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SI 1 Supplementary Figures (Fig), Tables and Equations (Eq)

Table S1. Crystallographic data

7.n9.994C00.006
Molecular formula Ci16H26N4OsZn
Molecule weight 467
Crystal system Orthorhombic
Space group Pccen
a A 15.2423
b, A 9.3278
¢, A 13.0916
a,’ 90
,° 90
Y,° 90
v, A3 1864.33
VA 1

Fig.S1. (a) The result of face indexing showing on a physical crystal. The markings

represent crystallographic a-axis and b-axis respectively.
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Fig.S2. Powder X-ray diffraction (PXRD) patterns of Co(H:dota) (Co) and
710.994C00.006(H2dota) (Zmo.994C00.006). The simulated pattern (Sim.) is also shown for

comparison.
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Fig.S3. Relative position between the crystal frame (a-axis, b-axis, c-axis) and tensor

frames of two magnetically inequivalent Co(Il) sites. The Euler transformations from

the crystal frame to tensor frame of Co-1 and Co-2 are R,(=90° —90° —

45°),R,(—90° — 90° 45°) respectively.
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Fig.S4. T (a) and T (b) curves at 5 K when By || b. (¢) Tm curves measured by
different pulse lengths at 5 K by AWG and variation of ESEEM observed.
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Fig.S5. (a)-(f) T data (black point) measured at different temperatures at 3907 G and

individual exponential fitting curves (wine line). (g) Temperature dependence of 77 at

3907 G. (h) Fitting the spin relaxation mechanism.



Table S2. T1 and T, data at 5 K when B || b.

Bo/ G T1/ ps Tm/ ns
3561 479.96 576.67
3606 498.94 563.50
3651 489.18 588.81
3700 444.07 600.69
3750 450.15 567.71
3802 490.17 606.86
3853 502.49 586.31
3907 475.27 664.97

Table S3. T data between 4-9 K at 3907 G.

T/K Ty / s
4 5995.39
5 475.27
6 27.45
7 4.51
8 0.98

9 0.24
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Fig.S6. (a) FFT of Rabi oscillations measured at 3907 G by a range of attenuation
settings. (b) Rabi oscillations of the single crystal sample measured at different fields
when By Il b,B, |l a at5K, 0dB. (c) FFT of (b). Black and grey solid lines correspond

to Rabi frequencies and 'H Larmor frequencies respectively.
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Fig.S7. EDFS of Zng.994C00.006 With internal standard TEMPO at 5 K, 0 dB when By ||

b. The absolute values of experimental B and gerare calibrated by the peak with wine
mark. The Rabi oscillations of Zny.994C00.006 Without specific description of By field in

Fig.S8-9 are measured on the transition with blue mark.

0
UsGTEMPO
9ITEMPO
Yerr = * Osample (Eq.S1-2)

'QTEMPO
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Fig.S8. Sketch of relative position between the lab frame and tensor frames in
anisotropic Rabi oscillation experiments, depicting the case B; Il g,(a) and By |l
Jx,y(b) respectively. The pink frame and white frame represent the tensor frames for
Co-1 and Co-2 respectively. xL, yL, zL represent the lab frame (dark grey). zL is along
the static magnetic field Bo, xL is along microwave magnetic field B;. The blue frame
represents crystal frame but b-axis is omitted. (c) Left: Rabi oscillations of internal
standard TEMPO and Zng.994C00.006 crystal when B; || g,, gx, g, respectively. Right:

FFT of Rabi oscillations shown on the left.
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Fig.S9. Anisotropic Rabi oscillation experiments with internal standard. (a) Rabi
oscillations of TEMPO measured with variable rotation angle a at 5 K, 0 dB. (b) FFT
of (a). (c) Rabi oscillations of Zng.994C00.006 measured with variable rotation angle «

at 5 K, 6 dB. (d) FFT of (c).
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Fig.S10. Calibration of experimental rotation angle «. The black line is the calculated

variation of gi.rr/gaerr With a. Matching the ratio of two Rabi frequencies in Fig.4c

(0 dB, open circle) and Fig.S9d (6 dB, grey circle) to calibrate experimental «.
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Fig.S11. T1(a) and Tm (b) curves at 5 K when Bg is along gy direction (n/2 = 16 ns, 7 =

260 ns). Modelling the curves with single exponential function as T1 = 457.67 pus and

Twm =283 ns.



SI 2 Theoretical analysis of anisotropic Rabi oscillation (I)

Consideringa S = % system with
ﬁo - I/l.BBgSA.

