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Worksheet 15 intermolecular forces

Name: __ Section: __ You should try to answer the question without speaking to your tutorial. If you're stuck, try asking another group for help. Learning objectives Know the types and relative strengths of intermolecular attractive interactions Understand the concept of polarization Understand the impact of strengths of intermolecular forces on phase changes and properties of
substances such as viscosity and surface voltage Understand the concept of critical pressure, critical temperature, steam pressure, normal boiling point, normal melting point, critical point and triple point Understand the processes by which solutions are formed Understand the roles of entalpies and entropy in determining the solubility Understand the solubility of non-reactive gases
Understand the effect of the concentration of dissolved substances on collagen properties Most substances can exist in both gas, liquid and solid phases under appropriate temperature and pressure conditions. The phase we see in normal conditions (room temperature and normal atmospheric pressure) is the result of gravity between molecules or ions, which is the substance.
The strength of these attractions also determines what changes in temperature and pressure are needed for the phase transition effect. The behavior of pure matter in any of its phases changes when it is mixed with other substances to make solutions. Solutions are homogeneous mixtures that can occur in any phase. But most often in chemistry we deal with decisions that are in
the liquid phase. Understanding the processes by which solutions are formed and how their properties differ from their components of pure substance is useful in many real applications of materials. Criteria for success Be able to judge the relative strengths of intermolecular gravity forces and their impact on properties for a number of compounds Be able to interpret heating
curves and calculate the number, associated with temperature and entalps phase changes Be able to interpret and draw phase schemes Be able to identify forces responsible for solubility, in particular the decision to be able to predict solubility, based on the intermolecular forces of components Be able to make Henry legitimate calculations of gas delinquerance Be able to
calculate shellfish Can calculate the magnitude of collegial changes in steam pressure , freezing points, boiling points and osmotic pressure The trend of a substance in one state or another under certain conditions is largely the result of gravity forces that exist between particles comforting it. We will concentrate on the forces between molecules in molecular substances called
intermolecular forces. (Forces that exist within the chemical bonds are called intra-molecular forces.) The greater the strength of the intermolecular forces, the more likely the substance to be found in condensed state; i.e., liquid or solid matter. As we have seen, the ideal gas model assumes that gas particles (molecules or atoms) have virtually no gravity between them, are widely
separated, and are constantly moving at high speed and kinetic energy. In truth, there are gravity forces between particles, but in gas kinetic energy is so high that they cannot effectively combine particles. With stronger intermolecular forces or lower kinetic energy, these forces can bring the molecules closer together, leading to condensed phase. The transition from gas to liquid
to solid, molecular speeds and particle division gradually decreases as the structural order increases. In the case of liquids, molecular monuments give rise to viscosity, resistance to flow. Also, the lack of intermolecular forces over the surface of the liquid leads to surface tension, the development of skin on the surface, which causes beading liquid drops, and also allows light
objects to rest on a liquid surface without immersion (for example, water bugs). Solids have stronger intermolecular forces, making them stiff, almost without hesitation. Although the combination of species and strengths of intermolecular forces determines the state of the substance under certain conditions, in general most substances can be found in any of the three states under
appropriate temperature and pressure conditions. Changing these conditions can cause a change in the state of a substance called phase transition. Is the average kinetic energy of molecules greater or less than the energy of intermolecular gravity forces in (a) solids, (b) liquids and (c) gases? Why does rising temperatures cause the substance to change in succession from solid
to gas-based? Why do substances with high surface tension also tend to have high viscosity? Why does surface tension and viscosity decrease with rising temperatures? Consider the following types of intermolecular forces: london scattering, dipole-dipole and hydrogen bonding. London's dispersal forces and dipole forces are collectively known as van der Waals forces.
