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Fig. 1 Minimum action paths of flips and bifurcations connecting symmetry-related structures of (D,0)(H,0),, which are responsible for the formation
of the tunnelling splitting spectrum. Sequential snapshots of the trimer along the path are shown, with D atoms in blue and H atoms in red. Pathways
are labeled by their corresponding tunnelling matrix elements in Table 3 of the main article, with path labels in the superscript and the initial and final
structure labels, A—C, in the subscript. This figure is the reproduced Figure 2 from the main article.



Fig. 2 Part I: Minimum action paths of flips and bifurcations connecting symmetry-related structures of (HOD)(H,O),, which are responsible for the
formation of the tunnelling splitting spectrum. Sequential snapshots of the trimer along the path are shown, with D atoms in blue and H atoms in red.
Pathways are labeled by their corresponding tunnelling matrix elements in Table 4 of the main article, with path labels in the superscript and the initial
and final structure labels, 1—6, in the subscript.
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Fig. 3 Part II: Minimum action paths of flips and bifurcations connecting symmetry-related structures of (HOD)(H,O),, which are responsible for the
formation of the tunnelling splitting spectrum. Sequential snapshots of the trimer along the path are shown, with D atoms in blue and H atoms in red.
Pathways are labeled by their corresponding tunnelling matrix elements in Table 4 of the main article, with path labels in the superscript and the initial
and final structure labels, 1—8, in the subscript.
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Fig. 4 Ground-state tunnelling splitting spectrum of pseudorotational
(flip) states of (D,0O)(H,O),. Flip states are labeled 1—6 and their ener-
gies are given in Table 1. The left set of levels refers to the non-tunnelling
localized zero-point energies given in Table 2 of the main article.
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Fig. 5 Ground-state tunnelling splitting spectrum of pseudorotational
(flip) states of (H,O)(D,O),. Flip states are labeled 1—6 and their ener-
gies are given in Table 2. The left set of levels refers to the non-tunnelling
localized zero-point energies given in Table 2 of the main article.
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Fig. 6 Ground-state tunnelling splitting spectrum of pseudorotational
(flip) states of (HOD)(H,0),. Flip states of in-bond H/D substituted iso-
mers are labeled 11—16, while out-of-bond substituted isomers are la-
baled O1—-06 and coloured red. Energies of flip states are given in Table
4. The left set of levels refers to the non-tunnelling localized zero-point
energies given in Table 2 of the main article.
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Fig. 7 Ground-state tunnelling splitting spectrum of pseudorotational
(flip) states of (HOD)(D,0),. Flip states of in-bond H/D substituted iso-
mers are labeled 1116, while out-of-bond substituted isomers are la-
baled O1—06 and coloured red. Energies of flip states are given in Table
5. The left set of levels refers to the non-tunnelling localized zero-point
energies given in Table 2 of the main article.
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Fig. 8 Fine tunnelling splitting patterns of each pseudorotational (flip) state of (D,0)(H,0),, 1—6, induced by bifurcations. Energies are given in cm™!

with respect to the corresponding flip state. Symmetry labels of the G4 group and statistical weights are also given. Energy levels are listed in Table 1.
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Fig. 9 Fine tunnelling splitting patterns of each pseudorotational (flip) state of (H,0)(D,0),, 1—6, induced by bifurcations. Energies are given in cm™!

with respect to the corresponding flip state. Symmetry labels of the G1¢ group and statistical weights are also given. Energy levels are listed in Table 2.
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10 Fine tunnelling splitting patterns of each pseudorotational (flip) state of (HOD)(H,O),, induced by bifurcations. Flip states of in-bond H/D

substituted isomers are labeled 11—16, while out-of-bond substituted isomers are labaled O1—-06 and coloured red. Energies are given in cm~! with
respect to the corresponding flip state. Symmetry labels of the Gg group and statistical weights are also given. Energy levels are listed in Table 4.

Fig.



