLSDynamic Load Simulator (engineering)DLSDoctor of Sacred LettersDLSDecoy Launching SystemDLSDistance Learning ServiceDLSDisplay Lot StatusDLSDoctor of Library ScienceDLSDispatch Life SupportDLSDigital Lab SystemDLSDate Last SeenDLSDouble Layer Spiral (water filtration)DLSDistributed Link ServicesDLSDmnagement
Logistique Services (French: Relocation Logistics Services)DLSDivisible Load SchedulingDLSDelta Lambda Sigma (fraternity)DLSDominated Love Slave (Green Day song)DLSDefense Legal ServicesDLSDrivers License ServiceDLSDial Line ServiceDLSDoctor of Liberal Studies (Georgetown University)DLSDistance Learning Secretariat (Trinidad and
Tobago)DLSDynamic Limb SounderDLSDiu La SingDLSData Link SetDLSDownward Looking Sonar (US Navy tracking device)DLSDynamic Lot Sizes (cost-minimzation in logistics, distribution and purchasing)DLSDistance Learning SiteDLSDivision of Logistics Services (Office of Logistics and Acquisition Operations; US NIH)DLSDownlink Simulator
(military SATCOM)DLSDigital Lighting SystemsDLSDynamic Link Shutdown (energy optimization; computing)DLSDosimetric Leaf SeparationDLSDifferential Least SquaresDLSDepot Logistics SystemDLSDepann' Lavage Service (French maintenance company)DLSDaily Living Service (Ohio)DLSDeactivated Link State (Ciena)DLSDeep Look
SurveillanceDLSDemocratic Leadership SchoolDLSDecision Learning SystemDLSDonovan Language Solutions (Germany)DLSDrummond Locomotive SocietyDLSDocument of Limited SignificanceDLSLength-Scale Fractal Dimension (surface texture)DLSDi-Electric Lined SurfaceDLSDirect Locking SystemDLSDifferential Lock StateDLSDemodulation
Level SelectionDLSDivision Legislative ServicesDLSDeland Little Symphony (Altoona, FL)DLSDienst Lekenspel (Dutch)DLSDesign Limit StressDLSData Link Suite (UAVs)DLSDavid Lang Services (French renovation company)DLSDifferential Lock SolenoidDLSDepot Level SupportDLSDirect Logistics SupportDLSDienst Lekenstijl (Dutch)Copyright
1988-2018 AcronymFinder.com, All rights reserved. Want to thank TFD for its existence? Tell a friend about us, add a link to this page, or visit the webmaster's page for free fun content. Link to this page: ,the free encyclopedia that anyone can edit.117,185 active editors 7,001,770 articles in EnglishThe English-language Wikipedia thanks its
contributors for creating more than seven million articles! Learn how you can take part in the encyclopedia's continued improvement.Members of the victorious Blondie crewThe Boat Race 2018 took place on 24March. Held annually, The Boat Race is a side-by-side rowing race between crews from the universities of Oxford and Cambridge along a
4.2-mile (6.8km) tidal stretch of the River Thames in south-west London, England. For the third time in the history of the event, the men's, the women's and both reserves' races were all held on the Tideway on the same day. The women's race saw Cambridge lead from the start, eventually winning by a considerable margin to take the overall record to
4330 in their favour. In the women's reserve race, Cambridge's Blondie (crew pictured) defeated Oxford's Osiris by nine lengths. The men's reserve race was won by Cambridge's Goldie, who defeated Oxford's Isis by a margin of four lengths. The men's race was the final event of the day and completed a whitewash as Cambridge won, taking the
overall record to 8380 in their favour. The races were watched by around 250,000 spectators live, and broadcast around the world. (Fullarticle...)Recently featured: Radar, Gun Laying, Mk.I and Mk.IIAndrea NavageroNosy KombaArchiveBy emailMore featured articlesAboutKitty Marion... that Kitty Marion (pictured) was force-fed over 200 times
during a hunger strike?... that the North Korean destroyer Choe Hyon is the largest ship constructed for the Korean People's Navy?... that after the release of High and Low, director Akira Kurosawa received telephone calls imitating his film that threatened to kidnap his daughter?... that May Bradford Shockley is why Silicon Valley is where it is?...
that the conservation of a goat might endanger the survival of Aquilegia paui?... that Joy Laking predicted in a school writing assignment that within ten years she would be making a living as an artist?... that the Taiwanese restaurant chain Formosa Chang drew inspiration from McDonald's for its non-greasy atmosphere and corporate practices?...
