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Molecular routes to Nucleation Control. 

Roger Davey

Content: 1. Catalysis - Heterogeneous  processes

2. Inhibition - additives

Nucleation Summer School June 20-24th 2016 University of Strathclyde 

Democratic means of political control: 

an historic moment.
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Modifying the attachment kinetics
Changing the interfacial tension.

Speeding up : slowing down. 
What does CNT say?
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Speeding up - Reducing the 
interfacial tension. α Glycine.
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(0-10) S
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Reducing γ using monolayers –
templating.

Supersaturated solution

NORLEUCINE LEUCINE ISOLEUCINE

air

Glycine templated at an interface
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(010)

(0-10)
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Ice
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Reducing ϒ - Crystal on crystal –
epitaxy 

paracetamol
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Extension to non crystalline solid 
surfaces: self assembled 
substrates.
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Extension to polymers
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Loads of related examples!
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Slowing down – reduction of the 
attachment frequency – f*

+
Rate determining step?

- Incorporation into a surface lattice site

- Desolvation of both surface and growth unit.

- Diffusion to the cluster.

(we don’t know how to enhance f* -solvents?)

16

Solution - Metastable State 
Stable crystal form -

Ground state.

A molecular transition state – DMSO/TMA

Transition state?

X
X
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FTIR shows that the C=O 

environment in the trisolvate

== that in solution. So use the

structure as a model for the 

solution.
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Can we use solvents to enhance or 
reduce f* - we know that solvent can 
determine rates: 

(a) toluene (b) chloroform

[010]

[100]

[100]

[010]
Solvents can be additives: dihydroxybenzoic acid.
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Effect of solvent: 2,6-dihydroxybenzoic acid

0 c {310} surface

Possible CHCl3 interaction

with {310} face

toluene

chloroform

So this could be rate determining
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Benzoic Acid Non-linear Fit

f0C0/M

[mol-1s-1]

8.40

4.07

1.58

toluene

acetonitrile

Ipa water

So we know solvent is important but we 

don’t know the rules about selection

γ

[mJ/m2]

4.5

3.0

4.4

If you believe the nucleus has 

same structure as bulk and 

assume that attachment to a 

surface site is rate 

determining then….
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0.2mm

Time = 0 hrs. Time = 15 hrs.

Time = 30 hrs. Time = 45 hrs.

Choosing an additive: 2,6 dihydroxybenzoic acid
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a
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cO

Form 1 Form 2

The structures
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 Benzaldehyde additive molecule replaces a

2,6-DHB molecule within the structure and growth not affected.

Benzaldehyde 
as an imposter 
in form 1
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Chain termination highly effective since no

H-bond donor site 

available for further 2,6-DHB 

molecule assembly. 

Terminating 
the chain of 
form 2 with 
benzaldehyde
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Experiment

Effect of 2 mol % of additive on 

transformation rate

Benzaldehyde

Decanoic acid

2 Chlorophenol

Resorcinol

4 Phenyl phenol

Benzoic acid

Hydroquinone

0% additive
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As crystal growers we want to see if 

this structural method is consistent 

with kinetics of nucleation and 

growth. 

The key question is this – when we 

perform these experiments does the 

macroscopic crystal that we harvest tell 

us anything about nucleation or is it only 

a reflection of the growth process?
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Growth

Nucleation 

(BCF)
α - glycine

ϒ- glycine -C-axis
Fast growth direction

Flat end

Glycine revisited now with  kinetics

• γγγγ

• most stable

• acidic/basic solution

• polar morphology

• flat end COOH rich, grows fast  

α and ϒ forms – crystal morphologies
Both forms zwitterionic

α metastable

Centrosymmetric 
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Nucleation

33

Crystal 16. 

Measurements of nucleation rate are 
not routine. 
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Induction Time (t) secs

Induction time probability P(t) for glycine  nucleation in malonic acid solution σ= 0.41

Jα=2100m-3s-1

Jα=3800 m-3s-1

Jα/ϒ=2300m-3s-1

Nucleation rate increased/unaffected by additive –

not what was expected.

Effect of malonic acid on the nucleation 
rate of α. 
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And so microscopically things are 

not what they appear 

macroscopically:

Macro Micro Additive kinetic 

effect

Nucleation α only α and ϒ No change to 

rates

Growth α only Low S α>ϒ

High S α ~ϒ

α inhibited

ϒ accelerated

1. Everything we want to explain we can do  via a 

growth only model

2. The additives favour ϒ not only by inhibiting α

but also by catalysing ϒ

3. The macroscopic experiments tell us nothing 

about nucleation.

Kinetics and structure are interlinked –

the full story requires both. 

Plenty of opportunity for crystal growers 

to collaborate with crystallographers.

The student -Ronnit Buller

Reading the literature

.

Quinine was the only 

known prophylactic against 

malaria which in 1850 killed 

2M people per year (and 

still does).  

Back to malaria

Perkins -mauve

. .
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Quinine in the active site

Chloroquine in the active site.

Morphology change

Nucleation Summer School June 20-24th 2016 University of Strathclyde 

Molecular routes to Nucleation Control. 

Roger Davey

Content: 1. Catalysis - Heterogeneous  processes

2. Inhibition - additives


