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A .  Part i t i on  Co ef f i c i ent  

 Measure of solubility for a compound in two 

solvents.  

 If the partition coefficient of a compound 

between two solvents (Kpc) is < 1, it tends to 

be more insoluble with the solvent in which 

the compound is shaken to. If Kpc is > 1, then 

it is soluble with the said solvent. 

 Solubility also depends on whether the 

compound is compatible with solvent 

(Polar/non-polar)Test bullet 
 Formula :  

 

 
 

Where: [𝑋𝑖𝑛 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝐵] represents amount of 

compound X extracted to solvent B per unit 

volume and [𝑋𝑖𝑛 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝐴] represents amount 

of compound X left in solvent A per unit 

volume. 

B .  C hromato graphy  

Chromatography is a method to separate mixtures 

based on its interaction with the stationary phase (water 

trapped in cellulose fibers of the paper) and mobile 

phase (solvent). 

1.) Paper Chromatography 

A method to separate mixtures based on its 

interaction with the stationary phase (water 

trapped in cellulose fibers of the paper) and 

mobile phase (solvent). 

Important to note on paper chromatography: 

 Paper is placed in a beaker 

 Starting line of samples are drawn with 

pencil and must be drawn above solvent 

 Samples will move upwards from the 

starting point depending on solubility 

 The sample that is furthest from starting 

line has the greatest interaction with the 

solvent and therefore most soluble. 

 Retardation Factor (Rf) can be used to 

help compare each sample. 

 To see the substances on the paper, 

either spray it with ninhydrin or see it 

with UV light 

Formula of retardation factor: 

 

 

 

 

 

 

 

 

2.) Two ways chromatography 

Similar to paper chromatography, except this 

time a second starting point is drawn vertically 

and uses two solvents.  

It is used when two samples can’t be 

distinguished with the first solvent so uses a 

second solvent placed below the second 

starting point. 

3.) Thin layer chromatography 

This method uses a glass like solid coated with 

silica gel (SiO2) or Alumina (Al2O3) which acts 

as the stationary phase.  

While the solvent, usually methylbenzene, is 

the mobile phase. TLC is usually quicker than 

paper chromatography.  

Polar substances travel slowly as they have 

strong interaction with the polar SiO2 or Al2O3, 

as opposed to non-polar substances. 

4.) Gas-Liquid Chromatography 

Important to note on GLC: 

 Uses a coiling column heated in an oven 

in which the samples are injected inside.  

 Carrier gas are used to push substances 

towards the exit in which the time for 

substances to exit is recorded by a 

detector.  

 The mobile phase is the carrier gas while 

stationary phase is the liquid hydrocarbon 

attached to silica inside the column. 

 The detector will detect electric signals 

which will generate a graph based on the 

retention time of substances passing 

through chromatography column (X-axis) 

and recorder response (Y-axis). Triangular 

peaks are shown in the graph. 

 The substance that is the quickest at 

passing through the column is the most 

polar. 

Formula for % of X in a mixture:  

 

 

1.) HPLC (High Performance Liquid 

Chromatography) 

Important to note on HPLC: 

 The stationary phase is a non-polar liquid 

hydrocarbon while mobile phase is a 

polar solvent. 

 Substances are injected through a packed 

column. Substance with the strongest 

interaction with the solvent (most polar) 

will pass through the column the fastest. 

 Detectors record the retention time of 

substances as they pass through the 

column, which then results a graph 

shown from the detector similar to GLC. 

          
      

  

 KPc = 
[Xin  solvent  B ]

[Xin  solvent  A ]
 

Rf =
Distance travelled by substance

Distance between starting point and solvent front
 

Triangle area of peak X

Total area of peaks generated
× 100% 
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 Amount of substance emerging from the 

column is proportional to area under the 

peak of the graph. 

 HPLC is used to analyze urine samples 
from athletes, medical research of 
peptides and proteins, and monitoring 
pollutants in the atmosphere. 
 

 

 

 

 

 

c .  1 H-NMR  Spe ctros copy  (Proton  
Nu cl ear  Mag net i c  R eso nanc e )  

Used primarily to determine structure of organic 

compounds based on the fact that nucleus of each 

hydrogen atoms in an organic molecule behaves like a 

tiny magnet. The single proton in a hydrogen nuclei spin 

and set up a small magnetic field. 

How does 1H-NMR work? 

 Sample is analyzed in a magnetic field. 

 There is a tiny difference in energy levels 

between opposite spinning hydrogen 

nuclei, where the nuclei that line up 

against magnetic field has a higher energy 

level. 

