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The aim of this thesis is to study the Cohen-Macaulay and Gorenstein properties of edge ideals and their powers. To do this, I first provide some results on the structure of some graph classes. Next, I classify all Cohen-Macaulay graphs of girth at least 5 and all triangle-free Gorenstein graphs. Using this classification, I give a characterization for Cohen-Macaulay property of the second power of edge ideals and their saturations.
The main results of the thesis include:

1. Provide some results on structure of some graph classes: well-covered graphs, W2​ class, vertex- decomposable graphs.

2. Classify all Cohen-Macaulay graphs of girth at least 5.
3. Classify all triangle-free Gorenstein graphs.

4. Give a combinatorial characterization for Cohen-Macaulay property of the second power of edge ideals.

5. Give a combinatorial characterization for Cohen-Macaulay property of saturation of the second power of edge ideals.
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