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Nuclear equations quiz

In order to continue enjoying our site, we ask that you confirm your identity as a human. Thank you very much for your cooperation. Reactions and changes by Anthony Carpi, PhD top page 2 reactions and changes by Anthony Carpi, PhD conventional chemical reactions occur as a result of interaction between valence electrons around the nucleus of the atom (see our chemical reactions
module for more information). In 1896, Henry Bequeverell expanded the field of chemistry to include nuclear changes when he discovered that uranium was radiation emitted. Soon after the discovery of Bequeverell, Mary Sclodoska Curie began studying radioactivity and completed pioneering work on nuclear changes. Curie found that radiation was proportional to the amount of
radioactive element present, and he proposed that radiation was the property of atoms (as opposed to the chemical property of a compound). Marie Curie was the first woman to win the Nobel Prize and the first to win two (the first, shared with her husband Pierre Curie and Henry Bequeerel for the discovery of radioactivity; the second for the discovery of radioactive elements radium and
polonium). In 1902, Frederick Sodi proposed the theory that radioactivity is the result of a natural transformation of isotopes of an element that is in the isotope of a different element. Atomic reactions involve changes in particles in the nucleus of the atom and thus the atom itself changes. All elements heavier than bismuth (BI) (and some lighter) exhibit natural radioactivity and thus can
decay into lighter elements. Unlike normal chemical reactions in the form of molecules, atomic reactions result in a complete conversion of an element into a separate isotope or a different element (remember that the number of protons in the atom defines the element, so changes in the proton result in a change in the atom). There are three common types of radiation and atomic changes:
alpha radiation (α) is the emission of an alpha particle from the nucleus of an atom. A α particle consists of two protons and two neutrons (and this one is similar to that nucleus:). When an atom emits a particle, the atomic atomic mass will be reduced by four units (because two protons and two neutrons are lost) and the atomic number (Z) will be reduced by two units. The element is said to
convert to another element that two Z units are small. An example of a α conversion occurs when uranium decays into element thorium (th) by emitting an alpha particle, as shown in the following equation: (Note: In atomic chemistry, element symbols are traditionally preceded by their atomic weight [upper left] and atomic number [lower left]. Beta radiation (β) is the conversion of a neutron
into a proton and an electron (followed by the emission of electrons from the nucleus of the atom:). When an atom emits a β particle, the atomic mass will not change (because there is no change in the total number of atomic particles); However, the atomic number will be By one (because neutrons were converted into an additional proton). An example of this is the decay of a carbon
isotope called carbon-14 in nitrogen: gamma radiation (γ) involves the emission of electromagnetic energy (similar to light energy) from the nucleus of the atom. No particles are emitted during gamma radiation, and thus gamma radiation itself does not cause the conversion of atoms; However, radiation is often emitted during γ, and together, α or β to radioactive decay simultaneously. X-
rays, emitted during beta decay of cobalt-60, are a common example of gamma radiation. Understanding checkpoint radiation can result in an atom having a different atomic number. Radioactive decay proceeds according to the principle called half-life. Half-life (T1/2) is the amount of time required for decaying one half of radioactive material. For example, radioactive element bimuth
(210Bi) can undergo alpha decay to create element thalum (206Tl) with the equivalent reaction half-life of five days. If we start experiments starting with 100 grams of bimuth in a sealed lead container, after five days we will have 50 grams of bimuth and 50 grams of thalam in jars. After another five days (ten from the starting point), half of the remaining bismuth will decay and we will be left
with 25 grams of bismuth and 75 grams of thalam in the jar. As illustrated, the response proceeds in half, with half of every half life span of whatever radioactive element is woeful. Radioactive decay of bimuth-210 (T1/2 = 5 days) can be calculated using the equation of the parent's material that remains after radioactive decay: fraction balance = 1 2n (where n = half life Elapsed) the amount
of a radioactive material that lasts after a given number of half-life is therefore: The balance = principal amount * fraction are specific to the isotope of the remaining decay reaction and the T1/2 radioactive decay of a substance undergoing the isotope of the element undergoing. For example, Bi210 can undergo a decay for Tl206 with t1/2of of five days. Bi215, by comparison, passes
bdecay for Po215 with a T1/2 of 7.6 minutes, and Bi208 passes through another mode of radioactive decay (called electron capture) with a T1/2 of 368,000 years! Understanding checkpoints all radioactive materials decay at the same rate. While many elements naturally undergo radioactive decay, nuclear reactions can also be artificially stimulated. Although these reactions also occur
naturally, we are most familiar with them as agitated reactions. There are two types of nuclear reactions: 1) Nuclear fission: Reactions in which the nucleus of an atom is divided into smaller parts, releasing a large amount of energy in the process. Most of all it is performed by a neutron firing on the nucleus of an atom. The energy of the neutron bullet causes the target element to be divided
into two (or more) elements that are lighter than the parent atom. Fragmentation Response of Uranium-235 Interactive Animation: Fragmentation During the fragmentation of U235, three neutrons are issued in addition to two daughter products. If these released neutrons collide with the nearby U235 nucleus, they can encourage the fragmentation of these atoms and initiate a self-sufficient
nuclear chain reaction. This chain reaction is the basis of nuclear power. As uranium atoms continue to divide, a considerable amount of energy is released from the response. The heat released during this reaction is harvested and used to generate electrical energy. Interactive Animation: Two types of nuclear chain reactions nuclear fusion: reactions in which two or more elements fuse
together to create a larger element, releasing energy in the process. A good example element is the fusion of two heavy isotopes of hydrogen (deuterium: H2 and tritium: H3) in helium. Two hydrogen isotopes are nuclear fusion of interactive animation: nuclear fusion fusion reactions release tremendous amounts of energy and are commonly referred to as thermonuclear reactions. Although
many people think of the sun as a large fireball, the sun (and all stars) are actually heavy fusion reactors. The stars are huge balls of hydrogen gas under tremendous pressure mainly due to gravitational forces. Hydrogen molecules are mixed into helium and heavy elements inside the stars, releasing the energy that we receive in the form of light and heat. Beginning with the work of Marie
Curie and others, this module marks the development of nuclear chemistry. It describes a variety of radiation: alpha, beta and gamma. The module then applies the principle of half-life to radioactive decay and explains the difference between nuclear fission and nuclear fusion. HS-C5.5, HS-PS1. C1, HS-PS3. A1 Anthony Carpi, PhD Nuclear Chemistry Visionlearning Vol. 2 (3), 2003. Top
Page 3 To understand life As we know, we should first understand a little organic chemistry. Organic molecules contain both carbon and hydrogen. Although many organic chemicals also contain other ingredients, it is the carbon-hydrogen bond that defines them as organic. Organic chemistry defines life. Just as there are millions of different types of living organisms on the planet, there
are millions of different organic molecules, each of which has different chemical and physical properties. There are organic chemicals that make up your hair, your skin, your nails, etc. The variety of organic chemicals is due to the versatility of carbon atoms. Why is carbon such a special element? Let us look at its chemistry in a little more detail. Carbon (c) appears in the second row of the
periodic table and its valence shell has four bonding electrons (see our periodic table module for more information). Similar to other non-metals, carbon requires eight electrons to satisfy its valence shell. Carbon therefore forms four bonds with other atoms (each bond one of the electrons of carbon and one of the electrons of the bond atom). In every valence electron relationship takes;
Thus, one one The shackles of the atom will be evenly distributed on the surface of the atom. These bonds form a tetrahedron (a pyramid with a spike at the top), as shown below: Carbon Form 4 bonds can bond organic chemicals to carbon other atoms in many different ways. The simplest organic chemicals called hydrocarbons contain only carbon and hydrogen atoms; The simplest
hydrocarbon (called methane) contains a carbon atom bonded to four hydrogen atoms: methane - a carbon atom bonded to 4 hydrogen atoms but can bond to carbon atoms other than carbon hydrogen, as shown in the molecule ethane below: Ethane - A carbon-carbon bond in fact, the uniqueness of carbon comes from the fact that it can bind itself in many different ways. Carbon atoms
can form long chains: hexane- a 6 carbon chain chain with branches: Isohexane - a branch-bound carbon chain rings: Cyclohexane - a ring hydrocarbon can form carbon that appears to have almost no limit to the number of different structures. To add to the complexity of organic chemistry, neighboring carbon atoms can form double and triple bonds in addition to single carbon carbon
bonds: Single-bond double-bond triple relationship Keep in mind that each carbon atom forms four bonds. As the number of bonds between any two carbon atoms increases, the number of hydrogen atoms in the molecule decreases (as can be seen in the figures above). Understanding checkpoints
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ These come in
three varieties depending on the type of carbon carbon bond occurring in the simple hydrocarbon molecule. Alkanes are first class of simple hydrocarbons and contain only carbon carbon single bonds. Alkanes is named by combining a prefix that describes the number of carbon atoms in the molecule with the root ending the anime. The following table contains names and prefixes for the
first ten alkans. Karbonnome prefix alkanoun chemicalformula structural formula 1 meth methane CH4 CH4 CH4 2 Ethetheth C2H6 CH3CH3 3 propane C3H8 CH3CH2CH3 4 Butane C4H10 CH3CH2CH2CH3 5 Pentane C5H 12 CH3CH2CH2CH2CH3 6 Hex Hex 7 Hept Hepte C7H16 8 Octane C8H189 Non Nonne C9H20 10 Decane C10H22 Chemical Formula Expression for any Alkane is
given by CnH2n+2. The structural formula shown for the first five alakasees in the table, shows each carbon atom and the elements associated with it. This structural formula is important when we start discussing more complex hydrocarbons. Ordinary alkan shares many qualities in common. All enter combustion reactions with oxygen to produce carbon dioxide and water vapor. In other
words, many alkan are inflammable. It gives them good fuel. For example, methane is the main component of natural gas, and butane is the common light liquid. CH4+2O2 → CO2+2H20 chemical reaction between a fuel Example wood) and an oxidation agent. The second class of simple hydrocarbons, alkenes, contain molecules that contain at least one double bonded carbon pair.