Molecules can have any combination of these three types of intermolecular forces, but all substances at least have London dispersal forces. London dispersal forces exist for all substances that consist of polar or non-polar molecules. They result from the formation of temporary, instant polarities through a molecule of electron circulations. Instant polarity in a single molecule can
cause an opposite polarity in a nearby molecule, leading to a series of attractive forces among nearby molecules. London force arise in connection with the change in distributions of electrons. Because all molecules have electrons, all molecular substances have London dispersion forces, whether polar or non polar. Molecules with a higher molecular weight have more electrons,
which tend to be more freely held. This makes their electronic clouds more deformed from nearby charges typical of polarity. As a consequence, substances with higher molecular weight have higher London dispersion forces and therefore have higher melting point temperature points, boiling points and enthalpia vaporization. The following data for diatomic halogen beautifully
illustrate these trends. Element F2 CI2 Br2 12 m.p. (°C) -220 -101 -7.3 114 b.p. (°C) -188 -34 58.8 184 At 25 °C of gas, liquid solid dipole-dipole gravity forces exist between molecules that are polar - those that have a permanent dipole torque. The polarities of individual molecules tend to align opposites by drawing molecules together and thereby championing compressed phases.
These additional gravity forces must be overcome in the transition to less orderly phases (e.g., solid to liquid, liquid to gas), so substances with dipole-dipole rides between their molecules tend to have higher melting points and boiling points than comparing compounds consisting of nonpolar molecules that have only London's dispersed intermolecular forces. Hydrogen
communication is an unkovalentic train between hydrogen, which is covalently associated with a very electronegated atom (X) and another very electronegated atom (Y), most often on a nearby molecule. (X and Y can be the same or different elements.) For the most part, the candidates for hydrogen binding are only compounds in which hydrogen kovalently binds to O, N or F.
Kovalent connections to these elements are very polar, which led to a partial negative charge (6—) on O, N or F. This partial negative charge may be involved in a partial positive charge (6+) of hydrogen due to X-H on a nearby molecule. Thus, hydrogen xxx H, unlike the covalent X-H connections, is mainly an electrostatic train. The strengths of hydrogen bonds tend to be in the 4-
46 kJ/mole range, much smaller than the strengths of typical covalent bonds. However, the strength of hydrogen bonds is much greater than either London dispersion forces or dipole-dipole forces. Hydrogen bonds in HF(s) and H20 (shown on the next page) are intermediate in strength in this range. Non-polar molecules have only London dispersal forces, which are usually the
weakest of the three species of intermolecular forces. Polar molecules add another kind of force, beyond their London forces, and therefore have stronger overall intermolecular gravity forces. If the molecule is capable of hydrogen bonding, it has all three types of intermolecular forces and has in general mixture. As species of intermolecular forces increase, the substances have a
greater propensity to exist in the condensed phase, have higher melting points and boiling points, as well as how liquids have lower vapor pressure and higher viscosity. Name the type or types of intermolecular forces to be overcome, to convert the following actions from liquid or solid to gas: (a) \(Br_2\), (b) \(CH_30H\), (c) \(CO_2Y), (d) \(HCN\), (e) \(NH_3\) Common alcans are
hydrocarbons with non-fighting carbon chains, having a common formula \(C_nH_{2n+2}\). At room temperature, ethane, \(C_2H_6\), there is gas; hexane, \(C_6H_{14}\), is a liquid; and Octadecane, \(C_{18}H_{38}\), is solid. Describe the intermolecular forces present in each substance and explain the differences in their room-temperature phases. Arrange the following in order
to increase the boiling point: As we continuously heat a solid such as ice, it can eventually go through all phases, giving the behavior presented by the following heating curve. For this injection of heat, g, the temperature rises by different amounts in solid, liquid and vapor-insulating phases due to different thermal power for each phase. In one phase, PT =q/C, where C is the heat
capacity for phase in the temperature change range. Otherwise, in one stage the amount of heat that needs to be added to raise the temperature of a certain amount, PT, is given g=C PT. At both melting point and boiling point, temperatures remain unchanged with heat entering as long as there are both phases associated with the transition. At these moments, all heat is used to
