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ABSTRACT 

 

Improving Electron Paramagnetic Resonance Spectroscopy at 240 GHz 

 

by 

 

Mary Lou Padlan Bailey 

 

Electron Paramagnetic Resonance (EPR) spectroscopy investigates unpaired electron 

spins in solids and liquids to reveal their local environment; in biology, it reveals critical 

structural information of proteins. At UCSB we have developed a high-field EPR 

spectrometer that excites and detects spins 100x faster than otherwise possible by using a 

Free Electron Laser (FEL) source, which provides high power at the frequencies necessary 

for high-field EPR. In EPR experiments, the FEL pulse is directed at a sample, where rapidly 

decaying signals emitted by the electron spins are measured by a detector. Since the FEL 

pulse travels through open space, some of this light pulse is scattered and reaches our 

detector, obscuring the signal from our sample. To realize the full potential of the 

spectrometer, it is crucial to minimize scattered light. To do this, we first redesigned the 

sample holder to minimize FEL pulse reflections from the detector. This was done by 

studying geometry and materials of the holder. New holders were machined in rexolite and 

Teflon, in a cone shape and cylindrical shape. The cylindrical shape in rexolite showed the 

least FEL reflections. Next, the FEL-pulse slicing delay line was modified to more precisely 

control FEL pulse length such that no extra FEL pulse reaches the detector. We automated 

the delay-line using two stepper motors with gear reducers that pull a cart carrying optics. 
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Lastly, we developed new terahertz absorbers to place within the FEL EPR optical setup to 

reduce scattered light. Absorbers in the terahertz range exist, but are extremely costly and 

bulky. We have successfully designed and fabricated a compact, cost-effective absorber. The 

absorber consists of a thin layer of Plexiglas placed over a small volume of water.  The 

Plexiglas is machined to be a precise thickness, such that it acts as an anti-reflection coating 

on the highly-absorbing water. Testing this new absorber with our Vector Network Analyzer 

with frequency extenders shows absorption is optimal at 240 GHz, the frequency used for 

EPR experiments. Further studies show that using a solution of water and glycerol to tune 

the liquid’s index of refraction increases the absorption to a range comparable to that of 

absorbers currently available on the market.  
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I. Background/Introduction 

Electron Paramagnetic Resonance (EPR) spectroscopy investigates unpaired electron 

spins in solids and liquids to reveal their local environment. EPR has many applications in 

various fields, including physics, chemistry, materials science, and biology. In biology, EPR 

has revealed critical structural information of proteins that have otherwise resisted structural 

techniques [1]. For example, EPR played a crucial role in determining the oligomeric 

structure of the Proteorhodopsin membrane protein [2]. Membrane proteins are critical for 

cell function because they lie at the interface of the inner cell and its environment. In 

essence, membrane proteins control the flow of energy and matter between the interior and 

exterior of the cell, as well as play an important role in initiating cell signal transduction 

pathways. Because membrane proteins lie within the lipid bilayer of the cell, they are 

difficult to access and study compared to cytoplasmic proteins. Studying these membrane 

proteins in an environment similar to in vivo conditions is a great challenge in biology. 

Therefore it is important to develop and improve upon techniques that are capable of 

studying these delicate proteins that are integral to life. 

 At UCSB we have developed a high-field EPR spectrometer capable of exciting and 

detecting spins 100x faster than is otherwise possible by using a Free Electron Laser (FEL) 

source, which provides high power (approximately 1 kW) at the frequencies necessary for 

high-field EPR [3]. The FEL EPR experiments are run at a frequency of 240 GHz, while the 

sample sits in a 12.5 Tesla magnet (run at 8.5T). The FEL pulse is directed at a sample in a 

sample holder, placed in a waveguide which is then placed into the magnet (see Figure 1). 

The FEL pulse travels down the waveguide to the sample. The sample is spin-labeled with 

an unpaired electron spin-label. Recent studies in our lab have used the spin-7/2 Gd3+ ion 

due to the high EPR line-width resolution it affords [4]. After the FEL pulse hits the sample, 
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rapidly decaying signals emitted by the electron spins are measured by a detector. This 

signal, called free induction decay, provides information that can elucidate the structure of 

the sample. 