Alkens follow the same naming convention that is used for alkanes. A prefix (to describe the number of carbon atoms) is combined with the end ene to denote an alkane. Ethane, for example, is two carbon molecules with a double bond. The chemical formula expression for simple alkenes follows CnH2n. Because one of the carbon pairs is double bonded, simple alkenes have two fewer
hydrogen atoms than alnes. Ethane alkinase consists of a third class of simple hydrocarbons and contains molecules that have at least one triple-bonded carbon pair. Like Alken and Alken, Alkins is named by combining a prefix with finished yne to denote triple bonds. The chemical formula for simple elkinase follows the expression CnH2n-2. Ethyne's understanding checkpoint is said to be
the simplest of hydrocarbons because carbon can bond in so many different ways, the same molecule can have different bonding configurations. Consider the two molecules illustrated here: C6H14 CH3CH2CH2CH2CH2CH2CH3 C6H14 CH3 I CH3 CH2 CH CH2 CH2 CH3 Both molecules have similar chemical formulas (shown in the left column); However, their structural formulas (and
thus some chemical properties) are different. These two molecules are called isomers. Isomers are molecules that have the same chemical formula but have different structural formulas. Understanding checkpoints when there are atoms of number and type of molecules, they must have the same structure. Apart from carbon and hydrogen, hydrocarbons may also contain other elements. In
fact, many common groups of atoms can be within organic molecules, these groups of atoms are called functional groups. A good example of this is the hydroxyl functional group. The hydroxyl group has the same oxygen atom tied to a hydrogen atom (-OH). A group of hydrocarbons that have hydroxyl functional groups is called alcohol. Alcohol is named in a fashion similar to simple
hydrocarbons, a prefix is associated with a root ending (in this case anol) that designates alcohol. The existence of the functional group completely alters the chemical properties of the molecule. ethane, two carbon alken, is a gas at room temperature; Ethanol, two carbon alcohols, is a liquid. Ethanol is an active ingredient in alcoholic beverages such as ethanol, common drinking alcohol,
beer and alcohol. The chemical basis of all organisms is associated in such a way that carbon forms a relationship with other atoms. This introduction to organic chemistry explains the many ways that carbon and hydrogen form bonds. Basic hydrocarbon nomenclature is described, including alken, alkens, alcanes and isomers. Functional groups of atoms are discussed within organic
molecules. Anthony Carpie, PhD Carbon Chemistry Visionlearning Vol. 2 (4), 2003. Page 4 responses and changes Carpi, PhD top page 5 This is almost the beginning of the school year, and you have to gather 10 friends for an end-of-semester bonfire. What would be without a bonfire'mores? You pack supplies, make sure you have enough to make another for everyone. You can think of
creating another as a chemical equation (see our chemical equation module for more on them): 2 Graham Crackers + 1 Piece of Chocolate + 4 Mini Marshmallow → 1' More Just as with a chemical equation, the reaction and the front coefficient ratio of products in which they react to the desired product production is more. So, to make 10 s'mores, you'll need: 20 Graham Crackers + 10
pieces of chocolate + 40 mini marshmallow → 10 s'mores Congratulations, you just made it through your first exercise in what chemists call stoichiometry. This mouthful of a term was coined in the 1790s by chemist Jeremias Benzen Richter, who was fascinated by the proportional mathematics of combining chemicals, convinced that it held clues to the nature of the case (which it actually
does; Dalton drew on this mathematics to devise his early atomic theory. , the initial idea of the case described in depth in our module: the initial idea about the case from Democritus to Dalton: combines Greek words from Democritus to Dalton Richter, which means element, and metron, which means remedy. In other words, stoichiometry is a way of measuring the amount of each reactive
combination in a chemical reaction, in our case, the amount of reactionary (20 graham crackers, 10 pieces of chocolate and 30 mini-marshmallows) that in turn predict the amount of the product (10'0'mores), or vice versa. Stoichiometry may sound like a complex term, but it is a fairly simple concept when you apply it to chemical equations: the ratio expressed in a chemical equation
(coefficient) can be used to predict how much the product will be produced by the given measure of the reactionaries. For example, we used stoichiometry to determine how many feedback we would need to create 10's'mores. We can also use stoichiometry to estimate how much product we'll get with each reactive amount. If we have lots and lots of chocolate and marshmallows, but only
12 Graham crackers, how many 'mores can we do?' Then, our equation is: 2 Graham Crackers + 1 piece of chocolate + 4 mini marshmallows → 1'peacock if we have 12 graham crackers, it's enough to make 6's mores. It doesn't matter how much extra chocolate we have, because without Graham firecrackers, it's not a 'more.' So the mole ratio of graham crackers is produced for S'Morse:
Using the same concept of mole ratio explained above, stoichiometry is used to find out how reactive it is needed to create the desired quantity of the product in a laboratory or manufacturing facility. An important industrial example Production of based fertilizer, which provides vital nutrients to the soil and allows modern farmers to develop more food acre. For centuries, farmers have
understood the importance of adding nutrients to the soil in which they grow crops, but before the 1900s they were limited to using mineral deposits occurring as animal manure or expensive, naturally fertilizer. In the 1840s, German chemist Justus von Libra identified nitrogen as a key component of fertilizer. However, despite the abundance of nitrogen in the atmosphere, there was no easy
way to convert nitrogen into a form that could be taken by plants. All this changed in the 1900s when German chemist Fritz Haber invented a chemical process to convert nitrogen into ammonia (NH3), which often gives household cleaners their characteristic smell, and which plants can use as a source of nitrogen. His initial method was only economical on a small scale, so Haber worked
with Carl Bosch, a German colleague, to adapt the process to work at an industrial level. The Haber-Bosch process is sometimes known as one of the most important inventions of the 20th century, and this led Haber to win the Nobel Prize in Chemistry in 1918. In its equation form, the Haber-Bosch process is relatively simple: N2+3H2 → 2NH3 were significant historical consequences of
the ability to make this simple response at large. Cheap ammonia provided an opportunity for widely available affordable fertilizers, which created a boom in agriculture (and an associated increase in population) in the 20th century. And it is indirectly world War I for long by providing Germany with a cheaper source of nitrogen needed to make ammo. Some scientists have recently
questioned whether the Haber-Bosch process is a sustainable practice, given the environmental impact of agriculture and the growing population, as well as the fact that generating hydrogen gas requires considerable energy. Spraying of rice fields with fertilizer. The manufacture of nitrogen-based fertilizers depends on stoichiometry to calculate how much initial material (N2 and H2) to
produce the desired quantity of ammonia (NH3) used in fertilizer. Image © Jan Amiss let our stoichiometry discussion apply here and imagine that an agricultural company needs to build 1,500 kilograms of NH3 to meet fertilizer demand. How much will N2 and H2 they need to start with? Then, the equation is: Looking at the N2+3H2 → 2NH3 equation, we see that the mole ratio of N2
required to produce NH3 is: (1 mol N2) / 2NH3. (2 mol NH3) We will now use this mole ratio to determine how reactive we need to start to make 1,500 kg of ammonia. First, a reminder: whenever we are calculating the amount of substance in the reaction, we need to turn the mass of each substance into moles. why? Because the weight of the substances involved is not equal. Think of it in
terms of 'More: 1 piece of chocolate weighs a lot more than 1 mini marshmallow. If we use the equation extensively Number of pieces, we can say One requires 1 gram of chocolate and 4 grams of mini marshmallows. But really, that would amount to a piece of chocolate and about 50 mini marshmallows! (For more on converting from gram to mole, see our module about mole and atomic
mass.) So, we know that we want to make 1500 kg NH3, let's start by converting kilograms into grams thus 1,500 kg NH3 x 1000 grams/kg. To do this, we multiply the molecular mass of NH3 (17 g per mole) by the number of grams, setting the equation so that the gram is cancelled and the north is in the mall. We see that: 1,500,000 grams of NH3 × (1 mol NH3) / NH3 (17 g NH3) = 88,325
mol NH3 Next, we can use sesame ratio to find out how many malls of N2 will be required. Since we need 1 mole of N2 to produce 2 moles of NH3, we use that mole ratio to determine how many malls of N2 will be required to produce 88,235 malls of NH3: 88,235 mol NH3 × (1 mol N2)/2. (2 mol NH3) = 44,117 mol N2 Now, use the molecular mass of N2 to find out how many grams of N2
is required, then convert the gram of N2 to N2 kg, since these are the units we want for our answer: 44,117 mol N2 × (28 g N2)/28 g N2). (1 mol N2) = 882,340 g N2 or 882.340 kg Now we know how many kilograms of N2 we will need, we can use the mole ratio of reactionors (N2 and H2) to find out how many moles of H2 are needed. Remember, the equation states: the mole ratio for N2
+ 3H2 → 2NH3 H2 to N2 is 3 to 1. Therefore, for every mole of nitrogen, we will need three times as many moles of hydrogen: (3 mol H2) / H2) Remember (1 mol N2), we need to calculate how many moles of hydrogen are needed, and then convert those moles of hydrogen into grams of hydrogen. Using the mall of nitrogen we calculated above, we can get kg H2: 44,117 mol N2 x (3 mol
H2) / 44,117 mol N2 x (3 mol H2) (1 mol N2) × (2 g H2) / 2 g H2) =264,702 g H2, or 264.702 kg This is important information for fertilizer manufacturer. While nitrogen is readily available from air, hydrogen is not gas. So the manufacturer will likely buy hydrogen gas, which is expensive to generate, potentially explosive, and is difficult to transport and store. Therefore, the manufacturer
needs to know how much hydrogen gas is needed. In the case above, the manufacturer will have an unlimited amount of nitrogen gas, but the exact amount of hydrogen gas. Therefore, the amount of hydrogen gas will limit the amount of ammonia that can be made (e.g. the number of graham firecrackers can limit the number of S'Morse). We would say that hydrogen is limited reactive,
which means that it is reactive that will be used first. As a result, its quantity will determine how much the product is produced. Determining how much to produce a specific amount of product As required, stoichiometry is one of the most important applications. We will describe this with s'mores first. Let's say you have the following amounts S'more reactants: 120 Graham Crackers 70
pieces of chocolate 200 mini marshmallow here, again, s'morse equation: 2 Graham Crackers + 1 piece of chocolate + 4 mini marshmallow → 1'Mor Can you create from your reaction? This will depend on the limited response, which will run out first. Limited to determining with reactive, you will first need to calculate how many morse you can create with each of the reactives. You can do
this using sesame ratio: limiting reactives in any manufacturing process is an important concept. A manufacturer knows that they want to make a certain amount of a specific product, and will purchase the reactionors accordingly. In many cases, it is more economical to make the most expensive reactive, reducing the cost of excess and waste. Silver nitrate is a good example. This
compound, AgNO3, has been used since ancient times as a disinfectant and wound healing agent. Today it is used in bandages and other medical applications, as well as water purification. This can easily be done by reacting pure silver with nitric acid, according to the equation: 3Ag+4HNO3 → 3AgNO3+2H2O+ is a much more expensive response than no silver nitric acid, so anyone
using it to produce silver nitrate probably want to react to silver limited. Starting with a set amount of each reactive, you can determine not only the limited reactive but also the mass of the product that the product will be produced and the amount of reactive that remains high. Let us start with 150 grams of silver and 150 grams of nitric acid. How much can AgNO3 do us, and which reactive
one is limited? Some steps are taken to find answers: 1) Convert each reactive to mall 2) Use the mole ratio to determine how many moles of a reactive will need to use the other 3) Calculate the quantity of the product based on using all limited reactionizer. Step 1: Convert 150g AG × (1 til) / 10.00 m., 150g AG converted into mall. (108 g AG) = 1.39 mol AG and 150 g OF HO3 × (1 til) /
1.39 g. = 2.38 mol HNO3 Step 2: HO3 (4 mol Ano3) / 2.38 mol HNO3 Using sesame ratio for the similarity of moles of ag to moles of mole (3 mol AG) because silver is our expensive reactive, we want to use it. We can calculate how many moles of HNO3 are required to react with the entire 1.39 mol of AG, establishing equations so that moles of HO3 are cancelled: 1.39 mol AG × (4 mol
ho3) / 1.39 mol AG 3. (3 mol ag) = 1.85 mole is required to use WHO 3. Look at our calculations above. How much HNO3 do we have? We have 2.38 malls - more than we need. In other words, if we put all of the two reactions together, silver would be used first, and there would be left on HNO3. That makes silver limited reactive. This example shows the importance of converting to the
first mall. We start with the same mass of each reactionist, 150 grams But mass doesn't tell us how many particles there are. This is what the mall unit tells us. Knowing that silver is limited reactive, is, You can go ahead and determine how many malls of AGO3 are produced from AG's 1.39 mall. This time we use the mole ratio between AG and AgNO3. In response: 3Ag + 4HNO 3 →
3AgNO3 + 2H2O + NO AG are 3 malls of AgNO3 produced for every 3 malls. So: 1.39 MOL AG × (3 mol AgNO3) / (3 mol AgNO3) = 1.379 moles such as AgNO3 production calculations these are critical to our ability to manufacture and use chemicals efficiently, as well as for our ability to understand the effects of the reactions that take place in our everyday world. For example, an
engineer for a paint manufacturer should consider the mole ratio of various chemicals in the paint, which will determine the cost of production of that paint. On a grand scale, stoichiometry plays a role in understanding climate change: if we know the amount of different types of burnt fossil fuels in a year, we can determine how much CO2 has been added to the atmosphere. From planning
for S'Morse to organize manufacturing and generate environmental data, we can use stoichiometry to predict and plan the outcome of many chemical processes. Stoichiometry is the mathematics of chemistry. Starting with a balanced chemical equation, we initially use the proportional nature of chemical reactions to calculate the amount of reactionaries required or predict the quantity of the
product that the product will produce. Although it may not seem all that chemical, stoichiometry is a concept that underlies our ability to understand the effects and implications of many chemical processes. A strip manufacturer can use the mole ratio to determine how much silver is needed (and for the cost for that) to treat a batch of bandages with silver nitrate. A fertilizer company may
apply the concept of limiting reactives to find out how much product the product can produce with the given amount of hydrogen gas. And so on. Stoichiometry, mole ratio and limited reactionwork are indispensable concepts for a thorough understanding of any chemical process. Stoichiometry uses the proportional nature of chemical equations to determine the amount of reactive needed to
produce a given amount of product or to predict the amount that will be produced from a given amount of reaction. The mole ratio represents the ratio of a reactive or product in the reaction of another, and is derived from a balanced chemical equation. While we may need to adjust the amount of reactionors to get more products, the ratio of reactionors to products is always the same as a
balanced response. Limited reactive is the first used chemical in a reaction. This can be determined by comparing the mole ratio between the reactionaries and products in the number and balanced reaction of each reactionary on hand. Stoichiometry is the mathematics of chemistry. A balanced Starting with the equation, we will initially use the proportional nature of chemical reactions to
calculate the amount of reactionary required or predict the quantity of the product which will be produced. Although it may not seem all that chemical, stoichiometry is a concept that underlies our ability to understand the effects and implications of many chemical processes. A strip manufacturer can use the mole ratio to determine how much silver is needed (and for the cost for that) to treat
a batch of bandages with silver nitrate. A fertilizer company may apply the concept of limiting reactives to find out how much product the product can produce with the given amount of hydrogen gas. And so on. Stoichiometry, mole ratio and limited reactionwork are indispensable concepts for a thorough understanding of any chemical process. Haber-Bosch Reaction: An early chemical
effect on observation stability of the Haber-Bosch process: Robin Marx, MA, Anthony Carpie, PhD Stoichio Metry Viznalning Volume Che-4 (8), 2019. Page 6 Physical States &amp; Properties Robin Marks, MA, Anthony Carpi, PhD This is an updated version of the water module. For the previous version, go here. Before we start, get yourself a glass of water. By the time you reach the end,
you will have a lot of appreciation for this miracle liquid. Got your glass? Take a sip now and think about all the roles of water in your life. For one thing, your body can't work more than a few days without it. You use water to wash yourself, your clothes, and your car. Water fires, cooks our food, swollen our soap, and hundreds of other things. Water is absolutely essential for our lives on
Earth. Water is so central to our existence that you may be surprised to learn that it is a rare and unusual substance in the universe. Water is so important at once and so rare that exobiologists (scientists looking for life beyond Earth) set their sights on planets where water might exist. It seems that life, acid, lye, extreme salt, extreme heat, and other conditions can make it harder that will kill
us humans. But it cannot exist without water. Despite its scarcity throughout the universe, water is so abundant on Earth that we're not always aware of how special it is. For starters, water is the only substance that exists naturally on our planet as a solid (ice and ice), liquid (rivers, lakes, and oceans), and a gas (water in the atmosphere as humidity). As you may recall (or can read about in
our modules on states of talk), water molecules are in a different energy state at each stage. The amount of energy needed to go liquid and liquid from solid to liquid and liquid relates to how water molecules interact with each other. Those interactions, in turn, relate to how atoms within a water molecule interact with each other. Our Chemical Relations: The Nature of the Chemical Bond
Module Discussed How To Water A a dipole forms throughout; In the bond between oxygen and hydrogen, electrons are unevenly shared, drawn a little more to oxygen. As a Oxygen at the oxygen end of the molecule forms a partial negative charge (DD-), and a partial positive charge (ð+) forms on each of the hydrogen atom ends (Figure 1). Figure 1: Dipoles are produced in a water
molecule due to uneven sharing of electrons. Since hydrogen and oxygen atoms in the molecule carry opposite (albeit partial) charges, nearby water molecules are attracted to each other like small small magnets. The electrostatic attraction between ð + hydrogen (ð stands for partial duty, less value than the charge of an electron) and oxygen hydrogen bonding in adjacent molecules
(Figure 2). Figure 2: Hydrogen bonds between water molecules. A slight negative charge on the oxygen atom is attracted to a slight positive charge on the hydrogen atom. Hydrogen bonds make water molecules stick together. These bonds are relatively weaker than other types of covalent or ionic bonds. In fact, they are often known as an attractive force unlike a true bond. However, how
water behaves has a major impact on them. There are many other compounds that form hydrogen bonds, but those that are between water molecules are particularly strong. Figure 2 shows why. If you look at the central molecule in this figure you see that the oxygen end of the molecule creates hydrogen bonds with two other water molecules; In addition, each hydrogen on the central
molecule is attracted to a different water molecule. As the example suggests, each water molecule creates fascination with four other water molecules, a network of connections that makes the hydrogen bonding in water particularly strong and lends the substance many of its unique properties. Now it's time to use that glass of water. If you have some snowflakes, leave one in your glass.
