Student Pre-Lab Handout

Notes and videos on pH
https://www.khanacademy.org/science/biology/water-acids-and-bases/acids-bases-andph/a/acids-bases-ph-and-bufffers
Notes on thin layer chromatography (TLC)
http://www.chemguide.co.uk/analysis/chromatography/thinlayer.html
Videos on nuclear magnetic resonance (NMR)
https://www.khanacademy.org/science/chemistry/organic-chemistry/spectroscopyjay/proton-nmr/v/introduction-to-proton-nmr

Principles of Nuclear Magnetic Resonance
(NMR) Spectroscopy
We begin by recalling the properties of magnetism. The needle of a compass points
north because it aligns itself with the Earth’s magnetic field. In theory, we could reach
out and turn the compass needle until it points south, using energy in the process, but
upon releasing the needle it would immediately relax back to its original northern
alignment.
Hydrogen nuclei (1H), and a few other elements, behave much like small magnets.
These nuclei can align themselves either with or against an applied magnetic field.
Nuclei aligned with the field are more stable, but with an extra bit of energy they can be
flipped to align against the applied field. Radio waves between 60 and 100 MHz are
used to supply this extra energy.
The exact frequency needed to flip the alignment of the nuclei depends upon the type of
atom being examined as well as its environment. Nearby atoms can greatly influence
the absorption frequency, and measurements by sensitive NMR instruments can
provide a great deal of structural information. This information is collected by the
instrument and presented as a spectrum.
Isotopes of other elements such as 13C can be detected by NMR instruments. The
sensitivity of the measurement depends on the natural abundance of the isotope.
Text adapted from: http://www.chemguide.co.uk/analysis/nmr/background.html

Other methods of analysis used by organic chemists:
Infrared (IR) spectroscopy
Ultraviolet-visible light (UV-vis) spectroscopy
Mass spectrometry (MS)

Student Document
Scenario
You are an organic chemist and you currently working on the conversion of glucose to
glucose pentaacetate in order to develop a molecule that could serve as a treatment for
HIV/AIDS. You come back from your weekend vacation to find that the test tube rack
holding the test tube with your molecule, plus one other test tube containing glucose, was
accidentally knocked over by your favorite colleague (you put a stopper on your samples!).
Worse, you have not labeled the specimens and both are indistinguishable white powders.
So now you have two unknown specimens, one of which contains glucose pentaacetate and
the other containing pure glucose. Luckily, you have a few pieces of information that might
help you identify your glucose pentaacetate and continue the synthesis of your promising
compound that could help treat HIV/AIDS.
Below is the reaction scheme showing the synthesis of glucose pentaacetate from glucose:

Helpful Information
The following table from your lab notebook describes some of the properties of your
reactant and product (glucose and glucose pentaacetate, respectively).
Property
Formula
Equivalents
Molecular weight
Density
Volume
Mass obtained
Molar concentration
Melting point

Glucose
C6H12O6
1
Solid
Solid

Glucose pentaacetate
C16H22O11
1 (expected)
390.34 g/mol
Solid
Solid

0.6 mol/L
146 °C

0.6 mol/L
132 °C

To identify your sample, you will need to complete four tasks:

1- First, find the molar mass of glucose using its chemical formula and your periodic
table. As well, prepare a sample of pure glucose to compare with your two mystery
samples. If one of the two mystery samples shows a similar coloration, then there is
a good chance that your specimen contains the reactant (mainly glucose). On the
other hand, the coloration could also be the same. Either way it will be necessary to
perform more tests to be certain.
2- Compare the pH of a glucose solution with the pH of solutions of your unknowns.
Indeed, some chemical reactions can change the pH of a solution. A pH change could
help you identify your target molecule.
3- Analyze solutions of your unknowns using thin layer chromatography (TLC). You
had made a TLC plate before departure, and so a comparison between plates would
help confirm which of the two samples contains glucose pentaacetate.
4- Finally, send your two samples to the laboratory to obtain nuclear magnetic
resonance (NMR) spectra to confirm which one of the samples is glucose
pentaacetate.

Part 1
Objectives:
- Find the molar mass of glucose
- Prepare 10 mL of a 0.6 M solution of glucose in ethanol
- Compare the color of the solution with the color of a control solution prepared by a
laboratory technician
Glucose molar mass calculation

Concentration calculation

Material
-

Balance
Spatula
Weighing pan
Solid glucose
10 mL volumetric flask with stopper
Bottle of distilled water
Beaker
Periodic table

-

Test tube rack
Pasteur pipette
Empty test tubes (2)
Calculator
Fehling reagent

Procedure
-

Calculate the mass of glucose required to make 10 mL of a 0.6 M solution.

-

Place the weighing pan on the balance and zero it by pressing the “TARE” button. If
not using an electronic balance, weigh the weighing pan and record its mass.

-

Using a spatula, weigh out the required amount of glucose that you calculated above.

-

Place the glucose into the 10 mL volumetric flask.

-

Add approximately 7 mL of ethanol to the flask using a Pasteur pipette.

