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Description


Caribbean Advanced Proficiency Examinations (CAPE) Chemistry – UNIT 1 Mole Concept Worksheet ©2015 M. December



Mole Concept 1. Calculate the mass of 500 atoms of Fe. 2. Freon-12 (CCl2F2) is used as a refrigerant in air conditioners and as a propellant in aerosol cans. Calculate the number of molecules of Freon-12 in 5.56 mg of Freon-12. What is the mass of chlorine in 5.56 mg of Freon-12? 3. Bauxite, the principal ore used in the production of aluminium, has a molecular formula of Al2O3.2H2O. a. What is the molar mass of bauxite? b. What is the mass of aluminium in 0.58 mol bauxite? c. How many atoms of aluminium are in 0.58 mol bauxite? d. What is the mass of 2.1 x 1024 formula units of bauxite? 4. What amount (moles) is represented by each of these samples? a. 20.0 mg caffeine, C8H10N4O2 b. 2.72 x 1021 molecules of ethanol, C2H5OH c. 1.50 g of dry ice, CO2 5. Chloral hydrate (C2H3Cl3O2) is a drug formerly used as a sedative and hypnotic. It is the compound used to make “Mickey Finns” in detective stories. a. Calculate the molar mass of chloral hydrate. b. What amount (moles) of C2H3Cl3O2 molecules are in 500.0 g chloral hydrate? c. What is the mass in grams of 2.0 x 10-2 mol chloral hydrate? d. What number of chlorine atoms are in 5.0 g chloral hydrate? e. What mass of chloral hydrate would contain 1.0 g Cl? f. What is the mass of exactly 500 molecules of chloral hydrate? 6. Dimethylnitrosamine, (CH3)2N2O, is a carcinogenic (cancer causing) substance that may be formed in foods, beverages, or gastric juices from the reaction of nitrite ion (used as a food preservative) with other substances. a. What is the molar mass of dimethylnitrosamine? b. How many moles of (CH3)2N2O molecules are present in 250 mg dimethylnitrosamine? c. What is the mass of 0.050 mol dimethylnitrosamine? d. How many atoms of hydrogen are in 1.0 mol dimethylnitrosamine? e. What is the mass of 1.0 x 106 molecules of dimethylnitrosamine? f. What is the mass in grams of one molecule of dimethylnitrosamine?



Empirical and Molecular Formula 1. The most common form of nylon (nylon-66) is 63.68% carbon, 12.38% nitrogen, 9.80% hydrogen, and 14.14% oxygen. Calculate the empirical formula for nylon-66. 2. A sample of urea contains 1.121 g N, 0.161 g H, 0.480 g C, and 0.640 g O. What is the empirical formula of urea? 3. A compound containing only sulphur and nitrogen is 69.6% S by mass; the molar mass is 184 g/mol. What are the empirical and molecular formulas of the compound? 4. Determine the molecular formula of a compound that contains 26.7% P, 12.1% N, and 61.2% Cl, and has a molar mass of 580 g/mol. 5. Formaldehyde, CH2O, is unstable as a pure gas, readily forming a mixture of a substance called trioxane and a polymer called paraformaldehyde. That is why formaldehyde is dissolved in a solvent, such as water, before it is sold and used. The molecular formula of trioxane, which contains carbon, hydrogen, and oxygen, can be determined using the data from two different experiments. In the first experiment, 17.471 g of trioxane is burned, and 10.477 g H 2O and 25.612 g CO2 are formed. In the second experiment, the molecular mass of trioxane is found to be 90.079. Determine the molecular formula of trioxane. Mass Calculations 1. (a)



Balance the following equation: Fe2O3(s) + CO(g) → Fe(l) + CO2(g)



(b)



Iron(III) oxide is reduced to iron in the blast furnace according to the equation completed in part (a). How much iron (III) oxide is needed to produce 112g of iron?



(c)



How much iron can be made from 320 tonnes of iron (III) oxide?



d)



A certain iron ore is impure iron (III) oxide. 320 tonnes of this ore will make 202 tonnes of iron. What is the percentage purity of the iron ore?



2. The reusable booster rockets of the U.S. space shuttle employ a mixture of aluminium and ammonium perchlorate for fuel. A possible equation for this reaction is: 3Al(s) + 3NH4ClO4(s) → Al2O3(s) + AlCl3(s) + 3NO(g) + 6H2O(g) What mass of NH4ClO4 should be used in the fuel mixture for every kilogram of Al? 3. One of relatively few reactions that takes place directly between two solids at room temperature is: Ba(OH)2.8H2O(s) + NH4SCN(s) → Ba(SCN)2(s) + H2O(l) + NH3(g) In this equation, the .8H2O in Ba(OH)2.8H2O(s) indicates the presence of eight water molecules. This compound is called barium hydroxide octahydrate. (a) Balance the equation. (b) What mass of ammonium thiocyanate (NH4SCN) must be used if it is to react completely with 6.5 g barium hydroxide octahydrate?