that Haridas Mitra had his death sentence commuted after the intervention of Mahatma Gandhi?... that "Steve's Lava Chicken" recently became the shortest song to enter the UK Top 40?ArchiveStart a new articleNominate an articleNgg wa Thiong'oKenyan writer and activist Ngg wa Thiong'o (pictured) dies at the age of 87.In sumo, nosato Daiki is
promoted to yokozuna.In association football, Liverpool win the Premier League title.In motor racing, lex Palou wins the Indianapolis 500.In basketball, the EuroLeague concludes with Fenerbahe winning the Final Four Playoff.Ongoing: Gaza warM23 campaignRussian invasion of UkrainetimelineSudanese civil wartimelineRecent deaths: Harrison
Ruffin TylerPhil RobertsonMary K. GaillardPeter DavidAlan YentobGerry ConnollyNominate an articleMay 31: Dragon Boat Festival in China and Taiwan (2025); World No Tobacco DayBessarion455 Petronius Maximus, the ruler of the Western Roman Empire, was stoned to death by a mob as he fled Rome ahead of the arrival of a Vandal force that
sacked the city.1223 Mongol invasion of Kievan Rus': Mongol forces defeated a Kievan Rus' army at the Battle of the Kalka River in present-day Ukraine.1468 Cardinal Bessarion (pictured) announced his donation of 746 Greek and Latin codices to the Republic of Venice, forming the Biblioteca Marciana.1935 A magnitude-7.7 earthquake struck
Balochistan in British India, now part of Pakistan, killing between 30,000 and 60,000 people.2013 A tornado struck Central Oklahoma, killing eight people and injuring more than 150 others.Albertino Mussato (d.1329)Joseph Grimaldi (d.1837)Dina Boluarte (b.1962)Mbaye Diagne (d.1994)More anniversaries: May 30May 31June 1ArchiveBy emailList
of days of the yearAboutCucumis metuliferus, the African horned cucumber, is an annual vine in the cucumber and melon family, Cucurbitaceae. Its fruit has horn-like spines, hence the name "horned melon". The ripe fruit has orange skin and lime-green, jelly-like flesh. It is native to Southern Africa, where it is a traditional food. Along with the
gemsbok cucumber and the citron melon, it is one of the few sources of water during the dry season in the Kalahari Desert. This photograph, which was focus-stacked from 25 separate images, shows two C.metuliferus fruits, one whole and the other in cross-section.Photograph credit: Ivar LeidusRecently featured: Ignace TonenAustralian white
ibisHell Gate BridgeArchiveMore featured picturesCommunity portal The central hub for editors, with resources, links, tasks, and announcements.Village pump Forum for discussions about Wikipedia itself, including policies and technical issues.Site news Sources of news about Wikipedia and the broader Wikimedia movement.Teahouse Ask basic
questions about using or editing Wikipedia.Help desk Ask questions about using or editing Wikipedia.Reference desk Ask research questions about encyclopedic topics.Content portals A unique way to navigate the encyclopedia.Wikipedia is written by volunteer editors and hosted by the Wikimedia Foundation, a non-profit organization that also hosts
a range of other volunteer projects: CommonsFree media repository MediaWikiWiki software development Meta-WikiWikimedia project coordination WikibooksFree textbooks and manuals WikidataFree knowledge base WikinewsFree-content news WikiquoteCollection of quotations WikisourceFree-content library WikispeciesDirectory of species
WikiversityFree learning tools WikivoyageFree travel guide WiktionaryDictionary and thesaurusThis Wikipedia is written in English. Many other Wikipedias are available; some of the largest are listed below. 1,000,000+ articles DeutschEspaolFranaisItalianoNederlandsPolskiPortugusSvenskaTing Vit 250,000+ articles Bahasa IndonesiaBahasa
MelayuBn-lm-gCataletinaDanskEestiEsperantoEuskaraMagyarNorsk bokmlRomnSimple EnglishSloveninaSrpskiSrpskohrvatskiSuomiTrkeOzbekcha 50,000+ articles AsturianuAzrbaycancaBosanskiFryskGaeilgeGalegoHrvatskiKurdLatvieuLietuviNorsk nynorskShqgipSlovenina Retrieved from " 2This article is about the year 455. For other uses, see 455
(disambiguation).This article needs additional citations for verification. Please help improve this article by adding citations to reliable sources. Unsourced material may be challenged and removed.Find sources:"455"news newspapers books scholar JSTOR (April 2019) (Learn how and when to remove this message)Calendar
yearYearsMillennium1stmillenniumCenturies4thcenturybthcentury 6thcenturyDecades430s440s450s 460s470sYears452453454455 456457458vted55 by topicLeadersPolitical entitiesState leadersReligious leadersCategoriesBirthsDeathsDisestablishmentsvte455 in various calendarsGregorian calendar455CDLVAD urbe condital208Assyrian
calendar5205Balinese saka calendar376377Bengali calendar139 138Berber calendar1405Buddhist calendar999Burmese calendar183Byzantine calendar59635964Chinese calendar (WoodHorse)3152 or 2945to (WoodGoat)3153 or 2946Coptic calendar171172Discordian calendarl1621Ethiopian calendar447448Hebrew calendar42154216Hindu
calendars- Vikram Samvat511512- Shaka Samvat376377- Kali Yuga35553556Holocene calendar10455Iranian calendar167 BP 166 BPIslamic calendar172 BH 171 BHJavanese calendar340341]Julian calendar455CDLVKorean calendar2788Minguo calendar1457 before ROC1457Nanakshahi calendar1013Seleucid era766/767 AGThai solar
