Determination of the g-factor Through Electron Spin Resonance
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A measurement of the g-factor was conducted using both a static magnetic field and a varying magnetic field. The resonance frequencies of a sample of DPPH for various magnetic field strengths were measured and plotted.  The resulting data was plotted and statistically analyzed to find an average g-factor of 1.56561 +/- .087292.

Introduction and Theory

Electron spin is the angular momentum associated with rotation of an electron.  The phenomenon was first described in 1925 by Samuel Gaudsmit and George Uhlebeck.  When observing sodium gas spectra the two observed a doublet (two closely spaced lines), a phenomenon atomic theory could not explain.  This phenomena led Gaudsmit and Uhlebeck to describe the motion of an electron using the spin quantum number, ms = ½ for the spin-up state and ms = -1/2 for the spin-down state [1].  Electron spin helped to explain the Zeeman effect, the splitting of spectral lines due to the interaction of the oscillations of an electron and a magnetic field.  A high-frequency alternating magnetic field is used to induce transitions in the Zeeman components obtained from the splitting effects of a constant magnetic field [2].  Electron spin resonance is a method using magnetic fields to detect the resonance frequencies of certain substances.   

The relationship between the electron spin s and the magnetic moment (s is given by the equation 

( = -ge(Bs/ћ
The Lande g-factor shows the relationship between the values for magnetic moment and angular momentum [2] and can be described as:

ge = (|(s|/(g)/(|s|/ћ)

The formula for resonance is found through extensive quantum mechanics calculations dealing with the angular momentum of the electron.  Resonance absorption occurs when energy of the being absorbed is the same as the difference in magnetic energy between the two levels [2].  Thus the formula

hf = ge(BB

describes the conditions for resonance, where ge is the g-factor.  The g-factor can be calculated by manipulating the equation to be:

ge = hf/(bB

Thus, in order to determine the value of the g-factor, we must measure the ratio of frequency to magnetic density.

Experimental Setup

The sample used in the experiment was DPPH.  The structure of the molecule DPPH (Diphenyl-picryle-hydrazine) produces a narrow spectral line and is thus well suited to be a test sample [2].  The central nitrogen atom carries a radical electron, which creates resonance.  In both experiments the sample was placed in the coils of the high-frequency coil.  

The experimental equipment for the first part was setup as in diagram 1 below:
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Figure 1: Setup for an alternating magnetic field (using AC through transformer).

Diagram from [2]

The large coils used had 320 turns and radius of 6.8cm.  The device that held the sample in the magnetic field had a knob that controlled the frequency of the high-frequency magnetic field. The transformer controlled the current in the static magnetic field.  The freuqency of the field was observed using an oscilloscope and a universal HP counter.  It was from the oscilloscope that we observed the resonance spikes.

In the second part of the experiment, the equipment was set up as in diagram 2:
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Diagram from [2]

In this part, the frequency of the field was held steady and the density of the magnetic field was altered using the power supply attached.  The resonance effects were observed on the oscilloscope.  

Procedure and Data

The experiment was conducted in two parts.  

In the first part, a large low frequency (60 MHz) magnetic field was created using the large coils.  The sample DPPH was placed in a smaller coil, which was part of a high frequency oscillating circuit.  The frequency of this circuit was varied in order to find the resonance points of the sample.  When resonance was reached, the sample absorbs high frequency energy.  This energy is manifested by a change in impedance.  This in turn changed the voltage of the circuit, which was measured with an oscilloscope.  When a resonance frequency is reached, large spikes occur on the oscilloscope.   
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Gnuplot was used to find a best-fit line of the collected data and the resulting slope gave the ratio of frequency/magnetic field.  The slope was found to be –2.81947e10 +/- 1.981e9.  The g-factor, calculated using the relation:

ge = hf/(bB

was found to be 2.01445 +/- .141467.  

In the second part of the experiment, the procedure was changed.  A weak alternating magnetic field was set up in the smaller coil and a static magnetic field created in the large coils.  The static magnetic field was slowly increased to find the resonance point of the substance.  The current of the static magnetic field was increased until spikes appeared on the oscilloscope.  These spikes represented the resonance frequency.  The frequency of the small coil was measured and the magnetic field was calculated by measuring the current in the large coils.  This procedure was repeated for various frequencies.   

In the second part, the magnetic field was calculated using the current.  The Biot-Savart Law gives a relation between the two:

B = (o(4/5)^(3/2) * n/r I

Where n is the number of coils (320), r is the radius of the coils (6.8 cm) and I represents the current.  The magnetic field calculated was plotted against the frequency giving the resulting graph:
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The slope of the plotted curve was found to be 1.56306e10 +/-  4.635e8.  Using the above stated relation of the g-factor and the ratio of frequency to magnetic field, we find that the g-factor is 1.11677 +/- .033116.  

The average g-factor is thus 1.56561 +/- .087292.

Our ability to accurately measure the g-factor was limited by a number of factors.  Most significantly, the oscilloscope was accurate only to 1 e10 Hz.  Because of this, our data had limited accuracy.  Furthermore, our data may have been skewed because we only took 10 data points for each experiment.  This severely limited us from getting a statistically accurate result. 

Conclusion

Using electron spin resonance theory, we were able to measure the g-factor.  The experiment was conducted in two parts.  The first part varied the frequency of the high-frequency coil while holding the density of the magnetic field constant.  This resulted in a g-factor of 2.01445 +/- .141467.  The second part of the experiment held the frequency of the high-frequency oscillations steady while altering the magnetic field.  This resulted in a g-factor of 1.11677 +/- .033116.  The average of these two g-factors was 1.56561 with a standard deviation of +/- .087292. 

Our ability to accurately measure the g-factor was limited largely by the oscilloscopes and statistical limitations of the volume of data gathered.  In the future, scientists attempting to extend or recreate this experiment should focus on more accurate equipment and taking a higher volume of data. 
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