Learning EPR with Magnettech ESR5000: an

Giving Students Hands-on Experience (A<D

Enhance your curriculum with an affordable and easy-to-use bench-top EPR instrument o)
and open career doors for your students in fields such as biology, chemistry, medical (o 4  EPR Signals from Real Life 8 Quantitative EPR
. . . . . . . | S ]
science, materials science, forensics, etc. by teaching them the versatile technique of e T

Background In this set of experiments, you will use TEMPOL for EPR quantitative analysis. The
ESRstudio software provides two ways to perform quantitative measurements:

electron paramagnetic resonance (EPR) spectroscopy. The Magnettech ESR5000 is Magnettech ESR5000 ot 2 v e o e g Tt

ascorbate radicals as part of the antioxidant mechanism in a relatively simple enzymatic

ideally suited for educational applications in EPR. The instrument offers research-grade D v o o T Sy s
' . ] . o ucation rFackage La uide f:::nme hologﬁl:;mmE:;Sx;mmUréofme EPR spectra. Gosls « To understand the basics of quantitative EPR.
results in a compact, portable design that features the user-friendly ESRStudio software. e e s s PSSR ———

Version 001 Materials and Consumables Materials and Consumables

* Dark roasted coffee (1 g)
* Dark cocoa (1 g)

* Cinnamon (1 g)

* Sand (1g)

* Ascorbic acid (Vitamin C)
* Ferric chloride, Fe(lll)Cly

' ' * Balance, weighing paper .
r * EPR quariz tubes with 4 mm outer diameter 8.1 Instructions
u c a I O n a I O e a g n e e C * SO L capillaries Before doing any quantitative EPR, the concentration of the TEMPOL standard should be
* Critoseal carefully determined.

* Eppendorf tubes (1.5 mL) Prepare 1 mL of 100 mM TEMPOL solution in water by weighihr:lg the .appropriate amount of

* TEMPOL (4-hydroxy-2,2,6,6-tetramethyipiperidin-1-oxyl)
* Balance, weighing paper
* 50 pL capillaries

. solid using an analytical balance. The molecular weight of TEMPOL is 172.24 g/mol (show
* DI (deionized) H,O your calculations in the lab report).
The concentration may be verified using the optical absorption of TEMPOL. Since TEMPOL
41 Instructions has an orange color you may predict that it will have an absorption spectrum in the visible

region around 420 - 430 nm. It is known that the extinction coefficient of TEMPOL in water at
i ion i i i ioal i 429 nm is 13.4 M-1cm-1. This extinction coefficient gives good agreement with gravimetric
o " o o o o wyntﬁﬂ?y;{;f:' des' struchons, on; everyday samples and|ascorbate radicel in g, non- determinations corrected for the purity of TEMPOL. Using a spectrophotometer is optional
. ) and not required
rimer witn introaucton to tne pasiC tneory and practice Eveptey sampien
* Fill your EPR tube.

Fill each EPR tube about 2 cm with your material (coffee, cocoa, cinnamon, and sand -
see Acquiring Spectra [ 7] ).

= Start the spectrometer, then the software.

B Suite of experiments for teaching EPR data acquisition and processing skills R S T S
(with full instructions) inovation with Integit
B Real life sample analysis in the classroom Fig. 1: Educational kit for Magnettech ESR5000

B Lab accessory kit

Why Choose the Magnettech ESR50007?

Any customer can confidently add or enhance their lab with real world EPR:

B Easy-to-use X-band continuous wave bench-top EPR spectrometer fully
optimized for a magnetic resonance teaching environment

Rapid automated tuning and measurement

Integrated Irradiation Dedicated recipes for various experiments and analysis

Availability of versatile accessories

Fully calibrated for quantitative analysis:

- SpinCount — Reference free quantification of EPR species (Bruker patent)

- SpinFit Liquids — Simulation and fitting of radicals and transition metal
species in liquid state

B Spectral library of common species for radical identification
Finger Dewar

Quantitative EPR
Spectrometer Parameters e Tt o= T :

* Building a Saturation Curve and P,, Analysis.

