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1. Introduction

Tetraamine carbonato cobalt(l11) nitrate is a chemical compound with the chemical formula
[Co(NH3)4sCO3]NOs. It is a blue-green solid that is soluble in water. It is also known as cobalt
nitrate tetraamine carbonate or cobalt(I11) tetraamine carbonate nitrate. It is typically used as a
precursor in the synthesis of other cobalt compounds and as a catalytic agent in organic
synthesis. Tetraamine carbonato cobalt(l11) nitrate is a coordination complex, which means that
the cobalt atom is bound to other atoms or molecules through coordinate covalent bonds. In
this case, the cobalt atom is bound to four ammonia molecules (NHz), one carbonate ion (CO3),
and one nitrate ion (NO3). Coordination complexes are often useful in chemical reactions
because the metal atom at the center of the complex can act as a catalyst, helping to speed up
or change the direction of a chemical reaction. The complex finds its applications in ceramics,
glass, and enamel industry as a colouring pigment. It is used as a raw material in the preparation
of cobalt compounds, like cobalt(I11) oxide and cobalt(Il) carbonate. It is used as a catalyst in
the organic reaction such as Diels-Alder and Friedel-Crafts alkylation. It acts as a oxidising
agent and a dehumidifying agent. Tetramine carbonato cobalt (I11) nitrate is a strong oxidizing
agent, so it should be handled with care as it may cause burns and irration to skin or eyes.
Tetraamine carbonato cobalt(l1l) nitrate is used in various analytical methods, such as in
spectrophotometry for the determination of cobalt ions in different samples. In addition, it can
also be used in the field of medicine, as it has been reported to have antimicrobial activity
against bacteria and fungus. It can also be used in manufacturing of inks, dyes, and pigments.
It is also important to follow the safety regulations and guidelines when working with this

compound.

2. Objectives

e To create 3D structure of Tetraamine carbonato cobalt(Ill)nitrate using the Jmol
interface.

e To label the molecule of Tetraamine carbonato cobalt(II1)nitrate.

e To measure the Bond Length and Bond Angle of Tetraamine carbonato
cobalt(l)nitrate.



e To evaluate the colour and structural changes of Tetraamine carbonato cobalt(I11)nitrate
using Jmol script console.
e To create the surface of the molecule.

e Dealing with molecular structure.

3. INSTALLATION OF Jmol

Jmol is an open-source Java viewer for chemical structures and
biomolecules in 3D.
e It is free and open source software, written in Java, it runs on

Windows, Mac OS X, Linux and Unix systems.

3.1. Procedure for installation of Jmol

e The open source Jmol software needs JAVA application installed in your computer. So
it is better to install the latest version of Java.

e We can install JAVA application from www.java.com

e After installing JAVA go to http://www.sourceforge.net and search for Jmol and click
on download.

e A zip file of JImol will be installed.

e Now we need to extract Jmol.jar file from zip file and place it outside.

e Now to run Jmol we need to open the Jmol.jar file from the installed files.

e Now we can create and edit molecules using Jmol.

I e
Moo LOBEGOEFRATWV & ~ec% own 20

- \ R s




About the compound:

Compound name: Tetraamine carbonato cobalt(I1)nitrate

Chemical formula: [Co(NH3)4aCO3]NOs

3.2. Procedure for creating 3D structure of Tetraamine carbonato cobalt (I11)nitrate in
Jmol

Step 1: Open Jmol interface, click the model kit tool in top of the tool bar.
Step 2: Select input element as “Co”, pink colour cobalt atom appears on the screen.
Step 3: Select add atoms- nitrogen atom (repeat for 4 times) by dragging from Co atom.

Step 4: Right click and select atom oxygen, then drag from Co to get oxygen atom (repeat for
2 times)

Step 5: The oxygen atoms were added along with hydrogen atom, so use delete atom option to
delete the hydrogen atoms

Step 6: Click add carbon atom by dragging from both the oxygen atom

Step 7: Select add atom oxygen by dragging from carbon atom then change the bond type
double

Step 8: Right click on the molecule and select minimise to optimise the geometry

3D STRUCTURE OF TETRAAMINE CARBONATO COBALT(IHI)NITRATE
CREATED IN Jmol
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https://en.wikipedia.org/wiki/Chemical_formula

3.3. Procedure for labelling the molecule
Step 1: Open the Display menu.
Step 2: Select label from scroll down menu, under that select number.

Step 3: Now all the atoms are numbered.
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3.4. Procedure for measuring the bond length and bond angle

Step 1: Open the model kit menu and click on minimise. Now the model is in most stable

confirmation.
Step 2: Click on "Tools' menu select 'Distance Units .
Step 3: Now select on sub menu according to the requirement- 'Nanometers 1E-9'.

Step 4: BOND LENGTH -Double click on any atom and to fix the measurement double click

on corresponding atom now the bond length will be displayed between two atoms.

Step 5: BOND ANGLE -Double click on a particular atom and click on corresponding atom
and double click on third atom now the angle will be formed.
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3.5. Procedure for tabulation of measurements
Step 1: Click on 'click atoms to measure distance 'icon in the tool bar.

Step 2: Measurements dialogue box opens on the panel
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3.6. Procedure for editing in ‘SCRIPT CONSOLE’
Stepl: Click on ‘file menu' in menu bar.

Step 2: In drop down click on console option.

Step 3: Jmol scrip Console window opens on the screen.
Step 4: Console window has a text area to type the command.

Step 5: Type the commands which you want to modify.
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3.7. Procedure for creating the surface of the molecule
Step 1: Right click on the molecule, if model kit was open —close it.

Step 2: Right click on the molecule and select surface option within that select Electrode
potential (All ranges)
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3.8. Procedure for creating various types of molecular representations
Step 1: Right click on the molecule, if model kit was open —close it.

Step 2: Right click on the molecule and select Style —Scheme — Wire frame
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4. Result and Discussion
4.1. Reaction for Tetramine carbonato cobalt(l11) nitrate
The synthesis of [Co(NHz3)4CO3]NOz involves the following unbalanced equation,

Co(NO3) 2 +NH3(ag) + (NHas)2CO3 + H202

[Co(NH3)s CO3]NO3z +NH4 NO3+H20
4.2. Structure of Tetramine carbonato cobalt(l11) nitrate
The complex is ‘Tetrahedral”

BOND ANGLE
The angle between the atoms 7,1 and 2 is 80°

The angle between the atoms 20, 22 and 23 is 128.7°
BOND LENGTH

The length between atoms 1 and 10 is 0.217 nm
The length between atoms 1 and 21 is 0.191 nm
The length between atoms 21 and 22 is 0.135 nm
The length between atoms 22 and 23 is 0.124 nm
4.3. Script console
We use some specific commands in script console
For changing the colour of the atom use the command ‘$select atom colour’

For changing the colour of the bond use the command ‘$select bonds; colour’

For size of the bond use the command ‘$wireframes size’
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After using the console script, the final molecule
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Conclusion:

The Tetramine carbonato cobalt (I11) nitrate synthesised in laboratory was observed to be in
Pinkish violet colour. The 3D model of the complex was created in Jmol interface and various
properties of the complex were explored in Jmol. The atoms of the complex were labelled, the
bond length and angles were predicted. Using the Script console, we had changed the colour
of the atoms as well as bonds. We also changed the size (width) of the bond in the 3D model
using Jmol application. We also explored the electrostatic potential of the molecule in surface

menu of the Jmol interface.
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