
EXPERIMENT 1 

 

IR Spectrum of Polystyrene  

 

PURPOSE: To assign the peaks of polystyrene (PS) film  

 

PROCEDURE: : You will be given a polystyrene film. You are going to assign the peaks of 

PS by examining its IR spectrum.  
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EXPERIMENT 2 & 3  

Identification of a Solid & Liquid Organic Molecule by IR Spectroscopy  

 

PURPOSE: By using IR data, identify the unknown sample .  

PROCEDURE: You will be given one of the following compounds as an unknown. You are 

going to identify this compound by examining ONLY its IR spectrum. Return the sample 

back to your assistant after you have obtained the proper spectrum. If you can not make a 

positive identification, search the literature to find known frequencies for comparison. After 

you have identified your compound compare it with the known spectrum. Finally identify all 

the important bands with the appropriate molecular bonds and functional groups.  

 
LIST OF UNKNOWNS (solids&liquids):  
 
1,2-Propanediol  

1-Butanol  

1-Naphtol  

1-Octanol  

2-Aminobenzoic acid  

2-Butanone  

2-Cyclohexene-1-one  

2-Heptanone  

2-Methoxy ethanol  

2-Methylimidazol  

2-Nitrophenol  

2-Octanone  

2-Propanol  

3,5-Dimethoxybenzoic acid  

3,5-Dinitrobenzoic acid  

3-Nitrobenzaldehyde  

4-Aminoacetophenone  

4-Aminophenol  

4-Bromoanisole  

4-Dimethylamino-

benzaldehyde  

4-Ethylcyclohexanone  

4-Methoxybenzaldehyde  

4-Metoxy-2-nitroaniline  

4-Nitroaniline  

4-Nitrobenzoic acid  

4-Nitrophenol  

4-t-Butylcyclohexanol  

Acetamide  

Acetanilide  

Acetophenon  

Acetylsalicylic acid  

Allyl acetate  

Allyl bromide  

Aniline  

Anisole  

Ascorbic acid  

Aspartic acid  

Benzaldehyde  

Benzamide  

Benzoic acid  

Benzophenone  

Benzoquinone  

Benzoylaminoacetic acid  

Benzyl alcohol  

Benzylacetate  

Benzylamine  

Benzylchloride  

Benzylcyanide  

Benzylic acid  

Biphenyl  

Chlorobenzene  

Cholesterol  

Cycloheptanone  

Cyclohexane  

Cyclohexanol  

Cylohexanone  

D,L-alanine  

Diacetin  

Diethyladibate  

Diethylamine  

Diethylketone  

Diethylmalonate  

Diphenylamine  

Diphenylthiourea  

Ethyl benzoate  

Furfural  

Furfuryl alcohol  

Glycine  

Heptanal  

Hexanoic acid  

Hippuric acid  

Iodoform  

Isopentylacetate  

Isopropylalcohol  

Lactic acid  

L-Aspartic Acid  

L-cysteine  

Maleic acid  

Methyl acetylsalicylate  

Methyl trimethylacetate  

Methylbenzoate  

Methylsalicylate  

m-Nitrobenzaldehyde  

m-Toluidine  

N,N- Diethylethylenediamine  

Naphtalene  

n-Butylacetate  

n-Hexylamine  

Nitrobenzene  

o-Anisidine  

o-nitrophenol  

p-Aminoacetophenone  

p-Anisaldehyde  

p-Dibromobenzene  

p-Dichlorobenzene  

Phenylalanine  

Phtalic anhydride  

Piperidine  

p-Nitrobenzoic acid  

Propylacetate  

p-Xylene  

Pyridine  

Quinoline  

Resorcinol  

Salicylaldehyde  

Salicylic acid  

Tannic acid  

Tartaric acid  

Triethylamine  

Triphenylmethanol  

Urea  

β-Naphtol



EXPERIMENT 4 

400 MHz 
1
H NMR Spectrum of an Unknown  

 

PURPOSE: By using NMR data, identify the unknown sample.  

APPARATUS: NMR spectrometer (Varian Gemini 400MHz)  

PROCEDURE: You will be given one of the following compounds as an unknown. You are 

going to identify this compound by examining ONLY its NMR spectrum. Identify all the 

peaks including the solvent peak.  

