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Part A: System Hamiltonian, Circularly Polarized Magnetic Field, and Mean Hamiltonian in the
Interaction Representation

To describe the system dynamics under the action of an alternating magnetic field of far
infrared (FIR) and microwave (mw) radiation, we use the density operator (sometimes called the
density matrix) formalism widely used in both magnetic resonance and coherent optics [1]. The
combination of two different ac magnetic field bands is a kind of double resonance technique,
Zeeman-far infrared (ZeFIR) double resonance. The system energy levels of the SMM prototype are
described by its spin Hamiltonian. The ideal prototype should have an axially symmetric spin
Hamiltonian; in the lab frame, it is

Hy=D(S2 — S(S+1)/3) + w,S,. (S1)

Here, D is the zero field splitting (ZFS) parameter and w, is the Zeeman frequency; both
parameters (and all energies below) are in angular frequency units, 1/s = 2m Hz. Z is the direction
of the axial axis of the ZFS and z is the quantization axis of the electron spin provided by the Zeeman
interaction. The axially symmetry of the spin Hamiltonian means that the electric field caused by the
central ion and ligands has high symmetry, not lower than Csv. We consider a model system of a
single molecular magnet (SMM) having electron spin S = 3/2. The zero field splitting Hamiltonian
is diagonal in the molecular frame, where the system symmetry axis is chosen as the quantization
axis. In the situation of interest, where we want to switch the SMM between its +S and —S states,
the external magnetic field is chosen parallel to the molecular symmetry axis, so that the molecular
and lab frames coincide. In the matrix form,

—~

H0:
D+3wy/2 0 0 0
) D+ wy/ 2 0 ) (5LM)
) 0 “D-we/2 0
) 0 0 D-3wg/ 2

The interaction of the exciting circularly polarized radiation with the system is described in the
lab frame as



Hyerr = 01 {Syexp(—iwt — ia;) + S_exp(iwt + ia;)}. (S2)

Here, w; is the amplitude of the oscillating ac field in angular frequency units defined in
Equation (4), w is the angular frequency of the circularly polarized ac magnetic field, and a; is
phase of the j-th pulse of the pulse sequence. The ladder operators, S, and $_, are defined as usual,
S; =8, +iS,. We assign the phase of the first pulse as zero, a; = 0. The phases of the remaining
pulses are relative to the phase of the first pulse. We continue to use the same convention in the main
article to describe the handedness. The system Hamiltonian with circularly polarized ac field when
the lab and molecular frames coincide is

Hyp=Hy+ Hyerr =

D+3wg/2 V3 wyexp[-% (wt+ay)] /2 e e (S3)
'\/?mlexp[i (ot+ay)] /2 -D+wp/2 wpexp[-1 (wt+ay)] e
e wiexp[i (ot +aj)] -D-we/2 V’?mlexp[—i (wt+
) e V3 wexp[i (wteas)]/2 D-3wg/2

It is well known that mt-pulses of a resonant ac magnetic field can invert the polarization of a
pair of levels (in other words, such a pulse exchanges or transmutes the populations of the two
levels), regardless of the phase of the pulse [2]. Equation (S3) allows us to calculate the respective
spin dynamics. Calculations become simple if the Hamiltonian is made to be time-independent. The
traditional way to remove the time dependence from the above Hamiltonian is to use a rotating
frame (RF), which rotates in the same direction as the circularly polarized ac field. In this frame, (S3)
becomes

HRF =
D+3 (wp-w)/2 V3 wjexp[-iaj]/2 o )
\/?mlexp[i a;] /2 -D+ (wp-w) /2 wy exp[ -1 a;] e (S4)
) wy exp 1 a;] -D- (wp-w) /2 ﬁwlexp[-iaj] /2
) ) V3 wyexp[ia;] /2 D-3 (ug-w) /2

Surprisingly, even for the EPR transition between the upper Kramers doublet sublevels, m =
—1/2 and m = +1/2, when

w = wy, (S5)
the nutation or Rabi frequency for this transition is not always obvious. The effective
Hamiltonian of the two states in resonance in this case is

A, = ( -D wlexp(—iaz))

wexp(iay) -D (56)

Here, j = 2 is used because the second pulse of our sequence (see the main text) has the
frequency (55) with phase a,. The existence of the diagonal elements means that one more
transformation is needed to exclude D and to get slow dynamics at the rate of the nutation or Rabi
frequency. That transformation is not challenging for Equation (S6), but it is for the full Equation
(S4). The transformation to the rotating frame is only sufficient for spin %2 systems.