convert one phase to another (from solid to liquid at melting point or from liquid to steam at boiling point). Once the conversion is complete, the temperature of the substance will rise with the addition of heat. At melting point, the amount of heat needed to convert a single mole of matter from solid to liquid determines the molar heat of the fusion, PHfus, also called molar melting
heat, PEItHm. At boiling point, the amount of heat needed to convert a single mole of the substance from liquid into vapor is called molar heat vapor, PHvap. How much heat does it take to heat 10.0 g of ice at -5.00 °C to become liquid water at +7.00 °C? In this temperature range, the heat capacity of H20(s) is 37.7 J/mLxK, and the thermal power of H20(l) is 75x.8 J/molar heat
of ice fusion is 6.01 kJ/jr. If the liquid is placed in a closed container, both evaporation and condensation will occur at the same time. First, evaporation prevails because there are so few molecules in the steam phase above the liquid. As more molecules have accumulated in pairs, some will whiten on a liquid surface, be attracted to liquid molecules and rejoin the liquid phase. At
some point, the rate of molecules fleeing the liquid equal speed of molecules that get it from steam. This marks the onset of a state of dynamic equilibrium in which evaporation and condensation rates are equal. At the moment, the number of vapor molecules in volume over the liquid remains unchanged over time. The resulting partial vapor pressure in balance with the liquid is
steam pressure. Vapor pressure depends on the nature of the liquid (PHvap), the kinetic energy of the molecules (increases with temperature) and the resulting concentration of steam. While different substances may have different vapor pressure at the same temperature (higher for more volatile substances), all vapor pressures increase with temperature rise. When the
temperature is high enough that the pressure of the liquid vapor equals the pressure of the environment, boiling will begin. At temperatures where steam pressure is lower than environmental pressure, vapor bubbles cannot form in the liquid because greater air pressure will cause them to collapse. The higher the pressure of the environment, the higher the boiling point will be.

For this reason, we determine the normal boiling point of 1 atm. Conversely, boiling occurs at a lower temperature when the ambient pressure is lower. For example, mt. Washington (height 6,288 feet) has a typical air pressure of 610 torr. At 94°C, the water vapor pressure is 610.90 thor, so this is about the boiling point of water atop Mount Washington. Consequently, food tends
to require a longer cooking time at high altitudes. Explain how each of the following affects the pressure of fluid vapor: (a) fluid volume, (b) capacity capacity, (c) liquid surface area, (d) temperature, (e) intermolecular force of gravity, (f) fluid density. The relationship between temperature and pressure and phase transitions of the substance can be generalized in the phase scheme.
The carbon dioxide phase diagram is shown below. For any combination of temperature and pressure, which completely falls under the phase region, there will be only one phase. The lines in the diagram are combinations of temperature and pressure, in which two phases coexist (for example, gas-liquid, liquid solid fuel). Triple point (T) - a combination of temperature and
pressure, in which all three phases are simultaneously in balance. Critical point (C) indicates restrictions on the ability to condense steam with applied pressure at high temperatures. It is impossible to condense gas over this point regardless of the increase in pressure. Critical temperatures, Tc, are a point above which gas cannot be liquefied, regardless of pressure. Critical
pressure, PCs, is the minimum pressure needed to cause condensation at a critical temperature. Above the critical point, the substance exists as a supercrypical liquid. phases and/or phase transitions experienced by CO2 under the following conditions: Heating from -100 °C to 30 °C at 1.0 atm Heating from -100 °C to 50 °C at 70 atml Sample at 35 °C and 100 atm Sample at -50
°C and 6.0 atm Does carbon dioxide have a normal boiling point? Explain. Describe the conditions under which liquid carbon dioxide boils. Dissolved dissolves in solvent because the attractive forces between solvent and particle dissolution (i.e. ions and/or molecules) are similar to those between dissolving particles themselves. Generally: How dissolves, how. When two
substances have a different intermolecular gravity force, their molecules tend to be more attracted to themselves and remain in a clean, unmixed state. In such cases, solvent is said to be insoluous in solvent. But the term insolient is relative. Most solvents have some (albeit limited) solubility in a given solvent. Thus, insolluble usually means marginally soluble or sparingly soluble.
