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Optimized Distances of Ln(COT),”

Table S1: Comparison of selected optimized distances (A) along the Ln(COT),” series. SF
ZORA/B3LYP/TZ2P. Fractional occupation (4f,4f, 41541 ,)".
Complex Ln-COT Ln-C C-C

Ce(COT)z_ 2.133 2.817 1.408

Pr(COT),~ 2.123 2.809 1.408

Nd(COT),~ 2.131 2.815 1.408

Pm(COT)z’ 2.156 2.834 1.408

Sm(COT)Z’ 2.156 2.834 1408

Eu(COT),” 2101 2793 1.408

Gd(COT),~ 2.023 2.734 1.408

Tb(COT),” 2.004 2.721 1.408

Dy(COT)Z‘ 1.999 2716  1.408

Ho(COT)z’ 2.009 2.724 1.408

Er(COT)Z’ 2.032 2741 1408

Tm(COT),” 2030 2740 1.408

Yb(COT),” 1.981 2.704 1.408

Table S2: Ce(COT), : Principal optimized distances (z&) and relative energies (cm™') of the SF

and SO states using three different fractional occupation schemes®.
Fracl7 Frac13 NoFrac

Ce-COT 2.133 2.134 2.141
Ce-C 2.817 2.817 2.822
Cc-C 1.408 1.408 1.408
Spin-Free 2F term
2y, 0 0 0
1 518 518 518
L) 621 621 612
ZA 1917 1917 1897
Spin-Orbit 2 F; /, term

+1/2 0 0 0
+5/2 479 480 469
+3/2 1040 1040 1032

@ Fracl7: (4f,4f4f54f )" Frac13: (4f,4f,)" NoFrac: 4f!
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Model vs. ab-initio for Ce(COT)Z‘ and Pr(COT)2‘

Table S3: Model wave functions’ |y ), orbital muL(r) and spin mf (r) magnetizations for Ce(COT),
and Pr(COT),".

Ce(COT),”
v = A%, - B, (u=|) v = %[Azzl/z—B2H1/2+A2z,1/2—32n,1/2] (u=L)
— 0 v 1 _ 1 0 v 1 vall -1
= AY) - BY] v = %[AYS — BY, + AY) - BY!|
Ky _ 17 42v0v0 2y 1y—1 Ky _ A’y 0y0] _ B yilyl ~ly-1
my () =3 Ay + BYY min) =SV - Y+ v
A2 .2 B?r1 .0 2 _ A2 2 B2 2
fo_T[f1++f1—] _Tfo_T[f—_fH]
L _ _plyly-I L _ _ABV123,0v0 , ABV3 [y ly—1 o yiyl 4 y—ly—1
mi(r)  =-BY]Y] mi(r) =-""Y)Y, +T[2Y3Y3 +Y Y + Y Y; |
_ B’ 2 _ _ABV12 2
=212 + 1] = —ABVI2 2 AB\3f2,
Pr(COT),”
1178 =A3F_3+B3(D_3+C3A_3 (Ll =”)

=AY,V + % [\/g(|y3-31?30| - 177D + \/§(|Y3—2Y3—1| L )]
2\y-2y0 Lyyv-3y1
Jrc[\/gn/3 1/3|+\/g|1/3 Y]
S _ _Ay3y-3 ly-11 _ C?jy2y—2 0y0] o C2[y3y-3 ly-1
m(r) =-Z Y7+ - S [+ ) + [ + Y Y
A_Z[fz +f2 42 +f2]—c—2[f2 +f2]—c—2f2—c—2[f2 + 12+ f2 4 2]
4 Y3+ 3— 1+ 1- 6 L2+ 2— 370 6 LV3+ 3— 1+ 1-
L — 9 A2[y3y-3 ly-1 0y0 _ y3y-31 4+ Lry2y-2 ly-1
mp(r) =24 [1/31/3 +Y)'Y; ]——[ V)Y, - YY1+ 5[ Y, - Y)Y, 1]
C2[§[Y32Y3_2 + Y30Y30] T3 [Y33Y3 + Y3 Yye 1]]
— _A2[£2 2 2 2 3B212r 02, 1,2 2 Lr 2 2 2 2
—_Az[f3++1f3—+f1++f1—l]_T[E[fo+§(f3++f3—)]+5[f2++f2—+f1++f1_]]
—C[5Ufg + 55, + o+ U5 + fr + 1+ ]