 Gap of energy levels depend on 

molecular environment of the hydrogen 

atoms. In 1H NMR, A molecular 

environment is defined as other atoms 

that are connected with a 1H atom. For 

example, -CH3 and -OH are two different 

molecular environments. 

 Reference compound of an NMR is TMS 

(Tetra Methyl Silane). It is used because 

of its inertness, it mixes well with organic 

compounds, and all its hydrogen atom 

are in the same molecular environment 

so TMS gives one sharp absorption peak 

in the NMR graph. 

 Other energy absorption peaks from the 
1H nuclei of other molecular 

environments are measured by their 

chemical shift away (left side) from TMS 

(which is at 0 𝛿). The unit for chemical 

shift is ppm (parts per million) 

1H-NMR includes : 

1) Low resolution NMR 

Shows only a single peak from each non-

equivalent hydrogen atoms/different 

molecular environment.  

Area under each peak represents number of 

equivalent hydrogen atoms responsible for the 

chemical shift of each peak relative to TMS. 

Each peak has different heights and are 

labelled with the number of equivalent 

hydrogens (Like 1H, 2H, etc.) 

 

2) High resolution NMR 

As the name suggests ‘High Resolution’, peaks 

that only appeared single in low resolution 

NMR is revealed to be made up of a cluster of 

closely grouped peaks due to an interference 

of a magnetic field generated by spinning 

nuclei with the neighboring nuclei, known as 

spin-spin coupling. Splitting pattern of peaks 

depends on amount of hydrogen atoms in 

adjacent atoms. 

Important to note on High Resolution NMR 

Spectroscopy: 

 Number of signals peak splits into = n + 1, 

where n represents the number of 

hydrogen atoms in adjacent atoms 

 When n = 0, there is only one peak called 

a singlet   

 When n = 1, there are two peaks called a 

doublet (peak height 1:1)   

 When n = 2, there are three peaks called 

a triplet (peak height 1:2:1)   

 When n = 3, there are four peaks called a 

quartet (peak height 1:3:3:1)   

 Molecular environments like -OH and -

NH- only show one peak even when the 

adjacent atoms contain hydrogen atoms 

because proton in -OH or -NH- exchanges 

with the proton in other molecules such 

as H2O rapidly. 

 Chemical shifts on different -OH and -NH- 

signals overlap with other proton 

chemical shifts so it can be hard to 

identify.  

To check whether the molecule analyzed 

has those signals, heavy water (D2O) can 

be used in the sample, causing the -OH or 

-NH- peaks to disappear.  

The Deuterium isotope exchanges with 

proton of -OH or -NH- and signals will 

disappear as deuterium don’t absorb 

energy in the same electromagnetic 

region as the protons. 

To determine structure of an organic compound with 

High Resolution NMR, pay attention to the chemical 

shift the peak is located to determine the environment 
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of the proton, then look at the splitting pattern of the 

peak to know how many hydrogen atoms are adjacent 

to it. 

 

 D .  Carb on - 13  NMR  Spe ctros copy  

NMR spectroscopy works with atoms that have an odd 

mass number. Besides 1H, 13C has a signal with NMR. 

While most carbons in an organic molecule are the 12C 

isotope, there are about 1% that may be a 13C isotope. 

 

Important to note on C-13 NMR Spectroscopy: 

 Peaks are produced in the graph by 13C atoms 

from different molecular environment/non-

equivalent carbon atoms 

 Like 1H-NMR, TMS is used as reference compound 

with  

 Signals appear as discrete vertical lines unlike H-

NMR 

 Solvent used to prepare analysis is CDCl3 

 Small signals around 80 ppm from CDCl3 can be 

ignored 

e .  Mas s  Spe ctrometry  

Used to identify organic molecules from the mass to 

charge ratio (m/e) of each ion fragments of an organic 

molecule with their relative abundances. 

How does mass spectrometry work? 

 Sample is vaporized first, then put inside the mass 

spectrometry machine in which the vapor will be 

bombarded by high-energy electrons.  

This knocks the electron from the molecule 

causing the covalent bonds to break and the 

molecules are fragmented. 

 Peak at the highest m/e is caused by the 

molecular ion (M+), which is produced when only 

one electron from the molecule is knocked out.  

For example, in a CH3CH3 molecule analyzed, the 

molecular ion is CH3CH3+ 

 Ions of fragments are always single and positively 

charged (+) 

 m/e of molecular ion suggests the relative mass of 

the organic molecule analyzed. 

 Other peaks that appeared is caused by other 

fragments of the molecule.  

For example, a CH3CH2OH is analyzed with MS. A 

peak is shown at m/e 15. That peak may be 

generated by the CH3+ fragment. 