 

Figure 1: Sample placed in waveguide, which is then placed in the 12.5T magnet. 

One of the greatest challenges of performing FEL EPR is the amount of scattered FEL 

pulse that gets into the detector, obscuring the electron spin signal. This leaked light causes 

the detector to be turned on 80 ns after the initial pulse irradiates the sample (see figure 2). 

Therefore, a great deal of signal is missing from our data. In order to realize the full potential 

of the spectrometer, it is crucial to shorten this time. This thesis aims to reduce this dead-

time through three different projects: improving the current sample holder design, improving 

upon the FEL pulse slicer delay-line, and by developing new single frequency light absorbers 

to implement within the FEL EPR optical setup. 
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Figure 2: The electron spin Free Induction Decay (FID). The detector is turned on 

80 ns after the FEL pulse hits the sample, causing a low signal:noise ratio. Note the 

first 80ns are missing from this FID graph. Figure from [3] 

 

II. Developing Sample Holders for Ultrafast Electron Paramagnetic Resonance 

While there is more than one source for leaked FEL pulse, it is believed that the current 

sample holder reflects some of the FEL pulse back to the detector, obscuring the signal and 

requiring the detector be turned on 80 ns after the initial pulse. To create a holder that 

minimizes interference, size, geometry, and material were studied. After initial analysis of 

different shapes and materials, a holder with a cone top and bottom, in either Teflon or 

Rexolite, appeared to be the most promising. This set-up, as well as variations of this design, 

were fabricated in the machine shop, and tested under the FEL. Our results suggest that 

Rexolite is a better material, showing considerably less reflections than any holder made of 

Teflon. However, the magnitude of reflections with the cone-shaped holders showed 
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substantial variations in many tests, making it unclear whether these new shapes offer 

reliably improved performance.  

A. Sample Holder Design and Fabrication 

1. Design 

 The original sample holder for FEL EPR experiments is a 5mm x 5mm cylindrical 

Teflon holder. Because the FEL pulse hits the flat top of the holder at normal incidence 

suggests that FEL pulse is reflected back to the detector (thus contributing to the dead-time). 

Hence the shape of the holder was redesigned. Instead of having a flat surface on top of the 

sample holder, the holder lid and bottom were modeled using a cone shape (Figure 3). The 

cone shape should deflect the FEL pulse from being directly sent back to the detector. In this 

case, the light does not hit the top at normal incidence, and instead should be deflected in 

multiple directions. The dimensions of this new holder were kept to 5mm in height (tip-to-

tip from cone top and bottom) and 5 mm in diameter. Both original and cone shaped holders 

were designed in SolidWorks. 

 

Figure 3: CAD schematic of cone shaped sample holder. Dimensions in inches x 2. 
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 In addition to shape, the material used for the holders was tested. A new holder was 

fabricated using Rexolite, a cross-linked polystyrene plastic. Rexolite sample holders are 

widely used in various EPR experiments [5],[6]. Both Rexolite and Teflon have low loss 

dielectric constants, making them ideal materials for EPR sample holders [7],[8].  

2. Fabrication 

 The Teflon and rexolite sample holders in both shapes were fabricated by hand in the 

UCSB physics student machine shop. Holders were machined on the lathe, starting with 

0.25” rods of each material [see APPENDIX for detailed instructions]. The final machined 

holders consisted of a top (or lid) in both cylindrical and cone shape, as well as a bottom 

which holds the sample, again in both cylindrical and cone shapes. For the cylindrical 

holders, the inside of the sample holder was machined to be cone shaped as well (using a 

special drill bit with a 45 degree angle tip). Figure 4 shows the finished, machined holders. 

 

Figure 4: Teflon and Rexolite sample holders in cylindrical and cone shapes. Shown 

next to a dime to demonstrate relative size. 