-

Place the stopper on the flask and shake it vigorously until the glucose dissolves
completely.

-

Continue adding ethanol to the volumetric flask until the bottom of the meniscus
touches the 10 mL calibration line. Put the stopper on the flask and mix thoroughly.

-

Pour ~4 mL of the glucose solution into a test tube and add a few drops of Fehling
reagent.

-

Compare the color of your sample with the control solution.

-

Clean and put away all equipment.

To perform the pH test and the TLC analysis, prepare solutions of your unknown samples
using the procedure above, using the same mass for each, and diluted to a final volume of 10
mL in ethanol. Remember to label your samples “Unknown 1” and “Unknown 2.”

Part 2
Objective:
-

Compare the pH of your mystery samples to the glucose solution prepared in Part 1.

Materials
-

3 strips of pH paper
1 plastic plate with wells
Pasteur pipette

Procedure
1- Using a Pasteur pipette, deposit a few drops of the glucose solution from Part 1 into
one of the plate wells.
2- Dip the indicator paper into the well containing the glucose solution and compare it
to the pH indicator scale.
3- Record the pH in the Results Table at the end of this document.
4- Repeat steps 1 to 3 with both of your unknown solutions.
5- Clean and put away all materials.

Part 3
Objective:
-

Use thin layer chromatography (TLC) to analyze both your glucose solution and your
unknown solutions

Materials
- 2 aluminum silicate TLC plates
- 3 capillary tubes
- Your two unknown solutions (Unknown #1 and Unknown #2)
- Glucose solution

Procedure
1- Take a prepared silicon plate and use a pencil to draw a horizontal line across the
bottom of the plate, approximately 1 cm from the bottom.
2- Label your plate as shown in the diagram, below. There are three lanes on each
plate: The first lane (on the left) is glucose, the second lane is a co-spot of glucose
and your Unknown #1, and the third lane is Unknown #1 only.
3- Dip one end of the capillary tube into the glucose solution, and then gently touch the
capillary to the silica plate on the pencil line of the first lane. Make a second spot of
the glucose solution in the middle lane.
4- Take a second capillary tube and dip it into the Unknown #1 solution. Spot the
second and third lanes, as described above.
5- Using a second TLC plate, repeat steps #1-4 with Unknown #2.
6- Prepare a solvent chamber by placing a rectangular piece of filter paper inside of a
50 mL beaker. A small gap in the paper is necessary so the plate can still be seen.
Add a small amount of elution solvent (9:1 dichloromethane:methanol), just enough
to cover the bottom of the beaker, and keep the chamber covered with a watchglass
until ready to use.
7- To develop a plate, gently place it in the solvent chamber and replace the watchglass.
When the solvent front is 1 cm from the top of plate, remove it and quickly draw a
line to indicate where the solvent front has ended. Elute each plate one at a time.

8- Gently blow on the plate to dry it, then dip it into a developing solution such as
H2SO4:phenol (3.0 g phenol in 100 mL of an ethanol solution containing 5% sulfuric
acid).
9- Remove excess liquid with lab paper towels, and then dry the plate using a heat gun
or hair dryer. Brown spots will appear.
10- Circle your spots with a pencil and compare each plate with the plate you made
before your trip (below).
11- Clean and put away all equipment.

TLC plate made before your trip:

Part 4
Objective:
-

Compare NMR spectra before and after your reaction

Materials:
-

Two sets of 1H/13C NMR spectra, one for D-glucose and one for glucose pentaacetate

Procedure and Questions:
1- Examine the two sets of spectra. What are the differences before and after the
reaction? (Discuss them with you teacher)

2- What is shown on your NMR spectrum? Which spectrum shows the carbons of the
molecule? Which spectrum shows the hydrogens?

3- Using the NMR spectra, calculate the number of carbon atoms and the number of
hydrogen atoms in each of your unknown molecules. Compare these values with the
known chemical formulas of glucose and glucose pentaacetate, and use this
infromation to identify your unknown compounds.
Show your calculations for each compound in the boxes below:

Results Table
Experiment
pH

TLC plate

NMR

Glucose solution

Unknown #1

Unknown #2

Conclusion
1- Which unknown sample contains your molecule (glucose pentaacetate)? Explain how
you know.

2- How many times more basic is the reactant solution than the product solution?

3- Is the pH test by itself enough to identify the glucose pentaacetate solution? Why or why
not?

5- Which method, the pH test or the TLC plates, will most accurately identify your unknown
compounds?

5- Organic chemists working in glycomics must be able to validate each step of the
synthesis of the desired molecule (there may be dozens of reactions one after the other).
The only instrument that can enable them to identify a molecule quickly and accurately is
nuclear magnetic resonance (NMR) spectroscopy. Without going into the complex
technological details, based upon information supplied from other sources, what
distinguishes this instrument from other existing analysis methods?

Appendix 1

Appendix 2 – NMR Spectra
1H

NMR spectrum for Unknown #1

13C

NMR spectrum for Unknown #1

1H

NMR spectrum for Unknown #2

13C

NMR spectrum for Unknown #2