calendar997998Tibetan calendar(male Wood-Horse)581 or 200 or 572to(female Wood-Goat)582 or 201 or 571King Genseric sacks Rome (455)Year 455 (CDLV) was a common year starting on Saturday of the Julian calendar. At the time, it was known as the Year of the Consulship of Valentinianus and Anthemius (or, less frequently, year 1208 Ab urbe
condita). The denomination 455 for this year has been used since the early medieval period, when the Anno Domini calendar era became the prevalent method in Europe for naming years.March 16 Emperor Valentinian III, age 35, is assassinated by two Hunnic retainers of the late Flavius Aetius, while training with the bow on the Campus Martius
(Rome), ending the Theodosian dynasty. His primicerius sacri cubiculi, Heraclius, is also murdered.March 17 Petronius Maximus, former domesticus ("elite bodyguard") of Aetius, becomes (with support of the Roman Senate) emperor of the Western Roman Empire. He secures the throne by bribing officials of the imperial palace. Maximus consolidates
his power by a forced marriage with Licinia Eudoxia, widow of Valentinian III.Maximus appoints Avitus, most trusted general, to the rank of magister militum and sends him on an embassy to Toulouse, to gain the support of the Visigoths. He elevates his son Palladius to Caesar and has him marry Eudocia, eldest daughter of Valentinian III.May 31
Maximus is stoned to death by an angry mob while fleeing Rome. A widespread panic occurs when many citizens hear the news that the Vandals are plundering the Italian mainland.June 2 Sack of Rome: King Genseric leads the Vandals into Rome, after he has promised Pope Leo I not to burn and plunder the city. Genseric sacks the city for a period of
two weeks. Eudoxia and her daughters, Eudocia and Placidia, are taken hostage. The loot is sent to the harbour of Ostia and loaded into ships, from whence the Vandals depart and return to Carthage.July 9 Avitus is proclaimed Roman emperor at Toulouse, and later recognised by the Gallic chiefs in Viernum (near Arles).September 21 Avitus enters
Rome with a Gallic army. He restores the imperial authority in Noricum (modern Austria) and leaves a Gothic force under Remistus, Visigoth general (magister militum), at Ravenna.The Ostrogoths conquer Pannonia and Dalmatia.Battle of Aylesford: Prince Vortimer rebels against the pro-Anglo-Saxon policies of his father, Vortigern. He is defeated in
the battle at Aylesford (Kent). Hengist and his son Oisc become king of Kent. Horsa and Catigern, brother of Vortimer, are killed. The Britons withdraw to London (according to the Anglo-Saxon Chronicle).Skandagupta succeeds Kumaragupta I as ruler of the Gupta Empire (India). During his reign he crushes the Hun invasion; however, the expense of
the wars drains the empire's resources and contributes to its decline.Gaero becomes king of the Korean kingdom of Baekje.[1]Earliest recorded date at Chichen Itza on the Yucatn Peninsula (Mexico) (approximate date).Barter economy replaces organized trade as Romans and other citizens desert their towns for the countryside, where they will be
less vulnerable to barbarian raids (approximate date).The city of Vindobona (Vienna) is struck by an epidemic that spreads through the Roman provinces. The disease is probably streptococcus or a form of scarlet fever with streptococcus pneumoniae (approximate date).Rusticus, archbishop of Lyon (approximate date)Wang Baoming, empress of the
Southern Qi (d. 512)March 16Valentinian III, emperor of the Western Roman Empire (b. 419)Heraclius, Roman courtier (primicerius sacri cubiculi )May 31 Petronius Maximus, emperor of the Western Roman EmpireBiyu of Baekje, king of Baekje[1]Catigern, prince and son of Vortigern (approximate date)Horsa, leader of the Anglo-Saxons
(approximate date)Kumaragupta I, ruler of the Gupta Empire (India)Niall Noigiallach, High King of Ireland (approximate date)Palladius, son of Petronius Maximus (approximate date)Prosper of Aquitaine, disciple and Christian writer (approximate date)”™ a b "List of Rulers of Korea". www.metmuseum.org. Retrieved April 20, 2019.Retrieved from "
30ne hundred years, from 301 to 400MillennialstmillenniumCenturies3rdcentury4thcentury5thcenturyTimelines3rdcentury4thcenturySthcenturyState leaders3rdcentury4thcenturybthcenturyDecades300s310s320s330s340s350s360s370s380s390sCategories:Births Deaths Establishments DisestablishmentsvteEastern Hemisphere at the beginning of
the 4th century CE.Eastern Hemisphere at the end of the 4th century CE.The 4th century was the time period from 301 CE (represented by the Roman numerals CCCI) to 400 CE (CD) in accordance with the Julian calendar. In the West, the early part of the century was shaped by Constantine the Great, who became the first Roman emperor to adopt
Christianity. Gaining sole reign of the empire, he is also noted for re-establishing a single imperial capital, choosing the site of ancient Byzantium in 330 (over the current capitals, which had effectively been changed by Diocletian's reforms to Milan in the West, and Nicomedeia in the East) to build the city soon called Nova Roma (New Rome); it was
later renamed Constantinople in his honor.The last emperor to control both the eastern and western halves of the empire was Theodosius I. As the century progressed after his death, it became increasingly apparent that the empire had changed in many ways since the time of Augustus. The two-emperor system originally established by Diocletian in
