[image: image1.png]



Science in Motion

Juniata College


Microscale Experiments with Ammonia

Pa State Standards:

3.4.12.A
Apply concepts about the structure and properties of matter.
2.5.11.A
Select and use appropriate mathematical concepts and techniques from different areas of mathematics and apply them to solving non-routine and multi-step problems.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:
Ammonia, along with many other gases, can be safely generated in a large syringe.  The purpose of this experiment is to generate ammonia and perform several experiments with it.

Equipment/Materials:
concentrated ammonium hydroxide

6 M HCl

conc. HCl

fruit juices

KI

6% H2O2
faintly pink CoCl2(aq)
faintly blue CuSO4(aq)
faintly green NiCl2(aq)
dilute AgNO3
2 syringes w/ LuerLOK fitting

latex syringe caps

hot plate

thermometer

15cm long latex tubing

well plate

top loader

bunsen burner

matches

tongs

250mL beaker w/ cover

400mL beaker

600mL beaker

1L beaker

universal indicator

Safety:

· Goggles must be worn at all times in the lab.
· Be very careful when handling fire.
Procedure:

1.  Draw 3 mL strong ammonia solution into a clean dry 60 mL syringe.  Fit the latex syringe cap over the LuerLOK fitting.  

2.  Place the syringe in a 400 mL beaker of hot (60 - 70 OC) water for several minutes.  Care must be taken to stop the gas generation after the syringe is full.  This is done by removing the latex syringe cap while it is directed upwards.  Rotate the syringe 180 O in order to discharge the reaction mixture and then recap the syringe.  CAUTION!  The liquid will vigorously spray out of the syringe.  In order to control the spray and minimize the ammonia odor, discharge the liquid at close range above the surface of a large (> 1L) dish or basin of water.  

Note:  Several syringes of NH3(g) can be generated at the same time if a larger beaker (1L) of hot water is used, however it is best to stagger their starting times in the hot bath so that they are not all ready to come out at the same time.  After the liquid has been discharged, store the NH3 filled syringes in the hot water bath until needed.

Disposal:  Unwanted NH3(g) can be destroyed by bubbling the ammonia through water.

Experiments with Ammonia

Experiment A.  Ammonia is Extremely Soluble in Water.

1.  In a 250 mL beaker or plastic cup, prepare a solution of 100 mL distilled water, 5 mL Universal Indicator solution, and 1 drop 6 M HCl(aq).

Experiment A-1.

1.  Remove the syringe cap from an ammonia-filled syringe and suction 2-3 mL of the solution into the syringe.  

2.  Keep the syringe’s LuerLOK fitting under the surface of the water, and firmly hold the plunger in place so that it is not pulled into the syringe body.  (There is a considerable force pulling the plunger inward!)  Because NH3(g) is so soluble with water, additional water is rapidly suctioned into the syringe, creating a small “fountain”.

Experiment A-2.

1.  Remove the syringe cap from an ammonia-filled syringe, and replace it with a 15-cm length of latex tubing.  

2.  Hold the syringe by the barrel and not by the plunger for this next step!  Suction 2-3 mL of the solution into the syringe, and then pinch the tubing closed with your fingers.  The plunger will rapidly be pulled inward as the ammonia dissolves in the water.  (The action is so fast that it may be surprising to some.)  

Experiment A-3.

1.  Fill a plastic 1-L container (such as an ice cream pail) with water.

2.  Remove the latex cap from an NH3-filled syringe and toss it LuerLOK fitting first into the container of water.  The syringe plunger will be pulled spontaneously inward with a considerable force that causes the water to be splashed about.

Experiment B.  Ammonia’s Water Solubility is Temperature-Dependent.

1.  Prepare a 600-mL cold water bath with a temperature of 0 – 10 oC.  

2.  Place the NH3(g)- filled syringe into the cold bath.  (Do not remove the latex syringe cap.)  Within 5 minutes the syringe will appear as it did before gaseous ammonia was generated: simply 3 mL liquid in a syringe with the plunger completely in.  The process can be repeated by placing the syringe in the hot water bath again.  The equilibrium reaction is:


NH3(aq) ↔ NH3(g)  ∆H = +34.2 kJ/mol  ∆S = +81.3 J/mol K

Experiment C.  Ammonia is a Base.

1.  In Experiments A-1 and A-2 ammonia was seen to function as a base.  In this experiment, the basic nature of ammonia is also demonstrated.  In a 1-L beaker, prepare a solution of 800-mL distilled water with 20 mL Universal Indicator solution and 5 drops 6 M HCl(aq).  Stir to mix.

2.  Remove the latex cap from an ammonia-filled syringe, and equip it with a 15-cm length of latex tubing.  

3.  Slowly discharge the ammonia gas just above the surface of the Universal Indicator solution.  As the ammonia comes in contact with the water, it will dissolve and raise the pH in the vicinity of the surface.  A pH gradient of several colors often develops upon standing.

Experiment D.  Acid-Base Reactions with Fruit juices.

1.  Place 3-mL of as many fruit juices as possible in separate wells of a 12-well plate.  (Ask students to bring samples from home.)

