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A. Photo of the Experimental Setup
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Figure S1. Photograph of the EPR spectroscopy station at NovoFEL.

B. First FEL
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Figure S2. Spectrum of radiation used in the experiments at the first FEL of the NovoFEL facility.
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C. Second FEL
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Figure S3. Macropulses of THz radiation with wavenumber of 239 cm™. Pulse durations are (1) 400

us; (2) 300 ps; (3) 200 ps; (4) 150 ps; (5) 100 ps; (6) 70 us; (7) 60 us; (8) 50 ps (multipled by 5); (9) trigger
signal. Each subsequent pulse is vertically shifted.
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Figure S4. (A) The rising edge of the macropulse with 300 ps duration; (B) The falling edge of another
macropulse with 300 ps duration. The individual pulses of THz radiation with the frequency of 7.5

MHz are clearly visible.
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Figure S5. Spectrum of radiation used in the experiments at the second FEL of the NovoFEL facility.
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D. Third FEL
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Figure S6. (A) Macropulses (envelop) of THz radiation with wavenumber of 1125 cm™. Pulse
durations are (1) 400 ps; (2) 300 us; (3) 200 us; (4) 150 ps; (5) 100 ps; (6) 70 ps; (7) 50 ps; (8) 30 us; (9)
20 ps; (10) 10 ps (multipled by 10); (11) trigger signal. Each subsequent pulse is vertically shifted. No
pick-up coil synchronization was used; (B) The rising and falling edges of the macropulses with (1)
20 ps and (2) 30 ps duration. The individual pulses of THz radiation with the frequency of 3.8 MHz

are clearly visible.
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Figure S7. (A) The rising edge of the macropulse with 100 us duration; (B) The falling edge of another
macropulse with 100 us duration. No pick-up coil synchronization was used for B.
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Figure S8. Spectrum of radiation used in the experiments at the third FEL of the NovoFEL facility.

Inset shows closer view of the spectrum.

E. Gain and Total Losses for all Three FELs

1. First FEL
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Figure S9. Calculation of losses for the first FEL. Characteristic exponential time is 1.64 us.
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Figure S10. Gain calculation for the first FEL. Characteristic exponential time is 1.79 ps.

2. Second FEL
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Figure S11. Calculation of losses for the second FEL. The signal envelope was obtained by FindPeaks
function of Wolfram Mathematica 10. Characteristic exponential time is 3.20 us.
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Figure S12. Gain calculation for the second FEL. The signal envelope was obtained by FindPeaks
function of Wolfram Mathematica 10. Characteristic exponential time is 2.70 ps.

3. Third FEL
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Figure S13. Calculation of losses for the third FEL. Characteristic exponential time is 2.62 ps.
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Figure S14. Gain calculation for the third FEL. Characteristic exponential time is 2.56 ps.

F. Additional Experimental Figures.

THz macropulse 30 ps

400 0.0
380

360

L
(-]
.
°
N

340

320

300

Magnetic Field / mT

280

Normalized Intensity / a. u.

260 -1

B
-1.0 L

1] 20 40 60 80 100 260 280 300 320 340 360 380 400
Time / ms Magnetic Field /mT

THz macropulse 30 ps

0.0 M

Intensity / a. u.

0 20 40 60 80 100
Time / ms

Figure S15. (A) Normalized TR EPR spectrum of Cu(hfac):L"" (see Figures 5 and S16 for the structure)
measured at 7 K using THz macropulses of 30 us length and 76.7 cm! wavenumber. MW frequency
is 9.79 GHz, MW power is 2 uW, repetition rate of THz macropulses is 5 Hz; (B) Magnetic field cross-
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section of A at the time of the maximal signal; (C) Time cross-section of A at 360 mT (1) and one-
exponential fit with the characteristic time 15 ms (2).
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Figure S16. (A) Normalized TR EPR spectrum of Cu(hfac):L" measured at 7 K using THz macropulses
of 30 ps length and 76.7 cm™! wavenumber. MW frequency is 9.79 GHz, MW power is 2 uW, repetition
rate of THz macropulses is 5 Hz; (B) Chemical structure of Cu(hfac):L" with the paramagnetic centers
circled: magnetically isolated copper(Il) ion and exchange-coupled nitroxide-copper(II)-nitroxide
spin triad (see Figure 5 of the main text for details); (C) Magnetic field cross-section of A at the time
of the maximal signal; (D) Normalized continuous wave EPR spectrum of Cu(hfac):L"". Temperature
is 7 K, MW frequency is 9.79 GHz, MW power is 2 uW, modulation amplitude is 0.2 mT, modulation
frequency is 100 kHz, no THz radiation was applied.
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