Laboratory Activity: Seeing the unseeable!

Concepts targeted
-

pH scale
Molar concentration and solution preparation
The atomic model (atoms)
Nuclear Magnetic Resonance (NMR) spectroscopy
Introduction to organic chemistry

Materials
-

Smart Board
NMR spectra of glucose and glucose pentaacetate for the students
For lab materials, refer to the Lab Technician Guide and to the Student
Handout.

Preparation
-

Prepare TLC plates (separation technique, Secondary 3)

Curriculum Connections
-

Reinforce the concept of molar concentration in solutions, as well as isotopes
(Progression of Learning, Secondary 4 EST)
Develop an understanding of the pH scale and carry out a pH test in order to
distinguish one solution from another based upon its acidity or basicity
(Progression of Learning, Secondary 4 EST)
Understand the principles behind thin layer chromatography (TLC), and carry out
a TLC test (Progression of Learning, Secondary 3)
Introduction to nuclear magnetic resonance (NMR) spectroscopy (Enrichment)
Understand the advantages and disadvantages of different methods of chemical
analysis, as well as the limits of each test (Enrichment)
Introduction to the organic chemistry of glycomics (Enrichment)

Goals
Students will learn how chemists characterize solutions and identify the structure and
composition of molecules. Students often ask the question, “How do we know what
molecules look like?” This laboratory activity aims to explain, using common organic
chemistry techniques, how chemists manage to confirm the structures of molecules in
multi-step syntheses.
One of the most common reactions in the organic chemistry of glycans (sugars) is the
transformation of glucose into glucose pentaacetate. In this lesson, students will receive
two unknown samples, one containing D-glucose and the other containing glucose
pentaacetate. They will be required to perform several tests to differentiate and identify
the two samples. Finally, 1H and 13C NMR spectra of each compound will be issued in
order to show the difference between the two molecules and to calculate the number of
hydrogen and carbon atoms in the reactant and product.

Progression
***One period before the lab activity***

One period before the laboratory, ask students to read the Student Handout information
regarding pH, thin layer chromatography (TLC), and nuclear magnetic resonance
(NMR) spectroscopy.
The students must not only read the supplied information, but should pay attention to
the advantages (e.g. time, resources) and disadvantages (e.g. limitations) of each
analysis method by comparing the techniques to each other.
The day of the lab activity (Introduction: 5 min)
The lab period is divided into four parts. As a motivational set, present students with the
following scenario:
The students are organic chemistry researchers. One of their compounds, a synthetic
precursor towards a compound that could ultimately be used to treat HIV/AIDS, has
become mixed up with another compound. How can the desired compound be identified
so that work on this promising new drug can continue?
Note: Adjust the lesson to the students’ level of understanding. If an evaluation shows
their understanding to be sufficient, a period of 75 minutes may be enough. Otherwise,
this activity may very well take two 75-minute periods if the students are not familiar
with a certain concept.
Part 1 – Make a solution (molar concentration) (20 min)
For the first part, the students must make a glucose solution with a concentration of 0.6
mol/L. They must find the molar mass of glucose with the aid of a periodic table (the
chemical formula is provided to them) and carry out the necessary calculations to
prepare 10 mL of solution.
The teacher can rapidly verify if the calculations have been done correctly by observing
the results of the Fehling test. Assist those students who have difficulties carrying out
the calculations.
In the Student Handout resources, it is mentioned that this solution is made using
pyridine as the solvent. Because of pyridine’s potential adverse health effects, a
solution made using ethanol is recommended.
Part 2 – Carry out a pH test (5 min)
Students must understand the theory behind the pH scale and the type of information
that such a test can provide.
Essentially, the teacher asks students to follow the directions found in the Student

Document. In reality, for this type of reaction, a change in pH is not always observed
between the reactant and product solutions. For this activity it is beneficial to show that
this type of analysis can be used in certain organic chemistry reactions to rapidly verify
if a reaction has occurred. However, a pH change cannot be used to definitively say
that a reaction has been successful; for that, a combination of NMR and other analysis
techniques must be used.
Part 3 – Carry out a thin layer chromatography (TLC) test (20 min)
The teacher helps students with their laboratory manipulations, which are explained in
the Student Document. The teacher verifies that students label their TLC plates
properly, that they spot their plates correctly, and especially that the baseline of the
plate is not submerged in solvent when placed into the solvent chamber.
Part 4 – NMR spectra analysis (15 min)
Progression of the activity:
1- Students are first invited to examine the two spectra and identify any differences
between the reactants and products.
2- The teacher must then point out to the students that NMR spectra usually show
only the carbons and hydrogens found in the analyzed molecules.
3- The teacher then provides students with a short overview of the principles of
NMR spectroscopy, without discussing too many details (see resource sheet).
Emphasize that the spectra provide information about the carbons and
hydrogens found in a molecule.
4- Next, the students determine which spectra belong to glucose and which spectra
belong to glucose pentaacetate, thereby identifying Unknowns #1 and #2.