 

B. Testing the Sample Holders with the FEL 
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 The sample holders were tested under the FEL for reflections. These tests were run 

with the holders empty. They were placed in the waveguide, within the magnet at room 

temperature. The FEL EPR spectrometer was run at 240 GHz. The FEL pulse was shot down 

at the sample holder, and the detector measured the reflected pulse off of the holder. The 

reflected FEL pulse is mixed down from 240 GHz to 500 MHz, a frequency the detector can 

detect. Initial data shows amplitude of FEL pulse vs. time for the cylindrical Teflon sample 

holder (Figure 5). In order to further quantify the data, we take the Fourier transform so that 

the data shows amplitude of pulse vs. frequency. The peak amplitude is at 500 MHz (the 

frequency of the signal).  

 

Figure 5: Raw FEL data 

C. Sample Holder Reflection Results 

 A comparison of the cylindrical holder in both Teflon and rexolite is shown in Figure 

6. Upon first glance, Teflon appears to be worse than rexolite – showing much greater 

amplitude than rexolite.  
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Figure 6: Cylindrical Teflon v. Rexolite 

A comparison of the reflections from the cone holders in Teflon and rexolite (called 

double cone due to the cone top and bottom) are shown in Figure 7. The data shows that 

Teflon is somewhat worse than rexolite in cone shape. However, a quick comparison of the 

cone amplitudes to the cylindrical suggests the cone shape might reduce reflections. 

 

Figure 7 Teflon v. Rexolite cone 

 In order to further quantify this data, the peaks for each holder were integrated and 

compared. The greater the area under the peaks conveys more reflections. A graph 
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comparing the integrated reflections (Figure 8) shows that the cylindrical rexolite holder 

performed the best, giving the least amount of reflections. The Teflon counterpart 

(cylindrical) performed the worst, rendering the most reflections. Both double cone holders 

performed about the same.  

 

Figure 8 Area under FEL Reflections 

D. Sample Holder Final Conclusions 

 From this project it is determined that the cylindrical rexolite holder performs the 

best, while the Teflon cylindrical holder performs the worst. The cone shape did not 

minimize the most reflections as initially hypothesized, and further studies would have to be 

done to determine whether the geometry is truly beneficial. In sum the sample holder for 

FEL EPR experiments remains cylindrical, but rexolite can be adopted for less reflections. 

While the change in material can reduce some unwanted reflections that get to the detector, 

there are still other sources of leaked light that must be eliminated. 

III. Developing an innovative Free Electron Laser switch system for EPR studies 
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  In continuing to improve EPR experiments, this project focused more closely on the 

FEL pulses themselves. The goal of this work was to improve how the FEL pulses are 

generated, in part helping to ultimately reduce the leaked pulse that can cause these 

reflections. In order to generate the short FEL pulses desired we split a single YAG laser 

pulse into two beams, each of which drives a switch. The first laser activates a silicon switch 

[9] to turn on the pulse, while the second laser turns off the pulse (figure 9). Thus, by 

delaying the arrival of the second laser we can effectively control the length of the FEL pulse 

that is sent to excite the sample [3]. Originally, the delay line was of a fixed length, and 

could not be modified, which limited the capabilities of the spectrometer. Further, a more 

precise and accurate switch will ensure we create a precise pulse and nothing extra reaches 

the detector, allowing us to ultimately decrease how quickly we can begin detecting electron 

spins after the pulse. By creating a more reliable, high-performance off-switch through 

optimizing and automating the FEL delay line, we can dramatically improve the performance 

of the spectrometer. This improvement allows easy modification of the pulse lengths while 

still reducing the unwanted reflections to the detector. 
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Figure 9: FEL EPR experimental set-up. Step 2 shows the laser activated silicon 

switches. Original schematic from [3] 