the previous century fell into regular practice, and the east continued to grow in importance as a centre of trade and imperial power, while Rome itself diminished greatly in importance due to its location far from potential trouble spots, like Central Europe and the East. Late in the century Christianity became the official state religion, and the
empire's old pagan culture began to disappear.[citation needed] General prosperity was felt throughout this period, but recurring invasions by Germanic tribes plagued the empire from 376[1][2] CE onward. These early invasions marked the beginning of the end for the Western Roman Empire.In China, the Jin dynasty, which had united the nation
prior in 280, began rapidly facing trouble by the start of the century due to political infighting, which led to the insurrections of the northern barbarian tribes (starting the Sixteen Kingdoms period), which quickly overwhelmed the empire, forcing the Jin court to retreat and entrench itself in the south past the Yangtze river, starting what is known as
the Eastern Jin dynasty around 317. Towards the end of the century, Emperor of the Former Qin, Fu Jin, united the north under his banner, and planned to conquer the Jin dynasty in the south, so as to finally reunite the land, but was decisively defeated at the Battle of Fei River in 383, causing massive unrest and civil war in his empire, thereby
leading to the fall of the Former Qin, and the continued existence of the Eastern Jin dynasty.According to archaeologists, sufficient archaeological evidence correlates of state-level societies coalesced in the 4th century to show the existence in Korea of the Three Kingdoms (300/400668 CE) of Baekje, Goguryeo, and Silla.Historians of the Roman
Empire refer to the "Long Fourth Century" to the period spanning the fourth century proper but starting earlier with the accession of the Emperor Diocletian in 284 and ending later with the death of Honorius in 423 or of Theodosius II in 450.[3]See also: Christianity in the 4th centuryGregory the Illuminator mosaic, converted Armenia from
Zoroastrianism to ChristianityContemporary bronze head of Constantine I (r. 306337 AD)Early 4th century Former audience hall now known as the Basilica, Trier, Germany, is built.Early 4th century The Gupta Empire is established.301: Armenia first to adopt Christianity as state religion.304439: The Sixteen Kingdoms in China begins.306337:
Constantine the Great, ends persecution of Christians in the Roman Empire (see also Constantinian shift) and Constantinople becomes new seat of government (New Rome).Tikal had a population of about 100,000 when it was conquered by Teotihuacan, less than a fourth of its peak population[4]320: Butuan Boat One, the oldest known Balangay, a
multi-purpose ship native to the Philippines is built.325328: The Kingdom of Aksum adopts Christianity.325: Constantine the Great calls the First Council of Nicaea to pacify Christianity in the grip of the Arian controversy.335380: Samudragupta expands the Gupta Empire.337: Constantine the Great is baptized a Christian on his death bed.350: About
this time the Kingdom of Aksum conquers the Kingdom of Kush.350400: At some time during this period, the Huns began to attack the Sassanid Empire.[2]350: The Kutai Martadipura kingdom in eastern Borneo produced the earliest known stone inscriptions in Indonesia known as the Mulavarman inscription written in the Sanskrit language using
Pallava scripture.[5]Mid-4th century Dish, from Mildenhall, England, is made. It is now kept at the British Museum, London.Mid-4th century Wang Xizhi makes a portion of a letter from the Feng Ju album. Six Dynasties period. It is now kept at National Palace Museum, Taipei, Taiwan, Republic of China.365: An earthquake with a magnitude of at least
eight strikes the Eastern Mediterranean. The following tsunami causes widespread destruction in Crete, Greece, Libya, Egypt, Cyprus, and Sicily.376: Visigoths appear on the Danube and are allowed entry into the Roman Empire in their flight from the Huns.378: Battle of Adrianople: Roman army is defeated by the Visigoth cavalry. Emperor Valens is
killed.378395: Theodosius I, Roman emperor, bans pagan worship, Christianity is made the official religion of the Empire.378: Siyaj K'ak' conquers Waka on (January 8), Tikal (January 16) and Uaxactun.Wall painting of the Council of Constantinople (381) in the Stavropoleos monastery, Romania381: First Council of Constantinople reaffirms the
Christian doctrine of the Trinity by adding to the creed of Nicaea.383: Battle of Fei River in China.395: The Battle of Canhe Slope occurs.395: Roman emperor Theodosius I dies, causing the Roman Empire to split permanently.Late 4th century: Cubiculum of Leonis, Catacomb of Commodilla, near Rome, is made.Late 4th century: Atrium added in the
Old St. Peter's Basilica, Rome.For a more comprehensive list, see Timeline of historic inventions 4th century.The Stirrup was invented in China, no later than 322.[6][1]Kama Sutra, dated between c.400 BC to c. 300 AD.[7]1[8]Iron pillar of Delhi, India is the world's first Iron Pillar.[citation needed]Trigonometric functions: The trigonometric functions
sine and versine originated in Indian astronomy.[9]Codex Sinaiticus and the Codex Vaticanus Graecus 1209, are the earliest Christian bibles.[10][11]Book of Steps, Syriac religious discourses.[citation needed]”™ a b "The invention and influences of stirrup". Archived from the original on December 3, 2008.” a b Roberts, J: "History of the World".