50-9G"1- = oS00 g 5o 9008 S|S0
ay, -Hgor——— WD GOPZT = €93 28y — WD pZSTZT =73 e\ -W2 09VCT = *3
Fo80t I8ys F  90-09- F - s0-09-
- 9g,c soeL- - - s0-o-
F - 90-8%- F - 5001
—_ —_ q g9
L 9096 T | 7|80 m ~Vsot mop
! S Hooez- T - 5008 —~
m m m m
3 g 3 iy
F o T o = f o T 10 @
a €0 3 a =z
s0es w3 e qeoee 3 r 1% g
= 0% T |mon - w‘\wﬁm WP
F - 90-o% + - soop
e
- so-o1 F - s0-ep /
otz v, = - 9009 = / - G0-09
eg 91z ) ay ;
-dgot1 U gy ——— Vo1 ——— “Vgot '
§0-9G" | -’80t 50-99 —79te 90-08 G0-98
50-85°2- . §1000°0- 90-09- 1000°0-
e Qm \ = <0 e
Z L1 WD = _— q —u
| +Vorz . S - CLETCT 3 +8s01 \ WD €0GZT = %3 | mmqm — WD 26pZI = Nm\ coon.
r ' 1000°0- L 1 gpon Wsor
F 50-95°}- ey L J s0-00-
+Vo12
F s0-o1- q — F -op-
= Vgor 00T o002 1 G0-o
| e no| =~
n;\ 90-85 n_vn_._ n_v.j m §0-9¢ _.__._
| +Vsor oL 0 N < m
mm 0 ~ -~ [ 10 - I 0 m\
L +8s0t 90-05 O o o | coor —
w_ re §0-89 w.,L - - 90-92 w.r " q
F so-er = | —Hgor + so-er 3
+ 50-85°) 8,s )
| 10000 | +gv Lo00v M 50-09
F G0-02 . / - -8sot 5008
g -V IWeop —— 2V,
+8vs 912 510000 +Vsot 0008 91z 10000
§2000°0- s0-0¢- o
g 7 - o §1000°0
+dvs e ga W2 6612 ="'3 +Vorz
L +Vorz 2000°0- +ars \!
8 50-92- H - s0-02- L o
+ 510000~ +000°0
q
+Vsot _t 10000 — —
F s091- ™o, qeoer | g0
- 50-05- Vot ! ™
mm_._ $9s01 m._w: * m eg _._:_u
L o Tt o =t o T [ +8e 0 &
q q -
a | Weor S R 1) +Vs01 g
+ s0-o1 3 3 | +8eon - s0-a1 3 3
e = o000 " = 50-05 w.r
+8sot ) )
+ / 510000
| 002 L - s0-02 L 10000
Fa / -{ 20000
e g e
14 +VS +Vo1z g /
+V912 co-e¢ 520000 50-9¢ +8vs 4 510000

11 Fine tunnelling splitting patterns of each pseudorotational (flip) state of (HOD)(D,O),, induced by bifurcations. Flip states of in-bond H/D

substituted isomers are labeled 11—16, while out-of-bond substituted isomers are labaled O1—-06 and coloured red. Energies are given in cm~! with

respect to the corresponding flip state. Symmetry labels of the Gg group and statistical weights are also given. Energy levels are listed in Table 5.

Fig.



Table 1 Tunnelling-splitting pattern of D,O(H,0), on MB-pol PES %-7!
with regular and scaled flip matrix elements (see text of the main article
for details). The energies are given relative to the pseudorotational states
1-6. All energies are given in cm~!. Symmetry labels are given in the
first column and are explained in the text of main article.

D,0O(H,0), regular scaled

6 14675.59  14637.52
1847 (AB,Q) 1.07(-3)  1.13(-3

)
°B; (AB,C) 1.01(-3)  1.07(-3)
%A (AB,C) 3.90(—4)  2.93(—4)
3BT (AB,C) 3.30(—4)  2.34(—4)
%A (ABC)  —3.30(—4) —2.34(-4)
2By (AB,C) —3.90(—-4) -2.93(—4)
847 (AB,C) -1.01(-3) -1.07(-3)
°By (AB,C) —1.07(=3) —1.13(=3)

5 14653.86  14625.60
B} (A,B,C) 2.53(—=3)  2.82(-3)
1847 (AB,0) 245(-3)  2.75(-3)
3B} (AB,Q) 3.41(—4)  1.63(—4)
A} (AB,Q) 2.62(—4)  8.75(-5)
2B (AB,C) —2.62(—4) —8.75(-5)
MA7 (ABC)  —341(—4) -—1.64(-4)
°By (AB,C) —245(-3) -2.75(-3)
847 (AB,C) -253(-3) -—2.82(-3)