B. Improving the Delay Line 

To accomplish this goal, I worked on automating a motorized delay line, so that we can 

more efficiently and effectively control the length of the FEL pulse. The initial immobile 

delay line consisted of a cart carrying an aluminum plate which holds the FEL pulse switch 

optics. The cart was held on an optical delay-line track using a rubber belt and one TIMS 

stepper motor. Initial attempts to automate the delay line using the original setup revealed 

problems in moving the optics cart itself: the single motor was unable to pull the cart. To 

mobilize the cart, the optics carrying plate was redesigned. The new aluminum plate was 

slightly less than half the original thickness of the first aluminum plate, drastically reducing 
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the weight for the motor to pull (figure 10). The plate was fabricated to ensure that all the 

original optics could still be mounted securely onto the plate. This new aluminum plate was 

first designed in SolidWorks, with evenly spaced 1/4” screw holes included for mounting 

purposes. The plate was then fabricated in the UCSB physics student machine shop, using 

the mill. In addition to the plate, the motor portion of the delay-line was redesigned. The 

single initial stepper motor was repositioned to align with the cart for optimal cart 

movement. To improve the performance of the stepper motor, a gear reducer was 

implemented (figure 11). A second stepper motor and gear reducer was purchased and 

implemented on the other side of the cart, such that the pull of the motor is doubled and 

balanced on both sides of the plate. 

 

Figure 10: Redesigned optics plate for the delay line. 
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Figure 11: Gear reducer added to the original stepper motor, implemented into the 

delay line. 

IV. Developing Single Frequency Absorbers for Terahertz Spectroscopy 

 Currently, light absorbers are implemented in order to more effectively control the 

leaked FEL pulse that gets to the detector. Absorbers in the terahertz range exist, but are 

extremely costly and bulky. The highest performing absorbers we are aware of are 400 mm 

long injection molding cones made of carbon-loaded plastic (figure 12). These absorbers 

show about 60-75 dB return loss at 95 GHz [10]. We have successfully designed and 

fabricated a compact, cost-effective absorber. The absorber consists of a thin layer of 

PMMA (Plexiglas plastic) placed over a small volume of water.  The PMMA is machined to 

be a precise thickness, such that it acts as an anti-reflection coating on the highly-absorbing 

water. The light to be absorbed by the absorbers travels through three mediums – air, the 

plastic coating, and water – rendering destructive interference of light reflected off of the 

plastic and water’s surfaces (figure 13). The absorber is water-based because water exhibits 

a very high absorption coefficient (a = 100 cm
-1

) due to Debye relaxation processes [11]. 

Testing this new absorber with our Vector Network Analyzer with frequency extenders 
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shows absorption is optimal at 240 GHz, the frequency used for EPR experiments. Further 

studies show that using a solution of water and glycerol to tune the liquid’s index of 

refraction increases the absorption to a range comparable to that of absorbers currently 

available on the market. With a precise, small fraction of glycerol in solution, the absorbers 

show a power loss of over 60 dB at 240 GHz [12]. 

 

Figure 12: Cone-shaped absorbers made by Thomas Keating Co, rendering high 

absorption (60-75 dB at 95 GHz). Image from Thomas Keating. 

 

Figure 13: Theoretical desing of the absorber. 

A. Absorber Design and Fabrication 

1.Theory 
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 The absorber thin film thickness and index of refraction were theoretically 

determined. In optics, the thickness of an anti-reflection coating corresponds to a quarter of 

the wavelength of light used [13]:  

  (1) 

where  is the anti-reflection coating thickness,  the wavelength of light, and  the 

refractive index of the anti-reflection coating. Due to the large imaginary part of the index of 

refraction of water (the medium behind the plastic ant-reflection coating), equation (1) adds 

another term giving: 

  (2) 

where m is an odd integer, ’ is the real part of Fresnel reflection coefficient, and ’’ 

is the imaginary part of Fresnel reflection coefficient. Equation (2) determines the ideal 

plastic anti-reflection coating.  