Ways of interpreting mass spectrometry: 

1.) With [M+1] peak 

A small peak beyond the molecular ion peak is 

shown at [M+1] peak, caused by molecules in 

which one of the carbon atoms is the 13C 

isotope. It is possible to determine how many 

carbon atoms are there based on the fact that 

there are 1.1% 13C atoms in an organic 

molecule. 

Formula :  

 

 

Where n represents number of carbon atoms 

in a molecule 

2.) With [M+2] and [M+4] peaks 

A peak generated beyond the molecular ion 

when a molecule contains chlorine or bromine 

atoms. Each of them have two isotopes, 35Cl 

(75% abundance) with 37Cl (25% abundance) 

and 79Br with 81Br (each has 50% abundance). 

Cases: 

 1 Chlorine or bromine atom per molecule 

For example, there is a fragment of X35Cl+ 

that acts as the molecular ion and X37Cl+ 

will show the [M+2] peak. 

Height of the [M+2] peak will show as one 

third of the molecular ion peak due to 

37Cl abundance being 
25

75
 of the 35Cl 

isotope.  

If the molecule contains one bromine 

atom, the molecular ion peak (X79Br+) and 

[M+2] peak (X81Br+) will be at same height 

due to the two bromine isotopes being 

equally abundant. 

 

 2 Chlorine or bromine atoms per 

molecule 

For example, there is XCl2 molecule.  

The molecular ion peak is caused by two 

35Cl atoms of a fragment, [M+2] peak is 

caused by one 35Cl and 37Cl atom of a 

fragment, and [M+4] peak is caused by 

two 37Cl atoms of a fragment.  

The heights of each peak work out as 

9:6:1 for M, [M+2], and [M+4] peaks. For 

XBr2 molecule, the M, [M+2], and [M+4] 

peak works out as 1:2:1. 

   F .  E XERC I S E  

1. Let’s say 10 gram of malonic acid is dissolved 

in 90 cm3 of water. Afterwards, the solution is 

shaken with 200 cm3 of toluene. It is known 

that the amount of malonic acid extracted is 

25% of its initial mass. What is the partition 

coefficient between malonic acid in toluene 

and in water? In what solvent is it more 

soluble? 

Solution: 

Write the equilibrium reaction: 

𝐴𝑐𝑖𝑑𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 ⇋ 𝐴𝑐𝑖𝑑𝑖𝑛 𝑡𝑜𝑙𝑢𝑒𝑛𝑒 

0 𝛿 

 𝑛 =
100

1.1
×

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒  𝑜𝑓  [𝑀+1]+𝑖𝑜𝑛

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒  𝑜𝑓  𝑀 + 𝑖𝑜𝑛
 



 

 
 

Kpc =
[Acid in toluene]

[Acid in water]
=

2.5
200
7.5
90

= 0.15 

Initial mass of acid is 10 g. 

25% of initial mass extracted therefore 2.5 g of acid 

reacted 

At equilibrium; 

- Mass of acid in water is 10 – 2.5 = 7.5 g 

- Mass of acid in toluene is 2.5 g 

Use the partition coefficient formula: 

 

 

 

Because the Kpc value is < 1, it is more soluble in water 

than in toluene. 

 

2. How many peaks will be shown when a molecule of 

2,2-dimethyl-pentanal is analyzed in a 13C-NMR 

Spectroscopy? 

Solution:  

The molecular structure of 2,2-dimethyl-pentanal is: 

    CH3-C(CH3)2-CH2-CH2-CHO 

We can see that there are three -CH3 attached to one 

carbon atom. They all have the same molecular 

environment, hence counts as 1 peak. The carbon atom 

that is connected to all three -CH3 is another 

environment and contributes to another 1 peak. 

 

The -CH2- that is connected to -C(CH3)2 contributes to 1 

peak. The -CH2- that is connected to -CHO is different 

environment so contributes to 1 peak.  

 

Finally, the -CHO is yet again a different environment 

and contributes to 1 peak. Therefore, there are a total of 

5 peaks generated in the graph. 

 

3. Naphthalene (C10H8) is put in a mass spectrometer. 

Assuming the relative abundance of the [M+1] peak 

is 2.8%, what is the relative abundance of the 

molecular ion of Naphthalene? 

Solution: 

There are 10 carbon atoms, so n = 10. We can use the 

formula: 

 

 

Therefore, the abundance of the molecular ion is 

approximately 25.45% 

 

 

 

10 =
100

1.1
×

2.8

M+ion abundance
 

C a t a t a n  S i  T h a m r i n 4 


