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In physics, the gas constant is defined as the product of pressure and volume. Rated with R and expressed as energy per temperature increase per mole. The R value in atm is constant. But the value of the gas constant can be expressed using different units. R is also known as the ideal gas constant or universal gas constant or molar constant. The value of the gas constant The R value at at at mt which is at the standard atmospheric pressure is R = 8,3144598 J.mol-1.K-1. The value R Value of R can be expressed in several units. The
table below included the list of R values in different units. Unit values R 8.3144598 J.K-1.mol-1 8.3144598 × 103 amu.m2.s-2.K-1 8.3144598 × 10-2 L.bar.K-1.mol-1 8.3144598 m3. Pa.K-1.mol-1 62.363577 L.Torr.K-1.mol-1 1.9872036 × 10-3 kcal. K-1.mol-1 8.2057338 × 10-5 m3.atm.K-1.mol-1 0.082057338 L.atm.K -1.mol-1 Constant gas formula The above value is calculated using the ideal gas equation as follows: PV = nRT \(\Rightarrow R=\frac{PV{nT}\) Where, P is the ideal gas pressure. V is the ideal gas volume. T is the temperature.
n is the number of moles of a certain substance I hope you have learned the value of R at ATM, along with the list of the value of R in different other units. Physics Related Topics: Stay tuned with BYJU for more such interesting articles. Also register with BYJU'S-The Learning App for lots of interactive, engaging physics related videos and an unlimited academic assist. May 28, 2019 @ 5 min readThe ideal gas constant is also known as the universal gas constant or molar gas constant or simply the gas constant. It is a very important
constant in chemistry and physics. It is noted as R. The size of the gas constant is expressed in energy per unit of mole per unit of temperature. The value of the gas constant in the SI unit is 8,314 J mol−1 K−1. The gas constant has the same unit as the thermal capacity of entropy and molar. The origin of the R symbol for the ideal gas constant is still obscure. Some say that the symbol of the gas constant is named in honor of the French chemist Henri Regnaut. He is known for his work of measuring the thermal properties of gases.
ContainedDefinition of the ideal gas constantThe ideal gas constant is the constant proportionality in the ideal gas equation. It is the ratio of the pressure product to volume to the mole product and temperature. Constant gas formula The formula of gas constant in the ideal gas law equation iswhere P is the pressure of an ideal gas,V is the volume that the gas occupies,n is the number of gas moles,and T is the temperature in the kelvin.SI unit of the ideal gas constantThe SI unit of the ideal gas constant can be determined pressure SI is Pa
or N m−2. Now, N m is the joule equivalent, which is the SI unit of energy. The value of the ideal gas constant in the SIAt STP unit (P = 101 325 Pa, Pa, molar volume or volume per mole is 22,414 × 10−3 m3 mol−1. Therefore, we can calculate the value R asThis is an approximate value of the ideal gas constant. With the 26th General Conference on Weights and Measures (CGPM), the revised and accurate value of the gas constant is 8,314 462 618 153 24 J mol−1 K−1.The values of the ideal constant in different unitsValue R in different
units is shown in the table below. Ideal gas constant value in different unitsValueUnit8.314 462 618 153 24J mol−1 K−18 314.462 618 153 24J kmol −1 K−18.314 462 618 153 2 4 × 107erg mol−1 K−18.314 462 618 153 24 × 103amu m2 s−2 K−18.205 733 8(47) × 10−5m3 atm mol−1 K−1 0.082 057 338(47)L atm mol−1 K−11.987 203 6(11)cal mol−1K−162.363 577(36)mmHg L mol−1 K−162.363 577(36)torr L mol−1 K−11 545.348 96(3)ft lbf lbmol−1 K−11.985 88Btu lbmol−1R−1998.970 1(17)ft3 mmHg lbmol−1K−110.731 59(2)ft3 psi
lbmol−1 R−1Gas-specific constantThe specific gas constant is a version of the ideal gas constant in mass form instead of molar form. It is defined as the ratio between the ideal gas constant and the molar gas of the gas. It has the energy size per unit of mass per unit of absolute temperature. Unit SI is J kg−1 K−1. It is noted as Rsp.where Mw is the molar mass or molecular weight of the gas. The molecular weight of hydrogen gas is 2 g mol−1. So, Rsp for hydrogen is calculated as:Similarly, for air with a molecular weight of 28.84 g mol−1.