Any of the intermolecular forces we have previously talked about can occur between solvent and solvent molecules, which will lead to the formation of the solution. London dispersion forces, dipole-dipole sites or hydrogen connections between solvent and solvent molecules can prompt dissolved matter molecules to break away from the monuments they have with their own
molecules to enter the solution. This process is generally called the authority, but when the water is solvent, it is called hydration. In aqueous solutions, soluble molecules or ions are surrounded by hydration waters that prevent their recombination. When the ion-crystal dissolves in water, it dissociated, forming moisturizing ions that are ions surrounded by water molecules; for
example, \[NaCl(s) + xH_20 \rightarrow [Na(H_20)_n]*+ + [CI(H_20)_m]"*-\] In this case, ion-dipole rides and the stability of the resulting hydrated ions overcome the bullet-like sights between the ions in the crystalline of the grille. lons in the solution prevent recombination, because the surrounding hydration waters do not allow them to connect close enough. Some molecules
with very polar bonds, such as binary acids, \(HX\), can dissolve in water partially or entirely as ions. The process is similar to dissolving ionic dissolutions, but in this case it is the power of covalent bonds inside dissolved molecules that need to be overcome; for example, \[HCI(g) + H_20 \rightarrow H_30”+(aq) + Cl*—(aq)\] The attraction between soluble water molecules and
molecules by dissolving is initially dipole-dipole, but the attraction between dissoturated ions and their hydration waters is ion dipole. These ion-dipole rides interfere with recombination to form undisciplined molecules. If the intermolecular forces in the solvent are very different, the solvent will be little or no noticeable For example, non-polar fluid like benzene, C6H6, which has only
London dispersion forces between its molecules, has poor solubility in water, which is a polar solvent with hydrogen bonding. In addition, benzene is a bad solvent for ionic substances such as NaCl because it is unable to install the necessary ion-dipole rides that keep ions in the solution. Determine the main type of soluble-soluble interaction that is responsible for the formation of
the following solutions: KNO3 in Br2 water in benzene, C6H6 glycerin, CH2 (OH)CH(OH)CH2OH, in HCI water in acetonitril, CH3CN [HCI does not form ions in CH3CN] For the following carboxyl acids, predict whether solubility will be greater in water or carbon tetrachloride, and give your reasoning: (a) acetic acid, CH3CO2H, (b) stalk , CH3 (CH2)16CO2H. When solvent
dissolution dissolves, general process entalpia expressed as PHsoln may be exothermic or endothermic; for example\ CaCl_2 rightarrow Ca*{2+}(aq) + 2CI"—(aq) + \text{heat} \] of \(I H_{soln} &lt; 0\0\0 (exothermic) \[\text{heat} + KNO_3(s) \rightarrow K"+(aq) + NO_3"—(aq)\] of \(I' H_{soln} NO_3"-(aq)\] of \(I" H_{soIn} H_ &gt; 0\) (endothermic) Entalpia solution can be analyzed
as the sum of the following processes: Enthalpy to overcome rides between dissolution molecules (\(I' H_1 &gt; 0\) (endo Enthalpy to overcome rides between solvent molecules (\(I' H_2 &gt; 0\) ( endothermic process)) Enthalpy form soluble molecules through soluble solvents. (\(I" H_3 &lIt; 0\) (exothermic process) The total entalpion of the solution is\[F H_{soln}=T'H_1+TH_2
+TH 3N IF\[[FTH 3| &gt; (TH_1+TH 2T H_ 2T H_1)\] then (" H_{soln} &It; 0 ' H_\) and the process of dissolving the ex I' H_3 othermic. , the general process is said to be spontaneous. If dissolution does not dissolve in solvent (insoluous) process of the solution is said to be not spontaneous. Spontaneous process or change continues in a given direction without having to be
controlled by an external energy source. As we have seen repeatedly, reactions or processes that are exothermic, in which the energy content of the system decreases, are usually spontaneous (e.g., combustion). But some endothermic reactions or processes are also spontaneous. As just noted, both CaCl2 and KNO3 spontaneously dissolve in water. CaCl2 does this