Penguin, 1994.” The Long Fourth Century 284450: Continuity and Change in the Later Roman Empire ed. S. McGill, C. Sogno and E. Watts (Cambridge 2008).” "The Maya: Glory and Ruin". National Geographic Magazine. Archived from the original on April 9, 2008.” "The Austronesians: Historical and Comparative Perspectives". ANU Press.
Archived from the original on 2013-12-25. Retrieved 2013-04-29.” Lee, Adela C.Y. "The stirrup and its effect on chinese military history". Silkroad Foundation.”™ Sengupta, J. (2006). Refractions of Desire, Feminist Perspectives in the Novels of Toni Morrison, Michle Roberts, and Anita Desai. Atlantic Publishers & Distributors. p.21. ISBN978-81-269-
0629-1. Archived from the original on 4 May 2016. Retrieved 7 December 2014.”~ Kakar, Sudhir; Doniger, Wendy (2003). Kamasutra. Oxford; Toronto: Oxford University Press. pp.xi. ISBN978-0-19-283982-4.” Bag, A.K. (1979). Mathematics In Ancient and Medieval India. Delhi: Chaukhambha Orientalia. p.15.” Aland, Kurt; Aland, Barbara (1995). The
Text of the New Testament: An Introduction to the Critical Editions and to the Theory and Practice of Modern Textual Criticism. Erroll F. Rhodes (trans.). Grand Rapids, Michigan: William B. Eerdmans Publishing Company. p.109. ISBN978-0-8028-4098-1.” "Liste Handschriften". Mnster: Institute for New Testament Textual Research. Retrieved 16
March 2013.Retrieved from " 4The following pages link to 4th century External tools(link counttransclusion countsorted list) See help page for transcluding these entriesShowing 50 items.View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500)List of decades, centuries, and millennia (links | edit)Religion in pre-Islamic Arabia (links | edit)Rosetta Stone
(links | edit)20th century (links | edit)15th century (links | edit)16th century (links | edit)17th century (links | edit)18th century (links | edit)14th century (links | edit)1st century (links | edit)13th century (links | edit)397 (links | edit)12th century (links | edit)11th century (links | edit)7th century (links | edit)10th century (links | edit)9th century (links |
edit)8th century (links | edit)6th century (links | edit)5th century (links | edit)3rd century (links | edit)2nd century (links | edit)405 (links | edit)4th century BC (links | edit)432 (links | edit)200s (decade) (links | edit)300s (decade) (links | edit)1st century BC (links | edit)2nd century BC (links | edit)3rd century BC (links | edit)5th century BC (links |
edit)6th century BC (links | edit)400s (decade) (links | edit)310s (links | edit)320s (links | edit)321 (links | edit)21st century BC (links | edit)11th century BC (links | edit)286 (links | edit)476 (links | edit)385 (links | edit)7th century BC (links | edit)410 (links | edit)325 (links | edit)380s (links | edit)381 (links | edit)470s (links | edit)430s (links | edit)430
(links | edit)510s (links | edit)View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500)Retrieved from " WhatLinksHere/4th century"Technique for determining size distribution of particlesHypothetical dynamic light scattering of two samples: Larger particles on the top and smaller particles on the bottomDynamic light scattering (DLS) is a technique in
physics that can be used to determine the size distribution profile of small particles in suspension or polymers in solution.[1] In the scope of DLS, temporal fluctuations are usually analyzed using the intensity or photon autocorrelation function (also known as photon correlation spectroscopy PCS or quasi-elastic light scattering QELS). In the time
domain analysis, the autocorrelation function (ACF) usually decays starting from zero delay time, and faster dynamics due to smaller particles lead to faster decorrelation of scattered intensity trace. It has been shown that the intensity ACF is the Fourier transform of the power spectrum, and therefore the DLS measurements can be equally well
performed in the spectral domain.[2][3] DLS can also be used to probe the behavior of complex fluids such as concentrated polymer solutions.A monochromatic light source, usually a laser, is shot through a polarizer and into a sample. The scattered light then goes through a second polarizer where it is collected by a photomultiplier and the resulting