Also, the specific gas constant is found in Mayer's relationship.where cp is the specific gas constant at constant pressure, and the CV is the specific thermal capacity at constant volume. The specific gas constant is very useful in the engineering applications of thermodynamics. The ideal gas constant and BoltzmannThe ideal gas constant and the Boltzmann constant (kB) are related to Avogadro's (NA) constant. The Boltzmann constant is the ratio between the ideal gas constant and the Avogadro constant. Using the equation, where m is
the mass per molecule of the gas. Gas constant in other important equationsApart from the above equations, the gas constant is also found in many other important equations of chemistry. Some of these equations are discussed below. The NernstEutst equation is an equation in electrochemistry that correlates the potential of an electrochemical reaction with the potential of the standard electrode. The equation is named after the German chemist Walther Nernst. For a semicellular electrochemical, the Nernst equation iswhere:Ered is the
low potential of the semicellular at T,E⊖red temperature is the standard potential of the semicellular, αred and αox are activities of the reduced and oxidized species, and z and F are the number of electrons transferred and the Faraday constant. Arrhenius The arrhenius equation is an important equation used in chemical kinetics. It is used to determine the constant rate k.where A is the constant Arrhenius and It is the activation energy. Articles Associated Copy Article Cite Ideal Gas Constant ChemistryGod, May 28, 2019, Thanks for the
reply! Probs #1-10 Probs #11-25 Examples and Problems Only KMT &amp; Gas Laws Menu The Ideal Gas Law was first written in 1834 by Emil Cpapeyron. What follows is just one way to derive the ideal gas law. For a static gas sample, we can write each of the six gas laws after the following: PV = k1 V / T = k2 P / T = k3 V / n = k4 P / n = k5 1 / nT = 1 / k6 Note that the last law is written in mutual form. The subscripts on the k indicate that six different values would be obtained. When you multiply them all together, you get: P3V3 / n3T3
= k1k2k3k4k5 / k6 Let the cube root of k1k2k3k4k5 / k6 be called R. Units operate: k1 = L-atm k2 = L / K k3 = atm / K k4 = L / mol k5 = atm / mol 1 / k6 = 1 / mol-K Each unit takes place three times and root cube yields L-atm / mol-K, the correct units for R when used in a gas law context. Therefore, we have: PV / nT = R or, more frequently: PV = nRT R is called the gas constant. Sometimes it is called the universal gas constant. If you get enough chemistry, you'll see it appear over and over again and again. The numeric value for the R R
value can be determined in several ways. This is just one way: We'll assume we have 1,000 mole of gas at STP. The volume of this amount of gas under STP conditions is known with a high degree of precision. We will use the value of 22,414 L. By the way, 22,414 L to STP has a name. It's called molar volume. It is the volume of any ideal gas at standard temperature and pressure. Let's connect our numbers in the equation: (1,000 atm) (22,414 L) = (1,000 mol) (R) (273.15 K) Notice the atmospheres were used, as well as the exact value
for the standard temperature. The resolution for R gives 0.08206 L atm/mol K when rounded to four significant digits. It's usually enough. Remember the value. You're going to need it to solve problems. Notice the strange drive on the R: say out loud the liter atmospheres on the Kelvin mol. This is not the only R value that can exist. (Here's a bunch.) Depends on the units you select. Those of you who take more chemistry than high school will meet with 8.31447 Joules on The Kelvin mole, but that's for another time. ChemTeam will use