i Notation: Angular behavior only. Spherical harmonics Y;’f , abar indicates beta spin. Tesseral harmonics f LL'T . Two-

electron Slater determinants |a, b| = 1/ \/Edet |a, b|. Real coefficients A, B, C. Normalization implies A2+ B2=1
for Ce(COT),” and A* + B> + C? = 1 for Pr(COT),".

The spherical harmonics Y are related to the real tesseral harmonics 7™ as follows:
p 4 ‘+

I,
Yl JI+ 1= — 1 1—
3 i \ér—'f
y-l = Jie T
: iv2
y2 = Sor Hifo
3 \/E
Y2 = f2+ ify

3 V2
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Y3 = San —if5

3 l\/E
yo o fuwtifs
3 l\/E

Table S4: Comparison of the orbital and spin expectation values obtained with the model and
with the ab-initio calculations for Ce(COT),” and Pr(COT),".
Model ab-initio
Ce(COT),”
(L) 0459 0461
(S;) 0.040  0.038
+g 1.078 1.074
(L,) -1.726 -1.716
(S,) 0269 0.269
+g, 2376 2354
Pr(COT),”
(Ly) -3.578 -3.609
(S 0609  0.613
+g, 4720 47765
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Energies and assignment of the lowest Spin-Free electronic states in Ln(COT),”

Table S5: Relative energies (cm™') and assignment (per-cent) of the SF states issued from the SF
ground multiplet 2*! L. CAS(n,7)SCF calculations.

2s+1 [, Multiplet M States? AE Major Configurations”
Ce(COT),”
IF 3 0 100 ¢
21 518 100 7
2p 621 100 ¢
ZA 1917 100 6
Pr(COT),”
3H 3p 0 76 (o), 22 (67)
ir 4 93 (¢7)
3A 421 61 (66), 36 (¢7)
3% 637 72 (z7), 26 (55)
n 644 58 (x6), 28 (67)
3H 1298 100 (¢8)
Nd(COT),"
4 ‘o 0 76 (xx ), 15 (p86), 8 (678)
ar 28 51 (zb), 48 (o)
A 288 48 (ns), 27 (oneh), 26 (x7d)
‘H 413 100 (6¢p8)
I 606 39 (68), 25 (£86), 23 (o78), 12 (xdph)
43 732 53 (666), 22 (xs), 19 (cpp), 6 (o)
4T 758 100 (z¢p8)
Pm(COT),”
3 37 0 100 (o7 d)
) 26 57 (zxd), 20 (crhd), 16 (x788), 5 (Pph68)
I 129 37 (nwd), 28 (cmdpep), 20 (npps), 11 (6756)
SH 319 100 (z7p5)
A 363 46 (o ps), 27 (cpps), 22 (xhds)
L) 560 69 (6¢p56), 21 (cmmp), 9 (LPpps)
T 577 54 (cpd), 42 (mp56)
Sm(COT),”
°H H 0 100 (ocrmghd)
) 379 49 (cppdd), 47 (cnnde)
11 473 64 (cpps), 20 (xppds), 15 (cnmdhd)
6A 629 69 (nmphéb), 31 (o hb6)
5p 802 60 (z7p66), 40 (cphd)
o 861 100 (o7 68)
Eu(COT),”
F A 0 100 (czzphd)
® 525 100 (czh85)
I 871 100 (o7 pp68)
b 1102 100 (27 pp55)

4: The SF states characterized by the total angular momentum projection M; = Y, m, are denoted using the D h
parent symmetry. ?: Numbers indicate the weight of the configurations in %, only contributions larger than 5% are

listed.
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Table S6: Relative energies (cm~!) and assignment (per-cent) of the SF states issued from the SF
ground multiplet 2*! L. CAS(n,7)SCF calculations.

