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								    				    ANALYTICAL CHEMISTRY Analytical Chemistry- branch of chemistry that deals with the separation, identification and composition of matter. Qualitative Analysis- analysis that reveals the components of the sample Quantitative Analysis- analysis that determines the amount of components present in the sample. Methods of Analyses A. Classical Methods 1. Gravimetric Method- deals with the measurement of the mass of a substance that is chemically related to the analyte 2. Volumetric Method- measures the volume of solution necessary to react completely with the analyte. B. Modern Methods 1. Spectroscopic Method- measures the electromagnetic radiation produced by the analyte or its interaction with it. 2. Electroanalytic Method- measures the electrical properties of the analyte such as current, potential, resistance, and amount of charge. Gravimetric Analysis Choice of solvents 1. Water (with or without heating) 2. Non-oxidizing acid 3. Oxidizing acid 4. Aqua regia 5. Fluxing Agent (Na2CO3, H2O2) Elements/Ions Precipitating Final Form After to be pptd Agent Ignition Cl, Br, I AgNO3 AgCl, AgBr, AgI SO4-2 BaCl2 BaSO4 Fe, Cr, Al NH3 Fe2O3, Cr2O3, Al2O3 Mg (NH4)2HPO4 Mg2P2O7 K H2PtCl6 K2PtCl6



% analyte = GF=



wt ignited form×GF ×100 wt sample



MW analyte X analyte × MW ignited form Y ignited form



2.



Back titration- an excess standard solution is added and the excess is determined by the addition of another standard solution ml



% analyte =



3.



ml



[ M xcs V xcs - M back Vback ×



x mmol xcs m mmol a ]× y mmol back n mmol xc



mg sample



Replacement titration- the analyte is converted to a product of such reaction is titrated with the standard solution.



aA ( analyte ) + bB (excess) → cC cC + tT (titrant)→ pP



c mmol C a mmol A × t mmol titrant c mmol % analyte , A = mg sample M T V ml T ×



Ex: HgO + 4 I - + H2 O→Hg I-24 +2H O −¿ +HCl→ H 2 O+ Cl H O¿ Acid-Base Equilibria 1. Definitions  Arrhenius Acid: H3O+ Base: HO Lewis “EPAL” --- electron pair acceptor Lewis  Bronsted-Lowry “PDA” --- proton donor acid 2. Strengths of Acid and Base Strong Acids: HCl, HBr, HI, HClO3, HClO4, HNO3, H2SO4 Strong Bases: Grp 1A-2A (NaOH, KOH, etc) Weak Base: NH3 and derivatives 3. Ionization Reactions +



HCl + H2 O→ H3 O + Cl



-



H2 SO 4 + H2 O → H 3 O+ + HSO-4 Primary standard- substance of high purity used for standardization Conditions of a Good Primary Standard 1. High purity and high equivalent weight 2. Stable towards air, high temperature and humidity 3. Soluble in water Types of Titration 1. Direct titration- analyte reacts with the standard solution directly



% analyte =



M titrant V ml titrant × mg sample



x mmol analyte mg analyte × y mmol titrant mmol analyte



HSO-4 + H2 O ↔ H3 O+ + SO2+ 4 amphoteric, amphipatic, ampholyte, amphiprotic – substances that can act as acid or base 4. Autoprotolysis of water



H2 O + H 2 O ↔ H 3 O + + HO1x10-14 @ 25C Kw = 5.7x10-14 @ 50C 49x10-14 @100C 5. pH of Strong Acids and Strong Base



×100



K eq = Kw =



[ [



 _____ HF – KF _____ KNO3 – HNO3 _____ NaH2PO4 – Na2HPO4



x 22 + x - Kw +M Mx Kw = =0 0 SA pH = = 14 + + SA:: pH log x



SB pH = = SB:: pH -log x



[Shortcut] pH = -log MSA + log [nOHMSB]



pH = 14



Ex: pH of 1x10-7 M HCl pH = -log 1x10-7 = 7.00 wrong x2 + (1x10-7)(x) – 1x10-14 = 0 x= 6.18034x10-8 pH = 14 + log x = 6.79 correct pH of 1x10-12 M HCl x2 + 1x10-12)(x) – 1x10-14 x= 9.99995x10-8 pH = 14 + log x