exothermically, but KNO3 does so endothermically. In both cases, the solution process scatters the ions from their highly ordered crystal grille into a much more deranged state in the solution. The extent of the disorder in the system is associated with a thermodynamic function called entropy (which we will have much more to say later). When dissolved dissolves in solvent,
dispersion of dissolved matter particles leads to an increase in that contributes to the spontaneous process of resolution. In the case of dissolved substances such as KNO3, the entropy factor that promotes spontaneity is greater than the entalpia factor, which promotes restlessness, and dissolution is spontaneous. The process is said to be controlled by entropy. If the increase in
entropy is not large enough, the endothermic process will not be spontaneous and is said to be controlled by entalpia. The heat of the solution of insolubble soluble matter is usually endothermic, with too little increase in entropy to make the overall process spontaneous. Hexane (C6H14) and Heptan (C7H16) are a species in all proportions with \(I H_{soln} \gg 0\). Why are these
two liquids different from each other? Why \(I' H_{soIn} \gg 0\) for this pair of liquids? Why do they spontaneously form a solution, given that \(Ir H_{soln} \gg 0\)? When non-reactive gases dissolve in solvent, both pressure and temperature significantly affect solubility. Most non-reactive gases have very small solutions that increase with increased partial pressure of soluble gas. At
a set temperature and at moderate partial pressure (\(\le atm\)) many non-resysive gases will obey The Law of Henry: \[P_g = K\chi_g\], where \(P_g\) is a partial gas pressure over the solution, \(K\) is a constant for a particular gas and solvent at a set temperature, and \(\chi_g\) is a mole fraction of gas in the solution. At low concentrations typical of dissolved non-resysible gases,
the fraction of moles is proportional to concentration in conventional units, such as mole/l or g/l. Thus, the Heinrich Act can be retooled as \[C_g = k P_g\] where Cg is a concentration of dissolved gas, and \(k\) is Henry's permanent law for a particular gas and solvent steam expressed in the appropriate concentration units of pressure per unit, usually at an ATM. Gas solubility is
always lower at a higher temperature (i.e. \(k\) less). Solubility \(N_2\) at p(N2) = 1 atm is 1.75 x 10-3 g/100 ml of water. What is solubility in water at air pressure of 2.51 atm, pressure 50 feet below the water surface? The air is 78.1 bpd N2. [Hint: What is the partial pressure of N2(g) when the air pressure is 2.51 atm?] The presence of dissolution molecules changes certain
properties in the solution from the fact that they are in a pure solvent. The properties of the solution, such as these, which depend on concentration, are called collegial properties. Examples of collegial properties are steam pressure, boiling point, freezing point, and osmotic pressure. To discuss collegive properties, it is often convenient to express the concentration of the solution
in terms of mothballing: \[ \text{molality} = m = \dfrac{\text{moles of solute}}{text{kg of solvent}}\] The value of any colligative effect depends on the total concentration of soluble particles in the solution, not on the number of moles dissolved In short, you should ask yourself: What are the concentrations of all soluble particles in this solution? For a strong electrolyte at a moderate
concentration, we can assume that all ionic solids disintegrated into its 3 4 component ions when dissolved. For example, 0.100 m solution K software has four times the concentration of dissolving particles as a sugar solution of 0.100 m, because each formula \(K_3PO_4\) disintegrates into three lons K and one \(PO_4"{3-}\) ion: \[K_3 PO_4(s) \rightarrow 3 K"+ (rightarrow 3 K"+
(aq) + PO_47{3-}(aq)\] In other words, the mollusk ions \(K*+\) is (3)(0.100 m) = 0.300 m , moth moth moths \(PO_47{3-}\) is (1)(0.100 m), and the total moth for all ions is 0.300 m + 0.100 m = 0.400 m. The total concentration of ions causes a change in the properties of the solution. If we calculate the collingation effect on the basis of moth, we would use 0.400 m for such a