4 14617.81  14608.00
*Bf (AB,C) 2.80(=3)  2.81(-3)
SAT (AB,C)  2.74(-3)  2.76(-3)
°Bf (AB,C) 1.65(-3)  1.79(-3)
BAT (AB,C) 1.60(—3) 1.74(-3)
°B} (AB,C) —1.60(-3) —1.74(-3)
BA7 (AB,C) —1.65(-3) —1.79(-3)
2By (AB,C) —2.74(-3) -2.76(-3)
AT (ABC)  —2.80(=3) —2.81(=3)

3 14576.11  14585.90
°A] (AB,C) 1.56(—2) 1.54(-2)
3B (AB,C) 1.55(-2) 1.53(=2)
184, (AB,C) 4.75(-3)  5.08(-3)
°B; (A,B,C) 4.68(-3)  5.00(-3)
847 (AB,C) —4.68(—3) —5.00(—3)
°By (AB,C) —4.75(-3) —5.08(-3)
A7 (ABC)  —155(-2) -—1.53(-2)
2B, (AB,C) —1.56(=2) —1.54(-2)

2 14533.21  14561.48
A (AB,C) 5.85(=3)  6.11(-3)
°B; (AB,C) 534(-3)  5.61(=3)
°A; (AB,Q) 1.12(-3)  1.36(-3)
3By (AB,Q) 6.12(—4)  8.55(—4)
M4, (ABC) —6.11(—4) —853(—4)
7B, (AB,C) —1.12(-3) —1.36(-3)
BAT (AB,C)  —5.34(-3) -5.61(-3)
°B, (AB,C) —5.85(-3) —6.11(-3)

1 14513.24  14551.31

*'B7 (AB,Q) 2.01(-2) (
A7 (ABO) 1.96(—2) (
By (A,B,C) 3.05(-3) (
847 (A,B,Q) 2.53(-3) (
°By (AB,C) —2.53(-3) -2.69(-
BAT (AB,C)  —3.05(-3) (
3Bl (ABC) —1.96(-2) (
°A7 (AB,C) —2.01(-2) (

10

Table 2 Tunnelling-splitting pattern of H,O(D,0), on MB-pol PES -7
with regular and scaled flip matrix elements (see text of the main article
for details). The energies are given relative to the pseudorotational states
1-6. All energies are given in cm~!. Symmetry labels are given in the
first column and are explained in the text of the main article.

H,0(D,0), regular scaled

6 12884.23  12857.43
847 (AB,0) 2.19(—4) 1.78(—4

)

%A (AB,Q) 2.19(— 1.78(—4)
°A; (AB,Q) 1.94(— 1.54(—4)

1847 (AB,0) 1.94(— 1.53(—4)
*By (AB,C) —1.94(— —1.53(—4)
187 (A,B,C) —1.94(— —1.54(—4)
B, (AB,C)  —2.19(— —1.78(—4)
By (AB,C)  —2.19(— —1.78(—4)
5 12868.03 12848.35

A7 (AB,C) 1.01(— 1.01(=3)

847 (AB,0) 9.87(— 9.87(—4)
8AT (AB,0) 9.82(— 9.80(—4)
A7 (AB,Q) 9.58(— 9.58(—4)
B (AB,C) —9.58(— —9.58(—4)
*By (ABC) —9.82(— —9.80(—4)
M4BT (ABC) —9.87(— —9.87(—4)
18pr (AB,C) —1.01(— —1.01(-3)
4 12844.90 12837.77

4)

4)

4)

4)

4)

4)

4)

0

3)

4)

4)

4)

4)

4)

4)

3)

9 )