There is a convenient way to exclude all terms other than those proportional to the Rabi
frequency. The interaction representation (IR), which excludes the Hamiltonian H, and transforms
Hye1r, is the most suitable technique to leave just the Rabi frequency as the driving force of the
system during the oscillating field pulse. The density matrix, p;z, and the system Hamiltonian, Hjg,
in the interaction representation are

pir = exp{ifyt} p.r exp{—iH,t}, (57)

HIR (t) = exp{iﬁot} ﬁaC,LF exp{_iﬁot}. (88)



Here, p,r is the system density matrix in the lab frame and H,, is the circular polarized field
in the lab frame; shown in Equation (S2). The system dynamics in the interaction representation
under the action of the oscillating field is described by the following equation:

d .
EPIR = _i[HIR ®, PIR]- (89)

The advantage of the interaction representation as compared with the rotating frame is that, in
the absence of the oscillating field, with w; = 0, so that Hiz =0, the system does not evolve, and p;p
is constant. This means that only propagators for the pulses need to be calculated in the interaction
representation, whereas non-trivial free evolution takes place between pulses in the rotating frame.

We are interested in calculations of the evolution of populations under the action of a sequence
of m-pulses exchanging populations of the two resonant sublevels (for each of three single quantum
transitions in our S = 3/2 case). If p;r is diagonal in the basis of the system eigenstates, then p;p =
p.r- The fact that exp {ifyt} and exp {—ifl,t} are also diagonal in that basis proves that this equality
is true; see Equation (57). This means that it will be enough to find the diagonal part of p;; after a
pulse sequence as far as SMM switching is concerned. Off-diagonal elements of density operator
may be calculated and measured experimentally to check the accuracy of tuning of ZeFIR pulses.

The operator Hy.,r (S2)is a sum of two ladder operators and the exponential operators in (S8),
exp{+iH,t}, are diagonal in the basis chosen, thus making calculations trivial, so that (S8) becomes

Hy®) =

] gwlexp(—i (aj+t (-2D+w-wg))) ] (810)
gwlexp(fl(alit(f2D|wfmg))) e wyexp (-1 (a5+t (0 -wp))) -]
o 3

e wy exp (1 (aj+% (w-wg))) Tmiexp(—i(n]{t(2D+m-wa)

] e gwlexp(i(a]+t(20+mfwa))) -]

In contrast to Equation (54), the non-zero terms in the above Hamiltonian simply induce
transitions between the system eigenstates. These transitions are most effective when the ac
frequency w is in resonance with the energy difference in the lab frame. In the interaction
representation, the coupling terms become constant and do not oscillate, producing evolution at a
constant Rabi frequency.

Let us consider the evolution of the system during a resonant pulse. First, we consider the
+3/2 & 4+ 1/2 resonance, where w = w, + 2D, so that (S10) becomes

Hys/2041/2(0)=
0 V3w /2 0 )
(S11)
V3w, /2 0 wy exp {-12Dt} )
0 wy exp {1 2Dt} 0 V3 w,/2exp (-14Dt}
0 0 A3 w;/2exp {L4Dt} )

Without loss of generality, we can take a; = 0. To calculate the system evolution under the
action of a resonant pulse with duration t,, it is suitable to use the mean Hamiltonian theory in the
form of the Magnus expansion [3], which is definitely applicable in this situation.

The first term of the Magnus expansion averages the above Hamiltonian over the pulse length,

= v
Hils)/zﬁu/z = fo H+3/2<—»+1/2(t)dt/tp = (512)



0 @ 0 0

‘\/3101 0 j'w% e_iZDtp_l e
2 2D (w; tp)
0 _ iw? (et2Pt_1 0 V3wl (et?Pt-1)
2D (w; tp) 8D (w1 tp)
iV3 w? (ef?Pte-1
e a _ 1 ( ) a

8D (wy tp)

Note that for this transition, the Rabi frequency is V3w, and for a m-pulse,

w1tyr = V31/3. (13)

This means that all corrections will be on the order of w;/|D|. For the systems of interest, this
parameter is quite small and does not exceed 10~ - 10-3. It should be noted here that, for the case of
continuous wave (cw) spectroscopy, the time averaging period t, tends to infinity, thus allowing
omission of Hamiltonian elements having t, in a denominator. The difference between cw and
pulse spectroscopies cases is that corrections of the first and of the second orders have different
relative importance for cw, but the same for pulses; see below.