2.  Bubble gaseous ammonia through the fruit drinks.  Cranberry juice will turn purple and then a deep green.  Grape juice turns forest green.  It may take an entire syringeful of ammonia for each fruit drink because the concentration of the juices is quite high.

Experiment E.  Gaseous Ammonia Reacts with Gaseous Hydrogen Chloride. 

Experiment E-1.

1.  Equip a syringe with a 15-cm length of latex tubing.  Fill the syringe with gaseous hydrogen chloride by suctioning the headspace fumes of HCl(g) from a bottle of concentrated hydrochloric acid.  (The contents of this syringe will be mostly air with varying amounts of gaseous HCl.).

2.  Connect the HCl(g)-filled syringe with an NH3-filled syringe as shown in Fig. 1.  Slowly push on the plunger of the ammonia syringe to produce plumes of white NH4Cl(s)in the HCl-filled syringe.  Variant:  Tap firmlyon the plunger of the NH3-filled syringe so that the plunger moves inward 1-2 mL at a time.  This will produce interesting “smoke rings” in the HCl-filled syringe.  
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Experiment E-2.

1.  Place 3 –5 drops of concentrated HCl on the bottom of a beaker or plastic cup.  Cover the container with a plastic coffee can cover or equivalent.

2.  After a few minutes, slowly dispense NH3(g) into the vicinity of the drops.  White clouds of NH4Cl(s) will form and the drops of HCl will become covered with white, solid NH4Cl.

Experiment F.  Ammonia Forms Nitric Oxide in the Ostwald Process.

1.  One of the primary industrial uses of ammonia is in the Ostwald process in which NH3 is oxidized to NO:


4 NH3(g) + 5 O2(g) 

4 NO(g) + 6 H2O(g)

∆H = -907 kJ
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The nitric oxide is converted to NO2(g) and then to nitric acid as is discussed in the experiments with nitrogen oxides.  In the actual Ostwald process, screens made from platinum are used as the catalyst.  In this experiment we will use a coil of copper wire.

2.  Construct a coiled copper wire as shown in Fig. 2 by winding a 30 cm length of 20 gauge copper around a glass stir rod or pencil.  The coils should be close to one another. 

3.  Prepare a syringe filled with O2(g), as described in experiments with nitrogen and oxygen.  

4.  Light a Bunsen Burner and adjust the flame so that it is hot.  Set the coiled wire and a pliers or tongs near the burner for use later.

5.  Discharge half of the gas from an NH3-filled syringe.  Replace with O2 transferred from the O2-filled syringe with the aid of a length of latex tubing connecting the two syringes as was done in Experiment E-1.  The gases do not react so that it is necessary to maintain the same total volume by pulling the NH3 plunger outward as the O2 plunger is pushed inward.

6.  Remove the latex tubing from the syringe filled with a mixture of NH3 and O2, and cap the opening with a latex syringe cap.  Clamp the syringe in a vertical position with the plunger directed upwards.

7.  The final sequence of steps must be done quickly.  More than one attempt may be necessary before this works properly.  While holding the copper wire with the pliers or tongs, heat the coiled portion of the wire at the top of the flame’s inner cone until it glows bright red.  While the wire is still in the flame heating, remove the plunger from the gas mixture.   Quickly lower the red hot copper coil into the gas mixture in the syringe body.  The coils will continue to glow as the wire catalyzes the reaction.  The heat given off from the reaction maintains the copper at red heat.  After a few seconds, the gases are consumed and the coil cools down.  As the reaction proceeds, note the reddish colored NO2 gas generated by the reaction of NO(g) with the O2(g) present.  Caution:  The syringes are easily damaged by heat, so avoid contact between the hot coil and the inside wall of the syringe barrel.

Experiment G.  Ammonia Forms Complex Ions with Transition Metals.

1.  The following reactions are performed in a 12- or 24 well plate.  Prepare the following reagents in separate wells before generating NH3(g).  One syringeful of NH3(g) may be necessary for each of these experiments.

	Well:
	Contains:
	Results:

	1
	Faintly pink CoCl2(aq)
	Initially forms green-blue precipitate; then forms soluble orange [Co(NH3)6]Cl2(aq)

	2
	Faintly blue CuSO4(aq)
	Initially forms pale blue-green precipitate; then forms soluble deep blue-purple [Cu(NH3)4]SO4(aq)

	3
	Faintly green NiCl2(aq)
	Forms soluble purple [Ni(NH3)6]Cl2(aq)

	4
	Dilute AgNO3(aq)
	Initially forms brown precipitate; then forms

soluble colorless [Ag(NH3) 2]NO3(aq)


2.  Equip the syringe with a 15-cm length of latex tubing.  Into each well, slowly discharge enough NH3(g) through the solution to achieve the desired results, namely a transparent solution of stated color.  If the precipitate has not disappeared by the time the volume of NH3(g) is reduced to 10 mL, hold the latex tubing in the metal ion solution until the solution moves up the latex tubing and into the syringe body.

Microscale Experiments with Ammonia

Teacher Notes

Lab Time:  Varies, depending on number of experiments done

Considerations:

These experiments are simple and fun to do.  Students should use caution when using the burner, and should wear safety glasses at all times.
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Figure 1.  Set-up for Experiment E-1.
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Figure 2.  Coiled copper wire
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