 The index of refraction of the anti-reflection coating determines the ideal plastic to 

be used for the absorber. This index of refraction is given approximately by the square-root 

of the index of the medium behind the anti-reflection coating (in this case, water): 

  (3) 

where  is the real part of water’s index of refraction and  is the imaginary part of 

water’s index of refraction. Based on theoretical calculations, the index of the plastic coating 

should be 1.9. Thus PMMA, a plastic close to the ideal index (1.6), was chosen.  
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2.Design 

 The thin layer of PMMA is mounted onto an aluminum cylinder cavity. The 

aluminum cavity holds 6 mL of water. In addition, the cavity has a rubber o-ring along the 

edges to ensure the absorber is water-tight. The plastic piece and aluminum cavity were first 

designed in SolidWorks. The thickness of the PMMA was chosen to be approximately 9 

quarter-wavelengths of 240 GHz (m = 9 in equation (2)).   

 

Figure 14: The completed absorber [12]. 

3. Fabrication 

 Due to the frequency dependency on the plastic thickness, the PMMA must be 

machined carefully to the precise thickness. Thickness accuracy was found to be within 1 

mil for an absorber that functions at the proper frequency. The plastic coating was machined 

on the mill, starting with a stock piece of 0.090” thick PMMA. The PMMA is then held in 

the mill with a vacuum chuck (as opposed to clamping which would distort the plastic), and 

fly-cut to the ideal thickness of 0.068”. The edges of the plastic piece are drilled and 

counter-sunk so that nylon screws can hold the plastic piece down on the aluminum cavity. 

The aluminum cavity is fabricated from a 2.5” diameter aluminum rod. Eight holes, spaced 
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45° apart, are drilled into the rod and tapped so that the PMMA piece can be secured. The 

water-containing cavity within the aluminum rod is ¾” deep, made on the lathe.  

B. Absorber Testing with the Vector Network Analyzer 

 The optical properties of the absorber were tested using an Agilent PNA N5224A 

vector network analyzer (VNA) equipped with a set of VDI frequency extension modules. 

The VNA produces microwave signals between 50 MHz and 43.5 GHz. The frequency 

extension modules consist of series of multipliers to boost the microwave signals into the 

sub-THz band. Two mixers on the transmitter and receiver ends down-convert the sub-THz 

signals to a microwave intermediate frequency. To conveniently test the absorbers, the 

plastic piece was placed over the beam emitted from the VNA, with a droplet of the water 

placed on the plastic. The VNA compares the power it sends out from the transmitter to the 

power it receives at the receiver (figure 15). Taking a scan with the VNA sweeps a range of 

frequencies from approximately 200 to 300 GHz, showing the power loss at each frequency. 

This ultimately conveys how well the absorber works at each frequency. 

 

Figure 15: VNA optical path test the absorber [12]. 

C. Absorber Performance 



 

 17 

 The performance of the absorber was measured in terms of power loss (dB) vs. 

frequency. The peak absorbance is expected to be at 240 GHz to be used within FEL EPR 

experiments. The absorber containing only water showed an absorbance of approximately -

30 dB (Figure 16). For reference, this is roughly the absorbance of the commercially 

available absorber called Eccosorb [14]. The dashed grey line represents the noise floor of 

the VNA. 

 

Figure 16: Water in absorber 

 Due to the initial slight mismatch of the water and plastic index of refraction, the 

index of refraction of the water can be tuned to better match the index of the plastic, thus 

giving better absorbance. The index of refraction of the water can be tuned by adding a small 

fraction of glycerol. The viscous glycerol changes the debye relaxation of the liquid medium, 

thus changing the index of refraction. A plot showing the absorbance of the absorber with 

varying fractions of glycerol is shown in figure 17. This data suggests increasing amounts of 

glycerol increase the absorbance. However, I tested 21 glycerol-water solutions ranging from 
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approximately 17-23% glycerol in water solution. A plot of peak absorbance vs. glycerol 

fraction shows the optimal glycerol concentration to be around 20.5% glycerol (figure 18). 

The error bars were determined by doing a global best-fit to the absorption spectrum (leaving 

the thickness and index of water free), then averaging the standard deviation within about 

250 MHz of the absorption maximum. 250 MHz is about the "standing wave" length on the 

frequency spectrum.  

 

Figure 17 

 

Figure 18 
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Figure 19 shows the drastic difference in absorbance with water alone compared to the 

absorber containing 20.5% glycerol water solution. The peak absorbance is nearly -60 dB, 

comparable to the cone absorber made by Thomas Keating. The peak absorbance at 240 

GHz is approximately -50 dB.  