You will see that it floats. Its ability to bob at the top of the water line means that ice (water in its solid state) is less dense than liquid water. (To review density and buoyancy, see our density module) this is not a common state of affairs; If you put a chunk of solid wax in a vat of molten wax, it will sink downwards (and possibly melt before it gets there). To understand what causes the ice
boat but solid wax to sink, let's think first about what happens when a liquid turns to a solid (again, the point might be an easy review of the states of the module here). In a liquid, molecules have enough kinetic energy to move around. As soon as the molecules come to each other, they are prepared together by intermolicular forces. At the same time, molecules have enough kinetic energy
to be free from those forces and drawn to other molecules nearby. Thus liquid flow because intermolineal attractions can be broken and improved. A liquid freezes when kinetic energy decreases (i.e. the temperature decreases) enough that the attractive forces between the molecules can no longer be broken, and the molecules are locked in a static lattice. For almost all compounds, low
energy and decrease Movement between molecules means that molecules in solids are packed more tightly than in the liquid state. This is the case with wax and therefore solid wax is denser than liquid and sink. In the case of water, however, the size of the molecule and the strength of the hydrogen bond affect the system of molecules. In liquid water, hydrogen pulls bonding molecules
together closely. As soon as the water accumulates, the dipole ends with accusations of repeling each other, forcing the molecules into a certain lattice in which they are away from each other in liquid water (Figure 3). More space between molecules makes ice less dense than liquid water, and thus it floats. Figure 3: When water freezes, similarly charged ends of dipoles repel each other,
pushing molecules apart. This means that there is more space between molecules in solids than liquid, making solids (aka, ice) less dense. Water is sometimes referred to as a universal solvent, as it dissolves more compounds than any other liquid known. The polarity of the water molecule allows it to easily dissolve ions along with other polar molecules. (See our solutions, solubility and
collative properties module for a deeper discussion of disintegration.) This ability to dissolve substances is one of the qualities that makes water important for life. Most biological molecules such as DNA, proteins and vitamins are polar, and important ions such as sodium and potassium are also charged. For any of these compounds to carry out functions in the body, they must be able to
circulate in blood and fluids within and in between cells, all of which are mostly water. Due to its polarity, water is able to dissolve these and other substances, leading to their free movement around the body. Some biomolecules such as fat and cholesterol are not polar, and do not dissolve in water - however, the body has developed unique ways of transmitting and storing these
substances. Water is also capable of dissolving gases such as oxygen, allowing fish, plants and other aquatic life to reach this dissolved oxygen (Figure 4). O2 is not a polar molecule; It dissolves because polar charges in the water molecule induce a dipole in oxygen, making it soluble and so available for aquatic life. (Learn more about stimulated dipole interactions in our properties of fluid
modules.) Figure 4: When water and oxygen molecules meet (left), the negative dipole of water repels electrons around the oxygen molecule, creating a temporary depot in the oxygen molecule (right). Let's return to your glass of water. Just fill the glass to the rim and stop. Then gradually add a little more. You'll see that you can actually fill your rim past the glass a bit, and the water edges
will round out against the glass, holding in the water. Once again, there is hydrogen bonding behind this act, resulting in harmonisation. Harmony occurs when the same kind of molecules are attracted to each other. In Of water, molecules form strong hydrogen bonds, which put the substance together. As a result, the water is highly cohesive, in fact, it is the most cohesive of all non-metallic
liquids. Cohesion occurs across your glass of water, but it's particularly strong on the surface. Molecules there are fewer neighbors (because they have no one on the very surface), and therefore to form stronger bonds with the molecules that they have. The result is the surface tension, or the ability of a substance to resist disruption to its surface. Dip your finger in your water glass and
then take it out. The drop that makes it to the end of your fingers is held together by surface tension. Surface tension was misunderstood central player in a raucous debate between Galileo Galilei and his main rival Ludovico delle Colombo in 1611. Delle Colombo, a philosopher, was at odds with some of Galileo's ideas, including his description that ice floats on water because it is less
dense. So the philosopher challenged Galileo to a debate that Delle Colombo believed would prove his intellectual superiority. Delle Colombo championed the (wrong) idea that ice floats not because of density, but because of its size, which he saw as wide and flat, as is the snow on a lake. To prove the truth of his theory, he used ebony wood, which is slightly denser by water, in a
performance in front of an audience of curious spectators. He dropped a wooden sphere into the water, and it sank. He then placed a thin wafer of a wooden flat on the surface of the water and floated it. Delle Colombo declared himself the winner. Galileo was left disappointed. His observations of the world gave him evidence that his explanation, not Delle Colombo, was correct, but he
could not explain the outcome of the use of Delle Colombo. If he's known about molecules and dipoles and hydrogen bonds at the time, Galileo would certainly have offered this explanation: When Delle Colombo floated the thin ebony disc, he was taking advantage of the water's cohesive nature and surface tension that arises from it (Figure 5). As the ebony wafer appeared to float on the
water, the force planted by its mass was distributed to the surface of the water beneath it. In other words, a pinpoint-shaped area of surface water was only to support a trivial-shaped piece of ebony above it. Hydrogen bonds between water molecules were strong enough to support the weight of the disc. When Delle Colombo placed this sphere in the water, however, the pinpoint-shaped
area that had previously touched the water bore the weight of the entire area, which was more than the surface strain of the water. Had Galileo known it at the time, he could have proved Dele Colombo easily wrong - had he just pushed the wafer through the surface to break the surface tension, the wafer would have sunk. Figure 5: Water molecules on the surface tend to be molecules in
the rest as compared to stronger hydrogen bonds between them These strong bonds are responsible for surface tension. Image © USGS This is the same surface tension that allows leaves to live on the surface of a lake and dew drops to follow a spider's web. Even some animals take advantage of this phenomenon - basilica lizards (Figure 6), water strider, and some other small animals
and insects appear to walk on water taking advantage of the surface strain of water. Figure 6: A basilica lizard (bacillus bacillisus) runs on the surface of the water. Minti A, Ivanenko Y, Capellini G, Dominic n, Lacquer F from film S1 fake humans running in place on water at low gravity. PLOS ONE. DOI: 10.1371/journal.pone.0037300 For your next observation, take another sip of water,
and note the side of the glass. Chances are you'll see a few drops stuck to it. Gravity is pulling down on these drops, so something else should keep them stuck there. That's some more adhesion, the lure of water to other types of molecules; In this case, the molecules that make up the glass. Due to the polarity of the molecule, water exhibits strong adhesion for surfaces that have some
pure electric charge, and glass is one such surface. But place a drop of water on a non-polar surface, such as a piece of wax paper and you'll see it take a different shape from the one which it follows. On wax paper, water drops take the shape of a true drop as there is a little adhesion and the cohesive forces pull the drop into a sphere. But on the glass you will see the drops flattened and
slightly deformed as the adhesive forces attract it more to the glass surface. Cohesion and adhesion (Figure 7) are both accompanied by several compounds in addition to water. Pressure sensitive tapes, for example, stick to surfaces because they are coated with a high viscosity fluid that adheres to the surface causing them to be pressed. Normally, you can remove this adhesive strength
by dragging, for example - you can easily pick up post-IT® notes from a page. But sometimes adhesive forces are stronger than the forces that hold the surface together — pull the tape from the piece of paper and you remove pieces of paper with tape. Let's return to our glass of water, and inside see if the surface of the water meets the glass. The very edge of the water surface curves
slightly upwards on the glass. It also has adhesion - water is drawn to the surface by adhesion with glass. If you have a clear plastic straw, you can put one end of it in water and see the straw soar slightly above the surface of the remaining glass of liquid water. It's really moving upwards against gravity! What's happening in your straw is an event called Capillary Action (Figure 7). Capillary
action occurs in small tubes, where the surface area of water is small, and the force of adhesion-the attractiveness of water to polar glass or other material-overcomes the force of harmony between those surface molecules. Figure 7: The harmony of water molecules (orange arrows) on the edges of a narrow vessel (adhesion, red arrows) is strengthened by dragging water molecules
together. The result is capillary action, in which the force of adhesion pulls the fluid upwards (purple arrow). Another way to look at the effect of adhesion and cohesion is to compare the behavior of polar and nonpolar fluids. When you pour water into a test tube, the adhesion moves the water slightly upwards along the edges and forms a concave meniscus. On the other hand, liquid
mercury is not polar and therefore is not attracted to glass. In a test tube, the harmony on the surface of mercury is much stronger than the adhesion of glass. Surface tension in mercury forms a convex meniscus, much the same as the way water forms a slight bulge on top of its very full glass (Figure 8). Figure 8: Water and mercury behave differently in test tubes made of polar glass.