BT (A,B,C) 1.29(—4) 1.50(—4)
By (AB,0) 1.09(—4) 1.33(—4)
BT (AB,Q) 8.81(—5) 1.09(—4)
B} (AB,C) 6.81(—5)  9.14(-5)
%47 (AB,C) —6.81(—5) —9.14(-5)
BAT (AB,C) —881(=5) —1.09(—4)
847 (AB,C) —1.09(—4) -—1.33(-4)
A7 (AB,C) —1.29(—4) —1.50(—4)
3 12814.38  12821.50
A5 (AB,0) 2.31(=3)  2.34(-3)
A7 (AB,Q) 2.30(-3)  2.32(-3)
°A; (AB,C) 2.20(-3)  2.23(-3)
1847 (AB,0) 2.19(-3)  2.21(-3)
#*pr (ABC)  —2.19(-3) -2.21(-3)
187 (AB,C) —2.20(-3) -2.23(-3)
By (AB,C) —2.30(-3) —2.32(-3)
B, (AB,C) —2.31(=3) —2.34(-3)
2 12784.17 12803.85
8B, (A,B,C) 1.02(-3)  9.98(—4)
By (AB,Q) 9.45(—4)  9.30(—4)
s (AB,0) 7.85(—4)  7.66(—4)
YB, (A,B,C) 7.14(—4) 6.97(—4)
%47 (AB,C) —7.14(—4) —6.97(—4)
BA; (ABC) —7.85(—4) —7.66(—4)
BAT (ABC)  —9.45(—4) —9.30(—4)
%A; (AB,C) —1.02(=3) —9.98(—4)
1 12769.86  12796.66

7B, (A,B,C) 2.69(—3)

BT (AB,Q) 2.52(-3)

By (A,B,C) 2.44(-3)

10857 (A,B,C) 2.26(-3) 2.24
A7 (AB,C) —2.26(-3)

847 (AB,C) —2.44(-3)

BAT (AB,C) —2.52(-3)

AT (AB,C)  —2.69(-3)



Table 3 Analytic expressions for tunnelling energy levels of d2- and d4-trimer of each symmetry species in the G group, relative to the energy of the
pseudorotational state, using tunnelling matrix elements in Table 3 of the main article and structure coefficients of pseudorotational states Bo_c (see
text of the main article for details).