4. Elixirs such as Alka-Seltzer use the reaction of sodium bicarbonate with citric acid in aqueous solution to produce a fizz: 3NaHCO3(aq) + C6H8O7(aq) → 3CO2(g) + 3H2O(l) + Na3C6H5O7(aq) (a) What mass of C6H8O7 should be used for every 1.0 x 102 mg NaHCO3? (b) What mass of CO2(g) could be produced from such a mixture? 5. Phosphorus can be prepared from calcium phosphate by the following reaction: 2Ca3(PO4)2(s) + 6SiO2(s) + 10C(s) → 6CaSiO3(s) + P4(s) + 10CO(g) Phosphorite is a mineral that contains Ca3(PO4)2 plus other nonphosphorus-containing compounds. What is the maximum amount of P4 that can be produced from 1.0 kg of phosphorite if the phorphorite sample is 75% Ca3(PO4)2 by mass? Assume an excess of the other reactants. 6. Coke is an impure form of carbon that is often used in the industrial production of metals from their oxides. If a sample of coke is 95% carbon by mass, determine the mass of coke needed to react completely with 1.0 tonne of copper (II) oxide. 2CuO(s) + C(s) → 2Cu(s) + CO2(g) 7. The space shuttle environmental control system handles excess CO2 (which the astronauts breathe out; it is 4.0% by mass of exhaled air) by reacting it with lithium hydroxide, LiOH, pellets to form lithium carbonate, Li2CO3, and water. If there are 7 astronauts on board the shuttle, and each exhales 20. L of air per minute, how long could clean air be generated if there were 25,000 g of LiOH pellets available for each shuttle mission? Assume the density of air is 0.0010 gmL. Avogadro’s Law Calculations 1. Consider the following reaction: 4Al(s) + 3O2(g) → 2Al2O3(s) It takes 2.00 L pure oxygen gas at STP to react completely with a certain sample of aluminium. What is the mass of aluminium reacted? 2. A student adds 4.00 g dry ice (solid CO2) to an empty balloon. What will be the volume of the balloon at STP after all the dry ice sublimes (converts to gaseous CO2)? 3. Air bags are activated when a severe impact causes a steel ball to compress a spring and electrically ignite a detonator cap. This causes sodium azide (NaN3) to decompose explosively according to the following reaction: 2NaN3(s) → 2Na(s) + 3N2(g) What mass of NaN3(s) must be reacted to inflate an air bag to 70.0 L at STP? 4. Concentrated hydrogen peroxide solutions are explosively decomposed by traces of transition metal ions (such as Mn or Fe): 2H2O2(aq) → 2H2O(l) + O2(g) What volume of pure O2(g), collected at 27 oC and 746 torr, would be generated by decomposition of 125 g of a 50.0% by mass hydrogen peroxide solution? Ignore any water vapour that may be present.



5. In 1897 the Swedish explorer Andreé tried to reach the North Pole in a balloon. The balloon was filled with hydrogen gas. The hydrogen gas was prepared from iron splints and diluted sulfuric acid. The reaction is: Fe(s) _ H2SO4(aq) → FeSO4(aq) + H2(g) The volume of the balloon was 4800 m3 and the loss of hydrogen gas during filling was estimated at 20%. What mass of iron splints and 98% (by mass) H2SO4 were needed to ensure the complete filling of the balloon? Assume a temperature of 0 oC, a pressure of 1.0 atm during filling, and 100% yield. Molarity Calculations 1. A solution of sodium hydroxide contained 0.250 moldm-3. Using phenolphthalein indicator, titration of 25.0 cm3 of this solution required 22.5 cm3 of a hydrochloric acid solution for complete neutralization. (a) Write the equation for the titration reaction. (b) What apparatus would you use to measure out: (i) (ii) (c) (d) (e) (f) (g)



the sodium hydroxide solution? the hydrochloric acid solution?



What would you rinse your apparatus out with before doing the titration? What is the indicator colour change at the end-point? Calculate the moles of sodium hydroxide neutralized. Calculate the moles of hydrochloric acid neutralized. Calculate the concentration of the hydrochloric acid in mol/dm3 (molarity).



2. A solution made from pure barium hydroxide contained 2.74 g in exactly 100 cm 3 of water. Using phenolphthalein indicator, titration of 20.0 cm3 of this solution required 18.7 cm3 of a hydrochloric acid solution for complete neutralization. [atomic masses: Ba = 137, O = 16, H = 1) (a) (b) (c) (d) (e)



Write the equation for the titration reaction. Calculate the molarity of the barium hydroxide solution. Calculate the moles of barium hydroxide neutralized. Calculate the moles of hydrochloric acid neutralized. Calculate the molarity of the hydrochloric acid.



3. 4.90g of pure sulphuric acid was dissolved in water, the resulting total volume was 200 cm 3. 20.7 cm3 of this solution was found on titration, to completely neutralize 10.0 cm3 of a sodium hydroxide solution. [atomic masses: S = 32, O = 16, H = 1) (a) (b) (c) (d) (e)



Write the equation for the titration reaction. Calculate the molarity of the sulphuric acid solution. Calculate the moles of sulphuric acid neutralized. Calculate the moles of sodium hydroxide neutralized. Calculate the concentration of the sodium hydroxide in moldm-3 (molarity).