solution \(K_3PO_4\), not 0.100 m, as we would for a sugar solution. Calculate ethanol moth moths, \(C_2H_50H\) (m.v. = 46.06) in a solution made by dissolving 5.00 g of ethanol in 25.00 g of water. Calculate the total shellfish of all ions in a solution prepared by dissolving 20.0 g \((NH_4)_2SO_4\) in 95.0 g of water. [f.w. (NH) SO = 132 u] If you add a non-volatile solvent (one
that does not have its own steam pressure) to the volatile solvent, dissolution particles (molecules, ions or mixture of both) will block the escape of solvent molecules into evaporation. This will reduce the steam pressure over the solution, compared to what it would be like if the solvent hadn't dissolved anything in it. The pressure of solvent vapor over such a solution is quite well
provided by a special case of raulth law: \[[P_{sol solvn} = \chi_{solv} P*o_{solv}\], where \(P_{soIn}\) is the steam pressure over the decision on balance, \(\chi_{solv}\) is the mole fraction of the solvent salv (not solvent) in the solution, and \(P*o_{solv}\) is the vapor pressure that a pure solvent will have at the temperature of the solution. What is the value of the mole fraction of
water in this solution? [Hint: Imagine that 2 solutions were udopomy exactly 1 kg of water.] (m.w. H O = 18.02 u) Calculate steam pressure above 2.00 m of sugar solution in water at 25 °C, given that the steam pressure of clean water at this temperature is 23.76 mmHg Na_2SO_4. , the total steam pressure over the solution should be the amount of steam pressure (partial
pressure) arising from each of the components in the mixture, as stipulated by the Dalton Partial Pressure Act. If component fluids do not interact with each other noticeably, they are said to form the perfect solution. In this case, partial vapor pressure over the solution from each component liquid is given \[P_{i} = \chi_{i}*{soln} P*o_{i}\], where \(P_i\) is a steam pressure on the part
of a separate component, \(\chi_{i}{soln}\) is the mole fraction of the solution component in the solution, and \(P"o_{i}\) is the vapor pressure that pure liquid will have at a set temperature. Thus, the general form of Raulta Law with components \(n\) can be specified as \[P_t = \sum_i*n \chi_{i}{soln} P*o_{i} = \chi_{1}*{soln} P"o_{1} +\chi_{2}*soln} P*o_{2} + \dots \chi_{n}*{soln}
P7o_{n} \label{expand}\] For a two-way equation system \ref{expand} is \[P_t = \chi_{1}*{soIn} P*o_{1} +\chi_{2}*{soIn} P*o_{2} \] This equation can be further simplified with the connection, which \[ \[ \chi_{1}*{soln} + \chi_{1}*{soIn} =1\] that raulta law applies to ideal solutions in which interactions between solvent and soluble molecules are almost identical to those No real solution
shows this behavior over a significant range of concentrations. , raulth's approximate law. The composition of steam over a mixture of two or more volatile liquids is not the same as in the solution. In general, more volatile components (as indicated by their higher vapor pressure as a neat liquid) will have a higher mole fraction in vapor than in the solution. From the Dalton Partial
Pressure Act, the mole fraction component in the vapor mixture is its partial pressure, separated by general pressure; ie \(\chi_i"{vap} = P_i/P_t\). What are the partial pressures and total steam pressure above the solution at 20 °C made by mixing 12.5 g of benzene (\(C_6H_6\)) with 44.2 g of toluene (\(C_6H_5CH_3\)). At 20 °C, \(P*o (C_6H_6) = 74.7\, torr\) and \(P"o
(C_6H_5CH_3) = 22.3\, torr\). [m.w. benzene and toluene is 78.11 and 92.14 respectively). In terms of mole fractions, what is the composition of the vapor above the previously described benzolo-toluoen mixture? The presence of undained particles of the solution interferes with the release of solvent molecules from the liquid phase. This is the cause of lower steam pressure. This
also means that a higher temperature should be used to reach a steam pressure of 1 atm, which determines the normal boiling point. Thus, the solution of non-volatile solution and volatile solvent has a higher boiling point (boiling point height). Similarly, soluble particles interfere with solid formation when cooled, so freezing occurs at a lower temperature (freezing freezing point).