2s+1 I Multiplet M; States® AE Major Configurations”
Gd(COT),
85 8% 0 100 (67 p86)
Tb(COT),”
TF 7y 0 10027zl plplslsh)
m 268 100(c' P2l pl plslsh)
® 675 100(c' w1 p2pl sl s))
A 1147 100(c' 2l 1 p2pl sl sh)
Dy(COT),”
g Z(I) 0 70 (027:1zrl¢2¢>15115;),1302(<7117§271r1¢1¢15251)
r 35 100 (o ez p=p 6°6")
6A 152 65 (o2rlzlplplsst), 34 (olninlp?plslst)
6% 217 66 (clm2z2plplslst), 31 (clnlnlplepls?s?)
oI1 223 63 (clm2rlplpls?st), 27 (c2ntnlpleplslsh), 9 (c2xlnlpplse?s!)
SH 865 100 (olzlzlgp?ple?st)
Ho(COT),~
51 5d 0 75 (0.17[27[2(15%(1)15151)’ 16 (Glﬁlﬁl¢2¢15252),9(62ﬂ1ﬁ2¢1¢15251)
e 33 53 (o' P2zl p?pls2sY), 47 (2 nixl p?plsls))
zA 139 44 (o' nlxl 2Pl s2sh), 27 (01;2]ﬂ2]¢‘ 2(;5‘15225‘1), 26 (62n2n'p?plslsh)
H 266 100 (627! z' p? ' 6%61)
1 303 38 (c2xlnl P2l 6261), 26 (6l n' n2pl pl6262), 23 (62 n2n' plpl 6261
12 (61ﬂ2ﬂ1¢2¢25151)
3% 373 55 (62xlznlplp16%6%), 21 (6 n2x' P29l 6%61), 18 (62x' n' p2 25161
31 484 100 (o' 72z p2p'6261)
Er(COT),”
4 4 0 100 (o2 x%x' p*p'6%5")
> 103 56 (¢! w2 n?p?p?5'6'), 21 (o n?x' ¢p? 91 526"), 17 (o' n?n? ' ¢15252)
5 (Glﬂlﬂl¢2¢25252)
in 163 37 (clx?m2¢p?plslst), 28 (021;:227:12(1)22(;521522521), 12 (6272x gl pls262)
H 196 100 (o' 72722l 6251)
jA 300 46 (0'271'2771(}')2(]51522521),1 2’; (?’2;7711771(]')2(}52511(22),1 2:13 (g1§22”1¢2¢15252)
r 387 55 (c2nlnl p?p'628Y), 44 (6 ninl ! ¢p25282)
o 408 71 (62x' n' P21 6%62), 20 (6222722 ' 6%62), 9 (o' n2n' P2 p25%61)
Tm(COT),”
SH SH 0 100 (o272 n2p' p?616%)
3% 500 53 (62x'nl @2 p25%62), 43 (62 n2x2 P2 prslst)
vl 533 64 (o2n2nl @ p?6281), 21 (o' w2l P2 p26%62), 14 (6?2 m2 P> P 6261)
iA 592 67 (0'17r27r2¢2d)25225;),1332(0127§272r1(,1)24)15262)
r 615 100 (o2 72z p2 ' 626%)
30 656 64 (ol 272 Ppl6262), 36 (o2 nlnlp?p?526))
Yb(COT),”
IF ZA 0 100(c2 722 72 p2p25%51)
2p 182 100(c2 722 n2 p2 ' 5%57%)
2y 643 100(c2 72 p2p25257%)
3 802 100(c 727 p2p?5257%)

4: The SF states characterized by the total angular momentum projection M; = Y m, are denoted using the D h
parent symmetry. ®: Numbers indicate the weight of the configurations in %, only contributions larger than 5% are

listed.