The second term of the Magnus expansion is

t t
— P 2
7@ = i 3 g =
Hposryz = =1 | dty | [H(t), H(t)]dt,/2t, =
0 0
0 0 V3 w2e*P% (sinc[Dt,]-Cos[Dt,]) 0
4D
o w? (Sinc[2Dt,]-1) 0 we*%% sin[Dt,]*Sinc[Dt,]
2D 4V3 D (514)
V3 wet®® (sinc[Dt,]-Cos[Dt,]) 0 w} (5-8Sinc[2Dt,]+3Sinc[4Dt,]) 0

4D

w?e*3P* Sin[Dt,]2 Sinc[D t,]

0

43D

16D

("]

3w} (1-Sinc[4Dt,])
16D

Here, Sinc(x) = Sin(x)/x. The comparison of the two terms of the Magnus expansion
demonstrates that these are of the same order for a m-pulse. In our case, |D[t, = (w1 tp)(IDI Jwy) >
1, so that Sinc(Dt,) provides an additional small factor of w,/D to each term containing it. Taking
this into account, Sinc(nDt,) (for integer n) may be neglected relative to terms of the order of
unity. Summing up the two terms of the Magnus series for the mean Hamiltonian, A, we get

Hizppop12 =

° V3 V3 w2 (1ret20%) °
2 8D
V3o i 10} (420t 0
2 2D 2D (w; tp,)
V3 0? (1+ei20%) o (e220%-1) 502 V3 0? (e40t 1) (S15)
8D 2D (w; tp) 16D 8D (wy tp)
- 2 14Dt
0 0 _ 1 3 wy (e P—l) 3“’21
8D (w; tp) 16D

For the m-pulse, we use not the mean Hamiltonian itself, but the dimensionless quantity

b, J20+1/2(M) = H,; J20+1/2tpr, which will be used below for propagator calculations,

EI5+3/2<—»+1/2(7T) =~



( 0 x
2
x ERT?
2 6D
=TT W, (1+e“°tp) 1w (eiZDtP 1)
8D - 2D
| 0 0 -

-7t Wy (1+<e'1'L 2 Dtp)

8D
iw, (e*2P%-1)

2D

5'\/§7rw1
48D
iV3 w (e**Pfr-1)

8D

(%)

%)

V3w (e“”DtP—l)

8D

'\/371'(1)1

16D

(S16)

For the resonance frequency coupling the second and the third levels, w = w,, the interaction
representation spin Hamiltonian is

ﬁ+1/2<—>—1/2(t)=

e ";—?wlexp(-i (az -2Dt)) =] e

Nl . ;

=, W1 eXp (i (ap -2DT)) e wq €Xp (-1 az) e
e wq eXp (i a3) e gwlexp(—i(a2+20t))
e 2] %wlexp (i (az+2D1t)) e

(S17)

Using the same procedure as for the previous transition, and omitting all terms with
S inc(nD tp) functions, we get

=

Hiijpom1/2 ®

( 3w? iV3 wlelin (1-o120%) V3 o e?i% (14el20%) o \
8D 4D (g tp) - 8D
i 3 Mi eflﬂa (1_e—12Dtp) B 3!0% w e—]'l ap _1||3 mi E‘Z‘iﬁl {1+e—iZD‘tP)
4D (g tp) 8D 1 8D
2 21 -i2Dt . 2 i 12Dt
_\i 3 0l e?l® (11-@. i P) © @.iaz _ 302 i 3 wiel® (1-@ i F)
8D 1 8D 4D (ws tp)
e _q||3 mi erLﬂl (1+@ﬁZDtP) ].'L 3 mi eﬁ.ﬁl (1_eﬁ2DtP) 3&}%
\ 8D 4D (0 t,) 8D )