 

LIST OF UNKNOWNS:  
 
1,2-propanediol  
1,4-dibromobenzene  
1-bromobutane  
1-butanol  
1-chloro-3-nitrobenzene  
1-naphtol  
1-octanol  
2-bromobutane  
2-bromophenol  
2-butanone  
2-chloro anthraquinone  
2-methoxy ethanol  
2-octanone  
2-propanol  
3-bromoanisole  
3-chloropropene  
4-bromoaniline  
4-chloroacetanilide  
4-heptanone  
Acetamide  
Acetanilide  
Acetophenone  
Acetylsalicylic acid  
Adipic acid  
Allylacetate  
Allylalcohol  
Allylamine  
Amylalcohol  
Aniline  
Anisole  
Antracene  

Ascorbic acid  
Benzamide  
Benzophenone  
Benzylacetate  
Benzylalcohol  
Benzylamine  
Benzylchloride  
Biphenyl  
Chloroacetic acid  
Cinnamaldehyde  
Cyclohexane  
Cyclohexanol  
Cyclohexanone  
Cyclohexene  
Cyclopentanone  
Diethyladipate  
Diethylamine  
Diethylketone  
Diethylmalonate  
Diphenylamine  
Ethylacetate  
Ethylbenzoate  
Ethylene glycol  
Glycine  
Heptaldehyde  
Hippuric acid  
Hydroquinone  
Isoamylalcohol  
Isoamylether  
Isobutrylaldehyde  
Isobutylalcohol  

Isobutylmethyl ketone  
Isobutyraldehyde  
Isopropyl acetate  
Itaconic acid  
Maleic acid  
Methyl salicylate  
Methylbenzoate  
Methylpropionate  
m-nitrobenzaldehyde  
m-nitrophenol  
n-amylacetate  
Naphthalene  
n-butylacetate  
n-butylbromide  
Nitropropane  
o-toluidine  
p-aminophenol  
p-aminophenol  
p-anisaldehyde  
p-hydroxybenzoic acid  
Picric acid  
Piperazine  
p-nitroacetanilide  
p-nitroaniline  
p-nitrophenol  
Quinoline  
Resorcinol  
Salicyclic acid  
Salicylaldehyde  
Tartaric acid  
Toluene  



EXPERIMENT 5 

Molecular Weight Determination by 
1
H NMR spectroscopy  

 

PURPOSE: By using NMR data, identify the unknown sample and determine its molecular 

weight.  

APPARATUS: NMR spectrometer (Varian Gemini 400MHz)  

The use of the NMR as a quantitative instrument is much effective than other spectroscopic 

methods because the extinction coefficients of the peaks are constant and independent of the 

chemical environment of the nuclei under investigation.  

The method consists of comparing the integrated intensities of an added standatd with those 

of the recognized peak or group of peaks of the unknown compounds. The exact masses of 

both the standard and the unknown are needed to be known. The molecular weight is 

calculated by the following formula:  

𝑀 =
𝐼𝑠. 𝑛.𝑊.𝑀𝑠

𝐼. 𝑛𝑠.𝑊𝑠
 

M= Molecular weight of the unknown  

Is= Integrated intensity of the standard  

I= Integrated intensity of the unknown  

n= The number of the protons in the recognizable peak or group of peaks of the unknown  

ns= The number of the protons of the standatd peak  

W= weight of the unknown  

Ws= Weight of the standard  

Ms= Molecular weight of the standard  

 

For this method to be applicable:  

1. At least one peak or group of peaks of the unknown must be recognized as to the number of 

the protons it contains.  

2. This absorption should not overlap with others.  

 

PROCEDURE: You will be given a compound as an unknown. You are going to identify 

this compound by examining its NMR spectrum. Identify all the peaks including the solvent 

peak and determine its molecular weight.  

UNKNOWN LIST: You can use the list of the previous experiment (Exp4) 



 
EXPERIMENT 6 

Determination of Manganese in Steel  

 

PURPOSE: By using UV spectroscopy determine the concentration of manganese in steel 

solution.  

APPARATUS: UNICAM UV/VIS Spectrometer UV2  

Steel is an alloy primarily composed of iron, with a carbon content between 0.02 % and 1.7 % 

by weight, depending on grade. Carbon is the most cost-effective alloying material for iron, 

but various other alloying elements are also used.  