Temperature changes due to rising boiling temperatures or freezing points of depression can be calculated according to the formula T = Km\] where \(K\) is either a boil height constant (\(K_b\)) or a depression freezing point constant (\(K_f\)). The two constants have different values for a particular liquid, and K is usually a larger number. Don't worry about the sign on AT. Just know
that the value must be added to the normal boiling point and subtracted from the usual freezing point of a pure solvent. Rising boiling point and freezing point depressions can be used to determine molecular scales of dissolved substances. Since \(K_f &gt; K_b\) for a given solvent and boiling points are sensitive to pressure conditions, depression freezing points (or equivalent to
depression melting point) are usually the preferred method. This is called cryoscopic determination of molecular weight. A weighted amount of matter whose molar mass should be determined (unknown) dissolves in a known solvent mass, and a new freezing point (or melting point) of the mixture is observed to determine \(\Delta T_b\). Using this and the value \(K_b\), the mothicity
of the solution is calculated. With such a known number of moles solvent per kilogram of solvent (molarity) and mass composition of the solution as it is assembled, you can calculate the amount of solvent per mole (its molar mass). Pure benzene has a freezing temperature of 5.5 °C and a boiling point of 80.1 °C. What o o expected freezing points and boiling points for a 0.15m
solution of undained solution in benzene? f b For benzene, \(K_f =5.12 °C/m\) and \(K_b = 2.53 °C/m\). When dissolving 45.0 g of unknown non-regevolutionary noelectrolyte in 500.0 g of water, the resulting solution freezes at -0.930 °C. What is the molar mass of an unknown substance? \(K_f = 1.86 °C/m\) for water. Osmotic pressure is associated with a situation in which the
solution and pure solvent (or more diluted solution) are separated by a semi-permeable membrane that has pores only large enough to allow solvent molecules to pass through, but not soluble molecules. Since the concentration of solvent molecules is greater on the clean side of the solvent, more solvent molecules on this side will hit the membrane, hit the hole and pass through.
This leads to a clean flow of solvent from the clean side of the solvent towards the solution, leading to dilution over time. Many tissues in living organisms serve as semi-permeable membranes, and osmotic pressure is very important in understanding physiology. In 1887, Jacobus van 't Hoff found that the flow could be stopped or even reversed, applying pressure to the side of the
solution. The required minimum pressure to stop solvent diffusion in a solution called osmotic pressure, \(\Pi\) provided by \[\Pi = MRT \label{osmotic}\], where \(M\) is the molarity of the solution, \(T\) is the temperature in Kelvin, and \(R\) is a gas constant, \(0.08206\, L). mole)\). If pressure greater than \(\Pi\) is applied, reverse osmosis will occur, reducing the amount of solvent on
the part of the solution when it is transferred to the clean side of the solvent. This is used as one way to purify drinking water. Note that the equation \ref{osmotic} resembles the ideal gas law \[PV=nRT\] written with the definition of molarity \(M= n/V\) What is the osmotic pressure of a glucose solution of 0.100 M in torra at 25.0 °C? Sea water is approximately 0.60 M \(NaCl\). What
minimum applied pressure should be exceeded to achieve water purification by reverse osmosis at 25 °C? °C?
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