Based on the model shown in Fig.4a, i.e. By Il g,, g tensor should be expressed in lab

frame as
B gx O 0 3 Ixx  YGxy 0
g=R(B,00( 0 g, 0 |R(B00=(gyx gyy 0 |
0 0 g, 0 0 gz

where R(B,0,0) and R'(B,0,0) represent the Euler rotation matrixes and

gZZ = gZ
9xx(B) = gy cos B? + g, sin p? (Eq.S2 - 1)
Ixy(B) = (gy — gx) cos Bsin B (Eq.S2 — 2)

The total Hamilton of the system is
H =Hy + H,(t,),
where

ﬁo = .UBBogzgz (wo = upBogz),

A =B ostomt+ ) 0200 220 (&),

gyx(ﬂ) Yyy (.3)

We describe the system in a rotating frame with the microwave frequency w,,,,, the

total Hamilton becomes

— ~

A... = R,(H - meSZ)I?Z = exp(iwmwtS;) (A — wmwS,) exp(—iwmwtS,).

So

ﬁrot

_ 1( Wy — Wmw Up B, cos(wt + ¢) (gxx(ﬂ) - gxy(ﬂ)i)eiwt>
2 UpBq cos(wt + ¢) (gxx(.g) + gxy(ﬂ)i)e_iwt _(wo - wmw) '

Base on Euler’s formula,

P

Hrot
= 1( Wy — Wy 1pB1(Grx (B) — Guy (B)i)[e 7% + ei(zm+¢>)]>
2\ppB1(gxx(B) + Guy (i)™ + e7i20t+9)] R |



The terms e*!(2@t*$) can be neglected using the rotating wave approximation. Finally,

in the resonance condition, wy = w,,,, and the total Hamilton can be expressed as

g =teb ( 0 (g - gxy<ﬁ)i)e-i¢>_
T2 \(ga(B) + Gy (B)D)e® 0
For a general notation,
Hyeor = ugB:[A(B, §)S + B(B, $)S,), (Eq.S3 — 1)
where
AB, §) = gxx(B) cos d — gxy(B) sin ¢, (Eq.S3 —2)
B(B, ¢) = gxx(B) sind + gy, (B) cos ¢. (Eq.S3 - 3)

Therefore, the rotation of spin in Bloch sphere will be determined by:

geff(ﬁ) = VAZ + B? = \[gxx(ﬁ)z + gxy(,g)zl (Eq S4 - 1)
(B, ¢p) =tan™?! (%) (Eq.S4 — 2)

Jess(a) decides the nutation rate:

Qv (B) = By ngx(ﬁ)z + 90 (B)2.



SI 3 Theoretical analysis of anisotropic Rabi oscillation (IT)
Consideringa S = % system with
Ho = ugBgs.
Considering a model analogue to Fig.S8, i.e. B1 coincides with a certain principal axis

of the g but By does not. g should be expressed in lab frame as

gxx 0 O
5 = 0 gyy gyz .
0 92y Yz

The static magnetic field Hamilton is
gxx 0 0 §x

ﬁ0=MB(O 0 BO) 0 9yy Gyz §y =.uBBO(gzy§y+gzz§z)-
0 9zy Yz $,

Diagonalize H, and acquire the unitary transformation U and Larmor frequency as

following

A, = UA,U’,

wo = UgBy ’gzyz + gzzz-

Time dependent microwave Hamiltonian can be expressed as
H,(t) = ptpgxBy cos(wt + $) S,.
Unitary transformation U will be used to rotate H,(t) to eigen basis,
A, (t) = UA,U".
The total Hamilton of the system is
A=10+H ©.
We describe the system in a rotating frame with the microwave frequency w,y,,,, the

total Hamilton becomes

)

Hyor = ﬁz(ﬁ - wmwgz)ﬁi'

where

So



TOt_Z

i _ 1 < Wo — Wnw .uBBlgxx cos(a)t + ¢) eiwt)
1 B1gsx cos(wt + ¢) e 710t —(wo — Ww) '

Base on Euler’s formula,

5 1 < Wy — Wy .uBBlgxx[e_i(p + ei(Zwt+¢)]>

H = — . .
rot 2 llBB1gxx[el¢ + e—L(Zwt+¢)] —((Uo _ (Umw)

The terms e!2@t+®) can be neglected using the rotating wave approximation. Finally,
in the resonance condition, w, = w,,,, and the total Hamilton can be expressed as

S 1( 0 HBBlgxxe_i¢>
.uBBlgxxel(p 0

H‘l"Ot - 2

Diagonalize H,,, and Rabi frequency is therefore determined as

Drapi = UBB19xx-
In our case shown in Fig.S8a, g,, = g, so Rabi frequency is expressed as

Dpavi = 9zUpB;.