Assessment (15
min)
The students must answer the questions in the Student Document and submit their TLC
plate for evaluation.
Extension

Beforehand, contact a nearby university whose chemistry department is in possession
of an NMR instrument. Discuss the lesson with an organic chemistry professor, and ask
if an NMR sample could be submitted for analysis. A class trip could be organized,
where students will have the opportunity to visit real research facilities and see the
laboratory instruments that serve as analytical tools for researchers.

Reference:
This article is an excellent instructor resource that explains the theory behind NMR
through an analogy:
Lee, A.W.M. 1985. An analogy of the NMR effect. Journal of chemical education. Vol
62(4), p.319.
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Laboratory Technician Guide
Material List
-

Scale or electronic balance
Spatula
Weighing pan
10 mL volumetric flask with stopper
Bottle of distilled water
Beaker
Periodic table

-

Test tube rack
Pasteur pipette
Empty test tubes (2)
Calculator
2 g/student D-Glucose (CAS 50-99-7)
2 g/student α-D-(+)-Glucose
pentaacetate (CAS 604-68-2)

*** Notes ***

PROCEDURE 1 (INTRODUCTION)
Glucose and glucose pentaacetate can be bought directly from the Sigma Aldrich website
(http://www.sigmaaldrich.com/). Sufficient quantities for this experiment are 100 g of D-glucose
(CAS 50-99-7) and 25 g of α-D-(+)-glucose pentaacetate (CAS 604-68-2). Each compound costs
about $30 for the quantities mentioned above.

PROCEDURE 1 (Beginner, recommended for Secondary 4 Environmental Science) The same
procedure is described in the Student Document).
Method (Students carry out all steps; D-glucose and α-D-(+)-–glucose pentaacetate are
supplied)
For the control solution (D-glucose):
-

Calculate the mass of glucose required to make 10 mL of a 0.6 M solution. (Students
should obtain 1.08 g)

-

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 to make the control solution.

For the glucose pentaacetate solution:
-

For both mystery solutions, students can use the same mass as that of glucose (1.08 g)
since the identities and molar masses are unknown.

-

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 calculated quantity of glucose.

-

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.

Once the solutions are completed, the pH and TLC analyses are as described in the student
document. In reality, the glucose pentaacetate solution will not be more acidic than the glucose
solution. This information is given because in some cases, for some syntheses, one can notice a
change of acidity. A pH test would therefore really be a test that an organic chemist could
perform to indirectly confirm that the reaction is reacting smoothly. For TLC, with the eluent used
in this laboratory, there will be a large difference in the migration distances. The glucose will
remain at the bottom of the plate while the glucose pentaacetate will be near the top.
pH Test
For the pH test, follow the procedure given in the student document.
Thin Layer Chromatography (TLC)
For the TLC analysis, follow the procedure given in the student document. The following video
describes how to carry out a TLC analysis:
https://www.youtube.com/watch?v=qdmKGskCyh8
This video could also be shown to students beforehand, to assist with visualizing the process.
For a low-cost solvent chamber, use a 150 mL beaker or even an empty, well-washed jam jar. A
petri dish or watch glass can be used to cover the chamber. Silica TLC plates can be purchased
from many laboratory equipment suppliers (e.g. https://boreal.com/store/product/177650/platetlc). Cut the larger sheets into individual 4 cm x 8 cm plates using scissors or a paper cutter; it is
recommended that gloves be worn. The elution solvent is a 1:9 mixture of
methanol:dichloromethane.
NMR Spectra
NMR spectra are included in the student document. These are genuine spectra gathered at
l’Université Laval by members of Dr. Denis Giguère’s lab.