0.08206 in gas issues almost every time. Example #1: A gas sample at 25.0 °C has a volume of 11.0 L and exerts a pressure of 660.0 mmHg. How many gas moles are in the sample? Solution: 1) PV = nRT: (660.0 mmHg / mmHg/1.00 atm) (11.0 L) = (n) (0.08206 L atm/ mol K) (298 K) Note the conversion from mmHg to atm and from Celsius to Kelvin. 2) Solve: Solve: atm) (11.0 L) n =
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
K) n = 0.391 mol Example #2: A gas sample at 28.0 °C has a volume of 6.20 L and exerts a pressure of 720.0 mmHg. How many gas moles are in the sample? Solution: 1) PV = nRT: (720.0 mmHg / 760.0 mmHg/1.00 atm) (6.20 L) = (n) (0.08206 L atm / mol K) (301 K) Note conversion from mmHg to atm and from Celsius to Kelvin. 2. Calculate: n = 0,238 mol Example #3: Calculate the approximate volume of a gas sample of 0,400 mol at 11,0 °C and a pressure of 2,43 atm. Solution: 1) PV = nRT: (2.43 atm) (V) = (0.400 mol) (0.08206 L
atm / mol K) (284 K) 2) Calculate: (0,400 mol) (0.08206 L atm / mol K) (284 K) V =
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
#4–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––mmHg and a volume of 6.00 L. Solution: 1) PV = nRT: (780 mmHg) (6.00 L) = (0,300 mol)
(62,3638 L/ mol K) (284 K) Note the different value and unit for R, to be in agreement with the use of mmHg for the pressure unit. Alternatively, you could convert 780. mmHg at at atm and then use 0.08206 L atm/mol K for the value of R. A variety of values for R can be found here. 2) T = PV / nR T = [(780.) (6.00)] / [(0,300) (62.3638)] T = 250. K The problem does not specify the final unit, but Celsius is most often requested. 250 − 273 = −23 °C Example #5: What is the pressure exerted by 2,3 mol of a gas with a temperature of 40. °C and
a volume of 3,5 L? Solution: PV = nRT (P) (3.5 L) = (2.3 mol) (0.08206 L atm / mol K) (313 K) P = [(2.3) (0.08206) (31) 3)] / 3.5 P = 16.9 atm Example #6: It is found that a sample of dry gas weighing 2,1025 grams occupies 2,850 L at 22,00 °C and 740,0 mmHg. How many gas moles are present? Solution: 1) I will change the pressure units at atm., so as to keep with my preferred value for R: 740.0 mm Hg ÷ 760.0 mm Hg/atm = 0.973684 atm 2) Now, connect to the equation and resolve for n: (0.973684 atm) (2.850 L) = (n) (0.08206 L atm /
mol K) (295.0 K) At four fig sig, the answer is 0.1146 mol 3) I will use 0.1146329 mol in the following example and round at the end of the year. Example #7: Using the above problem, what is the molar mass of the gas? This is a very common use of this law and the chances are very good, you will see this type of question on a test. The key is to remember the units on the molar mass: grams per mole. We know from the problem statement that 2.1025 grams of gas is involved and we also know how many moles that is. We know that from
doing the above calculation and 0.1146329 mol. So all we have to do is divide the grams of gas by how many moles it is: 2,1025 g ÷ 0.1146329 mol = 18,34 g/mol Let's skip these steps for using the Ideal Gas Act to molar mass of gas: (1) You need to know the grams of gas involved. Usually the problem will only give you value, but not always. You might have to calculate it. (2) You will have to calculate gas moles. Use PV = nRT and resolve for n. Be sure to use L, ATM and K. (3) Divide grams of moles and that's not your answer.
