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Experiment XIX: Identification of Unknowns 

Pre-Lab 

Introduction 

This experiment is preformed to separate and identify an alcohol and a ketone mixed 

together. TLC will be used to choose a solvent system to be used in microscale column 

chromatography. Once the compounds are separated by column chromatography, a number of 

techniques will be used to identify them: specifically, NMR, IR and melting point analysis. Possible 

molecules are drawn below: 
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Physical Data 

Name 
MW 
(g/mol) 

Melting 
Point 
(ºC) 

Boiling 
Point (ºC) 

Density 
(g/mL) 

Solubility Hazards (Acute) 

Hexanes 86.175 -95.3 68.72 0.6606 
Soluble in Organics, 
Insoluble in Water 

eye contact, skin contact 
(permeator), ingestion, 
inhalation 

Ethyl Acetate 88.12 -83.8 77.1 0.9003 Water and organics 
Ingestion, inhalation, skin 
contact (irritant, permeator), 
eye contact (irritant) 

CDCl3 119.4 -64 61 1.485 organics 

Ingestion, inhalation, skin 
contact (irritant, slight 
permeator), eye contact 
(irritant) 

Dichloromethane 84.933 -95 39.8 1.33 Water and organics 

eye contact (irritation, 
burns), skin contact 
(irritation, burns), ingestion 
(gastrointestinal irritation), 
inhalation (respiratory 
irritation, nervous system 
damage) 

1-indanone N/A 40-42 N/A N/A N/A N/A 

2-aceonaphthone N/A 53-55 N/A N/A N/A N/A 

1-naphthalenemethanol N/A 61-63 N/A N/A N/A N/A 

2-indanol N/A 68-71 N/A N/A N/A N/A 

4-phenylcyclohexane N/A 78-80 N/A N/A N/A N/A 

9-fluorenone N/A 82-85 N/A N/A N/A N/A 

benzil N/A 94-95 N/A N/A N/A N/A 

4-biphenylmethanol N/A 99-101 N/A N/A N/A N/A 

9-fluorenemethanol N/A 105-107 N/A N/A N/A N/A 

2,2-biphenyldimethanol N/A 110-111 N/A N/A N/A N/A 

1,4-naphthoquinone N/A 121-122 N/A N/A N/A N/A 

9-anthacenemethanol N/A 162-164 N/A N/A N/A N/A 

 

Procedure 

Day 1: 

1. Get a vial containing an unknown 

2. Create 4 solvent mixtures for TLC: 
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a. 95:5 hexanes: ethyl acetate 

b. 90:10 hexanes: ethyl acetate 

c. 85:15 hexanes: ethyl acetate 

d. 80:20 hexanes: ethyl acetate 

3. Dissolve a spatula tip of the unknown in 1 mL of acetone  

4. Run the TLCs 

5. Pick the solvent that gives an Rf of 0.25 to 0.35 for the faster spot, and a differentiation of at 

least 0.1 

6. Dissolve 70-80 mg of the unknown in a couple drops of DCM and add 70-80 mg silica 

7. Store this mixture for a week, loosely stopped 

8. Set up the chromatography column 

Day 2: 

9. Pre-elute the column with hexanes 

10. Run a column chromatography on the mixture  

a. Collect 10 1 mL samples during the elution   

11. Run TLC on the 10 samples, using 80:20 hexanes: ethyl acetate 

12. Combine the samples with pure components 

13. Submit for NMR 

14. Run IR 

15. Taking melting point 
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Post-Lab: 

Introduction: 

This experiment was performed to separate the unknown alcohol and ketone in vial 63 and 

identify each compound. First, samples of the compounds were run in different solvent systems to 

select which solvent to use for column chromatography. The best solvent system was 85:15 hexanes: 

ethyl acetate, which separated the compounds as spots with Rf values of 0.12 and 0.34, with a ΔRf of 

0.22. This separation ensured that the compounds will move down the column at significantly 

different rates, but not so fast that the compounds do not separate. After the solvent system was 

decided, column chromatography was run, with TLCs run for samples taken every 1 mL. Each 

sample was run alongside a sample of the unknown, allowing the samples’ spots to be matched to 

the unknown’s spots. A total of 28 samples were analyzed, and samples 3,4,5, and 6 were seen to 

only contain the less polar species (more polar because of the higher Rf), while samples 

23,24,25,26,27 and 28 contained only the more polar species (lower Rf.) Because alcohols are more 

polar than ketones, the former is labeled as a ketone, and the latter as an alcohol. Both compounds 

were then analyzed using NMR and IR to identify them. 