Water adheres to the glass, bringing the sides upwards and forming a concave surface. Nonpolar mercury is not attracted to the glass. Harmony between mercury atoms creates surface tension that creates convex surfaces. Image © USGS adhesion and capillary action are among the forces of play that help plants take water (and dissolved nutrients) into their roots. Capillary action also
prevents your eyes from drying, as salty water flows from small ducts in the outer corners of your eyes. With each eyelid, you spread water away from the duct, and capillary action brings more fluid to the surface. If you want to see capillary action at work, pour a few drops of red food color into your glass of water, and then leave a stalk or two leafy celery in it. A couple of days later, your
green celery will become a red streak. Water is actually an unusual and important substance. The unique chemical properties of water that lead to surface tension, capillary action, and low density of ice play an important role in life as we know it. Floating ice protects aquatic organisms and protects them from being frozen in winter. Capillary action keeps plants alive. Surface tension allows
the lily pad to stay on the surface of a lake. In fact, the chemistry of water is so complex and important that even today scientists are striving to understand the performance of this simple substance as all feats. The key concepts water has a number of unique properties that make it important in both the chemical and biological worlds. The polarity of water molecules allows liquid water to act
as a universal solvent, capable of dissolving many ionic and polar covalent compounds. The polarity of water molecules also results in strong hydrogen bonds that lead to phenomena such as surface tension, adhesion and cohesion. Everts, S (2013). Galileo on ice: Researchers recall scientific debate over why ice floats on water . Chemical and Engineering News, 91(34), P28-29. Heilbron,
JL (2012). Galileo. Oxford University Press. Lou Nostro, P and Ninham, BW (2014). water Why ice floats on water and Galileo 400 years on . Connor Court Press. Machalachalan, J. (1999). Galileo Galilee: The first physicist. Oxford University Press. Whitehouse, D.(2009). Renaissance genius: Galileo Galilei and his legacy for modern science. Sterling Press. Robin Marks, MA, Anthony
Carpie, PhD Water Visionlearning Vol. 4 (6), 2018. Top Page 7 physical states and properties by Anthony Carpi, Ph.D. As a small child, I remember staring at the surprise in a pot of boiling water. Searching for an explanation for the bubbles that formed, I believed in a time that the speed of hot water drew wind down into the pot, which then bubbles back to the surface. Little did I know
what was happening even more magically than I thought — bubbles weren't air, but actually water as a gas. Different states of the case have long confused people. The ancient Greeks were the first to identify the three sections (what we now call the States) spoken based on their observations of water. But these same Greeks, especially philosopher Thales (624 – 545 BC) incorrectly
suggested that since water may exist in natural conditions in the form of a solid, liquid or even gas, it should be a major element in the universe from which all other substances are made. Now we know that water is not the fundamental substance of the universe; In fact, it is not even an element. To understand the different states in which the case can exist, we need to understand
something called the kinetic molecular theory of the subject. There are many parts of kinetic molecular theory, but we will present a few here. One of the basic concepts of theory says that atoms and molecules have energy of motion that we see as temperature. In other words, atoms and molecules are constantly moving forward, and we measure the energy of these movements in the
form of the temperature of the substance. The more energy a substance has, the more molecular movement will be, and the higher the perceived temperature. Thus an important point is that the amount of energy (and thus the amount of movement) in atoms and molecules affects their interaction with each other. Unlike simple billiard balls, many atoms and molecules are attracted to each
other as a result of various intermolicular forces such as hydrogen bonds, van der Waals forces and others. Atoms and molecules that have relatively small amounts of energy (and movement) will interact strongly with each other, while those that have relatively high energy will interact only slightly, if even at all, with others. Understanding outposts the energy of a substance is low, the
interaction between its atoms and molecules. How does it produce different states of substance? Atoms that have low energy negotiate strongly and lock in place in relation to other atoms. Thus, collectively, these atoms form a difficult substance, which we call a solid. Atoms that high officials Each other would move past freely, flying about a room, and creating what we call a gas. As it
turns out, there are many known states of the substance; Some of them are detailed below. Image © Correll Corporation solids are formed when attractive forces between individual molecules are greater than energy causing them to be separated. Individual molecules are locked in a position close to each other, and can not move past each other. The atoms or molecules of solids remain in
motion. However, that speed is limited to vibration energy; Individual molecules remain constant in place and vibrate next to each other. As the temperature of a solid increases, the amount of vibration increases, but the solid retains its size and volume as the molecules close in place relative to each other. To see an example of this, click on the animation below that shows the molecular
structure of the ice crystal. Image © Correll Corporation liquids are formed when the energy of the system (usually in the form of heat) increases and the rigid structure of the solid position is broken. In liquids, molecules can move from each other and bump into other molecules; However, they remain relatively close to each other like solid. Often in liquids, intermolique forces (e.g. hydrogen
bonds shown in the animation below) pull the molecules together and quickly break down. As the temperature of the liquid increases, the amount of movement of individual molecules increases. As a result, liquids can flow to take the shape of their container, but they can not be easily compressed as the molecules are already locked together. Thus, the fluid has an undefined size, but a
defined volume. In the example animation below, we see that liquid water is made up of molecules that can move independently from each other, yet remain relatively close in a distance of each other. Image © The Formation of Correll Corporation Gases occurs when the energy in the system exceeds all attractive forces between molecules. Thus gas molecules sometimes have less



interaction with each other beyond colliding in each other. In the case of gas, the molecules move quickly and are free to move in any direction, spreading over long distances. As the temperature of the gas increases, the amount of movement of individual molecules increases. Gases extend to fill their containers and keep low density. Because individual molecules are widely isolated and
can easily move into the gas state, gases can be easily compressed and have an undefined shape. Solids, liquids, and gases are the most common states of the thing that exist on our planet. If you want to compare the three states to each other, click on the comparison animation below. Note the difference in molecular motion of water molecules in these three states. Interactive Animation:
Solid-liquid-gas comparison image © NASA/JPL/Caltech plasma are hot, ionized gases. Plasma are formed under extremely high energy conditions, so high, in fact, that Separate bursts are and only free atoms exist. More amazingly, plasma is so energy that external electrons are actually ripped from individual atoms, thus forming a gas of highly energetic, charged ions. Because atoms in
plasma are present as charged ions, plasma behaves differently than gases, thus representing a fourth state of matter. Plasma can usually be seen looking upwards; High energy conditions that force our sun in such plasma state are present in stars such as individual atoms. Understanding checkpoint
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Increasing
energy leads to higher molecular motion. On the contrary, low energy reduces molecular motion. As a result, one prediction of kinetic molecular theory is that if we continue to reduce the energy (measured as temperature) of a substance, we will reach a point at which all molecular motions are switched off. The temperature at which the molecular motion stops is called absolute zero and is
calculated at -273.15 °C. While scientists have cooled substances to temperatures close to absolute zero, they have never really reached full zero. The difficulty with seeing a substance at absolute zero is that to see the substance, light is required, and light transfers energy to the substance itself, thus increasing the temperature. Despite these challenges, scientists have recently observed
a fifth state of the case that exists only at temperatures very close to absolute zero. The Bose-Einstein condensed only represent the fifth state of the case seen for the first time in 1995. The state is named after Satyendra Nath Bose and Albert Einstein who predicted its existence in the 1920s. B-E condensed gaseous superfluids cool at temperatures near absolute zero. In this strange
situation, all the atoms of condensed receive the same quantum mechanical state and can flow past each other without friction. Even more strangely, B-E condensed can actually light the trap, releasing it when the state breaks down. Many other less common states of the case have also either been described or actually seen. Some of these states include liquid crystals, fermonic
condensate, superfluids, supersolids and aptly named strange substances. To read more about these steps, see the steps in our resources for this module. Converting one state of substance to another is called phase transition. More common phase transitions are also named; For example, the conditions of melting and freezing describe phase transition between solid and liquid state, and
the words evaporation and condensation describe the transition between liquid and gas state. Phase transitions occur at very precise points, when the energy of a substance in a given state (measured as temperature) exceeds the permission in the state. For example, liquid water can be present at a range of temperatures. Cold drinking water can be around 4ºC । Hot shower water water
More energy and thus can be around 40ºC. However, at 100 ° C under normal conditions, water will begin to undergo one stage infection in the gas phase. At this point, the energy introduced into the liquid will not go into an increase in temperature; It will be used to send water molecules to the gas state. Thus, no matter how high the flame is on the stove, a pot of boiling water will remain
at 100ºC until all the water has undergone an infection in the gas phase. Additional energy initiated by a high flame will accelerate liquid-to-gas infections; This will not change the temperature. The heat curve below shows corresponding changes in energy (shown in calories) and water temperature as it undergoes a phase transition between liquid and gas states. As can be seen in the
graph above, as we go from left to right, the temperature of liquid water rises as energy (heat). At 100ºC, water begins to undergo a phase transition and the temperature remains constant even added to the energy (flat part of the graph). The energy offered during this period leads to the breaking of intermoliular forces so that individual water molecules can survive in the gas state. Finally,
once the infection is complete, if further energy is added to the system, the heat of gaseous water or steam will increase. This same process can be seen in reverse if we just start on the right and move to the left to look at the graph above. As steam cools, the speed of gaseous water molecules and thus the temperature will decrease. When the gas reaches 100ºC, more energy will be lost
from the system as attractive forces between the molecules are re-formed; However, the temperature remains constant during the infection (flat part of the graph). Finally, when the condensation is complete, the temperature of the liquid will begin to fall as soon as the energy is withdrawn. Understand the outpost as the heat has turned under a pot of boiling water, the temperature will be
_______________ until all the water has become gas. Phase transitions are an important part of the world around us. For example, when sweat evaporates from the surface of your skin the energy withdrawn allows your body to correctly regulate its temperature during hot days. Stage infections play an important role in geology, affecting mineral formation and possibly even earthquakes.
And which stage can ignore the transition that happens at about -3ºC, when the cream, perhaps something happens with strawberry or chocolate chunks, starts to form solid ice cream? We now understand what is happening in a pot of boiling water. The energy (heat) offered at the bottom of the pot causes localized phase infection of liquid water in the gaseous state. Because gases are
less dense than liquids, these localized phase transitions form pockets (or bubbles) of the transition gas, which rise up to the surface of the pot and burst. But nature is often more magical than our imagination. Despite all that we know about States of matter and phase transition, we still cannot predict where individual bubbles will form in a pot of boiling water. There are many states of
substance beyond solids, liquids and gases, including plasma, condensed, superfluids, supersolids and strange substances. This module introduces kinetic molecular theory, which explains how the energy of atoms and molecules results in different states of matter. The module also explains the process of phase transition in case. HS-C5.2, HS-PS1. A3, HS-PS1. A4, HS-PS2. B3 Anthony
Carpi, PhD Case States Visionlearning Vol. 3 (1), 2004. Top Page 8 Physical States and Properties by Megan Cartwright, Ph.D., Anthony Carpi, Ph.D. Since 1924, Macy's Thanksgiving Day Parade has wound up through 2.5 miles of New York City once a year. More than three million people gather to enjoy the heavily marching band, laugh at hundreds of clowns, and gawk at huge
balloons floating atop the parade. Designed to look like cartoon characters like Espionage (Figure 1), each massive, helium-filled balloon requires 90 handlers to tow it safely through the parade. Figure 1: The spy balloon at the 2008 Macy's Thanksgiving Day Parade in New York City. Image © Ben W. ( At first glance, the helium gas inside these balloons feels very different from the air
outside them. For one thing, balloons would be a lot less impressive if full of air — rather than floating atop the parade, they would be dragged along the ground. For another, while everyone enjoying the parade must breathe air to survive, they should only breathe helium if they want a squeaky voice. Even at a molecular level, air and helium are different: air is a mixture of nitrogen, oxygen,
and other gases, while helium is the same gas. But there are many things in common with helium and each other in the air, and even with substances such as deadly carbon monoxide and flammable hydrogen. At standard temperature and pressure, these substances are all gases, which are one of the common states of the substance (see our module States of Matter for more
information). All gases share common physical properties. Like liquids, gases flow freely to fill the container they are in. But when liquids have a defined quantity, gases have neither a defined quantity nor size. And unlike liquids and solids, gases are highly compressed. These common properties relate to a unique feature of gases: gas molecules are incredibly different and rarely interact
with each other. In solids, attractive and repulsive forces between molecules—intermoliular forces—are so strong that they close the solid into a certain size and shape, as discussed in our properties of solid modules. In liquids, intermolicular forces are weak, and liquid molecules can move around each other. But molecules of a liquid are still close enough that intermolicular forces affect the
surrounding molecules (see our properties of the fluid module). Molecules of a gas are so far different Intermolicular forces are negligible. Because gas molecules don't interact with each other, gases don't exist as different types like liquids and solids. Different types of fluids and solids (such as molecular and network solids) have properties that reflect unique ways their molecules interact.