≈



7.00



6. pH of Weak Acids, Weak Bases, Acidic Salts and Basic Salts



x 22 + Kx - KM= 0 WA & AS: pH = -log x



WA: pH =



[Shortcut]



pH of a buffer sol'n = p K A – log



WB & BS: pH 14+log x



1 log[ M WA K A ] 2



if KB is given: pH = 14 - log



ACID + BASE → SALT (pH equiv) + H2 O



Indicator



pKA SA +



SB



neutral (pH = 7) 7.10 WA + SB basic (pH > 7) phenolthalein 9.00 SA + WB acidic (pH < 7) methyl orange 3.46 methyl red 5.00 bromothymol blue



Bromocresol green



4.66 = Mixture of Bases  Compatible mixtures contain: a. Na2CO3 & NaHCO3 b. Na2CO3 & NaOH  Na2CO3 is a common component  Usually V0-ph & Vph-MR are given  If V0-MR is given, calculate



V ph - MR = V0 - MR - V0-ph If V0-ph > Vph-MR



NaOH---diff in V Na2CO3---smaller V NaHCO3---diff in V Na2CO3---smaller V



If V0-ph < Vph-MR



BS: pH = 7 +



1 log[ M BS / K A ] 2



7. Hydrolysis of Salts  Salts of weak acid and/or base hydrolyze in water  Strong conjugates hydrolyze in water Example: which of the following salts hydrolyze in water? Identify the strong conjugate. 1. NaOH 2. NH4Cl 3. NH4Ac 8. Salts of Weak Acids and Weak Bases



pH = -log



√



mol acidic component mol basic component



10. Indicators



1 WB: pH = 14 + log[ M WB K B ] 2 1 AS: pH = 7- log[ M AS / KB ] 2



Precipitation Titration METHO APPLICATIO TITRAN D N T Mohr HalidesD & AgNO3 CyanidesD Volhard SilverD & KSCN HalidesI Fajan



HalidesD



AgNO3



INDICATOR Na2CrO4 (red ppt) Fe+3 (red complex) Fe(SCN)++ thiocyanato iron(III) dichlorofluoroscein



Complex Formation Titration  Leibig Method



Ag + + CN - → Ag(CN)-2 dicyanoargentate



KW KA KB



9. Buffer Solutions  Solution containing weak acid or weak base and its conjugate  Resist changes in pH Identify if the following are buffer pairs _____ NH3 – NH4Cl _____ NaCl – HCl



mol acidic compone mol basic compone







Determination of Nickel



4 CN 1 Ni



-



addition of excess CN-



 2 CN1 A g+ 



EDTA Titration titrant: free acid, disodium salt indicator: EBT (wine red – royal blue) calmagite



Redox Titration Oxidation (LEORA)- increase in oxidation state Redyction (GEROA) – decrease in oxidation state Determine the oxidation state of the underlined element 1. KMnO4 2. Cr2O7 3. Na2C2O4 4. I3 5. KClO3 6. KO2 7. S2O3 8. Na3PO4 9. S4O6-2 10. Na2B4O7 Assign oxidation state, determine whether the rection is oxidation or reduction and determine loss or gain or electrons. 1.



MnO4 ↔ Mn +2



2.



2S2 O 3 ↔ S4 O6



3.



Cr 2 O -27 ↔2 Cr +2



4.



C2 O4 ↔ 2CO2



5.



2I3- ↔ 3I 2



6.



MnO2 ↔ Mn



7.



ClO-3 ↔ Cl -



8.



2O -2 ↔ O2



9.



SO-24 ↔ S-2



10.