4. 100 cm3 of a magnesium hydroxide solution required 4.5 cm3 of sulphuric acid (of concentration 0.100 moldm-3) for complete neutralization. [atomic masses: Mg = 24.3, O = 16, H = 1) (a) (b) (c) (d) (e)



Give the equation for the neutralization reaction. Calculate the moles of sulphuric acid neutralized. Calculate the moles of magnesium hydroxide neutralized. Calculate the concentration of the magnesium hydroxide in moldm-3 (molarity). Calculate the concentration of the magnesium hydroxide in gcm-3.



5. Magnesium oxide is not very soluble in water, and is difficult to titrate directly. Its purity can be determined by use of a 'back titration' method. 4.06 g of impure magnesium oxide was completely dissolved in 100 cm3 of hydrochloric acid, of concentration 2.00 moldm-3 (in excess). The excess acid required 19.7 cm3 of sodium hydroxide (0.200 moldm-3) for neutralization. This 2nd titration is called a 'back-titration', and is used to determine the unreacted acid. [atomic masses: Mg = 24.3, O = 16) (a) (b) (c) (d) (e) (f)



Write equations for the two neutralization reactions. Calculate the moles of hydrochloric acid added to the magnesium oxide. Calculate the moles of excess hydrochloric acid titrated. Calculate the moles of hydrochloric acid reacting with the magnesium oxide. Calculate the moles and mass of magnesium oxide that reacted with the initial hydrochloric acid. Hence the % purity of the magnesium oxide.



6. 2.00 dm3 of concentrated hydrochloric acid (10.0 M) was spilt onto a laboratory floor. It can be neutralized with limestone powder. [atomic masses: Ca = 40, C = 12, O = 16) (a) (b) (c) (d) (e)



Give the equation for the reaction between limestone and hydrochloric acid. How many moles of hydrochloric acid was spilt? How many moles of calcium carbonate will neutralize the acid? What minimum mass of limestone powder is needed to neutralize the acid? If 1000 dm3 of sulphuric acid, of concentration 2.00 mol dm-3, leaked from a tank, calculate the minimum mass of magnesium oxide required to neutralize it.



7. Citric acid is the most common acid in citrus fruits and its concentration can be estimated by titration with sodium hydroxide. The reaction is as follows: C3H5O(COOH)3 (aq) + 3 NaOH (aq) → C3H5O(COONa)3



(aq) +



H2O (l)



Given that 35.5 cm3 of sodium hydroxide of concentration of 12.0 g/dm3, was used in the determination of the citric acid concentration in 10 cm3 of squeezed lemon juice and assuming all the acidity is due to citric acid, calculate the following: (a) What mass of sodium hydroxide reacted with the lemon juice? (b) What mass of citric acid reacted with the 0.426 g of sodium hydroxide? (c) Calculate the concentration of citric acid in the lemon juice?



8. A solution of hydrochloric contained 7.3 g HCl/dm3. A solution of a metal hydroxide of formula MOH was prepared by dissolving 4.0g of MOH in 250 cm3 of water. M is an unknown metal but it is known that the ionic formula of the hydroxide is M+OH-. 25cm3 samples of the MOH solution were pipetted into a conical flask and titrated with the hydrochloric solution using a burette and a few drops of phenolphthalein indicator. All the MOH is neutralised as soon as the pink indicator colour disappears (i.e. the indicator becomes colourless). On average 19.7 cm3 of the HCl acid solution was required to completely neutralise 25.0 cm3 of the MOH solution. [Atomic masses: H = 1, Cl = 35.5, O = 16, M = ?] (a) (b) (c) (d) (e)



Give the equation for the reaction between the metal hydroxide and the hydrochloric acid. Calculate the mass of HCl used in each titration. Calculate the mass of MOH that reacts with the mass of HCl calculated in (b). Calculate the formula mass of HCl. Calculate the mass in g of MOH that reacts with 36.5g of HCl and hence the formula mass of MOH. (f) What is the atomic mass of the metal? (g) From the formula information on the metal hydroxide deduce the following giving reasons: (i) What group of the periodic table is M likely to be from? (ii) Which metal is M likely to be? 9. Given the equation: CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l). If 25.00 cm3 portions of vinegar (ethanoic acid, CH3COOH, 'acetic acid') from a local supermarket were pipetted into a conical flask and titrated with a standardised solution of sodium hydroxide, of concentration 0.2000 mol/dm3 using phenolphthalein indicator. (a) If the average titration value was 14.70 cm3 of the sodium hydroxide solution, what is the molarity of the ethanoic acid in the vinegar? (b) If a bottle of vinegar from the super-market contained 250 cm3 of liquid, how many grams of ethanoic acid are in the solution?
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