Carbon and other elements act as a hardening agent, preventing dislocations in the iron atom 

crystal lattice from sliding past one another. Varying the amount of alloying elements and 

their distribution in the steel controls qualities such as the hardness, elasticity, ductility, and 

tensile strength of the resulting steel. Steel with increased carbon content can be made harder 

and stronger than iron, but is also more brittle.  

Modern steel is generally identified by various grades of steel defined by various standards 

organizations. Many types of modern steels exist for different purposes. Made with varying 

combinations of alloy metals, their properties range to fulfill many purposes.  

 Carbon steel, composed simply of iron and carbon, accounts for 90 % of steel 

production.  

 High strength low alloy steel has small additions (usually < 2 % by weight) of other 

elements, typically 1.5 % manganese, to provide additional strength for a modest price 

increase. Manganese is essential to iron and steel production by virtue of its sulfur-

fixing, deoxidizing, and alloying properties. Steelmaking, including its ironmaking 

component, has accounted for most manganese demand, presently in the range of 85% 

to 90% of the total demand. Among a variety of other uses, manganese is a key 

component of low-cost stainless steel formulations and certain widely used aluminium 

alloys.  

 Low alloy steel is alloyed with other elements, usually molybdenum, manganese, 

chromium, or nickel, in amounts of up to 10 % by weight to improve the hardenability 

of thick sections.  

 Stainless steels and surgical stainless steels contain a minimum of 10% chromium, 

often combined with nickel, to resist corrosion (rust). Some stainless steels are 

nonmagnetic.  



Experimental:  

Small quantities of manganese in steel are readily determined by oxidation to the highly 

colored permanganete ion. Potassium periodate is effective for this purpose: 

 
 

Procedure:  

Preparation of calibration curve:  

 

1. Prepare a standard solution of KMnO4 (158.03 g/mol). Dissolve 0.09 g of KMnO4 in 250 

ml of volumetric flask.  

 

2. Prepare a series of standards from the solution prepared in step #1.  

Take 2.0, 4.0, 6.0, and 8.0 mL of aliquots from the stock KMnO4, transfer to 50 mL  

volumetric flasks, and dilute to the mark.  

 

3. Scan the wavelength range between 400 and 650 nm to find out max by using one of the 

solutions prepared in step #2 (preferentially the one with 8.0 mL aliquot diluted to 50 mL). 

Reference cell should be filled with deionized water.  

 

4. Record the absorbance data for the series of standard solutions prepared in step #2 at max 

determined in step #3.  

 

5. Draw the calibration curve, write down the linear-regression equation, and determine the 

molar absorptivity value (  

 

Unknown:  

 

1. Obtain your unknown from the instructor.  

 

2. Dilute the unknown to a 100 mL. Take a 20 mL aliquot of the sample into a small beaker.  

 

First aliquot (Blank solution): 20 ml sample + 5 ml H3P04. Heat it gently for about 5 minutes 

(clear solution). Cool the solution to room T.  

 

Second aliquot: 20 ml sample + 5 ml H3P04+0.400 g KIO4. Heat it gently for about 5 

minutes, color should turn into pink (permanganate color). Cool the solution to room T.  

 

3. Determine the absorbance of the KIO4 treated sample. Determine the original concentration 

of the unknown solution (do not forget to include the dilution factor).  

 

 



Experiment 7 

UV Spectra of Flavonoids 

UV and visible light excite electrons from lower electronic energy levels to higher ones. 

When a molecule absorbs UV or VIS light at its longest wavelenght, an electron is excited  

from the ground state i.e. from the highest occupied molecular orbital (HOMO), to the first 

excited state,  which is the lowest unoccupied molecular orbital (LUMO).  The energy 

difference between  and * orbitals is high, at a range below 180 nm (vacuum UV range) 

and is not practically accessed. The energy differences between  and * and n and p* 

orbitals are lower and within the range of ordinary spectrophotometers. With increased 

conjugation the energy differences between the HOMO and LUMO levels  decrease towards 

the visible range of electromagnetic radiation. Examples are the benzene ring, the benzoyl 

system and the cinnamoyl  system. 
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                                      benzene  benzoyl   cinnamoyl 

max 203 nm (max 7 400)     max 230 nm (max 11 600) max 320 nm (max 10 000) 

Flavonoids are wide-spread compounds among plants, responsible for the yellow, red,  to 

violet colors. They protect the plant from UV radiation by absorbing the UV light. The 

specific colors are also responsible for pollination. The flavonoid structure, is a combination 

of the benzoyl and cinnamoyl systems.  

