Experiment 1

Sunday, November 27, 2005

3:59 PM

 

Need to Know

· Know the reaction equations, how the reactions occur (ex. spontaneously, by heating, etc.) and the physical descriptions and color of both the reactants and products
· Ex. CuO (s) (black solid) + H2SO4 (aq) + H2O --> Cu(SO)4 (aq) (blue solution) + H2O
· Know how to calculate percent yield (i.e. CuSO4 was obtained from the reaction of CuO with sulfuric acid.  If 2.5 g of CuSO4 was obtained from 5.0 g of CuO, what is the percent yield?)
 

Purpose

· To synthesize different copper compounds
 

Theory 
· Many organic and inorganic compounds are synthesized by the chemical industry even though they can be found in nature, because a limited natural supply or expensive extraction process may make synthesis more economical
· Things we have to take into consideration when synthesizing:
· Availability of equipment
· Percentage yield
· Value of by-products
 

· This experiment illustrates the synthesis of several copper compounds from metallic copper:
· Cu -> Cu(NO3)2 -> Cu(OH)2 -> CuO -> CuSO4--5H2O -> Cu
· We expect to get the same mass of copper at the end than what we started with…in order to do so, we must prevent loss by:
· Avoiding spattering while boiling
· Not leaving product on the sides of beakers
· Not spilling the product
· Purifying precipitates by washing efficiently then drying completely before weighing
 

Procedure

· Part 1: Synthesis of Copper(II) Nitrate and Copper(II) Hydroxide
· Cu + 4HNO3 -> Cu(NO3)2 + 2NO2 + 2H2O
· Reaction notes:
· It is SPONTANEOUS
· We carry this out in the fume hood and swirl the reaction mixture to remove any gases trapped in the solution
· Cu(NO3)2 + 2NaOH -> Cu(OH)2 + 2NaNO3 
· Reaction notes:
· It is SPONTANEOUS
· The solution should be basic (alkaline) after the addition
· Cu(OH)2, the product, is a gelatinous precipitate
· Cu(OH)2, the product, is BLUE
· Part 2: Synthesis of Copper(II) Oxide
· Cu(OH)2 –Δ-> CuO + H2O 
· Reaction notes:
· It is BY HEATING
· We want to convert Cu(OH)2 to CuO because it is a LESS GELATINOUS precipitate than Cu(OH)2 is, and thus easier to isolate
· The BLUE Cu(OH)2 becomes BLACK CuO
· If heating doesn't do the trick we add MORE NaOH
· Filtration
· Filter with a suction filter flask and a Buchner funnel
· Wash the CuO with water both to get it out of the beaker and because it is wet with a solution which contains NaNO3 and NaOH, and we want to get rid of it
· Part 3: Synthesis of Copper(II) Sulfate
· CuO + H2SO4 –Δ-> CuSO4 + H2O
· Reaction notes:
· It is BY HEATING
· As the CuSO4 forms, it dissolves into Cu + SO4, and the Cu ion gets hydrated to become Cu(H2O)42+
· The BLACK CuO will dissolve into a BLUE solution
· Part 4: Synthesis of Copper
· CuSO4 + Zn -> ZnSO4 + Cu
· Reaction notes:
· It is SPONTANEOUS
· Zinc is more chemically active than copper and displaces copper(II) ions from solutions, meaning that it is better at combining with SO4 than Cu is
· The solid visible consists of unreacted zinc metal and copper metal (the product)
· The BLUE solution will turn WHITE/CLEAR
· Zn + 2HCl -> ZnCl2 + H2
· Reaction notes:
· It is SPONTANEOUS
· The purpose of this is to remove excess zinc metal from the previous reaction
· We know this reaction is over when we don't see anymore bubbles, because that is the formation of H2 happening
 

Questions to Understand

· Why would we allow the last traces of water to evaporate slowly rather than rapidly expelling the water by intense heating?
· "At the end of the experiment, the final traces of water were allowed to evaporate instead of intensely heating the copper because we wanted to prevent any heat-catalyzed oxidation reactions from occurring which would have converted the metallic copper to oxides (for example, CuO), thus introducing an impurity into our sample."
 