Va rl a b | e Te m p e rat u re U n It After finishing the measurement series, mark the folder in the Measurement list - :,. , —

containing the data, click on Show Evaluation View and select Power saturation level. e
Click Create to build a saturation curve (Amplitude over square root of microwave power) o ==

M 1 and determine P, value. P,,, is the microwave power giving the half maximum amplitude
FI g 2: M a g n etteC h ES R 5 O 0 O a n d a CCeS S O rl eS and is the recom1r,r21ended ve;izue to use for any EPR measurement while doing quantitative

analysis.

=l AR e A A e Ny n\v.-uww' ,»mwm»mm.ms

O

. | G i e [y = e
— oars S Fmwnces Svte deband
Noeciovens Soner [N w0 [T ~ i R - '
W prp—— . = 1 - o Pr—_ ) provy O ! | |
Tmasc ere Snory. " [ . PP Ao oo
Tt e S — . - oo — PRy
[ ] [ ] o [ Vockiuton GO | w7 e | 100ME PRSI, vt e B 8 = ps
# et v serimors e e - = B e N
pbad saple radstan N . " - Sciom AAY¥XS -
A st ey B e oeyvioril T | T
Fom P ey “ —— > A ™ 4 m B " "B AN "ae"
> o~ = o - . -y s - o - o -
Y re— Toom Bode prosemiy [ r— e Pook Lt [resre——— P ——— )
- —— & . -
wsaraiood ~ THE M iwe b -HEW AL ASRE O pix | ae (RPN < -4 ] I
e

~—

B Acquiring spectra: introduction to ® Quantitative EPR: learning the — O\ S—
ESRStudio software with basics of quantitative EPR and how ]
pre-selected parameters (recipes) to perform relative quantification - = s
and sample preparation using a reference sample or using T |;r"‘ 'L’ ‘ |‘.’ =

reference-free SpinCount module Rr—

B Real life samples: students will run
spectra on samples found in their
everyday environment that contain
radicals such as coffee, tea, cocoa,
spices, etc.

“ ) = O @ = 2 mh » B4 “ae
Figure 8.9: Calculating Concentrafion of an Unknown Sample

Fig. 5: Optimizing microwave power Fig. 6: Quantitative EPR

Conclusion

B Acquisition parameters: effect
of acquisition parameters such
as microwave power, modulation
amplitude, center field, sweep
width, digital filtering, etc. on the

| B With Magnettech ESR5000
Figure 6.1: Optimizing BO (center field) and Sweep Width educa‘tional ki‘t, introducing EPR
* Record spectra for different modulation amplitude values. i . )

to the next generation is easier

Once the value for By and sweep are optimized change the series type from Single
measurement to Amplitude modulation sweep. Acquire spectra from 0.05 mT to 1 mT

] ) with step count 10: than ever.
EPR spectra, and how to optimize e [P
those Series type: O Single measurement S EPR theory and practical
. . | D Tampeane e o N spectrometer control is presented

B EPR fingerprints: understanding ® Ampl. moduiation sweep Step count: [i0 with real world examples and

the basics of EPR theory and how ) Optiat i iradieion samples.

to determine g-factor and nuclear e T —— :

interactions with the unpaired T=|: i ésggiisw?;;elf: n;?ri?j t:Iedcettri(r:\ts

electron in free radicals and ... WA A AR | EI%R [ ng)n discinlines '

transition metals | y distip '

‘P N such as biology, chemistry,

B Kinetics: monitoring radical o I 'EI Fiure 6.2 Efec of Modlaton (nodaton ampice) physics, medical science, and

reactions and using forced S L] g, . L . . material science, opening career

. : ols i Fig. 4. Optimizing modulation amplitude :
oxidation as a quality control 22 5 options.
o |-

analysis

Fig 3: Sample handling

Innovation with Integrity