(S18)

For this transition, the Rabi frequency is two times higher than for spin %2 so for a m-pulse
Wity =1/2, (S19)

so the above Hamiltonian provides a phase operator in the form

$+1/2<—>—1/2(7T) = ﬁ+1/2<—>—1/2tp7'[ =



Ixmay

16D
13 ] I{l-n_izntp |

B ap
ST P I{lm_ilntp |

16D

] -

i \'qm]_ giap |Il-ni='D1F‘-|

Y mawy g2dap |:!Lo-niln1p |

40 16D
Ixw .
I reia /r 2
16D
T aiaz ff‘ ? _ Ixuy
16D
SETE Y g2i=a |"1_,_Eizn'tp'| i3 Aoz |'L-ui lll-tp-l
LY i i !
16D AD

a

NEY muy g 2day Irb_n—i ll:l-tp-l
L
16D

i3 w g diog |r:l.-n_i ll:l-tp-l
L

am

Imay

16D

(S20)

When the frequency is chosen to couple the third and the fourth levels, w = w, — 2D, the
time-dependent IR spin Hamiltonian is

H—1/2<—»—3/2(t) =

e

%mlexp (L (a3-4Dt))
e
]

%wlexp (L (-az+4Dt)) e e
e wy exp (i (-az+2Dt)) e
, V3 ,
wpexp (L (az-2Dt)) e =5 W1 exp (-1 asz)
e % w, exp (1 as) e

The mean Hamiltonian obtained after the same set of operations is

H—1/2<—>—3/2 ~
( 3wl

16D
V3 wlelt® (1-@;'““")

8D (wg tp)

e

e

1 3 mi eio (1_@114 Dtp)

8D (wy tp)

5w
6D
io? el (1—@'“ Dt,,)
- 2D (wy t,)
NE) wl elias (11-@'“["")
- 8D

e

:I'L mi e—n.u; (1_e11.20t|,)

V3 w} e 21 (11-@"12 DtP)

(S21)

e

For this transition, for m-pulse, Equation (513) is valid, so that

EIS—1/2<—»—3/2(7T) = H—1/2<—>—3/2tp77: =

( NEE

16D
1V3 w el® (1-@'““")

3D

e

1V3 w eln (1—@“'“»’)

8D
Sﬁnml
48D
i, el (1_@"-1'12 Dt,,)
2D
g g2ias (1+e-izotp)

8D

2D (wg tp) 8D
w: _3
_ad V3, eies
2D 2
V3 ias
; e e )
(522)
\
9 )
10y a-ias (1_ei20tp) 7 g a-2ias (1+eﬁzotp)
2D - 2D
‘\G}”‘-’ -ia
6D e /2
mel® /2 e )

(S23)



Part B: System Evolution under the Action of m-Pulses to Zero Order in w,/D and an Estimation
of the First Order Corrections

We consider here paramagnetic centers that may potentially serve as SMMs, thus having values
of D in the THz range (~10' 1/s), whereas pulse radiation sources can produce oscillating magnetic
field with amplitudes up to 10° 1/s (~150 MHz), providing the possibility of having m-pulses not
shorter than a few nanoseconds. The estimate of w;/|D|~10"* allows the use of the zero order
approximation for this parameter for the calculations of the system propagators for the sequences of
n-pulses needed to switch the SMM from its +S state to +S state. Corrections to the density matrix
owing to terms of the order of w;/|D| are estimated numerically later.

The propagator for the system evolution during a pulse coupling the m and m — 1 system
states is

Umm-1(tp) = exp{ =il m1t,} (S24)
and for a m-pulse, it is

Unm-1(1) = exp{—=i®pnem_1 (M}. (S24.1)

In zero order, the mean Hamiltonians in the interaction representation for each transition of
interest have only two non-zero single quantum transition off-diagonal elements. It is easy to
construct the propagator for a Hamiltonian of this type, the two off-diagonal real non-zero elements
may be treated as the operator S§ of some fictitious spin S¥ = 1/2. Thus, we have zero-order
propagators for the three transitions