S6



Energies and assignment of the lowest Spin-Orbit electronic states in Ln(COT),”

Table S7: Relative energies (cm™!) and assignment (per-cent) of the SO states issued from the SO
ground multiplet 2*' L ;. CAS(n,7)SCF-SO calculations.

25+ 7 Multiplet M States AE Major Configurations®
Ce(COT),”
2Fs), +1/2 0 5423, 46 211
+5/2 479 942, 6 2A
+3/2 1040 59 211, 41 2A
Pr(COT),”
3H, +3 0 6573T,283®,43A,2 '@
+2 182 593®,323A,731,2 1A
+1 550 413A,163%,18°% 0,2 '
0 645 443%,54310,2 1z
+4 894 63®,373I,543H,2'T
Nd(COT),”
1o +5/2 0 374,44 °T, 14 4A
+7/2 156 124®,36 4T, 48, “H
+3/2 204 38 4@, 38 4A, 18 “IT, 4 X
+1/2 488 24 4A, 46 411, 27 4%
+9/2 552 74T,24%H, 6641
Pm(COT),”
A +4 0 7831, 17°H,4°T
0 42 34°%,49°11, 17 5A
+1 144 22°%,39°11, 27 9A, 11 3@
+3 339 52°H,30°T, 13°5®,45A
+2 352 31°®,273A,23°T, 15711, 4%
Sm(COT),"

Hs), +5/2 0 81°H, 14T, 4 °®
+1/2 276 42 911, 26 0%, 24 °A, 8 0
+3/2 432 256A,25 6@, 2211, 17 °T", 11 °%

Eu(COT),”
"F, 0 0 417A,367®, 711,72
Gd(COT),”

851 +7/2 0 100 8%
+5/2 73 100 8%
+3/2 121 100 8%
+1/2 146 100 3%

Tb(COT),”

"F, 0 0 477%,45711,57A
+1 40 46 11,40 7%,77A
+2 161 49711,337%,137A
+3 356 49711, 26 7A, 16 72,6 7®
+6 473 977®
+4 585 437A,33711,21 7@
+5 676 597®,387A

@: Only the SF 2*! L configurations larger than 5% are given.
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Table S8: Relative energies (cm™!) and assignment (per-cent) of the SO states issued from the SO
ground multiplet »*' L ;. CAS(n,7)SCF-SO calculations.

s+ 7 Multiplet M ; States AE Major Configurations®
Dy(COT),”

SHis), +9/2 0 48 6, 24 °A, 21 °T
+11/2 25 496d, 45°T, 6 °H
+7/2 38 4064, 33 %@, 13 611, 8 °T
+5/2 89 396A,32°11, 15 %@, 7 6%, 2 T
+3/2 128 44 °T1, 24 °A, 23 0%, 5 0@
+1/2 149 47 °11, 38 °%, 10 6A, 1 %0
+13/2 206 73°6T,23°H
+15/2 785 96 °H

Ho(COT),

A +5 0 45°T,38°®,11°H
+4 1 46°®,255A,21°T,2°H
+3 63 425A,30°®, 16 °I1, 6 °T°
+6 85 54°T,36°H,4°1
+2 149 36°A,36°11, 11 °d, 1052
+1 221 46 911, 30 °%, 17°A, 250
+7 247 72°H,22°1
0 248 47311, 40°%, 8 °A
+8 403 9531

Er(COT),”

s/, +15/2 0 9841
+1/2 160 48 4TI, 42 4%, 7 %A
+13/2 165 774H, 2041
+3/2 214 47411, 28 #A, 18 4%, 4 4@
+5/2 300 484A, 26411, 16 “®, 2T
+11/2 320 60 4T, 354H,341
+7/2 374 474®,36 %A, 14T
+9/2 392 474®,43T,8*H

