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Section 1

Foundations

[image: ]Organic Chemistry is a subject that requires effort, focus, and skill. These foundations have been selected after guided review and observation as to what concepts facilitate and support a good understanding as a student progresses through this discipline in chemistry. These foundations from the moiety to the metallics highlight with conceptual focus, key ideas, points, and memory aids to support  your success in organic chemistry. Learning organic chemistry, is similar to building a house, it takes time, skill and persistent efforts. Let’s begin.

 


Concept Development 1

Introduction

[image: ]

Objectives


	Learn the key definitions

	Understand the key ideas and relevance of Lewis dot structures

	Understand some simplified quantum mechanical concepts



 

Organic Molecules

Organic Molecules can be defined as multiple atoms associated or bonded together, made primarily from carbon. In short, organic molecules are carbon based molecules.

[image: ]

Figure 1.1- This image shows the bond-line structure of cyanocobalamin , otherwise known as Vitamin B-12.

These molecules may or may not have the same molecular formula. In cases where the molecular formula is the same but:

 -the Structure is not the same ( Structural Isomers)

Some examples include Acetone and Dimethyl Ether:

[image: ]

Figure 1.2- This image shows two structural ( constitutional) isomers acetone on the left and dimethyl ether on the right.

	the Constitution or Connectivity is not the same ( Constitutional Isomers)


Note the isomers mentioned earlier, constitutional, are sometimes interchanged with the term structural.

 

-the Arrangement in 3D space is not the same ( Stereoisomers)

 

[image: ] 

Figure 1.3- This image shows  a pair of enantiomers, from left to right, S-1-bromo-1-chloro-ethane, and, R-1-bromo-1-chloro-ethane.

		Subclasses of Stereoisomers:

			Optical Isomers   are molecules that rotate light differently and their mirror images are non-superposable, otherwise known as Enantiomers are normally designated by E-, Z-, R- or S- .

Geometric Isomers  which are molecules that have non-identical mirror images, and the arrangement around the plane of the double bond is different ( i.e. cis or trans).

Organic molecules can be linear. 

Linear  molecular shape is observed in HCN ( hydrogen cyanide) or Acetylene ( C2H2) or it may still be planar but trigonal such as formaldehyde which is trigonal planar. 

 

[image: ]

Figure 1.4- This figure shows the bond-line structures ,  from left to right ,of hydrogen cyanide, acetylene and formaldehyde.

Also the molecule can have a 3D arrangement such as methane, existing as a tetrahedral molecule. 

[image: ]

Figure 1.5- This figure shows the bond line structures of methane and formaldehyde.

Diagrammatic Explanation of Molecules and Compounds

[image: ]

Figure 1.6- This figure shows the differences and relationships between molecules and compounds.

The Structure of 3D Molecules:

The Structure of three-dimensional (3D) molecules can be predicted using an application of correctly drawn Lewis dot structures, which is called Valence Shell Electron Pair Repulsion Theory (VSEPR ).

VSEPR involves valence bond theory ,showing all valence electrons and including bonding and nonbonding electrons ( in some cases referred to as lone pairs), and maximizing separation in 3D -space so as to minimize repulsions ( connected to Coulomb’s Law in that greater distance minimizes potential energy distributions for like charges).

VSEPR is an alternative that can inform and start the journey in understanding molecular geometry whether it be the linear alkynes, trigonal planar arrangements of the carbon atoms in some alkenes or the  tetrahedral arrangements of the carbon atoms around some carbon atoms in alkanes.

Another alternative involves using quantum mechanics that uses wavefunctions that are mathematical descriptions of electron probability distributions to produce atomic orbitals. There are some limitations in this methods as it pertains to accuracy as with the previous method (VSEPR), considering the theoretical simplifications that are used. Overall the goal is to gain a better understanding as to what occurs in nature.

For example with quantum mechanics we can step into hybridization theory and use mathematical mixing of wavefunctions to further our understanding of what is observed in nature.

With the same goal, through  ideas in Valence Bond Theory, we can predict the bond angles for methane. Specifically  the intramolecular, H-H bond angle in methane , deviations are observed, and hybridization accounts for those deviations with explanations . Those explanation entail:

Linear arrangements  have carbon atoms that are sp hybridized (1sp+2p’s)

Trigonal planar arrangements have carbon atoms that are sp2 hybridized (1 sp2+ 1p)

Tetrahedral arrangements have carbon atoms that are sp3 hybridized (1sp3+0p).

Other hybridizations occur less frequently , in mainstream organic chemistry. However with higher geometries common with inorganic compounds, there can occur trigonal bi-pyramidal (sp3d) or octahedral (sp3d2).
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