PROCEDURE 2 (ADVANCED)
It is preferable to let the lab technician/teacher carry out the reaction. The technician/teacher’s
role would be to demonstrate the synthesis of glucose pentaacetate from glucose. Once the
reaction is completed (procedure outlined below), students can receive the lab documents and
an authentic sample. In this way, one of the two unknowns would be glucose pentaacetate
synthesized at the same school. Students will then complete the analyses to identify the sample
containing glucose pentaacetate.
This activity provides a laboratory research experience that bridges the gap between school and
research at the university level. The teacher could contact a university that has a chemistry
department, near the school if possible, to organize the submission of their product (glucose
pentaacetate powder) for analysis. Students could visit the laboratory and observe or assist with
the NMR analysis.
Some equipment may not be available in all schools, and certain modifications to the given
procedures may be required. In the case of advanced classes at well-equipped schools,
students could carry out the synthesis of glucose pentaacetate themselves. However, the use of
some reagents and solvents may involve risks beyond those permitted in a secondary school.
Caution and diligence on the part of the instructor is required.

Material List
Acetic anhydride (Ac2O)
Pyridine
Solvent (10% ethanol/90% dichloromethane)
Brine solution
Distilled water
Argon or nitrogen gas
Silica TLC pl
TLC stain (phenol-sulfuric acid: 3.0 g phenol
dissolved in 100 mL of a 5% solution of H2SO4
in ethanol)
Calculator
Rotary evaporator (if available)

Fume hood
Syringes and needles
Spatula
Electronic balance or scale
10 mL round bottom flask
Balloon
Septum
Small magnetic stir bar
Retort stand and clamp
Stirrer
Separatory funnel and ring clamp

PROCEDURE 2 (This activity is only suggested for secondary Chemistry 5 in Québec, or
grade 11 or 12 chemistry in other provinces, as an enrichment activity)

Procedure for the conversions of glucose into glucose pentaacetate
1- Weigh out 0.3 g of D-glucose, using the balance or scale.

2- Add the D-glucose and the stir bar into the 10 mL round bottom flask and then seal it with
a septum. For best results, use oven-dried glassware, and flush the flask with argon or
nitrogen before sealing it. Attach the flask to the retort stand with a clamp, and position
the stirrer on the stand and below the flask.
3- Attach a nitrogen- or argon-filled balloon to the reaction flask, making use of some tubing
and a needle as shown in the pictures below. This step creates an inert and moisturefree atmosphere in the reaction vessel.
4- Add 1.5 mL of pyridine to the reaction flask and turn on the stirrer. Add 1.5 mL of acetic
anhydride. Use a separate needle and syringe for each addition. If the reaction is scaled
up, an ice bath may be necessary; the reaction is exothermic.

5- Allow the reaction to proceed. The glucose will gradually dissolve as its free hydroxyl
groups are acetylated.

6- Follow the progress of the reaction by performing a TLC analysis every 15 minutes.

7- After 1 hour, the reaction should be complete. Add 2 mL of water to the reaction mixture
and let it stir 5 minutes to quench.

8- Carefully remove the stir bar and pour the contents of the flask into the separatory funnel.
Rinse the flask with a small amount of dichloromethane and add it to the separatory
funnel.

9- Add 50 mL of dichloromethane to the separatory funnel and then wash this layer with 50
mL of water. Discard the water (upper) layer, keeping the organic layer. Remember to
vent the funnel during the extraction to prevent pressure buildup.
10- Repeat step 9 two more times.
11- Repeat steps 9 and 10 with a saturated aqueous solution of sodium bicarbonate,
washing with three 50 mL portions. Keep the lower organic phase. This step removes
residual acetate from the mixture.
12- Repeat steps 9 and 10 with a 1 M solution of hydrochloric acid, washing with three 50 mL
portions. Keep the lower organic phase. This step removes residual pyridine from the
mixture.
13- Finally, repeat steps 9 and 10 using a saturated aqueous brine (NaCl) solution, washing
with two 50 mL portions. Keep the lower organic phase. This step pulls excess water
from the organic layer.
14- Recover the organic phase in a beaker and add a couple of scoops of solid MgSO4 or
Na2SO4. Thoroughly stir the solution and then let it sit for 10 minutes to allow the salts to
absorb any remaining water.
15- Filter the organic phase through a fluted filter paper inside of a long-stemmed glass
funnel into a 100 mL round bottom flask. The solid salts will remain on the filter paper,
and the dissolved glucose pentaacetate in dichloromethane will be collected in the flask.
16- Remove the solvent using a rotary evaporator until a white powder is obtained.