Reminder: it is almost 100% certain that you will be asked a determine-molar-mass question on Gas Testing Laws. Example #8: At STP, a 5.00 L air-filled balloon has a mass of 543,251 g. The air in the flask is replaced by another gas and the mass of the flask is 566,107 g. Air density is 1.29 g/L. What is the gas that replaced the air? Solution: 1) Calculate the mass of the air in the flask: (1.29 g/L) (5.00 L) = 6.45 g 2) Calculate the mass of the flask: 543,251 g − 6.4 5 g = 536.801 g 3) Calculate the mass of unknown gas: 566,107 g −
536,801 g = 29,306 g 4) Calculate unknown gas moles : PV = nRT (1.00 atm) (5.00 L) = (n) (0.08206) (273 K) n = 0.22319 mol 5) Calculate the molar mass of unknown gas: 29.306 g / 0.22319 mol = 131.3 g/mol 6) Use the periodic table to search for which element of gas is closest to 131.3 g/mol. The unknown gas could be xenon. Example #9: A vessel at 25.0 °C is discharged at a point where the remaining amount of gas is 5,00 x 109 molecules per m3. What's the pressure in the vessel? One cubic meter solution: 1) Determination of gas
moles present in 1 m3: (5.00 x 109 molecules) / (6,022 x 1023 molecules/mole) = 8,303 x 10 15 mol 2) Use of the Ideal Gas Law : PV = nRT (P) (1.00 m3) = (8.303 x 10 10 15 mol) (8.20575 x 10 05 m3 atm / mol K) (298 K) I looked up the value for R here. P = 2.03 x 10 016 atm Solution using one liter: This is the solution given by the person who answered the question on Yahoo Answers. I made minor style changes to make it a little clearer. take 1 liter of volume, which is 0.001 m3. So there are 5e6 molecules. 6.022e23 molecules/mole
(Avogadro's constant) 1 mole is 6.022e23 molecules, so (5e6 molecules) x (1 mol/6.022e23) = 8.303e-18 mol Ideal gas law PV = nRT n = number of moles R = gas constant = 0.08 206 (L atm)/(mol K) T = temperature in Kelvins P = absolute pressure in atm V = volume in liters P = nRT/V = (8.303e-18) (0.08206) (298) / 1 = 2.03e-16 atm Comment by ChemTeam: I will often change the pressure at atm, use the value 0.08206. Here, I simply looked up the value of R rather than change the volume to liters. On a test, you may not have this
luxury, so consider making sure you like to change a volume as m3 per litre. Example #10: Of the following gases, which has a density of 0,906 g/L at 315 K and 1,16 atm. (a) Ne(b) Ar(c) Kr(d) Xe(e) He Solution #1: PV = (1.16 atm) (1.00 L) = (n) (0.08206 L atm / mol K) (315 K) n = 0.044876 mol 0.906 g / 0.044876 mol = 20.19 g/mol Solution #2: PV = nRT PV = (m/M)RT Since density = m/V, we have this (after replacement replacement rearrangement): PVM = mrRT M = mrRT / PV M = [(0,906 g) (0.08206 L atm / mol K) (315 K)] / [(1.00 L)
(1.16 atm)] = 20.19 g/mol Neon. #3 solution (without PV = nRT): At STP , 1 mole of gas has a volume of 22,414 L Using the Combined Gas Law, convert volume to 315 K and 1.16 atm: (22.414) (315/273) (1.00/1.16) = 22.295 L Now you need to calculate the densities until you get the correct answer: Ne---&gt; 20.180 g / 22.295 L = 0.905 g / L For the sake of comparison, here is argon: Ar ---&gt; 39.95 g / 22.295 L = 1.79 g/L Example #11: A sample of 0.105 g of an unknown diatomic gas contained in a 125 mL vessel has a pressure of 560
torr at 23 &amp;175;C. What is the molar mass of the gas? What is the identity of the gas? Solution: PV = nRT (560 torr / 760 torr/atm) (0.125 L) = (n) (0.08206 L atm / mol K) (296 K) n = 0.003792 mol 0.0.0792 mol 0.0,0792 mol 0.0.00 105 g / 0.003792 mol = 27.7 g/mol Nitrogen has a molar mass of 28.0 g/mol Example #12: If 1.0 g of each of the following gases is taken to STP, which would occupy the largest volume? (a) CO (b) H2O (c) CH4 (d) NO (e) All would occupy the same volume. Solution: 1) Change PV = nRT after follows: V =
nRT / P Since RT / P are the same for each gas, the highest volume will be for the gas with the highest number of moles. 2) Consequently, the highest number of moles in a 1.0 g gas will be for the compound with the smallest molar mass: CO ---&gt; 28,0 g/mol H2O ---&gt; 18,0 g/mol CH4 ---&gt; 16,0 g/mol NO ---&gt; 30,0 g/mol 1,0 g of methane, CH4, will have the highest volume at STP. Example #13: If 12.8 g of liquid helium at 1.7 K is completely vaporized. What volume does helium occupy at STP? Solution: We don't care about 1.7 K.