Tm(COT),”

3Hy +6 0 993H
+5 501 803, 193H
0 519 553%, 44311
+1 536 53311, 3233, 14 3A
+2 576 453A, 42311, 830
+3 619 553A,403®, 43T
+4 629 673®,30°T,13H

Yb(COT),”

2F,, +5/2 0 86 %A, 14 2@
+7/2 156 100 2@
+3/2 424 69 °I1, 31 2A
+1/2 710 56 2%, 44 211

a: Only the SF 2*! L configurations larger than 5% are given.
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Crystal Field Theory

The crystal field Hamiltonian for a f complex in a Dy, symmetry can be written as:

'yCF _ Rp0~0 0,0 0~0
AT = BICY + BIC? + BC! (S1)

Cl0.4) =/ 2k4f- lqu((?, $) (52)

and B] some coefficients that include an integral over the radial part of the wavefunctions.

with

If the spin-orbit coupling is relatively large compared to the crystal field interaction, the mag-
netic behavior of the lanthanide ion can be described by considering only the ground multiplet
25+ ,. This restriction to the ground multiplet has the advantage that only the matrix elements
(M, |HEF|T M ,J) are needed for the calculation of the energies of the low energy spectrum. Due
to the spherical tensor structure of the A" operator, the matrix elements (J M, |HF|J M) are
easily evaluated by application of the so-called operator equivalent technique.!® This technique

is based on the fact that CF operators C,Eq) = %qu, written in spatial coordinates in terms

of spherical harmonics, are equivalent to the operators fx, J 1 fz of the total angular momentum
apart from a factor called Stevens coefficients.!* !> These factors f(g) depend on the order g of
the operator and on the number of f electrons in the shell and are tabulated.'®

The Hamiltonian defined in Eq. S1 written in terms of Stevens operators becomes

A" = ,IB)OJ] + B,(4B]OJ1 + B,(6)[ B;Og (53

where the f;(k) are the Stevens coefficients and are obtained using the Wigner-Eckard theorem
within the J-manifold.'* The matrix elements (J M J|O~(’I‘}AI €F|J M) have been listed by Abra-
gram and Bleaney,'® Stevens'* !> and Judd'” for the k = 0 terms. The equivalent operators O are

defined as follows: !4
0) = 3J2-J(J+1) (S4a)
O) = 35J}=30J(J+1)JZ+25J2—6J(J + 1) +3J°J(J +1) (S4b)
Oy = 231J°-315J(J + DJ} + 7357} +105J%(J + 1)°J2 = 525J(J + 1)J?
+294J7 = 5°J(J + 1) +40J°J(J + 1) —60J (J + 1) (S4c)

For the linear CF, the operator matrix representation in the |J, M) basis is diagonal. The eigen-
values are therefore trivially obtained.

The n-fold degeneracy of each ground multiplet >5*!' L, is split under the influence of the linear
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crystal field and the energies of each m; components as a function of the CF parameters b,, b, and
b are given in Tables S9 and S10.
For brevity, we define the new crystal field parameters b,, b, and b, as follows:

b, = B,(2)- F(22)- B) (S5a)
b, = p,4)-F@4) - B (S5b)
by = P,(6)- F(6)- By (S5¢)
where:
B) = A)-(r*) (S6a)
B) = AY-(r') (S6b)
B) = AY-(r% (S6¢)

and the numbers F(n) are multiplying factors common to all |J, M) basis. The crystal field

parameters Bg , Bg and Bg are resumed in Tables S11 and S12
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Table S9: Stevens coefficients f§,(n), multiplying factors F(n), and energies of the m; states of
each ground multiplets 25+ L.