I 2 ↔ 2I-



-2



-2



-2



+2



For redox titration OXIDANTS



KMnO4 *acidic basic/neutral K2Cr2O7 MnO2 I2 Ce+4



COMBINING RATIO (also f in N = fM) 5 3 6 2 2 1



 REDUCTANTS



Na2C2O4 (C2O4-2) FeSO4 (Fe+2) Fe metal Na2S2O3 KI As2O3



COMBINING RATIO (also f in N = fM) 2 1 2 1 1 4



Exercises no.2: Analytic Chemistry Direction:



Write the letter of the best answer on the space before the number of each item.



1. In a quality assurance department of a food company, testing of purity of baking soda supplied to a bread company is done by titration of a boiled solution of the sample with sulfuric acid solution. But instead of direct tritration of the solution, back titration is preffered by the customer. Under the procedure from the customer for testing the product, 20ml of sulfuric acid solution is added to the hot basic solution. Instead of titrating the excess acid, a 20ml NaOH is added making the solution basic again, and it is the excess NaOH which will be titrated with sulfuric acid. Why is this so? a. To keep the analysts busy all the time. b. To increase the accuracy of the test. c. To increase the purity/assay of the product. d. To have a result favorable to both parties. 2. In Mohr method of determining %salt of a sample, which of the following can be a substitute for K2Cr2O7 as indicator? a. potasium iodide c. sodium dichromate b. potasium hydroxide d. rubidium chloride 3. When is there a need for creating an aliquot? a. when the solution is still concentrated upon first dilution. b. when the analyst has nothing to do and wishes to extend the experiment. c. when the reagents are too many so that they will not be wasted. d. when the buret available has small range calibration. 4. In a testing laboratory, a sample is dissolved in distilled water and titrated using phenolphthalein as indicator. The solution is colorless initially and turns faint pink at the end point. What is the nature of the sample? a. acidic b. basic c. neutral d. cannot be determined 5. Decrease in pH during an ozonation process of treating wastewater which initially contains heavy load of organic matter is due to a. formation of carbon dioxide liberated in the reaction b. formation of carboxylic acid as the reaction progresses c. reaction of highly corrosive ozone in the wall of the reactor d. unreacted ozone liberated 6. Potassium iodide (KI) solution, initially colorless, changes its color to _______ upon oxidation. a. brick red b. yellow c. light orange d. pink 7. A flavor seasoning mix is tested for percent salt (NaCl). A sample weighing 1.5g is dissolved in 500ml volumetric flask. Then 10g portion of the solution is extracted and diluted to 50g solution. The new solution is then titrated with 0.105M silver nitrate using potassium dichromate as indicator. Before the formation of brick red precipitate, what would first be observed? a. change of color from yellow to light orange b. bubble formation c. the solution cools d. formation of white precipitate



 8. Dilution of a buffer will cause_______ in its pH. a. an increase c. no change b. a decrease d. none of these 9. Chemicals which are tested by the manufacturers showing the actual percentages of impurities and labeled on the containers are called a. reagent grade chemicals c. certified reagent b. analytical reagent d. all of the above 10.Calculate the molar concentration of a solution that is 30% by wt ammonium nitrate and has specific gravity of 1.1252. a. 4.22M b. 6.85M c. 5.27M d. 3.08M 11.What volume in ml of 0.1 M NaOH must be added to 20ml of 0.1M HF to produce a solution of pH=9.00? 7.10? KA=6.2 x 10-10 a. 6.75, 5.01 b. 7.65, 0.15 c. 5.26, 2.15 d. 2.75, 1.50



 12.The aluminum in a 759.08 mg of impure ammonium aluminum sulfate sample was precipitated as Al(OH)3 and ignited at 1100C to yield a precipitate of Al2O3 weidhing 387.953mg. Express the result of analysis in terms of %Al. a. 27.05% b. 13.53% c. 18.67% d. 23.29% 13.What weight of an impure NaCl sample must be taken for analysis so that the weight of AgCl precipitate obtained in milligrams will be equal to the %Cl in the sample? a. 19.76mg b. 12.66mg c. 24.73mg d. 4.04mg 14.Which of the following salts is insoluble in water at 25C? a. NiNO3 b. Na2CO3 c. KI d. CaCO3 15.For titration of weak acid with a strong base, which indicator can be used? a. bromocresol green b. phenolphthalein c. methyl orange d. methyl red 16.Calculate the number of grams of NH 3 produced by the reaction of 5.40 g of hydrogen with an excess of nitrogen by the reaction N2 (g) + H2 (g) NH3 (g) a. 30.6g b. 60.3g c. 16.3g d. 36.1g 17.In the reaction:



