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Heterogeneous nucleation and growth of highly 

crystalline imine-linked covalent organic 

frameworks

❑ A heterogeneous nucleation and 

growth method is reported to 

synthesize imine-linked covalent 

organic frameworks (COFs). Excellent 

crystallinity and a high surface area 

are obtained.

❑ The introduction of heterogeneous 

nuclei suppresses the fast 

precipitation of amorphous structures 

at the early stage while promoting 

the crystallization of COFs during the 

growth process.



Primary and secondary nucleation

Primary nucleation: the appearance of a new phase or 

first crystal that does not rely  on a new phase

Secondary nucleation: Crystal nuclei produced from a 

preexisting crystal
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Characteristics of nucleation

 1-Nucleation time

 2-It may occur slow or fast or does not occur

 3-It is described by classical nucleation 

theory(CNT)

 4-Effect of impurities
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Examples of the nucleation

Fluids (gases and liquids)

Crystals

Solids
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Fluids (gases and liquids)

 Clouds form when wet air cools and many small water droplets nucleate from 

the supersaturated air.

 The excess vapor begins to nucleate and to form small water droplets which 

form a cloud. 

 Nucleation of the droplets of liquid water is heterogeneous, occurring on 

particles referred to as cloud condensation nuclei. 

 Cloud seeding is the process of adding artificial condensation nuclei to 

quicken the formation of clouds.

 Bubbles of carbon dioxide nucleate shortly after the pressure is released from 

a container of carbonated liquid.
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 The most common crystallization process on the Earth is the formation of 

ice.

 Liquid water does not freeze at 0 °C unless there is ice already present; 

cooling significantly below 0 °C is required to nucleate ice and so for the 

water to freeze.

 For example, small droplets of very pure water can remain liquid down to 

below -30 °C although ice is in a stable state below 0 °C. 

 Many of the materials we make and use are crystalline but are made from 

liquids, e.g. crystalline iron made from a liquid iron cast into a mold, so 

the nucleation of crystalline materials is widely studied in industry

 For example, platinum deposited onto TiO2 nanoparticles catalyzes the 

liberation of hydrogen from water

Crystals
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Solids

 In non-crystalline glasses, the nucleation and growth of 

impurity precipitate in crystals at, and between, grain 

boundaries are quite important in the industry.

 For example in metals solid-state nucleation and 

precipitate growth plays an important role in modifying 

mechanical properties like ductility, while in 

semiconductors it plays an important role e.g. in trapping 

impurities during integrated circuit manufacture.
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Driving force for nucleation
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Driving force for nucleation

15



Supersaturation
 The growth mechanisms can be classified into three types depending on the

interface structure:

❑ A surface will transform from smooth to rough at high driving force conditions (high supersaturation)

❑ At a low supersaturation, the interface is smooth and spiral growth is the mechanism of growth.

❑ After reaching a critical supersaturation for 2D nucleation, birth and spread dominate the growth.

❑ In these two domains, crystals are bound by crystallographically flat faces with

Polyhedral morphologies.

❑ At high supersaturation, the surface transforms to a rough

interface and adhesive-type growth dominates. 
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Energy consideration in nucleation
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Energy consideration in nucleation



Induction Time
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Crystal Growth
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Artificial methods

For crystallization (recrystallization) to occur from a solution it must be 

supersaturated.

This means that the solution has to contain more solute entities (molecules 

or ions) dissolved than it would contain under the equilibrium (saturated 

solution). 

This can be achieved by various methods, with (1) solution cooling, (2) 

addition of a second solvent to reduce the solubility of the solute 

(technique known as antisolvent or drown-out), (3) chemical reaction and 

(4) change in pH being the most common methods used in industrial 

practice. Other methods, such as solvent evaporation, can also be used. 

http://en.wikipedia.org/wiki/Supersaturated
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Antisolvent


Recrystallization

 Typically, the mixture of "compound A" and

"impurity B" are dissolved in the smallest

amount of hot solvent to fully dissolve the

mixture, thus making a saturated solution.

 The solution is then allowed to cool.

 As the solution cools the solubility of

compounds in solution drops.

 This results in the desired compound

dropping (recrystallizing) from solution.

 The slower the rate of cooling, the bigger

the crystals formed.

http://en.wikipedia.org/wiki/Saturation_(chemistry)
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Solubility
http://upload.wikimedia.org/wikipedia/commons/4/4e/1_solvent_recrystallisation.png


Crystal Surface Structure
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Multinucleation multilayer growth
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Spirals growth
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❑ This dilemma was solved by Frank who
postulated that crystal surfaces are 
intercepted by dislocations. 

❑ These dislocations will create steps in the 
surface, obviating the necessity for 2D 
nucleation

The energetics of layer growth predicts that 
growth takes place at relatively high 

supersaturation!



Growth Mechanisms: Rough and Smooth 
Surfaces
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The growth mechanisms can be classified into three 
types depending on the interface structure.
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Our works

30



Conclusion

Nucleation is a very sensitive and complicated process 

that should be controlled by different parameters to 

start and grow crystals under proper condition
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