17- This powder is glucose pentaacetate. It can now be analyzed by NMR and other means.

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
Glucose chemical formula: C6H12O6
6 x C = 6 x 12.011 = 72.066
12 x H = 12 x 1.008 = 12.096
6 x O = 6 x 15.999 = 95.994
Molar mass of glucose = 72.066 + 12.096 + 95.994
Molar mass of glucose = 180.156 or 180.16 g/mol

Concentration calculation
𝑥
180.16 𝑔
=
0.6 𝑚𝑜𝑙/𝐿
1 𝑚𝑜𝑙/𝑙

108.10 𝑔
𝑥
=
1𝐿
0.01 𝐿

𝑥

𝑥

=

180.16 𝑔 × 0.6 𝑚𝑜𝑙/𝐿
1 𝑚𝑜𝑙/𝐿

𝑥 = 108.10 𝑔 in 1 L

=

108.10 × 0.01 𝐿
1𝐿

𝑥 = 1.08 𝑔 𝑖𝑛 𝑎 𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 10 𝑚𝑙

Material
-

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

-

Test tube rack
Pasteur pipette
Sample of the glucose control
solution
Empty test tube
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:
5- Examine the two sets of spectra. What are the differences before and after the
reaction? (Discuss them with you teacher)
In the NMR spectrum of Unknown #1, there are some peaks present that are not present in the equivalent
spectrum of Unknown #2. Also, some peaks have shifted.

6- What is shown on your NMR spectrum? Which spectrum shows the carbons of the
molecule? Which spectrum shows the hydrogens?
For each of the two unknowns, the first spectrum refers to the hydrogens in the molecule. The second
spectrum contains information about the carbons present in the molecule.

7- 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
information to identify your unknown compounds.
Show your calculations for each compound in the boxes below:
5 x CH3CO2 = 10 C + 15 H + 10 O

6 x OH = 6O + 6H

6xH=6H

6xH=6H

1 x OH = 1 O + 1 H

6 x C = 6C
Total = 6 C + 12 H + 6 O

6xC=6C
Total = 16 C + 22H + 11 O
Final formula = C16H22O11

Final formula = C6H12O6

Results Table
Experiment
pH

TLC plate

NMR

Glucose solution

Unknown #1

Unknown #2

Will vary; compare to
standard prepared by
teacher/lab technician

Same pH as Unknown
#2

Same pH as Unknown
#1

There will be a spot
near the bottom of the
silica plate.

There will be a spot at
the top of the silica
plate

There will be a spot
near the bottom of the
silica plate.

Corresponds to glucose
pentaacetate, as adding
up the carbons and
hydrogens gives the
formula C16H22O11

Corresponds to Dglucose, as adding up
the carbons and
hydrogens gives the
formula C6H12O6

Conclusion
1- Which unknown sample contains your molecule (glucose pentaacetate)? Explain how
you know.
Unknown #1 contains glucose pentaacetate. When adding up the number of carbons and hydrogens in the
NMR spectra for this sample, a formula of C16H22O11 is obtained.

2- How many times more basic is the reactant solution than the product solution?
There should not be any difference; however, because the analysis is qualitative, students may record a small
difference. If so, a difference of 10x for each 1-point difference should be recorded. Students should be able to
explain the difference in a logical way (e.g. The product solution is pH 8 and the reactant solution is pH 8,
therefore the reactant is 10x more basic)

3- Is the pH test by itself enough to identify the glucose pentaacetate solution? Why or why
not?
No. The pH test only indicates whether the solution contains more H+ or OH- ions, and does not directly give
any structural information of the molecules in the solution. As mentioned in the student handout, some
techniques indirectly give information about the nature of a molecule. To confirm the chemical formula
exactly, it is necessary to use other analysis methods.

4- Which method, the pH test or the TLC plates, will most accurately identify your unknown
compounds?
The TLC analysis provides more useful information for identification than does the pH test, as it is very
unlikely that two molecules of such differing size and polarity would migrate the same distance on the plate.
However, there is a fairly good chance that the reactants and products could have the same pH.

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?
NMR spectroscopy is a very sophisticated analytical tool that assists with the determination of the structure of
molecules. In this activity the hydrogen and carbon atoms were used to determine the exact chemical formula
of a molecule. Although outside the scope of this activity, NMR spectra can be analyzed further to gain more
information about the chemical environment surrounding certain atoms in a molecule.

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

