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Figure 1: Image of G3 sample with graphite layers. Figure 2: Monolayer graphene observed under a microscope.

RAMAN SPECTROSCOPY

ACKNOWLEDGEMENTSCONFIRMING MONOLAYER GRAPHENE

Figure 5: Raman spectrums of graphite and graphene.

Figure 3: ImageJ plots comparing the brightness of graphene versus graphite on a silicon wafer.

• Raman is a light scattering technique where a molecule scatters 
incident light from a high intensity laser light source. Most of the 
scattered light is at the same wavelength (or color) as the laser 
source and does not provide useful information – this is called 
Rayleigh Scatter. However a small amount of light (typically 
0.0000001%) is scattered at different wavelengths (or colors), which 
depend on the chemical structure of the molecule – this is called 
Raman Scatter. Small differences in geometric structure lead to 
significant differences in the observed Raman spectrum of a 
molecule.

• Raman allows scientist to differentiate between single, double, and 
triple layer graphene.

• The spectra exhibits a relatively simple structure characterized by 
two principle bands, the 2D and G band. There exists a 3rd band 
called the D band, that is sometimes apparent in Graphene when 
defects within the carbon lattice are present.

Graphene is one of the world’s most unique materials.  It is a 2-D material composed of carbon atoms arranged in a hexagonal pattern. It is one of 
the strongest materials ever created, being 40 times stronger than diamond. It has many unique characteristics due to its 2D structure such 13x 
better electrical conductivity than copper, 100x electron mobility compared to silicon, and absorbs only 2.3% of reflected light. Graphene has many 
real-world applications, with possible uses in creating lighter and brighter phone screens or being utilized to allow for the ultra-fast charging of 
batteries. It is difficult to produce graphene in mass quantities but can be created in small amounts using mechanical cleavage, also known as the 
“scotch-tape” method. In this talk I will discuss my research on Graphene, spanning from my attempts at creating it to understanding its properties 
using Van der Pauw measurements and circuits utilizing MOSFET transistors. 

The first step towards finding graphene was locating it under a microscope. Using the Motic
Live Imaging software coupled with he microscope and with its 4 different lenses (10x Ocular, 
2.25x Objective, 10x Objective, and 10x Ocular) I was able to find quickly and accurately scan 
over areas of my sample. I was able to find several areas that looked promising to contain 
graphene. I proceeded to use a program called ImageJ to confirm these conjectures. Since 
graphene absorbs only a small amount of light, a large amount of light should pass through 
the material. As a result, the intensity of the graphene should be lower than that of the 
background silicon wafer. ImageJ can determine pixel brightness and determine what part of 
an image is brighter than another. 

• The Van Der Pauw method is a technique used commonly to determine a materials resistivity and its hall co-efficient. It 
can accurately measure the properties of a sample with an arbitrary shape, if the sample is approximately 2 dimensional 
and solid. 

• Resistivity is how strongly a material resists or conducts electrical current. The Van der Pauw method uses four probes at 
each corner in order to provide an average resistivity of the sample. The smaller the resistivity value the less it’s able to
resist the flow of electrons. This would mean that it is a good conductor, since resistivity is the inversely proportional to
conductance. The table below shows the resistivity of several known materials, including graphene. The conductivity 
difference between the 3D graphite and 2D graphene is noticeable, showing the difference between the two materials.

• It is difficult to successfully create monolayer graphene. Companies have attempted to 
create monolayer graphene on an industrial scale but it has proven to be difficult. One of 
the methods used with the most success by laboratories is called the scotch tape method. It 
uses mechanical cleavage in order to peel back layers of graphite and leave single or double 
layers of graphene. 

• Utilizing a piece of tape and a glass slide, the scotch tape method uses the stickiness of the 
tape to strip away individual layers from the graphite. The method involves folding the 
graphite over itself with the tape multiple times, in the hopes of stripping away all the layers 
until it becomes single layer.

• It was difficult to create single layer graphene. I attempted it three times, utilizing a 
different starting point each time. For my first sample (G1) I used many small graphite flakes 
as the starting material to peel back from. My second sample (G2) was created using one 
large single graphite flake. My final sample (G3) was created with the remnants of the first 
strip (G1). The final sample (W1) was created by another former student using the scotch 
tape method and was the sample upon I found monolayer graphene.

Figure 4: Raman scattering. 
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3 Raman Spectrums

Graphene Copper Silver Graphite

Resistance 
(Ohms/meter)

1x10−8 1.68x10−8 1.59x10−8 7.83x10−6

• There exists several different ways of using Raman 
spectroscopy to confirm monolayer graphene. 

• You can check by looking at the location of the G band, 
checking the shape and uniformity of the 2D band, or by  
using a ratio of the relative intensities of the 2D band 
over the G band. If the ratio is at or near a value of 2, it is 
monolayer.

• I chose the latter method. The 2D band had a calculated 
intensity of 103,288, with the G band being 39,220. The 
final value was 2.63, well within the needed value of 2 to 
prove it is single layer graphene.

𝐼2𝐷

𝐼𝐺
=

103,288

39,220
= 2.63
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Figure 3: Diagram of Copper Van der Pauw measurements.


