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We  briefly  review  electronic  and  optical  properties  of  graphite,  graphene[1]  and
dichalgonides[2] and discuss their strength and shortcomings. We next discuss how one
can engineer electronic, optical and magnetic properties of graphene by control of lateral
size, character of the edge, sublattice symmetry, number of layers and carrier density. We
describe  gate  controlled  triangular  graphene  quantum  dots  (TGQD)  with  broken
sublattice  symmetry[3]  and  colloidal  graphene  quantum  dots(CGQD)[4].  The  broken
sublattice symmery and zigzag edge in TGQDs leads to a shell of degenerate states at the
Fermi level. The filling of this shell leads to nontrivial electronic, optical and magnetic
properties  controlled  by  e-e  interactions.  One  of  the  examples  include  optical  spin
blockade and optical control of magnetization in carbon only material system [5]. We
next discuss optical properties of colloidal graphene quantum dots with emphasis on band
edge exciton and valley polarization[4]. 

[1] D.M. Hoffman, P.C. Eklund, R.E. Heinz, P. Hawrylak and K.R. Subbaswamy, Phys.
Rev. B31, 6592 (1985). 23. P. Hawrylak, Solid State Com. 63, 241 (1987).
[2] Eugene S. Kadantsev and Pawel Hawrylak, Solid State Comm.152, 909 (2012).
[3]  A. D. Guclu, P. Potasz, O. Voznyy, M. Korkusinski, and P. Hawrylak, Phys. Rev. Lett.
103, 246805 (2009); A. D. Guclu, P. Potasz, and P. Hawrylak, Phys. Rev. B 82, 155445 
(2010);P. Potasz, A. D. Guclu, and P. Hawrylak, Phys. Rev. B 81, 033403 (2010); O. 
Voznyy, A.D. Guclu, P. Potasz, and P. Hawrylak, Phys. Rev. B 83. 165417 (2011).
 [4] M. L. Mueller, X. Yan, J. A. McGuire, and L.-S. Li, Nano Letters 10, 2679 (2010); X.
Yan, B. Li, and L.-S. Li, Acct. Chem. Research, DOI : 10.1021/ar300137p (2012).
[5] A.D. Guclu and P. Hawrylak, Phys. Rev. B 87, 035425 (2013). 
[6]. I.Ozfidan, M.Korkusinski,A.D. Guclu, J.McGuire and P.Hawrylak (to be published) .