Us/z,1/2(tp) =

( t ) e ( nt ) \
cos (—Ethn 1Ssln —Lthn 0 0
. . t t .
_4 sin (LP.) cos ("_&) 0 0 (S25.1)
2t,, 2t,,
(%) 0 10
\ 0 0 0 1)
Uiz, —172(tp) = 0 0 0
e cos (”—t"—) -ie 1% gin (N—t"—)
2ty 2ty
. . . (525.2)
4 el ® ej AR I
@ -1e 2s:|.n(2tw) cos(ztm) -]
2] -] -] 1
U_iyz, —372(tp) =
1 0 e %]
e 1 e 7]
P : . 7T 525.3
e o cos (—tﬁ) -1 e % sin (—tﬁ) (5253)
2ty 2t
i el®oein [Ete Tt
@ 0 -ie 351n(2tm) cos(ztpﬁ)

For m-pulses for all the above propagators, we get



U3/2, 1/2(7'[) = ) .

-1 © 0
-1 O ©0 0
0 0 1 0 (526.1)
0 01
Uiy, —1/2(7T) =
1 7] %]
) (526.2)
e -ie™ o
0 -iel® e e
e %] e 1
U—1/2, —3/2(”) = 160 @ e
e 1 7] %]
e e e -1 E_i %3 (S26.3)
@ 0 -ie'® e

Note that the m-pulse propagators (526) perform permutations on the respective levels
populations and, as expected, this permutation does not depend on the pulse phase a;.

If the initial system state is given as a diagonal density operator in the lab frame, it is the same
after transformation into the interaction representation for our system. Denoting the initial system
state as p,,

po = DiagonalMatrix(n,, n,, ng,ny), (527)
after application of the resonance m-pulse between levels 3/2, 1/2, we get
p1 = Us)y, 1/2(7T)p0U3_/12’ 1/2(m) = DiagonalMatrix(ny, ny, n3, ny). (528)

In the state p,, after the pulse, the populations of the two first states do permute. The next
permutation takes place after application of a resonant m-pulse between levels 1/2,—1/2,

Py = Ul/zy_l/z(n)plUl_/lz_l/z(n) = DiagonalMatrix(n,, ns, ny, ny). (529)
Finally, after a resonant m-pulse between levels —1/2,—-3/2, we get
p3 = U_1/21_3/2(7r)p2U__ll/z,_S/z(n) = DiagonalMatrix(n,, ng, ny, n,). (S30)

This means that after a three-pulse sequence, the system has changed the state (n,,n,,nsz,n,) to
the state (n,,ns3, ny,ny). Thus, if the m = +S = 3/2 state was initially populated (n; = 1), then the
final populated level is m = —S = —3/2, which means a switching of the SMM, (1,0,0,0) = (0,0,0,1).
Applying the pulse sequence in the opposite order, the system state (ny,n,,nz n,) will be changed
to (n,,ny,ny,n3) with reverse switching taking place, (0,0,0,1) = (1,0,0,0). Let us review the phase
independence of the switching; it takes place because each m-pulse rotation produces the same
result, regardless of a particular direction of the resonant field in the interaction representation
frame, it is enough that the plane where the circularly polarized field oscillates is perpendicular to
the axial system axis.

Now, we consider the first order corrections in the small parameter x = w;/D for the rt-pulse
propagators (524); this will be done numerically. It is possible to reduce the number of parameters
by one by omitting elsewhere the fast oscillating terms exp(+inDt,) (n = 2,4), because imperfect
pulses or even a rather small D-strain will average these out. Anyway, our estimates are performed
to check the order of magnitude of distortions introduced by off-resonance effects. After neglecting
the terms mentioned, the operators (516), (520), and (523) depend only on the parameter x.



Let us calculate numerically propagators S(24.1) with higher accuracy than (526) for x = —107*
and —1073, keeping in mind that the systems of interest have a negative value of D. We present here
not the propagators themselves, but the results of the pulses. The system initial state is taken as

po = DiagonalMatrix(1,0,0,0), (S31)

so that just the m = +5 = 3/2 state is populated.