As a result, all gases share some common behavior. We can understand how any gas is - whether it is helium or carbon monoxide - treats the laws governing gas behaviour. Over the past four centuries, scientists have conducted several experiments to understand the common behavior of gases. They have noticed that the physical condition of the gas—its position—depends on four
variables: pressure (P), volume (V), temperature (T), and amount (n, in mole; see our module mole: use its history for more information). The relationship between these variables is now known as gas laws, which describe our current knowledge of how gases behave at a macro level. But the relationships behind gas laws were not clear at first — they were uncovered by many scientists
examining and testing their ideas about gases over several years. We now understand that air is a gas made up of physical molecules (for more information, see our module on Atomic Theory). As these molecules move inside a container, they force - known as pressure - on the container when they ricochet their walls. Thanks to this behavior, we can inflate car tires, rubber rafts, and
Macy's Day parade balloons with gases. However, the idea that a substance made up of air molecules that exert pressure would have been a strange idea for scientists before the 17th century. With fire, water and earth, the wind was generally considered a fundamental substance, and was not made up of other things. (For more information on this concept, see our initial thoughts about
Matter: From Democritus to the Dalton module.) However, in 1644, Italian mathematician and physicist Evangelist Torissili proposed a strange idea. In a letter to a fellow mathematician, Torelli explained how he had filled a long glass tube filled with mercury. When he sealed one end and the tube backfired in a basin, only a few mercury flowed into the basin. The rest of the mercury stayed
in the tube, filling it up to a height of about 29 inches or 73.6 centimeters (Figure 2). Torricelli proposed that it was the weight of air that pressed down on mercury in the basin that forced liquid into the tube (it's one of the first known devices that we now call the barometer). Figure 2: Evangelista Torricelli experimenting with a tube of mercury and exploring the barometer. (Image from the
Atmosphere published in 1873.) Jesuit scientist Francisco Linus had a different idea of what the mercury was holding in the tube. He proposed that mercury be pulled by the funiculus - an invisible substance that has materialised to prevent vacuum forming between mercury and sealed tube tops. This Scientist Robert Boyle disagreed, and came up with an experiment to dispronate Linus'
funiculus idea. Working with English physicist Robert Hooke, Boyle made a long glass tube that was curved like a cane and sealed the small leg of the cane. Relaxing the curve on the ground so that pointed to both ends, Boyle poured in just enough mercury so that the silver liquid filled the curve and rose to the same height in each leg. Seal it up the air trapped inside the tiny leg. Boyle
then poured in more mercury and celebrated with joy and satisfaction that the seal-trapped air at the low end supported a 29-inch long (73.6 cm) column of mercury in long legs — the same height that the mercury reached in the Torricelli barometer. However, because there was no cap on the long leg, there was no funiculus could pull extra mercury. Boyle argued that it should be trapped
air pressure (whom he called spring) that pushed the mercury up those 29 inches. To understand more about air pressure, Boyle poured more mercury into the curved tube. He recorded the height of mercury columns in long legs and the height of the air stuck in short leg. After repeating these steps several times, Boyle saw the relationship between the height of the stranded air-its volume-
and the height of the mounting mercury column-an indicator of pressure in the tube. Although scientists at Boyle's time generally didn't graph the data, we can best see this relationship by graphing Boyle's data (Figure 3). Figure 3: Robert Doyle's data plot that he recorded during his experiment on Mercury and the air trapped in glass tubes. Image ©, figures from Krishnaweda Boyle showed
that when the air squeezed its original volume half way, it doubled its pressure. In 1661, Boyle published his conclusion that the amount of air was in contrast to its pressure. This observation about air behavior — and therefore, gas behavior — is now an important part of calling Boyle's law. Boyle's law states that as long as the temperature is kept stable, the amount of a certain amount of
gas (V) its pressure (P) (Figure 4): Equation 1a is proportional to the opposite of Figure 4: Boyle's law states that as long as the temperature is kept stable, the amount of a certain amount of gas is proportional to the pressure placed on the gas. Boyle's law can also be written as: Equation 1b for a certain amount of gas at a certain temperature, it will be stable only, even if the gas pressure
and volume changes (P1, V1) from (P2, V2), because the amount increases as the pressure increases. Therefore, P1 x V1 must be constantly equal, and P2 x V2 must also be constantly equal. Because they are both the same stable equivalent, gas pressure and volume under two different conditions are related this way: Equation 2 that helium balloons are going back to size like spying,
Boyle's law means that if you took balloons deep under the sea, poor espionage will dries up because the pressure is High and helium quantities will decrease considerably. And if you took the balloon to the top of Mount Everest, spying would be even bigger (and might pop even!) because atmospheric pressure is low and helium volume will increase. Are the understanding checkpoints
which relate two variables inverted to describe the state of a gas, according to Boyle's law? More than a century after Boyle's work, scientists thought another important behavior of air was: Air spreads when hot, and hot air rises above cooler air. Taking advantage of this air behavior, French brothers Joseph-Michel and Jacques-Etienne Montgolfier launched the first successful hot-air
balloon in Paris in 1783. Montgolfiers' balloon captivated Jacques-Alexandre-Cesar Charles, a self-taught French scientist interested in aeronautics. He had an idea about how to make an even better balloon. From his familiarity with contemporary chemistry research, Charles knew that hydrogen was much lighter than air. In 1783, Charles created and launched the first hydrogen balloon
(see Figure 4 for the example of balloon launches). Later that year, he became the first human to ride in a hydrogen balloon, reaching about 10,000 feet above Earth. Figure 4: Jacques Charles and Nicholas Marie-Noel Robert waving flags standing in their hydrogen-filled balloons, beginning their ascent in Paris. Thousands of spectators have gathered in the foreground to watch the first
manned gas balloon fly. Charles was lucky enough to have survived aboard the hydrogen balloon: on May 6, 1937, 36 people died when the Hindenburg Airship, a dirigable filled with flammable hydrogen, caught fire and crashed to the ground. The airship's flammable hydrogen gas may have been ignited by an electric bolt or spark from stationary lightning, and the fire spread explosively
across the ship in a few seconds. While Charles never rode a balloon again, he remained fascinated with gases inside the balloon. In 1787, Charles experimented comparing how balloons filled with different gases behaved when heated. Interestingly, they found that balloons filled with gases differ as different as oxygen, hydrogen and nitrogen, when their temperatures were heated from 0
to 80 degrees Celsius. However, Charles did not publish his findings. We only know of their experiments because they were mentioned in the work of another French chemist and balloon, Joseph-Louis Gay-Lucac. In 1802, Gay-Lucac published its results from similar experiments compared to nine different gases. Like Charles, Gay-Lussac concluded that it was a common property of all
gases to increase their volume in the same amount when their temperatures had increased by the same degree. Gay-Lussac graciously gave Charles credit for watching this common gas behavior before. This relationship between a gas volume (V) and absolute temperature (T, in Kelvin; to learn more about absolute temperature, see our temperature module) is now known as Law.
Charles's law says that when the pressure is kept stable, a certain amount of gas linear increases its volume as its temperature increases (Figure 5): Equation 3a Figure 5: Charles Law says that when the pressure is kept stable, a certain amount of gas linear increases its volume as its temperature increases. As Charles's Law can also be understood: Equation 3b For a certain amount of
gas at a certain pressure, it will be stable only, even if the amount and temperature of the gas change from (V1, T1) to (V2, T2). Therefore, V1/T1 must be constantly equal, and V2/T2 must also be constant equal. As a result, gas temperatures and quantities under different circumstances are related in this way: Equation 4 This means that if we took the spying balloon to the North Pole, the
balloon would shrink as helium cooled and volume decreased. However, if we took the balloon to a warm tropical island and the temperature of the helium increased, the amount of helium would increase, the balloon would expand. Understanding checkpoints when different gases are heated by the same number of degrees, their volume will be followed by their work on Charles' law, gay-
Lussac focused on figuring out how the gases reacted and combined. In 1808, they observed that many gases combined their volume to a simple, complete number ratio. While we now understand that the volume of gases is aligned in full number proportions because that's how gas molecules react, Gay-Lussac did not suggest this explanation. This was probably because the idea of the
whole number of molecular combinations was recently proposed by John Dalton, a scientific opponent of gay-lucac. (For further exploration of how gas molecules react, see our chemical equation module). It was the Italian mathematician Amedo Evogadro who felt that the ideas of Dalton and Gay-Lucac complimented each other. Gay-Lussac claims that the amount of gas combined in full
number ratio Dalton claims that atoms resembled the whole number ratio as combined molecules. Avogadro argues that the amount of a gas should then be related to the number of its molecules. In 1811, Evogadr published his hypothesis that different gases have the same number of molecules as the same number. Evogadro's hypothesis was ground-breaking, though largely overlooked.
The mathematician rarely interacted with other scientists, and he published his hypothesis with mathematical expressions that were unfamiliar to chemists. He didn't even publish experimental data to support his hypothesis. It was 47 years before Avogadro's hypothesis would be broadly recognized. In 1858, an alumnus of Avogadro, the Italian chemist Stanislao Cannizaro published an
influential work on nuclear theory. This work drew on the hypothesis of Evogandro and presented experimental data supporting the hypothesis. Avodro's law is based on the hypothesis of Avogedro. The law of avogadro says that at constant pressure and temperature, the amount of gas (V) molecules directly The number is proportional to In moles) (Figure 6): Equation 5 Figure 6: The law
of avogadro states that at constant pressure and temperature, the amount of gas is directly proportional to the number of molecules. We know that a snoopy balloon filled with helium will float atop the parade, while the same balloon full of air will pull along the ground. While helium and air are different in many ways, the law of Avogadro means that if we need to inflate the same spying
balloon compared to the number of helium molecules and the number of air molecules, we will find that the numbers are the same. According to the law of understanding checkpoint avogadro, 1 liter of toxic carbon monoxide gas and 1 liter of flammable hydrogen gas are both the same: because gases have common behavior described by gas laws, we can understand and predict the
behavior of real gases through the concept of an ideal gas-a theoretical, idealized gas that always behaves according to the ideal gas equation. The ideal gas equation has been taken from gas laws. This equation describes the relationship between all variables examined in gas laws: pressure (P), volume (V), amount (n, in moles), and full temperature (in T, Kelvin). Gas stable, with R,
these variables combine into the ideal gas equation: Equation 6 Using the ideal gas equation, we can solve for one of the unknown variables, as long as we know others. The value for R depends on the units used for other variables (Table 2). Table 2: Price of gas stable R for different units. Units R Value Cal K-1 Mol-1 1.9872J-1 Mol-1 8.3145 L ATM K-1 Mol-1 0.0821 L Tor K-1 Mol-1
62.364 PAM3-1 Mol-1 8.3145 The ideal gas law assumes that an ideal gas molecules have no quantity, And there is no intermolineal attraction or repulsion experience. But real gas molecules have finite amounts and often have some (very small) interactions with each other. Nonetheless, the behavior and condition of a real gas can often be predicted from the ideal gas equation, especially
on standard temperatures and pressures. In most circumstances the difference between the behaviour of a real gas and the behaviour of an ideal gas is so small that we can use the ideal gas equation for real gases. We will explore several situations where a real gas behaves differently from an ideal gas at the end of this module. Understanding checkpoint ideal gas molecules the ideal
gas law is also useful in situations where the amount of gas, N is fixed, but its pressure, quantity and temperature change. Using ideal gas legislation, we can relate to the value of these three variables under different circumstances. To do this, we must first rearrange the ideal gas equation so that three changing variables are the same NR: Equation 7a Equation 7b This relationship is
referred to as the combined gas law. Because NR is a constant, we can relate to the initial (P1, V1, T1) and final terms of such a gas (P2, V2, T2, T2): Equation 8 P1 V 1 T1 = P2 V2 T2 1987 to 2012, air bag 6) Saved nearly 37,000 American lives in car accidents. Air bags save lives because when a car barely stops during an accident, a sensor triggers a chemical reaction to generate
nitrogen gas. Nitrogen gas inflates the air bag, which essentially forms a large cushion between the driver and the steering wheel. The pillow is transmitted by the force of the impact of the accident, helping to reduce the severity of the driver's injuries. For an air bag to work, it's full of nitrogen to inflate incredibly fast — within 40 milliseconds of the collision. Nitrogen gas has to reach a
pressure of 2.37 ATMs for a 60-litre cylindrical air bag to function properly. At 25°C, how many moles of nitrogen gas are required to become pressure on air bags? We can understand this using the ideal gas equation. First, we list the prices we know, and convert them so that they have units similar to gas stable, R (0.0821 L-ATM/MOLE-K). T = 25 ∘ C = (25+273) K = 298 K Next, we
rearrange the ideal gas equation to solve for the number of moles, n: finally, We pressure the air bag to solve for the number of moles of nitrogen gas: n = (2.37 atm) × (60 L) (0.0821 L . atm ) × (298 K) real gases often deviate from ideal gases when their temperature decreases, especially when it is close that the gas will undergo a phase change in its liquid form. When the temperature of
the gas is reduced, its molecules slow down. These slow molecules are also less capable of removing weak intermolear forces in the gas. This means that when a gas molecule is about to strike the wall of a container, the very small attraction it experiences for nearby gas molecules reduces its impact and the pressure it exerts on the container. Therefore, a real gas at low temperature
exerts less pressure in the container (Figure 7) than an ideal gas. Figure 7: A real gas at low temperature exerts less pressure than predicted due to the attractiveness between gas molecules. Under high pressure, a real gas often deviates from ideal gases because actual gas molecules contain quantities, and attract each other. When a real gas is under high pressure, its molecules are
forced into a small amount. This small amount reduces the amount of free space the molecules have to move around (Fig. 8). The amount of gas molecules increases as compared to the total space in the container-the relative volume of molecules becomes larger. Figure 8: Under high pressure, the amount of molecules involved in a real gas causes a larger amount than predicted. This
means that a real gas under high pressure is a higher volume than an ideal gas, since molecules of an ideal gas contain no volume. In addition, when a real gas molecules are crowded closer together, intermolineary forces may have more impact on the behavior of molecules. Attractive intermoliular forces pull molecules towards each other, slowing down molecules and reducing their
impact on the walls of a container. So, when it is High pressure, a real gas has slightly less pressure than an ideal gas. The understandable outpost at low temperatures, an ideal gas in a container exerts _____ than a real gas. Features of gases affect many important things from the Earth's atmosphere to air bags to how we breathe. The air pressure inside our lungs between the breath is
similar to the atmospheric pressure around us. When we breathe and use our rib cage and diaphragm to expand the volume of our lungs, the air pressure decreases and the external pressure reduces the air inside our lungs until the pressure is re-uniformed- which requires our lungs to fill with oxygen. In this module, we have focused on the common properties of gases, and have explored
how these properties relate to a common set of behaviors called gas laws. We have also gained an understanding of the ideal gas equation, and when this equation cannot be used to predict the behavior of real gases. In other modules, we examine the properties of solid and liquid states of the substance, and detect molecular explanations for gas behavior with kinetic molecular theory.