E(A}) =
E(A}) =

E(A}) =

11

+(Ba)?HRA + (Ba)*hXA +2BaBahiag +2BaBahiy +2BaBshia +2BaBchil +2BaBchci +2BaBchci + (Bs) hip + (Bs)*hgg
+2Pp Behise + 2BaBehie + 2BaBehlh + (Be)hel + (Be)*hE
+(Ba)?hBL + (Ba)?1B3 +2BaBrlf +2BaBehay — 2BaBrhgh + 2BaBchis +2BaBch3 — 2BaBchds — (Bs)*hBE + (Be)*hb3
—2BgBchz + 2B Behp + 2Be By + (Be)*heE — (Be)*hEe:
—(Ba)?*hBY + (Ba)*hB% — 2BaBehag +2BaBehis, + 2BaBBhEA — 2BABChAG +2BABch3 +2BaBchy + (B)*hBl — (Bs)*hbs,
+2Bp Bchigg — 2Pe Pchie +2Be Pchly + (Be)?hEL + (Bc)*hBY
—(Ba)*hR) + (Ba)*h3% — 2BaBBhAR +2BaBahA} — 2BaBlis — 2BaBchind +2BaBchEa —2BaBehis — (ﬁB)thl (Bs)*hp
~2PpBehft —2BsBehf + 2B Behh + (Be) hel — (Be)*hg
+(Ba)*hih — (Ba)*hB\ +2BaBrhAs — 2BaBrhAL +2BaBrhA +2BaBchAl — 2BABChA +2BaBchd (ﬁB)zhEI‘; +(Bs)*hp
+2PBehit +2Bs Pehl — 2B Behty — (Be)?hed + (Be) *hed
+(Ba)? &L — (Ba)*hA +2BaBahif — 2BaBshiy — 2BaBshia +2BaBchil —2BaBchci —2BaBehe — (Bs)*high + (Bs)*hg3
—2BpBchie + 2B Bchd — 2BeBehdy — (Be)*hét — (Be)*h&
~(Ba)*hZh — (Ba)*hh —2BaBshAf — 2BaBhiag +2BaBshizA —2BaBchic —2BaBchci +2BaBehih + (ﬁB)ZhBl (Bs)*hip
+2PB Bchiyz — 2B Bchiye — 2Bs Bchtl — (Be)?heE + (Be)*hE
—(Ba)*HZ) — (Ba)*h3 —2BaBahing — 2BaBshinl — 2BaBshgs — 2BaBchine —2BaBehea —2BaBchdl (ﬁB)zhglls (Bs)*hgi
~2BpBchit —2BpPehpt —2BsBehth — (Be)*het — (Be)*hg:
—(BA)*HEA — (Ba)?h3A +2BaBohAB — 2BaBohAs + 2BaBs/EA +2BaBChAL +2BaBchtk — 2BaBcheh — (Bs)*hih — (Bp)*hiy
+2B Bchpd — 2B Bl + 2B Behdy — (Be)*hed — (Be)*hed
—(Ba)*hBY — (Ba)?HB3 +2BABehAE — 2BaBahiy — 2BABeh +2Ba Bkt +2BaBchd3 +2BaBchy + (ﬁB)ZhBl (Bs)*hp
—2BpBchie —2BsBchpe +2BeBehiy — (Be)*het + (Be)*h&
+(Ba)?hX)\ — (Ba)*H) —2BaBshig — 2BaBehig +2BaBahgA — 2BaBchial +2BaBches — 2BaBcher (ﬁB)thll% +(Bs)*hp
+2BpPchae + 2P Php + 2P Behly — (Be)?hel — (Be)*hed
+(Ba)2hRY — (BA)?hB3 —2BABehAg — 2BABshiAy, — 2BABehEA — 2BaBchiG +2BABchd3 +2BaBchs + (Bs)*hbl + (Bs)*hbs,
—2ByBchpd + 2B Pehpe + 2B Behty — (Be)?hed + (Be) *hed
—(Ba)?hB ) + (Ba)*h +2BaBahiAg + 2BaBliA + 2BABehGA +2BaBchi: — 2BaBchx —2BaBchdl — (Be)*hik — (Bs)*hiy
+2B Bchiyd — 2B Bchige — 2Bs Bchts + (Be)*hes — (Be)*hE
—(Ba)*h3 4 + (Ba)*Hih +2BaBahisg +2BaBahins — 2BaBahgA +2BaBchiae —2BaBchex +2BaBchia + (Bs)*hps — (Be)*hpp
—2BpBchid — 2B Behpd — 2BeBehiy + (Be)*heE + (Be)*hE
+(Ba)*hi 5 + (Ba)*hB\ —2BaBehAS +2BaBehAG +2BaBBhRA — 2BaBchAl — 2BaBchE —2BaBchdl — (Be)*hpg + (Bs)*hoy,
+2BBchie +2BsBehie — 2Be By + (Bo)*hEl — (Be)*hel
+(Ba)*hE N + (Ba)*hB) — 2BaBahAR +2BaBrhAL — 2BaBBARA — 2BaBchAL — 2BABChEA +2BaBch®s + (Be)*hBL + (Bs)*hBs,
—2BpBchie + 2B Bche — 2BeBehdy + (Be)*hét + (Be)*h&



Table 4 Tunnelling-splitting pattern of HOD(H,0), on MB-pol PES ®-7!
with regular and scaled flip matrix elements (see text of the main article
for details). The energies are given relative to the pseudorotational states
11—16 and O1-6, for isomers with D atom in and out of the H-bond, re-
spectively. All energies are given in cm~!. Symmetry labels are given in
the first column and are explained in the text of the main article.

HOD(H,0), regular scaled

06 15430.46  15390.77
84, (2,4,6) 9.71(—4)  9.93(—4)
SA; (2,4,6) 5.26(—4)  4.74(—4)
MB(2,4,6) —526(—4) —4.74(-4)
BB (2,46) —9.71(—4) -9.93(—4)

05 15405.15  15377.09
BAF (2,4,6) 3.32(=3)  3.50(-3)
SAT (2,4,6) 9.85(-5) —1.72(-5)
Mpr(2,4,6) —9.87(-5) 1.68(—5)
8B+ (2,4,6) —3.32(=3) —3.50(-3)

16 15379.41 15335.33
5A7 (1,3,5) 1.02(-3)  9.93(—4)
184, (1,3,5) 3.90(—4)  4.03(—4)
8B (1,3,5) —3.90(—4) —4.03(—4)
3B (1,3,5)  —1.02(=3) —9.94(—4)

04 15372.06  15360.43
18B%+ (2,4,6) 245(-3)  2.51(=3)
%A} (2,4,6) 1.74(=3)  1.76(=3)
MBr(2,46) —1.74(-3) —1.76(-3)
847 (2,4,6) —245(-3) —2.51(-3)