 

Experiment 2

Wednesday, November 30, 2005

9:51 AM

 

Need to Know

· Be able to calculate molecular weights as done for your report
· Know what substances (and their phases) are present at each stage of the experiment
· Understand what errors may have occurred and how specific errors will affect the calculated molecular weight
 

Purpose

· To determine the molecular weight of volatile liquids using the Dumas Method
 

Theory

· A volatile liquid is one that evaporates easily and allows us to use the Dumas Method to determine its molecular weight
· The Dumas Method assumes that the vapor obeys the Ideal Gas Law: PV=nRT
· This means that liquids with WEAKER intermolecular forces will be more accurate than those with stronger ones (why?  I don't know…)
· The idea here is that we will place a volatile liquid into an Erlenmeyer flask where the boiling point of the liquid is above room temperature (so it won't boil spontaneously) but below water (so that we can put it in a boiling water bath and make it boil)
· We cover the flask with foil but prick a hole to allow gas to escape
· When we heat the liquid, it will evaporate and gas will escape from the flask until there is only so much inside that the pressure inside the flask EQUALS the atmospheric pressure of the lab outside the flask
· Once we reach this point, we can use the PV=nRT equation because:
· We know P: it is the atmospheric pressure of the lab
· We know V: it is the volume of the flask because there is going to be just enough gas left in there as needed to fill up the flask
· We know R: it is a constant
· We know T: the temperature inside the flask will be equal to the temperature of the water bath outside it
· Thus we can calculate the molar amount of gas
· Then we weigh the beaker to find how much the gas weighs
· Now we know the molar amount and the weight, and we can calculate molecular weight!
 

Procedure

· Set up the Erlenmeyer flask with the volatile liquid inside
· Boil the water bath and then put the flask in at a 45o angle (if not, we will not be able to tell when the liquid has evaporated!)
· The water should be SLOWLY boiling (or else we'll lose it)
· If any water gets into the flask, it's game over…we must re-start the experiment (think about why)
· As soon as all the liquid has disappeared, continue heating for 1 more minute and then remove the flask
· Let it sit for 15-20 minutes so that all the vapor and condense back into liquid form
· Weigh the flask to find the weight of the liquid and we're good to go with the PV=nRT equation!
 

Questions to Understand

· What substances and phases of the substances are present in the flask after the methanol is added and the flask covered with foil?
· Liquid methanol
· Gas methanol (there is always a LITTLE evaporation)
· Air (oxygen gas)
· What substances and phases of the substances are present in the flask just before you remove it from the hot water bath?
· Gas methanol 
· NO liquid because it has all disappeared!
· NO oxygen because the evaporation of the methanol has pushed it all out!
· What substances and phases of the substances are present in the flask when it is weighed after cooling?
· Liquid methanol (because it has condensed by now!)
· Gas methanol (again, there is always a little evaporation)
· Air (because after all, the thing is open to the environment)
· What factors may contribute to the lack of accuracy in your calculated molecular weights?
· I don't know, what do you think?
 

 

 

Experiment 3

Sunday, December 04, 2005

10:14 PM

 

Experiment 3 – Acid-Base Titrations: Identification of an Unknown Solid Acid

 

Need to Know

· Be able to perform simple stoichiometric calculations (like the pre-lab questions)
· Know how to do the calculations in the standardization of a NaOH solution with oxalic acid
· Know how to calculate the molecular weight of an unknown acid
· Know what the different terms used in the manual concerning titrations and standardized solutions mean (primary and secondary standards, mono-, di-, and tri-protic acids, weak vs. strong acids and bases)
· Know the weak and strong acids and bases listed in Table 1
 

Theory

· The fundamental process occurring in an acid-base reaction is the transfer of a proton (H+) from the acid to the base
· Bronsted and Lowry’s definitions:
· An acid is a substance that can donate protons
· A base is a substance that can accept a proton
· Neutralization is a proton transfer from acid to base
· Acid strength is related to the ability of a substance to give up protons (i.e. a strong acid is one which gives up protons very easily)
· A conjugate base is what the acid becomes after it has given up a proton
· The strength of an acid is inversely related to the strength of its conjugate base (think about why this must be true)
· Know Table 1, for goodness’ sake (pg. 33)
 

· Strong acid + strong base neutralization reaction always goes to completion
· Weak acid + weak base neutralization reaction DOES NOT go to completion
· Strong acid + weak base (or vice versa) neutralization reaction always goes to completion
· Why? Because what little of the weaker substance dissociates is quickly neutralized by the stronger acid/base (to form a salt and water), and thus to maintain the equilibrium, some more of the weaker substance must dissociate until ultimately everything is gone
 