This module describes the properties of gases and explores how these properties relate to a common set of behaviors called gas laws. With a focus on Boyle's law, Charles' law and The Law of Avogadro, an overview of 400 years of research reflects the development of our understanding of gas behavior. The module presents the ideal gas equation and explains when this equation can be
used to predict the behavior of real gases and when not. Key concepts, unlike solids or liquids, are molecules in a gas too far and rarely interact with each other, which is why different molecules of gases made out of different molecules share similar behavior. Gas laws describe the relationship between gas temperature, pressure, quantity and amount. These laws were identified in
experiments conducted by many scientists over four centuries. Because gases are part of common behavior, a real gas behavior at given pressure (P), absolute temperature (T), volume (V), and amount (n, in moles) can often be predicted by the ideal gas equation, PV=nRT, which perfectly describes the behavior of an ideal gas. The behaviour of real gases deviates from the ideal gases at
very low temperatures and high pressures. Ashkenazi, G, James, SG, and Jason, D H (2008). Similarity and difference in the behavior of gases: an interactive demonstration. Journal of Chemical Education, 85 (1): 72. Bell, HL (1990). Chemistry of air bags. Journal of Chemical Education, 67 (1): 61. Brush, S.(1999). Gadamflies and talents in the history of gas theory. Synthez, 119 (1): 11-
43. Cornelli-Moss, of (1995). Kinetic theory of gases. Journal of Chemical Education, 72 (8): 715. Crane, H.R. (1985). Air bags: An exercise in Newton's laws. Physics Teacher, 23 (9): 576-594. Chriswell, B. (2008). Teaching the vision of Avogadro and helping students see the world differently. Journal of Chemistry 85(10): 1372. Gay-Lucac, JL (1802). Expansion of gases from heat. Annals
D. Chimi, 43. Ginta, CJ (2001). Using history to teach scientific method: the role of errors. Journal of Chemical Education, 78 (5): 623. Gough, J.B. (1979). Charles vaguely. ISIS, 70(4): 576-579. Howard, I.K. (2001). S is for Entropy. U is for energy. What was Clausius thinking? Journal of Chemical Education, 78(4): 505. Jensen, WB (2003). Universal Gas Stable R Journal of Chemical
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ES (1983). Chemical contribution of Amadeo Avogadro. Journal of Chemical Education, 60(2): 127. Madlung, A. (1996). The chemistry behind the air bag: High-tech in first-year chemistry. Journal of Chemical Education, 73(4): 347. Neville, RG (1962). Boyle's Law Discovered, 1661-62. Journal of Chemical Education, 39 (7): 356. Partington, Jr. (1950). J. L. Gay-Lucac (1778-1850). Nature
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PhD It's a classic prank: Fill a saltshake with sugar and wait for food to take an unexpected turn as your food partner wonders why their chicken is oddly sweet. Or go the other direction and you can really disrupt someone's morning when they take the first salty sip of coffee. These pranks work well because salt and sugar are almost indistinguishable with the naked eye: both are crystalline
solids with similar structures. Nonetheless, they have very different flavors, and they behave differently, too. For example, you can pass an electric current through salt water and light a light bulb (you might have used it yourself); But you can't do this with Chinese water. Differences arise from the different properties of the two crystals, including the atoms that compose them and the actual
structure of the crystal. In this module we will explore a variety of types And discuss how their structures relate to their behavior. Figure 1: A pile of salt (left) and sugar (right). From ancient Greece until the birth of modern chemistry in the 17th century, people may be skeptical about what made salt and sugar so different. Without today's instruments to identify crystals and components in
their structures, both would have looked as similar to theirs as they do to our naked eye today (see figures 1 and 2). As scientists began to identify and characterize elements in the 17th and 18th centuries, they would have been able to determine whether salt is made of sodium and chlorine, while sugar consists of carbon, hydrogen, and oxygen, but they will probably still wonder how such
combinations of completely different elements lead to such similar-looking crystals. Figure 2: Close-up view of salt (left) and sugar (right) crystals. Image © Salt: Kevindley; Chinese: Laurie Andler It wasn't until the early 1900s that scientists were able to first look inside crystals, when German scientist Max von Laue and English father and son scientists William Bragg and Lawrence Bragg
developed a method that uses X-rays to determine the subtle structures of crystalline concrete. In fact, the salt test was the first solid made by this method, called X-ray crystallography, which revealed regular counterfeiting of sodium and chlorine atoms. Applying X-ray crystallography to sugar reveals a similar well-ordered crystal (Figure 3). Similarities in their crystal structure account for
similarities in crystal appearance; However, different systems of different types of atoms and atoms forming each crystal account for differences in behavior between the two solids. X-ray crystallography has also become an important tool in modern biology research, helping to reveal the double helix structure of DNA in the 1950s (see our DNA II: Structure of DNA modules) and the structure
of several simple and complex biological systems since that time. Now that researchers can look at this level of detail through X-ray crystallography and other methods, they can understand why some behave in a solid way. And they can also use their understanding of the relationship between structure and behavior to design new and useful materials. Figure 3: Nuclear-level
representations of salt (NaCl) and sugar (sucrose, C12H22O11). You can't consider salt and sugar solid because when you see them in the kitchen they are such small particles. But each of these particles is as much a solid as a wooden table, a glass window, or a gold piece of jewelry. A solid atoms or a collection of molecules that are held together so that, under constant conditions, they
maintain a defined shape and shape. Solids, of course, are not necessarily permanent. Solid ice can melt to make liquid water at room temperature, and extremely high temperatures can be used for melting solid iron so that it can be shaped into a wok, for example. One time The wok is formed and cooled back to room temperature, however, its size and shape will not change on its own, as
opposed to molten metal, which can be made to drip and resize by gravity and molds. The same is true for ice cubes that are placed in the freezer: once they are formed, their size and shape does not change. Solids have a constant shape and shape because they are formed when attractive forces between individual atoms or molecules are greater than energy from which they are
separated. In other words, atoms or molecules do not have enough energy to move and they are stuck together in whatever shape they were in when they lost energy to separate. (Refer to our states of the case module for more about how solid talk differs from other states.) Both salt and sugar are crystalline solids. The other main range of solids is called incompatible. While crystalline
solids are well ordered at the atomic level, each atom or molecule lives at a specific point on a lattice, incongruously dissented at solid atomic levels, atoms or molecules held together in a completely random formation. Consider a game of checkers. A board carefully installed with checkers in each square corresponds to a crystalline solid, while an inconsistent solid can be depicted as
randomly scattered checkered pieces across the board. Figure 4: Representations of atomic levels of glass (silica) and quartz. These two categories of quartz and glass solids are examples of atomic levels. Quartz is a crystalline solid that has high silicate (SIO2) material. If we examine the structure of quartz, we can see that silicate subics are arranged very precisely (see Fig 4). Glass, on
the other hand, is an incongruous solid. Although its distinctive smooth, transparent appearance may seem like it should have a clean, organized microcosm, the opposite is true: silicate units are solidly unevenly scattered in a completely disorganized fashion. Like quartz, glass has a lot of silicate (SIO2) material. (See our defined mineral and silicate mineral modules for more on silicate
and quartz.) The important difference between crystalline and incompatible solids is not what they are made of, but how they are formed, and more precisely how their structures are arranged. Quartz builds on a very slow, geological timescale, so atoms have time to achieve highly ordered crystal structure, in which atoms adapt attractive forces and reduce repulsive forces between them
and which are therefore energetically friendly. Glass, on the other hand, is made by melting sand (among other methods) and cooling it very quickly, cooling the atoms in place, resulting in a disorganized incompatible solid. Anomalous solids are often formed when atoms and molecules are frozen in place before they have a chance to reach the crystalline arrangement, which would
otherwise be the preferred structure because it is energetic An important consequence of the irregular structure of incompatible solids is that they do not always behave consistently or equally. For example, they can melt at a wide range of temperatures, unlike the very precise melting point of crystalline solids. Returning glass vs quartz for example, the most prevalent type of glass, called
soda lime glass, can melt anywhere between 550°C and 1450°C, while quartz polymorphic, cristolite, melts at exactly 1713°C. In addition, incompatible solids break unexpectedly and produce fragments with irregular, often curved surfaces, while crystalline solids break at specific angles defined by specific planes and by the geometry of crystals. (See our defined mineral module for more
on how a crystal external presence reflects the regular arrangement of your atoms.) Understanding checkpoints as an inconsistent solid, the glass has an accurate melting point. The crystal structure determines a lot more about a solid just how it breaks. The structure is directly related to many important properties, including, for example, conductivity and density, among others. To illustrate
these relationships, we first need to introduce four main types of crystalline solids - molecular, network, ionic and metal - which are each described below. Individual molecules are made up of atoms held together by strong covalent bonds (see our chemical bonding module for more on the covalent relationship). To make molecular solids, these molecules are then arranged in a specific
pattern and held together by relatively weak intermoliculular forces. Examples include ice (H2O(s) - here stands for concrete) and table sugar (sucrose, C12H22O11). Individual water and sugar molecules each exist as their independent entities interact with their neighbors in specific ways to form an ordered crystalline solid. (See Figure 5). Figure 5: Two representations of ice: the
organization of the atomic level of molecules and the common ice cube. Image © FDA (Ice Cubes) network in solids, on the other hand, there are no individually defined molecules. A continuous network of covalent bonds puts all atoms together. For example, carbon can create two different network solids: diamond and graphite. These materials are made only of carbon atoms which are
arranged in two different ways. Diamond is a three-dimensional crystal that is the world's toughest known natural material. On the contrary, graphite is a two-dimensional network solid. Carbon atoms essentially form flat sheets, which are relatively slippery and can slide past each other. While these two materials are made of the same very simple component - just carbon atoms - their
appearance and behavior are completely different due to the different types of relationships in solids. (See our defined mineral module for more on diamonds and graphite.) This ability to make many solids of an element is called allotropi. Figure 6: Representations of diamonds and That includes their nuclear structures showing the system of carbon atoms. Image © itub network solid can
also include many elements. For example, consider quartz, which is the second most abundant material in the earth's crust. The chemical formula for quartz is SiO2, but this formula indicates the ratio of silicon to oxygen and that doesn't mean there exist different SiO2 molecules. Each silicon atom is bonded to four different oxygen atoms and each oxygen atom is bonded to two different
silicon atoms, forming a larger network of covalent bonds, as shown in Figure 6. (See our defined mineral and silicate mineral modules for more on quartz.) Ionic solids are similar to network solids in a way: there are no separate molecules. But instead of atoms held together by covalent bonds, Ionic are made up of solid positives and negative ions held together by ionic bonds. (See our
Chemical Bonding module for more on Ionic Bonding.) Table salt (sodium chloride, NACL) is a common ionic solid, as is anything called salt. Ordinary salts usually consist of a metal ion and a non-metallic ion. In the case of sodium chloride, sodium is metal and chloride is non-metal. Salts may also include more complex ions such as ammonium sulfate, whose components ammonium
(NH4+) and sulfate (SO42-) are individually held together by covalent bonds and attracted to each other through ionic bonds. Finally, metal solids are all their own of a type. Although we are discussing them at last here, almost three-quarters of known elements are metals. You can read more about these metal elements in the periodic table of element modules. Here we will focus on how
these elements behave as metal solids. Figure 7: This atomic level representation of a metal solid shows that electrons can easily move around within the concrete. Image © Raphaelagarsia metal atoms are put together by metal shackles, in which atoms are packed together and external electrons can easily move within solids (Figure 7). Metal bonds are non-directional, meaning that
metal atoms can remain bonded while they roll against each other as long as parts of their surfaces are in contact. These unique properties of metal bonds are largely responsible for some valuable behavior of metals, including their conductivity and reprehensibleness, which we discuss in the next section. Understanding checkpoints are held together by all crystalline solid covalent bonds.