15 15335.67  15311.81
SAT (1,3,5) 6.40(—4)  6.12(—4)
8B+ (1,3,5) 6.01(—4)  7.33(—4)
BA5 (1,35 —6.00(—4) —7.30(—4)
$pr(1,3,5) —6.41(—4) —6.15(—4)

4 15329.46  15309.25
S4pr (1,3,5) 1.57(-3) 1.56(—3)
184, (1,3,5) 5.32(—4)  8.10(—4)
8pF (1,3,5) —5.33(—4) —8.12(—4)
SAF (1,3,5) —1.57(—=3) —1.56(—3)

03 15322.57 15334.21
5A7 (2,4,6) 1.90(—2) 1.89(-2)
8B (2,4,6) 5.15(-3)  5.37(-3)
84, (2,46) —5.15(-3) -5.37(-3)
3B (2,4,6) —1.90(—2) —1.89(-2)

02 15285.61  15313.67
184, (2,4,6) 536(-3)  5.56(—3)
SA7 (2,4,6) 1.45(-3) 1.59(-3)
B (2,4,6) —145(-3) —1.59(-3)
8B (2,4,6) —536(-3) —5.56(—3)

01 15261.43  15301.13
S4B (2,4,6) 2.28(-2)  2.23(-2)
8B (2,4,6) 2.05(-3)  2.17(-3)
84 (2,46) —205(-3) -2.17(-3)
SAF (2,4,6) —2.28(—2) —2.23(-2)

3 15243.41  15263.62
%A7 (1,3,5) 1.81(=2) 1.83(-2)
8B (1,3,5) 1.60(—2) 1.60(—2)
84, (1,3,5) —161(-2) —1.60(-2)
B (1,3,5) —1.81(-2) —1.83(-2)

12 15234.10 15257.96
184, (1,3,5) 1.78(-2) 1.77(-2)
5A7 (1,3,5) 1.41(-2) 1.40(—2)
B (1,3,5) —142(-2) —1.40(-2)
8B (1,3,5) —1.78(-2) —1.77(-2)

11 15191.78  15235.86
3B (1,3,5) 323(=2)  3.23(=2)
887 (1,3,5) 2.05(-3)  2.22(-3)
847 (1,3,5) —2.05(-3) —2.22(-3)
SAF (1,3,5) —3.23(-2) —3.23(-2)
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Table 5 Tunnelling-splitting pattern of HOD(D,0), on MB-pol PES ®-7!
with regular and scaled flip matrix elements (see text of the main article
for details). The energies are given relative to the pseudorotational states
I1—16 and O1-6, for isomers with H atom in and out of the H-bond, re-
spectively. All energies are given in cm~!. Symmetry labels are given in
the first column and are explained in the text of the main article.

HOD(D,0), regular scaled

16 12523.60 12502.42
21647 (1,3,5) 7.29(—6)  7.55(—6)
18- (1,3,5) 2.81(—6)  3.17(—6)
1084, (1,3,5) —2.81(-6) —3.17(—6)
3B, (1,3,5) —7.29(—6) —7.55(—6)

5 12502.87 12491.03
10845 (1,3,5) 5.51(=6)  5.86(—6)
Br (1,3,5) 3.32(=6)  3.30(—6)
2164+ (1,3,5)  —3.32(—6) —3.30(—6)
108p+ (1,3,5) —5.51(—6) —5.86(—6)

4 12499.42 12490.08
2164+ (1,3,5) 2.65(—5)  2.62(-5)
108+ (1,3,5) 6.78(—6)  8.49(—6)
108477 (1,3,5) —6.78(—6) —8.49(—6)
3pr(1,3,5) —2.65(—5) —2.62(—5)

06 12474.97  12447.72
108p= (2,4,6) 1.14(-5)  1.16(-5)
2104~ (2,4,6) 1.09(-5) 1.08(=5)
B (2,46) —1.09(-5) —1.08(-5)
1084, (2,4,6) —1.14(=5) —1.16(—5)

05 12460.32  12439.57
4Bl (2,4,6) 2.32(=5)  2.30(-5)
108p+ (2,4,6) 3.06(—6)  3.60(—6)
10845 (2,4,6) —3.06(—6) —3.60(—6)
264F (2,4,6)  —2.32(—5) —2.30(-5)