 

Figure 19 

D. Absorber Conclusions 

 In this work, we successfully designed and fabricated narrow-band 240 GHz 

absorbers. These absorbers performance is comparable to the cones made by Thomas 

Keating, giving a power loss of 60 dB. We were able to achieve this high performance 

through tuning the index of refraction of the water by adding a small fraction of glycerol. A 

20/80 glycerol/water solution gave the best absorbance. Furthermore, these absorbers have 

applications outside of FEL EPR. They can be made to narrowly absorb at another frequency 

(by changing the thickness of the PMMA), rendering them useful absorbers for other 

terahertz spectroscopy experiments. In addition, the high sensitivity of the absorbance based 

on fraction of glycerol makes this absorber of potential use for tracking chemical changes in 

solution. At UCSB, these absorbers are currently being fabricated to be implemented within 
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the optical setup of the FEL EPR spectrometer. In addition, I am working on “absorber 

sample holders,” sample holders with a PMMA lid that is the thickness to absorb at 240 

GHz. For this absorber sample holder, the sample would sit in a 20.5% glycerol solution at 

room temperature. Having an absorbing sample holder would theoretically greatly reduce 

any FEL pulse reflections to the detector.  
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VI. APPENDIX 
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Materials:  

· 0.25 in. plastic rod (Teflon or Rexolite) 

· Sandpaper 

· Fine tip sharpie 

· Calipers 

· Vial to keep sample holders in 

· Razor blade 

Lathe: 

· Lathe cutting tool 

· Lathe (horizontal) blade 

· ¼ in. rod holder 

· 0.1340 in. flat-head drill bit 

*First thing’s first: You’re required to wear safety classes in the machine shop.* 

This guide explains each step for making a sample holder in either Teflon or 

Rexolite: 

 

1) Cut off Enough Material: Take the 0.25 in. plastic rod, and measure a ~12 mm 

portion. Mark the 12 mm line with a sharpie (see Fig. 1). This amount of plastic is 

enough to create the base of the holder and lid, with some leftover in case there is a 

mistake in making the lid. 
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Fig. 1: Measure about 12mm with calipers and mark on the rod
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2) Put the Correct Size Rod Holder in the Lathe: If not in the lathe already, get the ¼ 

in. diameter rod holder and insert in the lathe. Lock it in place. 

 

 

 

 

 

 

 

 

Fig 2: The ¼ in. rod holder for the lathe 

3) Place the Rod in the Lathe: Simply slip the rod into the rod holder. Make sure the 

12 mm mark is visible. Lock the rod in place using the handle on the outside left of 

the machine. 

 

Fig. 3: Place the rod in the lathe 

4) Shorten the Diameter of the Rod: Position the lathe horizontal blade about 1/10 

into the diameter of the rod (see fig. 4). Set the lathe rotation speed to 840, and then 

turn the lathe on. Slowly spin (counterclockwise) the wheel that brings the lathe 

blade across. The blade will go through the rod, decreasing its diameter. Stop the 
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blade and lathe once you reach the 12mm mark. Check that the diameter is roughly 

5mm with the calipers. If not, adjust the blade to go a little deeper into the rod, and 

repeat step 4. 

 

Fig. 4: Position the horizontal lathe blade about 1/10 into the diameter of the rod (a very small 

way in – going too far in will decrease the diameter of the rod greatly, and you may have to start over 

again. 

 

 

Fig. 5: The result of step 4: The 5mm diameter of the 12mm portion compared to the rest of the rod.  

5) Drill a Hole into the Rod: In this step, you will begin making the base of the sample 

holder. Place the 0.1340 in. flat-head drill bit into the drill bit holder of the lathe (on 
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the right). Tighten the drill into place and make sure it is straight in the holder. Bring 

the drill holder closer to the rod, up until it just touches the tip of the rod. Set the drill 

holder to the zero mark, so you can measure how far you put the drill into the rod 

once you turn the lathe on. Turn the lathe on, and rotate the drill holder slowly, 

watching the mm tick marks on the holder. Drill about 3mm into the rod. You can 

get a more exact measurement of how far you’ve drilled into the rod by using the end 

tip of the calipers to measure the inside of the rod. 