Stevens Coefficients f;(n) F(n) m; States Energy of m; States
Ce(COT),”  f,(2) = —% FQ2)=2 m; =+1/2 E=—-4b, +2b,
By = 5= F4) =60 my=+3/2 E=-1b,-3b,
m; =+5/2 E=5b,+1b,
Pr(COT),”  B;(2) = -5 FQ2)=1 my = E = —20b, + 18b, — 20b;
By = - FA) =60 m, ==+l E = —17by + 9b, + 1bg
B(6) = e F(6)=1260 m; =42  E=—8b,— 11b, +22bg
m;=+3  E=7Tby—21b, — 17hg
my = +4 E =128b, + 14b, + 4bg
Nd(COT),”  f;(2) = — 10 F(2)=6 m; =+1/2 E =—4b, + 18b, — 8bg
By (4) = —461731681 F4) =84  m;=43/2 E =-3b,+3b, + 6bg
B(6) = ——013 F(6)=5040 m; =+5/2 E=—1by—17b,+ 10,

42513471
mJ:+7/2 E:2b2_22b4_11b6

m; =+9/2 E = 6b,+ 18b, + 3bg

Pm(COT),” f,(2) = % FQ)=1 m; =0 E = —20b, + 18b, — 20b
952
By = s FA4) =60 m;=+1  E=—17by+9b, + lb
B (6) = =2 F(6)=1260 m; =42  E=—-8b,—11b, +22b,

42513471
mJ=i3 E=7b2—21b4—17b6

m; =+4  E=28b, + 14b, + 4bg
Sm(COT),”  f,(2) = 3= F2)=2 m; =+1/2 E=—4b,+2b,
ﬁJ(4)=% F4) =60 m;=+3/2 E=-1by—3b,
m; =+5/2 E=5b,+1b,

Th(COT),”  B;(2) = —55 F(2)=3 my; =0 E = —14b, + 84b, — 40b,

By = F#) =60  my ==+l E = —13b, + 64b, — 20bg

B (6) = ——1 F(6)=7560 m; =42  E=—10b,+ 11b, +22b

891891
m;=+3  E=—5b,— 54b, + 43bg

mJ:i4 E:2b2_96b4+8b6
=45  E=11b, — 66b, — 55b
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Table S10: Stevens coefficients f,(n), multiplying factors F(n), and energies of the m, states of

each ground multiplets 25+ L.

Stevens Coefﬁcients by(n)

Energy of m; States

Dy(COT),”  f,(2) = 315

py4) =~ 135135

by (6) = 3864861

HoCOT),™ /() =~

;&) = m

by(6) = 3864861

Er(COT),” B,(2) = 1575
fy &) = 45045

py(6) = 3864861

Tm(COT),”  f,(2) = &

by = 49005

py(6)=— 891891

Yb(COT),” 4,0 =3

py4) = —@
by (6) = 27027

F(n)

FQ2)=
F@4)=

F(6) = 13860
F2)=3
F(4) =420
F(6) = 13860
FQ2)=
F@4)=

F(6) = 13860
F2)=3
F@)=

F(6) =7560
FQ2)=

F4) =

F(6) = 1260

E = —21b, + 189b, — 75b;
E = —19b, + 1295, — 25b
E = —15b, + 23b, + 45bg
E = —9b, — 101b, + 87bg
E = —1by —201b, + 595
E = 9b, — 221b, — 39b,

E =21b, — 91b, — 117b,
E = 35b, + 273b, + 65bg
E = —24b, + 36b, — 120b;
E = —23b, + 31b, — 85b;
E = —20b, + 17b, + 2bg
E = —15b, — 3b, + 93bg
E = —8b, — 24b, + 128b
E = 1b, — 39b, + 65b;

E = 12b, — 39b, — 78b,

E = 25b, — 13b, — 169b,
E = 40byes + 52b, + 104b,
E = —21b, + 189b, — 75bg
E = —19b, + 1295, — 25b
E = —15b, + 23b, + 45bg
E = —9b, — 101b, + 87bg
E = —1by — 201b, + 59b
E =9b, — 221b, — 39,