· However, the overall equations for the different types of neutralization reactions are different!
· With a strong acid + strong base, they both completely dissociate and so the overall reaction is simply H3O+ + OH- -> 2H2O
· The Na and Cl dissociate at the beginning and don’t even participate in the reaction, so they are SPECTATOR IONS
· However, with strong acid + weak base (or vice versa), you have to remember that the weak substance will not dissociate completely and so you must consider TWO equations, such as:
· #1: CH3COOH + H2O -> CH3COO- + H3O+
· #2: H3O+ + NaOH -> 2H2O + Na+
· Overall: CH3COOH + NaOH -> NaCH3COO + H2O
· Note that as #2 clears away the ions formed by #1, #1 will react some more to replace those ions and so eventually all the CH3COOH is gone – hence the reaction goes to completion, as we discussed earlier
· This “replacement” is an example of Le Chatelier’s principle, which states that when a system at equilibrium is disturbed, the system tries to counteract the disturbance
 

· In a titration, we add an acid to a base (or vice versa) until the neutralization reaction is complete
· We use a chemical indicator to tell us when the reaction is complete – when the reaction is complete, it causes the solution to change color
· This point is called the “end point” of the titration
 

· In this laboratory, we titrate an acid of unknown concentration with a “standardized” solution of sodium hydroxide
· “Standardized” means that we know what the concentration of this solution is
· It is difficult to prepare a standard solution of NaOH because it involves dissolving solid NaOH in water…the problem is that solid NaOH is rarely pure because it can react with water and carbon dioxide to form Na2CO3 and NaHCO3
· The way it has been prepared it is to prepare an NaOH solution which is approximately the concentration we want, then titrate it against an acidic solution whose concentration we know exactly
· The primary standard must be accurate because all calculations in a titration depend on its accuracy
· The primary standard against which NaOH was standardized is KHP (potassium hydrogen phthalate): KC8H5O4 + 2OH- -> 2H2O + KC8H4O4-
 

· When a weak acid is titrated with a strong base, the pH of the solution does not change drastically in the beginning because as NaOH neutralizes the protons dissociated from the weak acid, more dissociation occurs and so the proton level in the solution (which determines pH) remains roughly stable
· However, the trouble comes near the end, when almost all the undissociated weak acid is gone and so the proton level cannot be “re-filled”…thus the pH rises dramatically near the end
· This is the principle that indicators work on. Consider phenolphthalein, a complex weak organic acid which is colorless when protonated and red when de-protonated. If we put it into the solution of an acid-base titration, it won’t change the color. However, as the reaction nears the end, the pH is rising dramatically because there is no more weak acid to be dissociated. At this point phenolphthalein will get deprotonated because we’re trying to do anything we can to restore the proton level. Deprotonation results in it turning the entire solution red, which tells us that the reaction is complete.
 

· Monoprotic acids:
· Sulphamic acid
· Benzoic acid
· Diprotic acids:
· Oxalic acid
· Tartaric acid
· Phthalic acid
· Triprotic acids:
· Citric acid
 

Calculations

· KNOW HOW TO DO THEM…see (at the very least) pg. 37
 

Procedure

· The acid is solid (which gets dissolved in water), so make sure it completely dissolves by the end point of the titration
· Make sure that the pink color indicating the end-point lasts for 30 seconds
 

 

Experiment 4

Sunday, December 04, 2005

10:54 PM

 

Experiment 4 - Heat of Neutralization

 

Need to Know

· Understand the terms and definitions given in the lab manual
· q, ΔH, specific heat, heat capacity, enthalpy, exothermic, endothermic, ionization, neutralization, weak/strong electrolytes
· Be able to calculate moles of water formed and kJ of heat liberated for a given neutralization reaction
· Know the weak and strong acids used
· Be able to determine the concentration of an acid as you did for Part D of this experiment
 

Theory

· When you get a strong electrolyte in solution, it completely dissociates into its ions (i.e. HCl -> H+ + Cl-)
· So when we have a neutralization reaction, the only reaction REALLY happening is just H+ + OH- -> H2O
· Thus the heat of reaction ("q"), which is the heat absorbed or released during a complete chemical reaction, results essentially JUST from that reaction -- that is, the acid/base/salt have NO EFFECT on what the heat of neutralization is
· For this reason, all neutralization reactions between strong acids and strong bases produce the same amount of heat per quantity of reactants used: q = -55.90 kJ/mol of H+
· ΔH, or enthalpy, is also -55.90 kJ/mol of H+ because pressure is constant (don't worry about why at this point)
 

