Experiment #3

Relative Diffusion Rates

Equipment:  glass tubing, cotton, stopwatch, ruler, two eyedroppers, Bunsen burner.

Reagents:  12 M HCl, 6 M NH4OH.  Both are corrosive, so WEAR GLOVES.  (Include safety information in your notebook.)  A saturated NaHCO3 solution to neutralize both reactants.

Procedure:  Make two 900 bends in the tubing to form a very wide “U.”  The verticals need be no more than 10 cm high.  Place cotton wads inside at the corners.  Simultaneously drop concentrated HCl and NH4OH onto opposite wads.  Time the appearance and measure the position of the resulting white NH4Cl precipitate.  (To which reactant would you expect the precipitate to appear closer?  Why?)  Determine the mass ratio of NH3(g) to HCl (g).  Repeat two additional times and determine the mean, standard deviation, and relative standard deviation.

Techniques:  Glass tubing is bent with a warm flame from a Bunsen burner.  Clean and firepolish both ends of the tubing since you will be blowing gently into the tube at its distant end to keep it from collapsing as it bends.  Remember that hot glass looks like cold glass!  Do not touch the bend until it has cooled.  Be sure the U is planar.

The cotton plugs must be thick enough to prevent circulation of air through the tubing but thin enough for the caustics to saturate easily.  Add enough of the corrosives to saturate but not oversaturate the plugs; their liquids must not flow into the tube.  Use all prudent precautions with the concentrated corrosives, and remember that NH3 is not only corrosive but also a brain poison.

Cautiously wash the corrosives and plugs out of the tube after neutralizing them with the NaHCO3 solution.  Dry and reuse the same tube for your second and third trials.

Theory:  The diffusion rate is directly related to the RMS (root mean square) velocity, vRMS = <v2>½.  From kinetic theory, the mean kinetic energy, ½m vRMS2 = 3(½kT), hence vRMS2 is proportional to 1/m at fixed T or vRMS is proportional to 1/m½.  Here m is the molecular weight of the gas.  A little algebra will relate the relative speeds to the meeting point of HCl and NH3 where the white precipitate forms.  Compare your answer to the theoretical prediction.

Hints:  In your notebook, answer the questions in parentheses in addition to the usual pre-lab.  In your report, include the theory in your Introduction and comparison and error analysis in your Discussion.