E =21b, —91b, — 117b;
E = 35b, + 273b, + 65b;
E = —14b, + 84b, — 40bg
E = —13b, + 64b, — 20bg
E = —10b, + 11b, + 22bg
E = —5b, — 54b, + 43b;
E = 2b, — 96b, + 8b;

E = 11b, — 66b, — 55bg

E = 22b, + 99b, + 22bg
E = —5b, + 9b, — 5b;

E = —3by — 3b, + 9b;

E = 1b, — 13b, — 5b

E =7by +7b, + 1bg
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Table S11: Crystal-field parameters (cm~') obtained by a least squares fit to the SCF-SO energies.
Ce(COT),” Pr(COT),” Nd(COT),” Pm(COT),” Sm(COT),”

Bg -282 -273 -342 -313 -443
Bg -495 -4717 -434 -379 -354
B? 23 43 22

Table S12: Crystal-field parameters (cm~') obtained by a least squares fit to the SCF-SO energies.
Tb(COT),” Dy(COT),” Ho(COT),” Er(COT),” Tm(COT),” Yb(COT),

Bg -494 -456 -439 -430 -420 -466
Bg -273 -278 -239 -220 -194 -194
B? 72 34 21 18 14 17

In both complexes, the Bg and Bg parameters have a large negative value while Bg is much
smaller in magnitude. According to Equations S3 and S4a, a negative value of Bg favors a GS
with large M, value when the Stevens coefficient §,(2) is positive (Pm, Sm, Er, Tm and Yb).
On the contrary, small M; components are favored for negative value of the Stevens coefficient
p,(2) (Ce, Pr, Nd, Tb, Dy and Ho). Furthermore, according to Eq. S4b, a large value of Bg adds
a quadratic term which favors intermediate values of M. In the Ln(COT)Z‘ series, Bg increases
in absolute value in the series while Bg decreases. Therefore, small M ; values are characterized
for the GS of Ce(COT),” and Tb(COT),", whereas large M values are found for Pm(COT),,
Sm(COT),", Er(COT),” and Tm(COT), . Intermediate M ; values are characterized for the rest
of the series (see Tables S7 and S8).
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Plots of mL(r) and m?(r)

m{(r)

Figure S1: Orbital magnetization mi(r) and spin magnetization mf (r) density, along the L axis
for Dy(COT),". Isosurface values: + 0.0001 au.

m(r) m3(r)

419/2
M, =9
419/2
M, =7/
4[9/2
M, =5/
419/2
M, =3/
4[9/2
M, =1

Figure S2: Orbital magnetization m®(r) and spin magnetization mi(r) density, along the L axis
for Nd(COT),". Isosurface values: + 0.0001 au.
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mk(r) ms(r)

4>IIS/2
M; =1/
4.115/2
M, =13/
4’115/2
M, =1/
4I15/2
M, =%
4’115/2
M, =7/
4>IIS/2
M, =5/
4>IIS/2
M, =3/
4’115/2
M, =1/

Figure S3: Orbital magnetization mi(r) and spin magnetization mi(r) density, along the L axis
for Er(COT), . Isosurface values: + 0.0001 au.
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Natural Orbitals of the ground states in Ln(COT),”

Ce(COT),” 0.538 0.231 0.231
Pr(COT),” 0.262 0.368 0.368
Nd(COT),” 0.310 0.625 0.625
Pm(COT),” 0.809 0.586 0.586
Sm(COT)," 0.969 0.918 0.918
Eu(COT),” 0.943 0.914 0914
Gd(COT),” 1.003 1.001 1.001