1. First order corrections. Case x = —107*

Firstly, we assume the pulses have synchronized phases, a, = a; = 0.
After action of the first resonance m-pulse the system density operator is

p1=Usp, 1/2(71').00(]3_/12, 1/2(”) =

8.33333x187° -B.BERR2EEGTS - 9.27935x1871% 1 1.97194 5« 187% 8
-9.BEBP2BE675 - 9.27935 < 187F 1 1. -G.B3@99x18°% - 1,16537x18°1 @
1.97194 = 187 -6.83899x18°° - 1.16537 1877 1 @ 8
2] 2] ] 8

(532.1)

Populations are changed as in an ideal case, but also some off diagonal elements, coherences,
are created. Amplitudes of those are less than |x|. Density operator after the second pulse is

P2 = U1/2,—1/2(ﬂ)PoUI/lz,—Uz(”) =

6.8972 % 167 @. +5.33305x 1679 1 7.36356 %187 - 0.0000730846 1 B. +4.61934x 107 1
B. -5.33395x 16719 1 ) -6.83099%10°% + 2.93285x 10717 1 )
7.36356 107 - 0.0POB780846 1 -6.83099x107F - 2.93285x 10719 1 1. -5.91581 % 107% - 6.85734x 1077 1
8. -4.61934x107% 1 ] -5.91581x187° - 6.85734= 1079 1 )
(532.2)

Finally, after the third pulse, we get
P3 = U—1/2,—3/2(”)POU—_11/2,—3/2(7T) =

6.0972x10° @. +4.97182%107° 1 1.79217 x 1877 ©.0P00780846 + 1.43432x107° 1
@. -4.97182x107° 1 4.85285 % 107° @. -1.46115%107° 1 4,21011x107° - 0.00R0E63662 1
1.79217 % 1877 @. +1.46115%107% 1 5.26781x 187 @.88008229517 - 6.77876 1672 1
| B.BBRETERE46 — 1.43432x 1877 1 4.21011x187° - 0.000E63662 1 B.PORB220517 - 6.77876x 1079 1 1.
(532.3)

The pulse sequence works perfectly, populations are distorted at the level of numerical
accuracy, and amplitudes of coherences are about |x| = 107* or less. There is no purpose to vary the
phases of the two last pulses; these would redistribute amplitudes of coherences that are rather
small, these quantities are considered below for higher field strengths.

2. First order corrections. Case x = —1073

Again, synchronized phases of a, = a3 = 0 are used initially. In the case of a ten-fold stronger
oscillating magnetic field (and ten times shorter pulses), we get density operators p4, p,, p3, shown
below:



8.33333x 107 -B.880288675 - 9.27935x187° 1 1.97184 % 1678 2}

-9.888288675 - 9,27935x18°% 1 1. -9.880A6831 - 1.16537 187 i -9,41529:x18°°

1.97194 x 187 -@.88686831 + 1.16537 <187 i 4.66626% 1877 2}

-] -9.41529x 1877 a -}

6.8972% 1877 @, +5.33394x10°°% i 7.36356x 1977 - @.000780845 1 @, +4.61932x10°% i

@. -5.33394x1687°% 1 4.66624% 1877 -0.PPER683699 + 2.93285x 107" 1 4.84108 x 1877
7.36356x 187 + 0.0G08788845 1 -0.00PA683093 - 2.93285x167° 1 ©.993999 -3.0866859158 - 6.85735x18°° 1

@. - 4.61932x167°% 1 4.94108 % 1877 -8.800059158 + 6.85735x 107" 1 3.49968 ¢ 1877
6.8972x 1877 -5.8437x107% 1 4,.97181x167 1 1.79217x1677 - 3.82069x 107 i 0.PEA750544 - 1.43432x107° 1
-5.8437x107% - 4,97101 %107 i 4.85284 %187 1.39733x107%% - 1.46115x167 i 4.2101x10~ - @.000636619 i
1.79217x 187 - 3.82069x 1671 1.39733x1071° - 1.46115x187 1 5.26781x187° 9.880229517 - 6.77873x187° 1

©.000780844 - 1.43432x1687° 1 4.2101 %187 + @.00806366191  @.888229517 + 6.77673x187° 1 @.939939

It is suitable to check the changes in the final state for situations with a; = +m/2, when phases
of the second and third pulses are perpendicular to that of the first pulse. The density operators

below are p; for a, =0, and a3 = +mn/2 (upper variant) and a; = —r/2 (lower variant):