image is projected onto a screen. This is known as a speckle pattern (Figure 1).[4]Figure 1. Typical speckle pattern.All of the molecules in the solution are being hit with the light and all of the molecules diffract the light in all directions. The diffracted light from all of the molecules can either interfere constructively (light regions) or destructively
(dark regions). This process is repeated at short time intervals and the resulting set of speckle patterns is analyzed by an autocorrelator that compares the intensity of light at each spot over time. The polarizers can be set up in two geometrical configurations. One is a vertical/vertical (VV) geometry, where the second polarizer allows light through
that is in the same direction as the primary polarizer. In vertical/horizontal (VH) geometry the second polarizer allows light that is not in the same direction as the incident light.When light hits small particles, the light scatters in all directions (Rayleigh scattering) as long as the particles are small compared to the wavelength (below 250 nm). Even if
the light source is a laser, and thus is monochromatic and coherent, the scattering intensity fluctuates over time. This fluctuation is due to small particles in suspension undergoing Brownian motion, and so the distance between the scatterers in the solution is constantly changing with time. This scattered light then undergoes either constructive or
destructive interference by the surrounding particles, and within this intensity fluctuation, information is contained about the time scale of movement of the scatterers. Sample preparation either by filtration or centrifugation is critical to remove dust and artifacts from the solution.The dynamic information of the particles is derived from the
autocorrelation of the intensity trace recorded during the experiment. The second order autocorrelation curve is generated from the intensity trace as follows: g2 (q; ) =1(t)I(t+)I(t) 2 {\displaystyle g~ {2}(q;\tau )={\frac {\langle I(t)I(t+\tau )\rangle }{\langle I(t)\rangle ~{2}}}} where g2(q;) is the autocorrelation function at a particular
wave vector, ¢, and delay time, , and I is the intensity. The angular brackets {\displaystyle \langle \cdot \rangle } denote the expected value operator, which in some texts is denoted by a capital E.At short time delays, the correlation is high because the particles do not have a chance to move to a great extent from the initial state that they were in. The
two signals are thus essentially unchanged when compared after only a very short time interval. As the time delays become longer, the correlation decays exponentially, meaning that, after a long period has elapsed, there is no correlation between the scattered intensity of the initial and final states. This exponential decay is related to the motion of
the particles, specifically to the diffusion coefficient. To fit the decay (i.e., the autocorrelation function), numerical methods are used, based on calculations of assumed distributions. If the sample is monodisperse (uniform) then the decay is simply a single exponential. The Siegert equation relates the second-order autocorrelation function with the
first-order autocorrelation function gl(q;) as follows: g2 (qg;)=1+[g 1 (q; )12 {\displaystyle g~ {2}(qg;\tau )=1+\beta \left[g™ {1} (q;\tau )\right]~ {2} } where the first term of the sum is related to the baseline value (1) and the parameter is a correction factor that depends on the geometry and alignment of the laser beam in the light scattering
setup. It is roughly equal to the inverse of the number of speckle (see Speckle pattern) from which light is collected. A smaller focus of the laser beam yields a coarser speckle pattern, a lower number of speckle on the detector, and thus a larger second-order autocorrelation. The most important use of the autocorrelation function is its use for size
determination.Dynamic light scattering provides insight into the dynamic properties of soft materials by measuring single scattering events, meaning that each detected photon has been scattered by the sample exactly once. In principle, the DLS measurements can be performed with the detector positioned at any angle. The choice of the best angle
depends on the sample properties, such as turbidity and particle size.[5] Back scattering detection (e.g., 173 or 175) is particularly interesting for turbid and highly concentrated samples, which contain large particles. Side scattering detection (90) is recommended for weakly scattering samples, including small particles and transparent samples.