+ H2 CO3 + H 2 O ↔ HCO-1 3 + H3 O



(1) (2) (3) (4) Determine which are the Bronsted acids? a. 1 and 4 b. 1 and 3 c. 1 and 2 d. 2 and 3 18.Which of the following solutions have lowest pH? a. HCN b. HNO3 c. NaCl d. NaOH 19.When 0.02 mole of a monoprotic acid is dissolved in 350ml of water, the pH is 3.05. What is the ionization constant of this acid? a. 1.4x10-4 b. 1.4x10-5 c. 1.4x10-6 d. 1.4x10-7 20.What mass in grams of NaC2H3O2 must be dissolved with 500ml of 0.100M acetic acid to make 2L of buffer solution of pH=5? K A=1.8x10-5 a. 2.28g b. 7.19g c. 7.38g d. 2.12g 21.What is the pH of the resulting solution made by mixing 5ml of 0.2178M HCl and 15ml of 0.1156M NH3? KNH3 = 1.8x10-5 a. 9.49 b. 9.90 c. 9.02 d. 12.74 22.In the standardization of an acid solution with sodium carbonate, why is it necessary to boil the solution before completing the titration? a. to eliminate the reaction products, carbon dioxide and carbonic acid b. to destroy the buffering action of the resulting solution due to the presence of carbonic acid and unreacted hydrogen carbonate c. to achieve a sharper endpoint due to the large decrease in pH d. all of these 23.For the acid HA, KA = 5.8x10-10, the pH when the anion and the molecular acid concentrations are equal is a. 5.7 b. 6.3 c. 7.3 d. 9.24 24.Process of determining the nitrogen content of organic materials by mixing the sample with powdered copper(II) oxide and ignited to a combustion tube giving CO2, H2O, N2 and small amouts of nitrogen oxides. a. Kjeldahl Method c. Winkler’s Method b. Dumas Method d. Wij’s Method



 25.What is the basis for choosing the right indicator for a given acid-base titration from among the following a. type of acid c. pH at the equivalence point b. type of base d. molarity of the acid or base 26.In standardizing the solution of NaOH against 1.431g of KHP, the analyst uses 35.50ml of the alkali and has to run back with 8.25ml of acid (1ml = 10.75mg NaOH). What is the molarity of the NaOH solution? a. 0.2118M b. 0.2044M c. 0.7831M d. 0.2598M 27.A sample containing Na2CO3, NaOH and inert matter weighs 1.179g. It is titrated with 0.2239M HCl with phenolphthalein as the indicator, and the solution became colorless after the addition of 45.62ml. Methyl orange is then added and 12.85ml more of the acid are needed for the color change. What is the percentage of Na2CO3 in the sample? a. 24.89% b. 64.95% c. 76.12% d. 25.87% 28.Which of the following methods is not used for the direct determination of halides? a. Volhard c. Fajans b. Mohr d. none of these 29.An EDTA solution prepared from its disodium salt was standardized using 506.3mg of primary standard CaCO 3 and consumed 28.50ml of the solution. The standard solution was used to determine the hardness of a 2L sample of mineral water, which required 35.57ml EDTA solution. Express the analysis in terms of ppm of CaCO3. a. 89ppm c. 158ppm b. 316ppm d. 269ppm 30.A 240g sample of pyrolusite was treated with excess potassium iodide. The iodine liberated required 46.24ml of 0.1105M Na 2S2O3 solution. Calculate % MnO2 in the sample. a. 46.27% b. 30.85% c. 92.54% d. 76.12%



good luck!
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