6.89743 %1877 -4.4383%1077 = 5.2636x187% 1 2.25548x 1877 - 4.57181=107% 1  1.29249x18° - 9. BEE780859 1
-4,4383%107 - 5.2636x%167° 1 3.27606 x 187 -1.68122 %187 = 1.38077x10™% i -0.00PR653483 + @.PAAS68273 1
2.25548 %1877 = 4.57181x187% 1 -1.68122x16™ - 1.38077 107" 1 8.68597 x 187° @.0090508264 - @.BPB285745 1

| 1.29249x167° - 9.P0G730859 1 - 0.00BP6E3483 - 0.0PA568273 1  0.000R500264 - 0.AP0288748 1 @.999999

6.89697 %187 4.43693x1877 - 5.48429 1871 2.25272x187 - 4.66681x 18771 -1.29239x18°° - §.GBA750829 1
4.43693 %1877 - 5.48429x187° 1 3.27678x 1877 1.68874x187 +1.39938x18° 1 0.BARA6B2714 - B.GAR568346 1
2.25272%187 - 4.66681x107% 1 1.68074x 187 - 1.30038x187° 1 3.68062 % 187° @.BBPRS02806 - 0. BRR2ERER2 1

| -1.29239x16°° - §.GEA780820 1 ©.0PBRG32714 - 0.@@AS633461  ©.BBPESI2B96 - 0.0RR288602 1 #.999999

The next pair of system states are p; for a, = n/2, and a; = n/2 (upper variant) and a; =
—n/2 (lower variant):

3.25367x 187 2.59619x 187 - 1.97833 %107 i -1.12885x167 - 6.64752x18° i -@.@00289428 - @.PPB491527 1
2.59619x 1877 - 1.97833 %187 1 3.27445x 187 -1.30429x 1077 + 1.5547x16° i  ©.0000679219 - @.PAOSAR1E3 1
-1.12805x1877 - 6.64752x187% 1 -1.39429x187 - 1.5547x187°% 1 5.26913x18°% -7.78501x167° - 8.90@229546 1

-@.2BE280428 - 3.00@491527 1  @.8BP0679210 - B.BRESEB183 i -7.78501x 10" - @.@BB220546 1 @.999999

3.25338x 167 -2.99164x 1077 - 1.38793x 167 i -1.78891x 187 - 1.88755x10™ i @.@PR289428 - @.APE491497 i
-2.00164x187 = 1.38793 1877 £ 3.27677 x 1877 1.97648% 1877 - 2.30473x10°° 1 -@.P0RR685499 - @.BBRSEE31L L
-1.76891x1877 - 1.88755x1877 i 1.97648x167 - 2.39473x167°% 1 1.26968x 187 1.8536x 1877 - ©.800347504 1

©.000289428 + 0.0BB491497 L -9.2BEOEE5490 - B, BRE568311 L 1.8536x 1677 - ©.000347804 1 @,999999

In all of these cases, switching of the SMM states works with high accuracy and the coherences
created have amplitudes less than |x|. Thus, the relative phases of the pulse fields are of no
importance when the amplitudes of those fields are small compared with D. The ZeFIR double
resonance technique is a promising variant of SMM switching.

Part C: Geometry Scheme Supposed for Far Infrared SMM Irradiation

Here, we illustrate the scheme of irradiation of the supposed SMM for ZeFIR. Right-handed and
left-handed irradiation is shown in Figure S1.



Right-handed light beam

Light propagation

Static magnetic field

View from here

Light propagation

Left-handed light beam

Figure S1. Geometry of SMM irradiation. The right-handed [4] FIR radiation propagates along the Z
axis, which is parallel to the symmetry axis of the SMM molecule in the lab frame. The external
magnetic field is directed also along the SMM symmetry axis parallel to the radiation propagation
direction. An observer looking from the +Z direction, as shown in the picture, would see the
magnetic moment or the magnetic field of the radiation rotate counter clockwise if they have
right-handed circular polarization, but clockwise if they have left-handed circular polarization.
Radjiation having the same frequency and the same handedness as a SMM transition can coherently
transfer or transmute populations between the energy levels of that SMM transition. The picture was
adopted from the work of [5].
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