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Major GOAL: synthesize  single source precursors (SSP) 
to Group (IV) metal borides.

Uses of Group 4 metal diborides are varied:

Metal Borides: metal bound by boron atoms (i.e., TiB2, ZrB2, HfB2)
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Nanomaterials are of interest since they have exploitable 
properties that are different from bulk materials

• A nanomaterial is a particle between 1 and 100 nanometers.

• That’s one billionth of a meter (10-9)!  
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• Nanomaterials come in all sizes (below 100 nm), shapes, and compositions.

• Typically solution routes are used to synthesize these nanomaterials.



One of the routes used to make nanomaterials is the 
solvothermal process using a Parr Bomb.
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The TeflonTM liner contains the sample (usually dissolved in a  solvent), the 
bomb is sealed, and the unit is heated for a pre-selected amount of time.



Safety is top priority.

Working in a glove box.

Working in a fume hood.

• Training 
•paper work, paper work,
•paper work at SNL, AML, 104, 228-9 

• Introduction to the Lab 
•shoulder to shoulder, line of sight, line of 
shout, in-lab, free reign.

• Safety Culture

• PPE

• Common Sense

• Equipment
– Glovebox
– Schlenk Line



An alcohol is any organic compound whose molecule contains one or 
more hydroxyl groups attached to a carbon atom (H-OR).

Metal alkoxides are the precursor of choice for 
production of ceramic oxide nanomaterials

(in the Boyle group) .
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• Metal alkoxide – alcohol with the H replaced by a metal (M-OR).
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Boronic acid derivatives of M(OR)4 will be explored as 
a SSP to MB2 nanomaterials

Methylboronic acid Isopropyl boronic acid

2-Methoxyphenyl boronic acid 5-Chloro-2-Methoxyphenyl boronic acidCyclohexyl boronic acid

(2-Methylpropyl) boronic acid



The reaction of a series of boronic acids with a set of 
M(OR)4 was started.

• Inert atmosphere synthesis conditions
• Small scale synthesis to minimize waste
• Boronic acid selected based commercial availability
• Solvent selected based on proper polarity

General reaction:

•(I did the reaction in a glovebox)
•(Ran it in vial to save $$)
•(Easier to buy it)
•(Found something it would dissolve in)



Product characterization requires various instruments.

• SCXD (Single Crystal X-Ray 
Diffraction)

• FTIR (Fourier Transform Infrared 
Spectroscopy)

• EA (Elemental Analysis)

• NMR (Nuclear Magnetic Resonance)SCXD

FTIR EA

NMR

Crystal structures very important for 
Product  identification in Boyle group
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Initial synthesis efforts focused on 
exploring the reaction of 

[Ti(OPri)4] + (OH)2B-R

Boronic Acid Solvents Heated Results

Methylboronic
acid

toluene No Crystallized

Isopropyl boronic
acid

toluene 80 °C      10 min Crystallized

(2-Methylpropyl)  
boronic acid

toluene/pyridine 80 °C      15 min Gel

Cyclohexyl
boronic acid

toluene 80 °C    10 min Crystallized

2-Methoxyphenyl
boronic acid

toluene 80 °C    20 min Gel

5-Chloro-2-
Methoxyphenyl  
boronic acid

toluene/pyridine 80 °C        10 min Crystallized
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H2-CPB  + Ti(OPri)4

H2-CPB

1. tol
2. pyr



Boronic Acid Solvents Heated Results

Methylboronic acid toluene/pyridine No Gel

Isopropylboronic acid toluene/ pyridine No  Crystallized

(2-Methoxyphenyl) boronic
acid

toluene/pyridine No Gel

Cyclohexyl boronic acid toluene/ pyridine No Gel

(2-Methylpropyl) boronic acid toluene No Gel

5-Chloro-2-Methoxyphenyl 
boronic acid

toluene/pyridine No Crystallized

The impact of increasing the steric bulk of 
the alkoxy ligand was investigated –

Ti(OBut)4 Reactions.



H2-CPB  + Ti(OBut)4
1. tol
2. pyr



In order to test the effect of a heavier central atom, 
CPB was reacted with zirconium tert-butoxide.
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Core of Zirconium Structure



And now…

 Characterization of Zirconium Tert-Butoxide and CPB compound 
decomposition

 Characterization of Diethyl Zinc Reaction

 2-Pyridine methanol reactions in toluene dissolved in pyridine

 Successfully synthesized a metal borane