Finally, forward scattering detection (e.g., 13 or 15) is suitable for detection of samples containing small particles with few large particles. Some DLS instruments in the market also allow automatic angle selection based on a continuous transmittance measurement.At the lower end of the turbidity range, the Cavity Amplified Scattering Spectroscopy
method[6] makes use of an integrating cavity to elongate photon paths through quasi non-scattering samples. As opposed to conventional DLS instruments, this method is angle independent as it probes samples isotropically from all directions.Even though the DLS measurement using a single-angle detection has been the most diffuse technique, the
application to many systems of scientific and industrial relevance has been limited due to often-encountered multiple scattering, wherein photons are scattered multiple times by the sample before being detected. Accurate interpretation becomes exceedingly difficult for systems with non-negligible contributions from multiple scattering. Especially for
larger particles and those with high refractive index contrast, this limits the technique to very low particle concentrations, and a large variety of systems are, therefore, excluded from investigations with dynamic light scattering. However, as shown by Schaetzel,[7] it is possible to suppress multiple scattering in dynamic light scattering experiments
via a cross-correlation approach. The general idea is to isolate singly scattered light and suppress undesired contributions from multiple scattering in a dynamic light scattering experiment. Different implementations of cross-correlation light scattering have been developed and applied. Currently, the most widely used scheme is the so-called 3D-
dynamic light scattering method.[8][9] The same method can also be used to correct static light scattering data for multiple scattering contributions.[10] Alternatively, in the limit of strong multiple scattering, a variant of dynamic light scattering called diffusing-wave spectroscopy can be applied.Once the autocorrelation data have been generated,
different mathematical approaches can be employed to obtain 'information' from it. Analysis of the scattering is facilitated when particles do not interact through collisions or electrostatic forces between ions. Particle-particle collisions can be suppressed by dilution, and charge effects are reduced by the use of salts to collapse the electrical double
layer.The simplest approach is to treat the first-order autocorrelation function as a single exponential decay. This is appropriate for a monodisperse population. g 1 (q; ) = exp () {\displaystyle \ g™ {1}(qg;\tau )=\exp(-\Gamma \tau )\,} where is the decay rate. The translational diffusion coefficient Dt may be derived at a single angle or at a range of
angles depending on the wave vector q. = g 2 D t {\displaystyle \ \Gamma =g~ {2}D {t}\,} with g =4 n O sin ( 2 ) {\displaystyle \ g={\frac {4\pi n_{0} }{\lambda } }\sin \left({\frac {\theta } {2} }\right)} where is the incident laser wavelength, n0 is the solvent refractive index and is the angle at which the detector is located with respect to the sample
cell.The refractive index of the solvent plays a crucial role in light scattering and is important to calculate the Stokes radius from the Stokes-Einstein equation.[11][12][13] Therefore, previous refractive index data from the scattering medium should be evaluated with dedicated instruments, known as refractometers. Alternatively, DLS instruments
containing a refractive index measurement module allow a good estimative for this important parameter within 0.5%, which is the accuracy defined by ISO 22412:2017[14][15] for refractive index values required for DLS. Besides the refractive index of the medium, the refractive index of the particles is only necessary when analyzing larger particle
size (usually above 100nm) and volume- or number-weighted size distributions are needed. In these cases, prior knowledge of the refractive index and absorbance of the material is required in order to apply the Mie scattering.[16][17]Depending on the anisotropy and polydispersity of the system, a resulting plot of (/q2) vs. 2 may or may not show an
angular dependence. Small spherical particles will show no angular dependence, hence no anisotropy. A plot of (/g2) vs. g2 will result in a horizontal line. Particles with a shape other than a sphere will show anisotropy and thus an angular dependence when plotting (/g2) vs. g2.[18] The intercept will be in any case the Dt. Thus, there is an optimum
angle of detection for each particle size. A high-quality analysis should always be performed at several scattering angles (multiangle DLS). This becomes even more important in a polydisperse sample with an unknown particle size distribution. At certain angles the scattering intensity of some particles will completely overwhelm the weak scattering
signal of other particles, thus making them invisible to the data analysis at this angle. DLS instruments which only work at a fixed angle can only deliver good results for some particles. Thus, the indicated precision of a DLS instrument with only one detection angle is only ever true for certain particles.Dt is often used to calculate the hydrodynamic
radius of a sphere through the StokesEinstein equation. It is important to note that the size determined by dynamic light scattering is the size of a sphere that moves in the same manner as the scatterer. So, for example, if the scatterer is a random coil polymer, the determined size is not the same as the radius of gyration determined by static light
scattering. It is also useful to point out that the obtained size will include any other molecules or solvent molecules that move with the particle. So, for example, colloidal gold with a layer of surfactant will appear larger by dynamic light scattering (which includes the surfactant layer) than by transmission electron microscopy (which does not "see" the
layer due to poor contrast).In most cases, samples are polydisperse. Thus, the autocorrelation function is a sum of the exponential decays corresponding to each of the species in the population.g1 (g;)=i=1nGi(i)exp (i) =G () exp () d. {\displaystyle g~ {1}(g;\tau )=\sum {i=1}"{n}G {i}(\Gamma {i})\exp(-\Gamma {i}\tau )=\int