Body: 

The first compound to elute from the column was analyzed by NMR, IR, and melting point 

analysis. This molecule is suspected to be a ketone, though this assumption must be confirmed. The 

NMR for the unknown ketone is displayed in figure 1. Ignoring the peaks for known contaminants 

– ethyl acetate, hexanes, water, and chloroform – only 3 peaks remain, with shifts around 8.07, 7.78 

and 6.98 ppm and equal integrals. Based on the Spectral Database for Organic Compounds, the 

NMR for the ketone 1,4-naphthoquinone has 3 peaks with shifts 8.07, 7.76, and 6.98 ppm, all of 

integral 2. The nearly perfect correlation strongly implies that 1,4-naphthoquinone is the identity of 
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the unknown. The IR for the unknown ketone is displayed in figure 2. The only important peak 

outside of the fingerprint region is at 1675 cm-1, which is indicative of α and β unsaturated ketones. 

Essentially, this only confirms that the molecule is a ketone. Enough of this compound was 

collected to run a melting point analysis, resulting in a value of 121-123 ºC, very close to the melting 

point of 1,4-naphthoquinone, 121-122ºC. This discrepancy can be attributed to incomplete heat 

transfer to the compound, but the value is close enough as to be considered correct. Based on very 

strong agreement of NMR and melting point data between the unknown ketone and 1,4-

naphthoquinone, it is concluded that the unknown ketone is 1,4-naphthoquinone. 

The second compound to elute from the column is concluded to be the more polar alcohol, 

and NMR and IR analysis is run. The NMR for the compound is displayed on figure 3, including the 

known contaminants of water and chloroform. Other contaminants visible do not appear in 

significant quantities and are therefore ignored. Outside of the contaminant peaks, there are four 

sets of relatively downfield multiplets with shifts of 7.80, 7.62, 7.42, and 7.34 ppm, all with around 

the same integral. These integrals are normalized to 2. Also present are two narrowly separated 

peaks at 4.14 and 4.08 ppm, with integrals around 1 and 2 respectively. This pattern of peaks is 

mostly consistent with Spectral Database for Organic Compounds’ spectra for 9-fluorenemethanol, 

with peaks of 7.75, 7.57, 7.37, 7.29, 4.06, and 3.97 ppm, with the same distribution of integrals. All 

of the measured shifts are slightly below the literature values by a factor of about 0.05 ppm, even 

after using CDCl3 as a reference. It is unknown why this shift occurred, but the pattern is consistent 

enough to conclude that the NMRs of the unknown and 9-fluorenemethanol match. The IR for the 

unknown alcohol (figure 4) has a broad peak around 3200-3500 cm-1, indicative of the O-H bond 

characteristic of alcohols. All of the other peaks on the IR were concluded to be either too general 

to distinguish the compound from other alcohols or a residual peak of contamination from the 
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original ketone. Not enough of the compound was isolated to perform melting point analysis, but 

the agreement with the NMR indicates that unknown alcohol is 9-fluorenemethanol. 

Conclusion: 

 Based on IR, NMR, TLC, and melting point data, the first compound to elute from the 

column was identified as the ketone 1,4-naphthoquinone and the second compound was identified 

as the alcohol 9-fluorenemethanol. The first compound was suspected to be a ketone because of its 

lower polarity (high Rf..) The IR spectrum confirmed it to be a ketone, while the NMR and melting 

point of the unknown matched those of 1,4-naphthoquinone nearly perfectly. The second 

compound was confirmed to be an alcohol by its IR spectrum, and its NMR matched that of 9-

fluorenemethanol closely enough to conclude that the two must be the same. 
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Spectra: 

 

Figure 1: NMR for unknown ketone 

 

Figure 2: IR for unknown ketone 
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Figure 3: NMR for unknown alcohol 

 

Figure 4: IR for unknown alcohol 