 

Fig. 6: Drilling into the rod, creating the base of the holder 

6) Cut a Lip for the Sample Holder: Position the horizontal lathe blade halfway 

across the outer diameter of the rim of the now-drilled through rod (see fig. 7). Turn 

the lathe on and cut through about 1-2mm in (a visual estimate works fine). In a 

sense, you are again decreasing the diameter of the rod, but only a little bit because 

you are just making a place for the sample holder lid to fit snug on. Turn off the 

lathe. 

 

Fig. 7: A frontward facing view of the now drilled into rod. The red mark is approximately where you want 

the horizontal blade positioned, so you can create the lip of the holder. 
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Fig. 8: Cutting the lip into the rod with the horizontal blade. 

7) Take Measurements to Make the Lid: Remove the entire plastic rod from the lathe 

rod holder. Using the calipers, measure and record the outer diameter of the lip of the 

sample holder and the height of the lip. The outer diameter of the lip tells you the 

size of the inner diameter of the lid you will make next. Once you know the outer 

diameter of the lip, find a drill bit (does not need to be a flat-head) with that same 

diameter. 

 

Fig. 9: Measure the outside diameter of the lip with calipers
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Fig. 10: Measure the height of the lip (in this case, the measurement was taken after the base of 

the holder was cut off from the rest of the rod). This distance tells you how far to drill into the lid. 

 

8) Cut the Base of the Holder off from the Rod: Using the calipers, measure about 3-

4mm on the rod and mark it with a sharpie (does not need to be precise, as long as 

you put the mark under where you drilled into – you don’t want to cut right into the 

holder). Put the rod back into the rod holder in the lathe, lock it in, and remove the 

horizontal blade. Replace the horizontal blade with the lathe cutting tool. Position the 

cutting tool right on the mark you just made (see fig. 12). Turn the lathe on, and push 

the cutting tool forward, all the way through the rod. Turn off the lathe. 
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Fig. 11: Mark where you want to cut the base off of the rod (~3-4mm down)
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Fig. 12: Position the cutting tool right on the cutting mark 

 

9) Use the Rest of the Rod to Make the Lid: Creating the lid is very similar to making 

the base of the sample holder. Find a drill bit with the same diameter as the outer 

diameter of the lip. Place that drill bit into the drill bit holder, and bring it up to the 

tip of the rod in the lathe. Make sure the measurement mark on the drill holder is at 

zero. Turn the lathe on, and slowly drill into the rod. Go as far as the height of the lip 

you recorded in step 7. Turn off the lathe. To test whether you have drilled far 

enough (and that the lid will fit onto the sample holder), take the sample holder and 

try placing it in the lid you have drilled (no need to take it out of the lathe and cut it 

yet). If for some reason the lid is too big or too small, you can cut off what you’ve 

done so far with the lathe cutting tool, and start making the lid over again with the 

remainder of the rod. 

10) Cut the Lid off the Rod: Once you’ve determined that your lid fits, place the lathe 

cutting tool on the lathe, turn the lathe on, and cut through the rod, cutting off the lid. 

You do not have to make any measurements; as long as you can cut the lid off 

without cutting through it (if the top is cut too long, you can sand it down). 

11) Make the Finishing Touches: Lastly, after cutting both the base and lid of the 

sample holder with the lathe cutting tool, your holders most likely have a pointed top 

and bottom (see fig. 13). Removing these tips is fairly simple. For Teflon, use a razor 

blade to cut off the tips (Teflon cuts like butter with a sharp razor blade). For 

Rexolite, you will have to sand the top and bottom down.  
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Fig. 13: After cutting the base and lid, your sample holder 

will have pointed remnants on the lid and bottom (top Teflon, bottom Rexolite). 

 

 

 


