JEOL : ; Applications note ER200006E

Strong interaction between light and electrons (1)  “Effect of excessive spins”

Product used : Electron spin resonance spectrometer (ESR)

Typical electron spin resonance (ESR) spectrometer uses a microwave resonator, which is usually called a cavity, as a sensitive detector. A sample is
usually set in the center of the cavity, and energy absorption by ESR phenomena is detected according to the degree of an imp edance mismatching of
the resonant circuit of the cavity. Absorption intensity in the ESR and FMR (Ferromagnetic Resonance) is proportional to the square root of the
irradiated microwave power and the spin amount in the measured sample. Moreover, the spectral line width is proportional to t he inverse of the
transverse relaxation time of spins. The cavity is a device that stores only the light, of which the frequency is w, = 27f,, in the limited space. Electron
spins lied in a static magnetic field are like spinning tops which are locked to specific Larmor frequency (w, = 2nf,.). ESR/FMR spectrum is usually
measured in the condition of w. = w,.. Recently, many attentions are gathering to the interaction between light (microwave) and spins in the cavity

according to the development of quantum optics.

Sample and method
(a) (b)

An 11.4 mg powder sample of 2,2-diphenyl-1-picrylhydrazyl (DPPH), which is

used as a standard, loaded into a quartz tube with a diameter of 3 mm, and, as
Cavity

/" Magnetic flux

shown in Fig. 1(a), was set in the center position (Set_A) of the cavity. As another
variation, the same sample was set in the edge (Set_B) of the cavity as shown in

Fig. 1(b). Two ESR spectra of Set_A and Set_B were measured.

Line width broadening by spin — cavity interaction

Two ESR spectra have apparent different line widths as shown in Fig.2, in spite of

sample

only changing the sample position in the cavity. Each spectrum is under a
different condition of spin amount and magnetic flux density, but its spin Fig.1 Sample set up in the cavity.

concentration is the same. Therefore, the origin of different line widths cannot (a) Set_A: Sample set up in the center position of the cavity. (b) Set_B:
be explained simply based on the sample position. This is a basically different Sample set up at the edge position (+27 mm) of the cavity.
phenomena from the dipole-dipole interaction when spin concentration is low.
Indeed, the normal spectrum is “Set_B”. Spectral broadening like “Set_A" is

called “radiation damping(!”, and is sometimes a serious problem in an NMR
Set Parameters & Conditions

DPPH powder 11.4 mg

measurement situation.

Sample Center/+27mm position
Angle[deg.] -
Set_B X 18 Temp. Room Temp. (26°C)
.y 9433.457(Center)
> MW Frequency[MHz] 9458.239(+27mm)
3:’ MW Power[mW] 0.001
Sweep width 3 mT
L
HolmT] (Field corrected by Mn*"))
Mod. Width [mT] 0.02
Mod. Freq. [kHz] 100
Mod. Phase [deg.] 0
L ! ! | ) Sweep Time[s] 120
Acc. 1
-1 -0.5 0 0.5 1 Amp. Gain 0.5(Center) / 5.0(+27mm)
Resonant position [mT] Tels] 0.03

Fig.2 DPPH-ESR spectra at two different positions of the same sample.

Reference: [1] N. Bloembergen and R. V. Pound, Phys. Rev. 95, 8 (1954).
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