3 12459.66  12469.00
1084, (1,3,5) 6.97(—=5)  6.96(-5)
21647 (1,3,5) 2.96(—5)  2.96(-5)
543 (1,3,5)  —2.96(-5) —2.96(-5)
'083 (1,3,5) —6.97(-5) —6.96(-5)

2 12452.35 12464.19
2164~ (1,3,5) 8.77(=5)  8.75(-5)
108p=(1,3,5) 7.96(-5)  7.91(-5)
084, (1,3,5) -7.96(-5) —7.91(-5)
*p. (1,3,5) —8.77(=5) —8.75(-5)

11 12433.32 12454.50
Bl (1,3,5) 1.48(—4) 1.48(—4)
1084, (1,3,5) 1.40(-5)  1.53(-5)
108p+ (1,3,5) —1.40(=5) —1.53(-5)
2164+ (1,3,5)  —1.48(—4) —1.48(—4)

04 1243311  12426.60
2164% (2,4,6) 2.82(=5)  2.67(-5)
108p+ (2,4,6) 1.44(-5)  1.58(-5)
84,7 (2,4)6) —1.44(-5) —1.58(-5)
Mpr(2,4,6) —2.82(—5) —2.67(—5)

03 12405.25  12411.76
1084, (2,4,6) 5.33(=5)  5.51(=5)
21047 (2,4,6) 5.05(=5)  5.09(-5)
Mp. (2,4,6) —5.05(—5) —5.09(-5)
18p~ (2,4,6) —5.33(=5) —551(-5)

02 12371.99  12392.74
2104 (2,4,6) 1.47(—4) 1.46(—4)
108p- (2,4,6) 571(=5)  5.88(-5)
1084, (2,46) —571(-5) —5.88(-5)
Mp (2,4,6) —147(—4) —1.46(—4)

01 12358.78  12386.04
MBr (2,4,6) 2.13(—4)  2.12(-4)
1084, (2,4,6) 3.27(=5)  3.46(-5)
18p+ (2,4,6) —3.27(—5) —3.46(-5)
204 (2,4,6)  —2.13(—4) —2.12(—4)



Table 6 Analytic expressions for tunnelling energy levels of d1- and d5-trimer of each symmetry species in the Gg group, relative to the energy of the
pseudorotational state, using tunnelling matrix elements in Table 4 of the main article and structure coefficients of pseudorotational states ;¢ (see
text of the main article for details).

E(AD) = +(B1)*hBl +2B1 Bshi +2B1 Bshsy +2B1 Bshis +2B1 Bshiy + (B3)*h53 + (B3)* 55 + 23 Bshsd + 23 Bshss + (Bs)2h53
EAS) = —(B1)*hB! —2B1 Bshi} +2B1 Bshsy — 2B1 Bshid + 21 Bshsy + (B3)2hE) — (B3)*hE3 + 2B Bshy? — 2B3Bshis + (Bs)*hEs
EBf) = +(B1)*hB3 +2B1 Bshi} — 281 Bshty + 21 Bshis — 281 Bshay — (B3)*hBY + (B3) 255 — 2B3 Bshf? +2B3 Bshts) — (Bs)2hE:
EBf) = —(B)*H —2B1Bshis — 21 Bshy) — 21 Bshiy —2B1Bshsy — (B3)*hS3 — (B3)*h35 — 23 Bshis — 2BsPshss — (Bs)*hE3
E(A;) = —(B1)*hPl +2B1Bshif +2B1 Bshby +2B1 Bshiy —2B1 Bshly — (B3)*hS3 — (B3)* 55 +2B3Bshss — 23 Bshss’ — (Bs)*h8s
E(A)) = +(B1)*hB —2B1 Bshi} + 21 Bshby — 21 Bshyy — 281 Bshsy — (B3)*hE) + (B3)2h55 +2B3 Bshy? +2B3 Bshts) — (Bs)>hE:
EBg)=—(B1)*hB] +2B1Bshi} —2B1 Bshli + 21 Bshi +21 Bsh2P + (B3)2hB) — (B3)?hE5 — 2B Bshi? — 2B Bshis + (Bs)?hB3
E(B,) = +(B1)*hB! — 2B Bshi} — 2B B3hsy —2B1 Bshyd + 21 Bshsy + (B3) 2B} + (B3)*hE3 — 2B3Bshad +2B3Bshis + (Bs)*hEs
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