As described in the previous section, crystalline solids can vary in their atomic compositions, relation and structure. Together, these features determine how different solids behave under different conditions. Solids have many different properties, including conductivity, reprehensibleness, density, hardness and optical transmission, to name a few. We discuss just a handful of these
properties to describe some of the ways that atom and molecular Drive function. As you read this lesson on your computer, you're probably not thinking about the wires your computer uses to get the power it needs to run. Those wires are made of metal, perhaps copper, because metals generally have good electrical conductivity. Electricity is essentially the flow of electrons from one place
to another, and external electrons in metal bonds are relatively free to move between adjacent atoms. This electron dynamics means that it is easy for an electric current to move from one end of a piece of metal to another. When an electron is introduced from an electric flow at one end of a piece of wire, it causes electrons to move the metal atom from one to another continuously down the
wire, allowing the current flow. In other solids, however, electrons are engaged in covalent or ionic bonds and therefore are not able to conduct electricity, or do just spoil it. Materials that do not operate electricity are called electrical insulators. Heat, or thermal, conductivity is closely related to electrical conductivity. Just as metals are good electric conductors, you probably know from
experience that they are good at conducting heat too. (That's why most kitchen utensils, pans, and baking sheets are metal, so they can absorb heat from the stove or oven and pass it on to the food being cooked.) To understand how it works, consider how much molecules temperatures are moving (see matter and temperature modules of our states). For a solid to conduct heat, the
movement of a molecule or atom needs to easily move its neighbor. The non-directional nature of metal bonding makes this type of transfer relatively easy, so metals conduct heat well. In a network solid, on the other hand, where bonds are more rigid and angles between atoms are strictly defined, such transfers are more difficult. Such solids will be expected to have low heat conductivity
and will be called heat insulators. Figure 8: A graphite sheet and carbon nanotube. NASA (nanotube) graphite © image is an interesting exception to this trend. Due to the specific energy and orientation of specific bonds in graphite sheets, they are relatively good at heat and electric operations. You may have heard of carbon nanotubes, which are similar to graphite sheets but exist as
tubes (Figure 8). These tubes can operate electricity and heat from one end to the other and are being tested for many possible applications including electric circuits, solar cells and textiles. Understanding checkpoint metal operates heat and electricity well because bonds between atoms have two additional properties, follow similar trends for reprehensible and lack, electrical and thermal
conductivity. Malleability describes the ability to hammer a solid into a sheet without breaking it, and refers to theductility of whether a concrete can be extended to make a wire. As you can Guessed, metals tend to be both malleable and erectileally, largely due to the non-directionality of metal bonds. In contrast, covalent and ionic bonds, which are directional and require specific geometry
resulting in fixed three-dimensional lattice structures, creating many other types of solid brittle so that they break under the force. The reprehensibleness and tenacity of the metal is an important reason why metals are so useful. Their electrical conductivity would be much less useful if it was not possible to spread them into wires that could then be twisted and shaped at room temperature
for an incredible array of applications. They also make some shortcomings though. Metal jewelry can be crushed and deformed into the bottom of a purse, or a metal figurine can be dented if it is dropped. Manufacturers should consider all the properties of the materials they plan to work to find the best option for each application. Another way to subvert a concrete is to melt it. A solid
melting point depends on the strength of interaction between its components: Strong interaction means a high melting point. For molecular solids, melting means breaking down weak intermoliular forces (forces between different molecules), not strong covalent bonds that put individual molecules together, so compounds like sugar can be easily melted on your stovetop. For network solids
(held together by covalent bonds), ionic solids (held together by ionic bonds), and metal solids (held together by metal bonds), however, the melting temperature depends on the strength of specific bonds in each solid. Some metals have relatively low melting points, such as mercury, which is actually a liquid at room temperature (its melting point is -38 ° C), while others, such as tungsten,
melt only at extremely high temperatures (the melting point of tungsten is 3,422 °C). In network solid ones, a type of quartz called tridimite melts at 1,670°C while graphite melts at 4,489°C, and between ionic solids, sodium chloride melts at 801 °C while lithium bromide melts at 552°C. Ionic bonds tend to be weaker than covalent and metal bonds, which is why melting points for these salts
are somewhat lower than most of the other example melting points involved here. Melting is a way of changing a solid shape. Another approach is dissolving the solid into some kind of liquid, in this case referred to as a solvent. The extent of solid soluble in a particular solvent is called solubility. Solids can be dissolved in a variety of solvents, but for now we will focus on solubility in water. A
solid fracture requires breaking different types of bonds for different types of concrete. A metal dissolving requires breaking metal bonds, and a network requires breaking solid dissolved covalent bonds. These types of bonds are both very strong and hard to break. Therefore, metals and network solids are generally not soluble in water. (As diamond rings probably If not valuable And the
stone dissolved in the shower. On the contrary, a molecular solid fracture only requires breaking weak intermittent forces, not covalent bonds that actually hold individual molecules together. Therefore, molecular solids are relatively soluble, as you may be able to predict how we use sugar in so many drinks. Finally, in the case of dissolving the ionic solid, the ionic bond between atoms or
molecules must be broken, which water does particularly well. Each atom or molecule within an ionic solid carries a charge, and water molecules also take a charge due to polarization (see our Water: Properties and Behavior module for more information). As a result, negative underwater charges are attracted to positively charged ions, and positive underwater charges are attracted to
negative ions. It allows water molecules to dissolve ionic solids by separating parts, essentially trading favorable ionic interactions in solid crystals with favorable ionic interactions between individual ions and water molecules. Therefore, most salts are relatively soluble in water. Salt and sugar are both quite soluble in water, but due to the differences between ionic solids (salt) and molecular
solids (sugar), salt water behaves differently than sugar water (remember to use light bulbs from the previous section). When salt dissolves in water, positive (na+) and negative (CL-) charge the ions that form solids separately, leading to a liquid solution for charged particles. These charged particles can pick up electrons and move them across the solution, effectively conducting electricity.
When salts such as ammonium sulfate are dissolved, the ionic bonds between the ions are broken, but the covalent bonds that hold together individual complex ions remain intact. By comparison, when the sugar dissolves, each individual sucrose molecule is separated from its neighbors but the sucrose molecules themselves remain intact and without charge, so they do not conduct
electricity. Understanding checkpoints require a molecular solid break to break fracture density, defined as the amount of mass that exists in a certain amount (see our density module for more information), another important asset that depends on solid structure and structure. It is important to note that although we have described different types of crystal solids as some structural
characteristics, there are also significant variations within each type. For example, metal solids are not part of a uniform arrangement of all atoms. Crystal-forming atoms and molecules can pack in many different ways, affecting density (Figure 9). Imagine a jar of neatly ordered stone, with each dimple between the stone in a row filled with marble in the row above. It has a much higher
density than a closely packaged arrangement. Gold takes on almost this type of packing, resulting in its high density of 19.3 grams per cubic centimeter. now Another jar where the stone is still neatly ordered, but stands directly on top of the other instead of each marble dimple. This type of packing leaves a lot more empty space in the jar because those dimples aren't filled, so if the jar has
the same size as the first jar, it can't hold as many stone and is less dense. Lithium, which is the least dense metal at 0.534 g per cubic centimeter, is an example of this type of packing. Figure 9: Two packing geometry. on the left is a closely packed arrangement, resulting in high density; The right side is ordered more neatly, far less packed and leaves more space, resulting in a lower
density. Image © Vilnius Machado Vogue is another important variable shape. Larger stones cannot pack as closely as small stones, even if they are in the same arrangement, so the contents of the jar will become less dense. However, if you are allowed to use stone of different sizes, you may be able to fit small stones into the hole left between large stones, which can cause much higher
density than you meet the small stone alone. This principle is particularly relevant to ionic solids, which are made up of two different ions that are usually different sizes. For example, lithium bromide is denser than potassium chloride. The size difference between lithium and bromide is greater than the size difference between potassium and chloride, so lithium and bromide ions leave less
free space when packaged together than potassium and chloride, resulting in higher density. While the properties of solids may appear trivial for the first time, the unique features of various solids affect almost every aspect of daily life in more ways than you might think. Fine watches and, increasingly, other electronic devices use sapphire crystals instead of glass because the strong
network bonding makes sapphires incredibly hard (in fact, it's the third hardest known substance) and scratch resistant. The strange molecular structure of ice results in less dense than liquid water, and it can be argued that life without this property on Earth would never have come into being. On a low survival level, that means we can go ice skating on frozen ponds in winter even if it's not
frozen all the way through. Developing new solid materials with specific properties, such as electric semiconductors and superconductors, is an active area of research with many potential applications. But solids are not the only substances with useful and recreational properties, as we will see in the next module on liquids and gases. Solids are formed when the forces that hold atoms or
molecules together are stronger than the energy separating them. This module shows how the structure and structure of various solids determine their properties, including conductivity, solubility, density and melting points. The module separates two main categories of concrete: And inconsistent. It then describes four types of crystalline solids: molecular, network, ionic and metal. A look at
the various solids clarifies how the atomic and molecular structure functions. The key concepts are a collection of solid atoms or molecules that are held together so that, under constant circumstances, they maintain a defined shape and shape. There are two main categories of solids: crystalline and incompatible. Crystalline solids are well ordered at the atomic level, and incompatible solids
are in shambles. There are four different types of crystalline solids: molecular solids, network solids, ionic solids and metal solids. The structure and structure of a solid atomic level determine its many macro properties, including, for example, electrical and heat conductivity, density and solubility. Rachel Bernstein, PhD, Anthony Carpie, PhD Solid Qualities of Visionlearning Vol. 3 (2), 2015.
The top page contains 10 physical states and properties by Rachel Bernstein, PhD, Anthony Carpi, PhD water taps out. Honey exits a squeeze bottle. Gasoline flows out of the pump. These are just three examples of a highly diverse state of matter: fluids. One of the major defining properties of liquids is their flow ability. Beyond this feature, however, the behaviors of various liquids are
spread to a wider extent. Some fluids flow relatively easily, such as water or oil, while others, such as honey or jaggery, flow quite slowly. Some are slippery, some are sticky. Where do these different behaviours come from? When it comes to interaction between different liquids, some mix well: think of the Shirley Temple made of ginger ale and gredine. Others, though, don't seem to mix at
all. Consider the oil spill, where the oil floats in a sticky, iridescent layer on top of the water. You can also see a similar phenomenon in some salad dressings that differ in an oil layer that lives atop a layer of vinegar, which is mainly water. Why don't these liquids mix well? These different behaviors mainly arise from a variety of intermolicular forces present in liquids. In this module we will
first discuss liquids in the context of the other two main states of matter, solids and gases. Then we will go through a brief overview of intermoliular forces, and finally we will rule out how to detect intestinal forces the way that fluid behaves. Liquids flow because the intermolearal forces between the molecules are very weak so that the molecules rotate relative to each other. Intermoliculular
forces are forces between neighboring molecules. (These atoms should not be confused with forces planted within individual molecules such as intramolecular forces to put together.) When a negative charge interacts with the nearby positive charge and repulsive the forces are attractive when the neighboring charges are the same, either positive or both negative. In liquids, Forces can
shift between molecules and allow them to move and flow to each other. (See Figure 1 for an example of various intermolicoular forces and interactions.) Figure 1: Panel A shows the variety of attractive and repulsive dipola-dipola interactions. Attractive interactions are shown with inclinations in (a) and (b) where the positive end is near the negative end of another molecule. (c) and (d),
repulsive interactions are shown with inclinations that compete with the positive or negative ends of the dipole on adjacent molecules. Panel B shows a sample liquid with multiple molecules both attracting and repulsing with their dipole-dipole interactions. Image © UC Davis Chemviki contrast that is a solid one, in which intermolicular forces are so strong that they allow very little movement.
While molecules can vibrate into a solid, they are essentially locked into a rigid structure, as described in the properties of the solid module. At the other end of the spectrum are gases, in which molecules are so far different given that intermolicular forces are effectively non-existent and molecules are completely free to move and flow freely. At the molecular level, liquids have certain
properties of gases and some solids. First, liquids share the ability to flow with gases. Both liquid and gas phases are liquids, which means that intermoliular forces allow molecules to move around. In both these stages, the materials do not have fixed sizes and instead they are shaped by holding containers. There are no solid fluids, but liquids share a different important asset with them.