G(\Gamma )\exp(-\Gamma \tau )\,d\Gamma .} It is tempting to obtain data for gl(q;) and attempt to invert the above to extract G(). Since G() is proportional to the relative scattering from each species, it contains information on the distribution of sizes. However, this is known as an ill-posed problem. The methods described below (and others) have
been developed to extract as much useful information as possible from an autocorrelation function.One of the most common methods is the cumulant method,[19][20] from which in addition to the sum of the exponentials above, more information can be derived about the variance of the system as follows: g1 (q;)=exp((22!2+33!3+))
{\displaystyle \ g™ {1}(qg;\tau )=\exp \left(-{\bar {\Gamma } }\left(\tau -{\frac {\mu {2} }{2!}}\tau ~{2}+{\frac {\mu {3} }{3!} }\tau ~ {3} +\cdots \right)\right) } where is the average decay rate and 2/2 is the second order polydispersity index (or an indication of the variance). A third-order polydispersity index may also be derived but this is
necessary only if the particles of the system are highly polydisperse. The z-averaged translational diffusion coefficient Dz may be derived at a single angle or at a range of angles depending on the wave vector q. = q 2 D z {\displaystyle \ {\bar {\Gamma }}=g”~{2}D {z}\,} One must note that the cumulant method is valid for small and sufficiently
narrow G().[21] One should seldom use parameters beyond 3, because overfitting data with many parameters in a power-series expansion will render all the parameters, including {\displaystyle \scriptstyle {\bar {\Gamma } }} and 2, less precise.[22]The cumulant method is far less affected by experimental noise than the methods below.The particle
size distribution can also be obtained using the autocorrelation function. However, polydisperse samples are not well resolved by the cumulant fit analysis. Thus, the combination of non-negative least squares (NNLS) algorithms with regularization methods, such as the Tikhonov regularization, can be used to resolve multimodal samples.[16] An
important feature of the NNLS optimization is the regularization term used to identify specific solutions and minimize the deviation between the measure data and the fit. There is no ideal regularization term that is suitable for all samples. The shape of this term can determine if the solution will represent a general broad distribution with small
number of peaks or if narrow and discrete populations will be fit. Alternatively, the calculation of the particle size distribution is performed using the CONTIN algorithm.An alternative method for analyzing the autocorrelation function can be achieved through an inverse Laplace transform known as CONTIN developed by Steven Provencher.[23][24]
The CONTIN analysis is ideal for heterodisperse, polydisperse, and multimodal systems that cannot be resolved with the cumulant method. The resolution for separating two different particle populations is approximately a factor of five or higher and the difference in relative intensities between two different populations should be less than 1:105.The
Maximum entropy method is an analysis method that has great developmental potential. The method is also used for the quantification of sedimentation velocity data from analytical ultracentrifugation. The maximum entropy method involves several iterative steps to minimize the deviation of the fitted data from the experimental data and
subsequently reduce the 2 of the fitted data.If the particle in question is not spherical, the rotational motion must be considered as well because the scattering of the light will be different depending on orientation. According to Pecora, rotational Brownian motion will affect the scattering when a particle fulfills two conditions; they must be both
optically and geometrically anisotropic.[25] Rod-shaped molecules fulfill these requirements, so a rotational diffusion coefficient must be considered in addition to a translational diffusion coefficient. In its most succinct form, the equation appearsas AB=544Mp+2NMIMp + MIM p N + M1 {\displaystyle {\frac {A}{B}}={\frac {5}{4}}
{\frac {4\mathrm {M} {p}+2\mathrm {N} \mathrm {M} {l}\mathrm {M} {p}+\mathrm {M} {l1}}{\mathrm {M} {p}-\mathrm {N} +\mathrm {M} {1}}}} Where A/B is the ratio of the two relaxation modes (translational and rotational), Mp contains information about the axis perpendicular to the central axis of the particle, and Ml contains
information about the axis parallel to the central axis.In 2007, Peter R. Lang and his team decided to use dynamic light scattering to determine the particle length and aspect ratio of short gold nanorods.[26] They chose this method since it does not destroy the sample and it has a relatively easy setup. Both relaxation states were observed in VV
geometry and the diffusion coefficients of both motions were used to calculate the aspect ratios of the gold nanoparticles.DLS is used to characterize the size of various particles including proteins,[27] polymers, micelles,[28] Protein cages and virus-like particles,[29][30] vesicles,[31] carbohydrates, nanoparticles,[32][33] biological cells,[34] and gels.
[35] If the system is not disperse in size, the mean effective diameter of the particles can be determined. This measurement depends on the size of the particle core, the size of surface structures, particle concentration, and the type of ions in the medium.Since DLS essentially measures fluctuations in scattered light intensity due to diffusing particles,
the diffusion coefficient of the particles can be determined. DLS software of commercial instruments typically displays the particle population at different diameters. If the system is monodisperse, there should only be one population, whereas a polydisperse system would show multiple particle populations. If there is more than one size population
present in a sample then either the CONTIN analysis should be applied for photon correlation spectroscopy instruments, or the power spectrum method should be applied for Doppler shift instruments.Stability studies can be done conveniently using DLS. Periodical DLS measurements of a sample can show whether the particles aggregate over time
by seeing whether the hydrodynamic radius of the particle increases.[32][33] If particles aggregate, there will be a larger population of particles with a larger radius. In some DLS machines, stability depending on temperature can be analyzed by controlling the temperature in situ.Wikimedia Commons has media related to Dynamic light
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