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Raman Spectroscopic Studies of Atomically 
Precise Nanostructures:  From Cadmium 

Selenide Quantum Dots to Graphene 

We use micro-Raman spectroscopy to investigate the vibrational structure of cadmium selenide quantum 
dots and the electronic structure of chemically doped graphene. The atomically precise Cd35Se20X30L30, 
Cd56Se35X42L42, and Cd84Se56X56L56 quantum dots have benzoate (X) and n-buytlamine (L) ligands and 
tetrahedral (Td) shape with edges that range from 1.7 nm to 2.6 nm in length. Room-temperature Raman 
spectra have broad CdSe peaks at 175 cm-1 and 200 cm-1, and DFT calculations assign these peaks to 
molecular surface and interior vibrational modes, respectively.  Temperature-dependent spectra show 
that the vibrational structure of Cd35Se20X30L30 is molecular, while the single bulk unit cell contained 
within Cd84Se56X56L56 is sufficient to apply a phonon confinement model.  In the case of graphene, we 
use the vibrational modes to probe electron transfer to I2 in solution.  Measurements in cyclohexane, 
benzene, and water generate solution-phase isotherms that have two distinct increases in graphene hole 
density with I2 concentration.  These two increases correspond to adsorption of I2 on the top and bottom 
surfaces of graphene.  For the initial hole density increase that occurs at low I2 concentration, fits to the 
data produce K = 1200 M-1 in cyclohexane, K = 26,000 M-1 in benzene, and K = 180,000 M-1 in water 
for adsorption on the top surface.  The large equilibrium constant in water is due to unfavorable 
interactions between nonpolar I2 and polar water.  The larger equilibrium constant in benzene with 
respect to cyclohexane suggests that I2-benzene complexes enhance surface adsorption and electron 
transfer. 