Both liquids and solids are held together by strong intermoliquerular forces and are much more dense than gases, making their descriptions considered as concentric substance phases as they are both relatively uncompressed. (Figure 2 shows the differences of gases, liquids and solids at the nuclear level.) Figure 2: Three states of substance at nuclear level: solid, liquid, and gas. Image
© yellowed most substances can move between solid, liquid and gas phases when temperature changes. Consider the molecule H20: it takes the form of ice, a crystalline solid, below 0 ° C; between water, a liquid, 0 ° and 100 ° C; and water vapor, or steam, a gas, above 100 °C. These infections occur because temperature affects intermolear attraction between molecules. For example,
when H20 is converted from liquid to gas, rising temperatures increase the kinetic energy of the molecules so that it eventually overcomes intermolicular forces and the molecules are able to move independently into the gas phase. However, intramolecular forces that hold together the H20 molecule are unchanged; The H20 is still H20, regardless of its state of the case. You can read more
about phase transition in the states of matter modules. Now that we have discussed how liquids are similar and different from solids and gases, we can focus on the wide world of liquids. First, though, In short there is a need to introduce a variety of intermolicular forces that decide how fluids, and other matters, behave. Understanding checkpoints are intermoliular forces As we pointed out
earlier, molecular forces are attractive or repulsive forces between molecules, which are different from the intramolecular forces that hold the molecules together. However, intramolecular forces play a role in determining the types of intermolecular forces that can be formed. Intermolicular forces come in a range of varieties, but the overall idea is the same for all of them: a charge within one
molecule interacts with a charge in another molecule. Depending on which intramolic forces such as polar covalent bonds or non-polar covalent bonds exist, the charges may have different durability and strength, allowing for a variety of intermolicular forces. So where do these allegations come from? In some cases, molecules are held together by polar covalent bonds - meaning that
electrons are not evenly distributed between bonded atoms. (This type of bonding is described in more detail in the chemical bonding module.) This uneven distribution results in a partial charge: an atom with greater electron affinity, that is, a more electrical atom has a partial negative charge, and an atom with lower electron affinity, a lower electric atom has a partial positive charge. The
sharing of this uneven electron is called dipul. When two molecules with polar covalent bonds are near each other, they can create favorable interactions if partial charges are properly aligned, as shown in Figure 3, creating a dipole-dipole interaction. Figure 3: In Panel A, a molecule of water, H2O, is shown with uneven electron sharing resulting in partial negative charges around partial
positive charges around oxygen atoms and hydrogen atoms. In panel B, three H2O molecules interact favourably, creating a dipole-dipole interaction between partial charges. Hydrogen bonds are a particularly strong type of dipol-dipol interaction. (Note that although they are called bonds, they are not covalent or ionic bonds; they are a strong intermolicular force.) Hydrogen bonds occur
when the hydrogen atom is covalently bonded to one of the few non-metals with high electrongy, including oxygen, nitrogen and fluorine, making a strong dipole. Hydrogen bonds the interaction of hydrogen from one of these molecules and the more electrolymed atom in the other molecule. Hydrogen bonds exist, and are very important, in water, and described in more detail in our water:
properties and behavior modules. Hydrogen bonds and dipole-dipole interactions require polar bonds, but another type of intermolicular force, called the London dispersion force, can form between any molecule, polar or not. The basic idea is that electrons in any molecule are constantly moving and sometimes, simply incidentally, electrons can distribute unevenly, build Temporary partial
negative charges from the part of the molecule with more electrons. This partial negative charge is balanced by a partial positive charge of the same magnitude from the molecule with low electrons, with a positive charge coming from the proton in the nucleus (Figure 4). In neighbouring molecules, these temporary partial charges can be negotiated in the same way as the permanent depots
interact. The overall strength of the London dispersion forces depends on the size of the molecules: large molecules can have large floating dipoles, which can strengthen the London dispersion force. Figure 4: Two nonpolar molecules with symmetrical molecule distribution (panel A) can become polar (panel B) when random movement of electrons results in a temporary negative charge in
one of the molecules, which induces an attractive (positive) charge in the other. Now, you might ask, if molecules can develop temporary partial charges that interact with each other, these temporary charges should also be able to interact with permanent depots, right? And you'll be right. These interactions are called very creative, dippol-inspired dippol interactions. The partial charge of
the polar molecule interacts with electrons in the nonpolar molecule and induces them to move so that they are no longer evenly distributed, forming an induced dipole that can interact favorably with the permanent dipole (Figure 5) of the polar molecule. Figure 5: When a polar molecule interacts with electrons in a nonpolar molecule (panel A), the nonpolar molecule is induced to form a
dipole and interacts favorably with the polar molecule (panel B). As you might have guessed, London dispersion forces and dippol-induced dippol interactions are generally weaker than dipol-dipol interactions. These forces, as well as hydrogen bonds, are all van der Waals forces, a common term for attractive forces between uncharging molecules. There is a lot more to intermoliular forces
than what we have covered here, but with this brief introduction, we are ready to get back to the main event: fluids, and how molecular forces determine their properties and behaviors. Understanding checkpoints Which conversations are strong? If you've ever used oil for cooking or working on a car, you know it's good and slippery. Perhaps that's why you used it: It keeps stir fry pieces
from sticking to a second or pan, and it helps the engine slide the piston and other moving parts easily. One of the reasons oils are good for these applications is because they have less cohesion: liquid molecules do not interact exclusively strongly with each other because intermolineal forces are weak. The primary intermolilar forces present in most oils and many other organic liquids -
mainly liquids made from carbon and hydrogen atoms, also known as non-polar fluids - are London dispersion forces, which are the weakest types of intermolicular force for small molecules. These are weak Lead to less cohesion. Molecules do not interact strongly with each other, so they can slide right from each other. At the other end of the harmony spectrum, consider a dew drop on a
leaf in the morning (Fig. 6). How can such a thing exist, as mentioned earlier, let liquids flow and shape containers holding them? As described in the above and water modules, water molecules are held together by strong hydrogen bonds. These strong forces cause high cohesion: water molecules interact more strongly with each other than interacting with the air or leaf. (Water interaction
with the leaf is an example of adhesion, or the interaction of liquid with something other than itself; we will discuss adhesion in the next section.) Due to the high harmony of water, molecules form a spherical shape to maximize their interaction with each other. Figure 6: Dew drops on a leaf. Image © Cameron Whitman/iStockPhoto It also creates tension on the high cohesion surface. You
may have seen insects running on water on an outer pond (Figure 7), or a small object such as a paperclip resting on the surface of the water instead of sinking; These are two examples of water surface tension in action. Surface tension results from strong cohesive forces of certain liquids. These forces are strong even when they experience external forces such as walking on the surface
of an insect. Figure 7: Water strider (Geris remigis), a common water-moving insect. Image © John Bush, MIT/NSF adhesion is a compound trend to interact with another compound. (Remember that, conversely, unison is a compound tendency to interact with itself.) Adhesion helps to explain how liquids interact with their containers and with other liquids. An example of interaction with high
adhesion is between water and glass. Both water and glass are put together by polar shackles. Therefore, the two materials can also create favorable polar interactions with each other, leading to higher adhesion. You may have also seen these fascinating adhesive forces in action in the lab. When water is in a glass graduated cylinder, for example, water creeps the edges of the glass,
creating a concave curve at the top called meniscus, as shown in the figure below. Water in graduate cylinders turned out of some sort of non-polar plastic, on the other hand, forms a flat meniscus because there are neither attractive nor vindictive forces united between water and plastic. (See Figure 8 for comparing polar and non-polar graduation cylinders.) Figure 8: In graduation cylinder
A, made of glass, meniscus is concave; In cylinder B, made of plastic, meniscus is flat. Image © Achim Prill/iStockphoto Understanding Checkpoint When the intermoliular forces in a liquid are weakened, the liquid is low at the beginning of the module, we said that one of the defining characteristics of the fluid is their flow ability. but Fluids have a large range in how easily this happens.
Compared to the relative challenge of pouring thick, slow-moving motor oil into an engine, consider the ease with which you can pour yourself a glass of water. The difference is their viscosity, or resistance to flow. Motor oil is quite sticky; Water, not so much. But why? Before we dive into the differences between water and motor oil, let's compare water to another liquid: Pentane (C5H12).
While we don't think of water as sticky, it's actually more sticky than pentane. Remember, water molecules form strong hydrogen bonds with each other. Pentane, on the other hand, is made up of just hydrogen and carbon atoms, nonpolar, so it is only the type of intermolicular forces that are relatively weak London dispersion forces. Weak intermoliular forces mean that molecules can more
easily move each other, or flow - therefore, less viscosity. But both water and pentane are relatively small molecules. When we're looking at liquids made from large molecules, the size comes into play as well. For example, compare pentane with motor oil, a complex mixture of large hydrocarbons that is much larger than small pentane, and in a series with a few dozens or even hundreds of
carbon. If you've ever poured motor oil into an engine, you know it's very sticky. Both fluids are non-polar, and therefore have relatively weak intermolique forces; The difference is size. Big, bendy motor oil hydrocarbons could literally become entangled with their neighbors, who slowed the flow. It's almost like a pot of spaghetti: if you don't prepare it correctly, you can end up with a drop of
tangled noodles that's very difficult to serve because they're all stuck together - in a sense, it's a sticky pasta blob. Small noodles - or small molecules - are not as entangled, so they are less sticky (Figure 9). Figure 9: Group A consists of large molecules in an intriguing blob (a viscous liquid) and Group B contains small molecules with fewer entanglements (low viscous liquid). Returning to
our original comparison of motor oil versus water, even though water has such strong intermoliular forces, the much larger size of the molecules in motor oil makes the oil more sticky. There's another piece to the story: temperature. Warming a liquid makes it less viscous, as you may have noticed if you've ever experienced how easy it is to pour maple syrup on your pancakes when the
syrup has been heated when it's cooled. This is the case because temperature affects both factors that determine viscosity in the first place. First, increasing the temperature increases the kinetic energy of the molecules, which allows them to remove intermoliculular forces more easily. It also makes molecules move around more, so those larger molecules that became entangled when
they were cold become more dynamic and are more able to slide past each other, allowing the liquid to flow more easily. Checkpoint motor oil pours more slowly than solvent pentane because motor oil when you think of water, you can think of its chemical formula, H2O. This formula describes only a pure liquid made up of H2O molecules, with absolutely no other components. The reality,
though, is that the vast majority of the fluids we encounter are complex mixtures of many compounds. The solutions are made of a liquid solvent in which one or more soluble fractures occur. Solutes can be solids, liquids and gases. There are many, many common solutions that use water as solvent, including salt water and any kind of flavored beverage. Carbon dioxide (CO2) is a
common gaseous solute in gas carbonated drinks, and ethanol is a liquid solute in any alcoholic beverage. Although the solutions are a mixture of many compounds, the properties discussed in the previous section still apply. Not all solutions dissolve in all solvents. You may have some soluble in some liquids in large quantities, and others are only moderately soluble in any solvent. The
underlying explanation for solubility is that it dissolves as such. Nonpolar solutes are generally better in nonpolar liquids, and polar solutes are better in polar liquids. For example, cleaning oil-based (and therefore nonpolar) paint requires non-polar solvent such as turpentine; They will not dissolve in water, which is polar. Table salt or sugar, on the other hand, both polar solids, easily
dissolve at high concentrations in water. More complex solutions include emulsion, colonoid and suspension. In short, an emulsion is a well-dispersed mixture of two or more liquids that is not normally mixed. For example, mayonnaise is an emulsion of oil, egg yolk, and vinegar or lemon juice, which is made by a very vigorous mixture. Both colloid and suspension contain insoluble particles
in the liquid. In a colloid, small insoluble particles are distributed in liquid and will not differ. And a suspension, on the other hand, is a liquid that contains large insoluble particles that will eventually be separated. Milk is a useful example of the difference between these two. Fresh milk is a suspension. It is a complex mixture of components that generally do not mix - water, fat, protein,
carbohydrates, and more - and if left alone the fat is separated from the water-based part of the mixture. (Remember the separation of vinegar and oil in salad dressing?The milk separation process is similar, with oil aside from fat water.) On the other hand, milk at most grocery stores is a colloid. The components do not differ thanks to a process called symmetry, which breaks down fat
globules into small enough particles that they can remain suspended in the liquid. Understand which checkpoint is true about the statement solutes? We have discussed a lot of different fluids with different cohesion, adhesion and viscosity, as well as other properties. But also Wide variety, there are certain substances that blur the gap between liquid and solid. For example, as a child you
might have played with a mixture of boreal, water and starch that gets its name from a Dr. Seuss book. Oobleck is a slimy substance that can flow between your fingers if you hold it gently in your hands but becomes tough and tenacious, almost solid, if you squeeze it. For more technical examples, consider the material used in LCD television displays and other electronic screens. The LCD
stands for liquid-crystal display. This does not mean that displays use both liquids and crystals; This means that they use a material that is both liquid and crystal, at the same time. It may seem like a paradox - crystals are solid, not liquids, you say - but such material exists. The discovery of the first liquid crystal was a modified version of cholesterol, called cholesteryl benzoate. It's a solid
at room temperature and melts at around 150°C, but then things get awkward. At about 180 ° C, it changes the phase again, but not from liquid to gas; It goes to clear the liquid from the cloud liquid. Austrian botanist and chemist Friedrich Reinitzer observed this unusual behavior in 1888 and discussed it with his fellow German physicist Otto Lehmann. Lehmann then took charge of the
investigation, studying cholesterol benzoate and other compounds with similar double-melting behavior. When she looked at the cloud phase under her microscope, she found that the material appeared crystalline, a pivotal feature of solids. But the stage also flowed like a liquid. In 1904 he coined the term liquid crystal to describe this phase with properties of traditional liquid and crystalline
solids. Liquid crystals play an important role in biology, especially in membranes, which require fluid, but must maintain regular composition. There are also some liquids that won't be so sticky you blamed for thinking that they're solid, such as pitch, a substance derived from plants and petroleum. It appears almost solid, and if hit with a hammer breaks, but if left to gravity it will flow very,
very slowly. Some labs around the world are running so-called pitch drop experiments, in which they leave some pitch in a funnel and wait for it to drip; About 10 years pass between each drop (Figure 10). Figure 10: Pitch drop experiment at the University of Queensland (battery shown for size comparison). These examples of image © John Manstone and Amada44 substances behave in



ways that defy traditional definitions for the stages of substance, reflecting the inherent complexity of science and the natural world, even when it appears as simple as determining whether a substance is a liquid or a solid. In this module we have focused on defining and explaining the basic properties of liquids, which for you Provides the foundation for thinking about the states of the case
in all complexity. In other modules we discuss concrete and Steps to help you, unlike the different physical properties of these states. When it comes to different fluids, some mix well while others don't; Some pour quickly while others flow slowly. This module provides a foundation for considering the states of matter in all their complexity. It explains the basic properties of the fluid, and
explores how intermolicular forces determine their behavior. The concepts of harmony, adhesion and viscosity are defined. The module also examines how the temperature and size and type of the molecule affect the properties of liquids. Key concepts share certain properties with liquid solids - both are considered condensed substances and are relatively uncompressed - and some with
gases, such as their flow and the ability to shape their containers. Many properties of fluid, such as cohesion and adhesion, are influenced by intermolicular forces within the liquid itself. Viscosity is influenced by both the intermolicular forces and molecular shape of a compound. Most of the fluids that we encounter in everyday life are actually solutions, within the liquid solvent there is a
mixture of solid, liquid or gas solute. HS-C6.2, HS-PS1. A3, HS-PS1. A4 Rachel Bernstein, PhD, Anthony Carpie, PhD Fluid Properties Visionlearning Vol. 3 (5), 2015. Top Top
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