· Now think about reactions between weak electrolytes.  As you should recall from Experiment 3, there is only partial dissociation into ions, and thus when we consider the overall heat of neutralization we have to take two reactions into account…for example:
· CH3COOH -> CH3COO- + H+
· H+ + OH- -> H2O
· Although the heat of reaction for the second is still the same rate per mol as before, this is NOT the overall heat of reaction for the entire reaction because we have to consider the first equation
· Depending on what the acid/base is, the heat of reaction could be positive (endothermic) or negative (exothermic) for this first reaction and thus the overall heat of reaction will either be higher or lower than -55.90 kJ/mol
· So if we measure the heat of neutralization for a reaction, we can compare the value to -55.90 and we will know if the reaction is between strong or weak electrolytes
 

· In this experiment, PHENOL is used
· The change in enthalpy for the ionization process is ΔH = q = 25.3 kJ
 

Procedure

· There were 4 major parts:
· HCl + NaOH
· HNO3 + NaOH
· Phenol + NaOH
· HCl (unknown concentration) + NaOH
 

Calculations

· Punk you better be able to do them…
 

 

Experiment 5

Sunday, December 11, 2005

7:04 PM

 

Experiment 5 - Emission Spectra and the Electronic Structure of Atoms: The Hydrogen Spectrum

 

Need to Know

· Understand the concept of energy levels
· Understand the theory of emission spectrums, i.e. the emission of a photon occurs when an electron moves from a higher energy level to a lower energy (etc.)
· Know how to use the Rydberg equation
· Know how to use and interpret an energy level diagram such as Figure 2.1
· Be able to convert wavelength to wavenumber with units
· Be able to calculate an experimental RH value, and how they compare to actual values
 

Theory

· In 1885, Johann Balmer came up with the following equation which relates different lines in the light spectrum emitted by hydrogen to their wavelengths:
 

 

 

· The lines which fit into this equation are called the "Balmer series", and they are VISIBLE
· Other series of lines exist which are not visible: ultraviolet region ("Lyman series") and infrared region ("Paschen series")
· Every line series fit into a new equation by Rydberg, which is based on Balmer's original equation:
 

 

 

· There is a different RH constant for each element.  For the H atom, it is RH = 109,678 cm-1
· Why this value?  See the following derivation:
 

 

 

· We should note that Rydberg came up with this equation pretty much by trial and error.  In 1913, Niels Bohr came up with a theoretical explanation for why it is like this.  He said that the energy of a hydrogen atom is Ehydrogen = -2.179 x 10-18 J/n2 and so this energy will be emitted as photons of light when we go from a higher level of energy to a lower energy level (n represents the energy level which the electron is on).
· It is a simple procedure to subtract that number with n = (some lower energy level) from n = (some higher energy level) to find the total amount of energy released.  Then we can relate that amount of energy to the wavelength of light which is emitted.  See the following derivation:
 

 

 

· Thus if we measure the wavelength of light for a certain color, we can use the equation to find out the energy level from which the electron fell to produce that light, since we know what nlower is (it must be 2 since the light is visible to our naked eye -- it is in the Balmer series)
 

Procedure

· Calibration of spectroscope
· Here we use our spectroscope to look into a mercury discharge tube
· The idea here is that we are looking at the emission spectra of mercury (i.e. when the electrons of mercury fall to different levels and produce lines of different colors, what are the wavelengths of these lines?)
· If you remember what the Rydberg equation looks like, we can expect these numbers to be different from hydrogen because our constant (RH) is unique for mercury
· So we look at these colors and use our spectrometer to tell us what the wavelengths are.  Then later we will plot the numbers we observe on a graph against the numbers from the literature.  We will get a line which relates our numbers to the literature numbers which we can then use later on when we are performing calculations
· Measuring the hydrogen spectrum
· Observe the tube!
· Viewing other emission spectra
· We also view:
· Ca (calcium)
· K (potassium)
· Li (lithium)
· Fluorescent lights
· Incandescent lights
 

Safety Precautions

· Do not touch any exposed contacts to the discharge tubes because they are powered by HIGH VOLTAGE ENERGY SOURCES
· As well as the visible lines emitted by the mercury discharge tube, it also emits ULTRAVIOLET RAYS which we cannot see yet are damaging to our eyes.  Always wear glasses when looking into the tube.
 

Questions from Lab Report

· What is the spectrum of light like for a fluorescent lamp compared to an incandescent lamp?  Explain this difference.
· The incandescent lamp showed all the lines in the spectrum (but none distinctively).  The fluorescent lamp showed distinctive lines whose wavelengths were very similar to mercury.
· This is because the fluorescent lamp has mercury gas inside, while the incandescent bulb does not.
 

Calculations

· Know how to do them!  (See lab report and "Need to Know", from above)