The UV spectra of most flavonoids consist of two major absorption maxima, one in the range 

240 – 285 nm, Band II (the benzoyl system absorption), and the other in the range  300 – 

400 nm, Band I (the cinnamoyl system absorption).    
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Flavonoids contain OH groups, methoxy groups, sugar moieties. These groups change the 

absorption maxima. With increasing number of OH groups , the flavonoids absorb at longer 

wave-lenghts. Methylation or glycosylation of the OH groups result in hypsochromic shifts. 

For example a flavone with no substitution at C-3 shows Band I maximum at 310-330 nm 

range, 3-OH substitution shifts the band to 350 or higher wave-length. 

Some shift reagents also cause characteristic shifts. For example, the acidic phenolic groups 

ionize in basic medium and shift both absorption maxima towards longer wavelengths. 

Complexation agents complex with ortho dihydroxyl groups and with carbonyl and hydroxyl 

groups and also result in bathochromic shifts. So, the UV spectra of flavonoids are important in the 

determination of their structures. 

Examples: 

 

 

FLAVONE 
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      250      300       350     
400 
 
MeOH  250, 294, 307sh 

     250     300       350     400 
 
AlCl3  250, 293, 306sh 

    250      300       350     400 
 
NaOAc  248,292, 307sh 

NaOMe 250, 294, 307sh AlCl3/HCl 250, 293,   306sh NaOAc/H3BO3 255sh, 294,  
307sh 
 

  250      300      350     400    250     300     350    400 
   

250      300     350     400 

MeOH    247sh, 268, 313  
AlCl3   252, 279, 
330, 380 

 
NaOAc   275, 359 

NaOMe  248, 263sh, 277, 
361 

AlCl3/HCl 251, 
280, 329, 381 

NaOAc/H3BO3 269, 
315 



STRUCTURE DETERMINATION OF A FLAVONE 

I. Flavone in methanol solution:  

Two peaks, one in the range 240 – 285 nm (Band II), and the other in the range  300 – 400 

nm (Band I).   

A. If no substitution at C-3, Band I at 300-330 nm. 

B. If 3-OH exists Band I at 350-370 nm. 

C. If 3-OMe or 3- O-gly exist Band I at 330-350 nm. 

II. Addition of shift reagent NaOMe (strong base) to methanol solution: 

Phenols are weak acids. If OH groups are present, both peaks show bathochromic shifts with 

addition of strong base. If 4’-OH is present, Band I absorbance increases. 

 

III. A. Addition of shift reagent Al Cl3 to methanol solution: 

Al Cl3 forms complexes with o-dihydroxy groups and 4-carbonyl and neigboring hydroxyl 

groups (Figure 1). In the presence of such groups there is a bathochromic shift of Band I. 

III. B.  Addition of H Cl to the above Al Cl3 and methanol solution: HCl decomposes all 

orto- hydroxy complexes. If o-dihydroxyl groups exist there is a hypsochromic shift with 

respect to III.A.  After the hypsochromic shift if the wave-lenght is stil larger than the one of 

the methanol solution I (with no shift reagents) then there is 5-OH or 3-OH or both. 

 

IV. A. Addition of Na OAc to methanol solution: 

Na OAc is a weak base and ionizes only the stronger acidic protons at 7-OH and/or 4’-OH. 

These are stronger acids because of the stability of their anions, due to extended conjugation 

to 4-carbonyl. In the presence of 7 or 4’-OH there is a bathochromic shift on addition of 

NaOAc. 

IV. B. Addition of H3 BO3 to the above NaOAc and methanol solution. 

H3 BO3 complexes with the o-dihydroxy groups and shows a bathochromic shift of Band II 

with respect to the initial methanol solution in I.A. 
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Figure 1. Complexation with Al Cl3 

 

 