One reason is that at 1.7 K, helium is not yet a gas, because helium vaporizes at about 4.25 K. Another reason is that we only care about the helium situation at STP, we don't care what helium did at lower temperatures. 1) Determination of helium moles: 12.8 g / 4,0026 g/mol = 3,1979 mol 2) Use PV = nRT: (1,00 atm) (x) = (3,1979 mol) (0.08206 L atm / mol K) (273.15 K) x = 71.6799 L At three figs sig, 71.7 L Using more frequent 273 K for standard temperature results in 71.6 L. Be sure to use the value for the standard temperature used
by your teacher. This is the value it uses to calculate test responses. Example #14: An elemental gas (which means it is made from an element) has a mass of 10.3 grams. Occupies 58.4 L at 1.00 atm and 2.50 °C. Identifies the gas. Solution: 1) Use the ideal gas law to determine the gas moles present: PV = nRT (1.00 atm) (58.4 L) = (n) (0.08206 L atm mol 1 K1) (275,2 50 K) n = 2.58321 mol 2) Determine the molecular weight (molar mass) of the gas: 10.3 g / 2.58321 mol = 3.99 g/mol (three figs sig) 3) Gases are noble gases, most
halogens, hydrogen, oxygen, and nitrogen. We examine the atomic weights in the periodic table and determine be helium. Example #15: An elemental gas (which means it is made from an element) has a mass of 10.3 grams. It occupies 4.27 L at 1.00 atm and 85.0 °C. Identifies the gas. Solution: PV = nRT (1.00 atm) (4.27 L) = (n) (0.08206 L atm mol 1 K 1) (358.0 K) n = 0.14535 mol 10.3 g / 0.14535 mol = 70.9 g/mol Look 70.9 in the periodic table and do not find it. What am I supposed to do? Aha! Remember that there are diatomic
gases. Look for 35.45 (half of 70.9) and find chlorine. Diatomic gas eous chlorine, Cl2, is the answer. Bonus example #1: One of the methods of estimating temperature in the center of the sun is based on the ideal gas equation. If the centre is assumed to be a mixture of gases with an average molar mass of 2,04 g/mol and the density and pressure are 1,14 g/cm3 and 2,01 x 109 atm respectively, the temperature shall be calculated. Solution: 1) Use density and molar mass to determine gas moles in 1.00 L: 1.00 L = 1000 mL = 1000 cm3
(1.14 g/cm3) (1000 cm3) = 1140 g 1140 g / 2.04 g/mol = 558.824 mol You can use any volume you want. I used 1.00 L to make PV = nRT calculation just a little simpler. 2) Use the Ideal Gas Law: PV = nRT (2.01 x 109 atm) (1.00 L) = (558.824 mol) (0.08 206 L atm / mol K) (T) T = 4.38 x 107 K (at three fig sig) Bonus Example #2: (a) A gas has a temperature of 300. K and a pressure of 104 kPa. Find the busy volume of 1.05 mol of this gas, assuming it is ideal. (b) Assuming that gas molecules can be approximated as small spheres with a
diameter of 3,0 x 10 10 m, determine the fraction of the volume found in part (a) that is occupied by the molecules. Solution: 1) PV = nRT: (104 kPa / 101.325 kPa/atm) (V) = (1.05 mol) (0.08206 L atm / mol K) (300. K) V = 25,184 L In three figs sig, the answer is 25.2 L 2) PV = nRT with slightly different numbers: PV = nRT where P = 104000 Pa, n = 1.05 mol, R = 8,314 Pa m3/mol K, T = 300. K. V = nRT/p = (315) (8.31447 m3) / 104000 = 0.025183 m3 Note is displayed only the final unit that survives in response. V = 0.0252 m3 3) Number
of molecules in 1.05 moles: (1.05 mol) (6.022 x 1023 mol molecules 1) = 6.3231 x 1023 molecules 4) Volume an individual molecule is: (4/3) (3.14159) (1.5 x 10 10 m)3 = 1.4137 x 10 029 m3 5) Total volume of molecules in m3: (6.32 31 x 1023 molecules) (1.4137 x 10 029 m3 / molecule) = 0.00000894 m3 6) Fraction of the volume of gas that is occupied by matter is: 0.0 00000894 m3 / 0.025183 m3 = 0.000355 or approximately 1/2817 of total volume Probs #1-10 Probs #11-25 Examples and problems only KMT &amp; Gas Laws Menu
Menu
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