Ce(COT), 0.000 0.000 0.000
Pr(COT),” 0.050 0.050 0.631
Nd(COT),” 0.258 0.258 0.462
Pm(COT),” 0.508 0.508 0.500
Sm(COT)," 0.584 0.584 0.512
Eu(COT),” 0.793 0.793 0.821
Gd(COT),” 1.000 1.000 0.999

4f¢2
Ce(COT){ 0.000
PI‘(COT){ 0.267
Nd(COT),” 0.462
Pm(COT),” 0.500
Sm(COT)," 0.512
Eu(COT),” 0.821
Gd(COT),” 0.999

Figure S4: Selected NOs ¢, and occupation numbers n, for Ln(COT),". The figure shows the
NOs from the SO calculation of Pr(COT),". Isosurface values: + 0.03 au.
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Tb(COT),” 1.478 1.234 1.234

Dy(COT),” 1.514 1.224 1.247
Ho(COT),” 1.380 1.550 1.550
Er(COT),” 1.999 1.507 1.507
Tm(COT),” 1.999 1.999 1.999
Yb(COT),” 2.000 2.000 2.000

Th(COT),” 1.025 1.025 1.001
Dy(COT),” 1.171 1.169 1.335
Ho(COT),” 1.280 1.280 1.480
Er(COT),” 1.498 1.495 1.495
Tm(COT),” 1.503 1.503 1.497
Yb(COT)," 1.569 1.569 1.930

4/, 23
Tb(COT)[ 1.001
Dy(COT)z_ 1.339
HO(COT)Z_ 1.480
EI'(COT)[ 1.495
Tm(COT)z_ 1.497
Yb(COT){ 1.930

Figure S5: Selected NOs ¢, and occupation numbers n, for Ln(COT),”. The figure shows the
NOs from the SO calculation of Pr(COT),". Isosurface values: + 0.03 au.
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Natural Spin Orbitals of the ground states in Ln(COT),”

Ce(COT),” +0.538 -0.231 -0.231
Pr(COT),” -0.163 +0.338 +0.338
Nd(COT),” +0.190 +0.254 +0.254
Pm(COT),” +0.781 +0.480 +0.480
Sm(COT),” +0.969 +0.918 +0.918
Gd(COT),” +0.997 +0.996 0.996

Ce(COT),” 0.000 0.000 0.000
Pr(COT),” -0.031 -0.031 +0.388
Nd(COT),” +0.082 +0.082 +0.317
Pm(COT),” +0.433 +0.433 +0.433
Sm(COT),” +0.584 +0.584 +0.512
Gd(COT),” +0.999 +0.999 +0.999

4f. [
Ce(COT)Z_ 0.000
Pr(COT),” +0.388
Nd(COT)Z_ +0.317
Pm(COT),” +0.433
Sm(COT),” +0.512
Gd(COT),” +0.999

Figure S6: Selected NSOs (p})' and contributions nll to mﬁ (r) for Ln(COT),". The figure shows the
NSOs from the SO calculation of Pr(COT),". Isosurface values: + 0.03 au.
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4f,

Dy(COT),” +0.117 +0.468 +0.480
Ho(COT),” +0.496 +0.083 +0.083
Er(COT),” +0.000 +0.492 +0.492
Tm(COT),” +0.000 +0.000 +0.000
Yb(COT),” +0.000 +0.000 +0.000

&

Dy(COT), +0.448 +0.448 +0.494
Ho(COT),” +0.497 +0.497 +0.409
Er(COT),” +0.488 +0.488 +0.496
Tm(COT),” +0.497 +0.497 +0.497
Yb(COT),” +0.431 +0.431 -0.071

4f. [
Dy(COT){ +0.494
Ho(COT),” +0.409
Er(COT){ +0.496
Tm(COT)2_ +0.497
Yb(COT){ -0.071

Figure S7: Selected NSOs qog and contributions nﬂ 0 mlf (r) for Ln(COT),". The figure shows the
NSOs from the SO calculation of Pr(COT),". Isosurface values: + 0.03 au.
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