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Table 1 Tunneling matrix elements of the water hexamer prism with
deuterated monomers in positions A and D (see Fig. 1 in the main ar-
ticle) on MB-pol PES '3 for the rearrangement paths AD, AD/DA, rot E
and rot C (see the main article text for notation) in the vibrational ground
state and the five lowest-frequency excited vibrational modes in cm~!.

Mode W ha/107%  he/107°  hg/107°®  hc/1077
GS 0  —423 —1.99 —2.66 —1.98

1 61.0 —4.20 —2.26 —3.06 —2.47

2 714 —~5.24 -3.25 -3.09 —2.27

3 73.1 —475 0711 —2.67 —2.24

4 108 —-2.86 1.16 —2.36 ~5.53

5 114  —2.09 2.71 2.15 —2.26

Table 2 Tunneling matrix elements of the water hexamer prism (H,'80)4
on MB-pol PES -2 for the rearrangement paths AD, AD/DA, rot E and rot
C (see the main article text for notation) in the vibrational ground state
and the five lowest-frequency excited vibrational modes in cm~!.

Mode W ha/1075  he/10°%  hg/10°°  hc/1077
GS 0 —2.04 —2.88 —2.52 —~1.75

1 59.1 —1.89 —2.97 —2.95 —2.24

2 683 ~2.43 —3.64 —2.84 —1.97

3 704 —0592 00137 -2.59 —~1.98

4 105 —0.699 1.25 2.01 —5.22

5 114  —1.06 —0.444 —-10.5 ~1.73
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Table 3 Tunneling matrix elements of the water hexamer-d12 prism
(D,0)s on MB-pol PES '3 for the rearrangement paths AD, AD/DA, rot E
and rot C (see the main article text for notation) in the vibrational ground
state and the five lowest-frequency excited vibrational modes in cm~!.

Mode @ hy/1078  he/107°  hg/10710  hc/107 1

GS 0 —-3.85 -1.91 -3.35 —0.999
1 581 —3.67 -1.97 -3.99 —1.51
2 69.0 —4.76 —3.43 —3.46 —0.857
3 716 —4.84 —0.852 —2.66 -1.17
4 100 —1.90 1.03 —0.368 —1.23
5 109 —1.62 2.02 41.7 —-1.37
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Fig. 1 Normal modes of vibration of the water hexamer prism for the 13 lowest frequencies.
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Fig. 2 Equilibrium geometry of a minimum of the water hexamer book,
book structure 5, at 200 cm~! above the book structure 1, shown in
Fig. 12 (1) in the main article, on MB-pol PES -3,



Table 4 Character table of the G, group of the water hexamer book. Class names are defined with the group elements as: A = (12), B = (34), C=(56),
D = (78). Atom labels are defined in Fig. 12 in the main article.

I D C COD B BD BC BCD A AD AC ACD AB ABD ABC ABCD
ALl 1 1 1 1 1 1 T 1 1 1 T 1 1 1 1
A1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
A3 701 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1
As |1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1
As 1 11 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 —1
A |1 -1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1
A7 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1
As |1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1
A0 |1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 —1
Ap 1 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1
Agl1 1 -1 =1 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1
Ap |1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1
A1 11 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1
Au |1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
As |1 1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
Agl1 -1 =112 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1

Table 5 Statistical weights of the vibrational tunneling states in the rotational ground state of the water hexamer book, (H,O)s and (D,0)¢, labeled by
their symmetry species in the G4 group.

irrep  (H,0)¢ (D20)g

A 16 104976
Ay 48 52488
As 48 52488
Ag 144 26224
As 48 52488
As 144 26224
Ay 144 26224
As 432 13122
Ao 48 52488
Alo 144 26224
An 144 26224
A 432 13122
A 144 26224
A 432 13122
Als 432 13122

A 1296 6561



Table 6 Analytic expressions for the tunnelling energy levels in the water hexamer book for each symmetry species in the G4 group, expressed in terms
of tunnelling matrix elements in Table 7 of the main article, energies E; of book structures i = 1 —4, shown in Fig. 12 in the main article, and coefficients
¢i, both given in Table 6 of the main article. See the main article text for details.

E(A) = +2€162hAB +chczh +2€1C2h +26‘163hCD+2C16‘3h~ +26163h +2C264hCD+262C4h +2€264h
+2e3cahlp +2e3caly, + 2cscah + Y1 TR clzhgmx
E(A)) = +2cicohl B—|—2L1(,2h —0—2(1c2h +2¢ic3h) D—|—2c1c3h —2clcgh +2£264hCD+262(4h~ —2czc4h
+2e3cahp + 23y +2c3cahil + X Yxap il — Y c%h;’mD
E(A3) = +26162hAB +2clczh +2clczh +2clc3hCD —26‘1C3h +261C3h +202C4hCD 2C26‘4h +2C264h
+2e3caliyy +2e3cahyy +2c3cahy + T Exre Fhigx — Xy © ?hi’otc
E(A4) = +2c1c2h}\2B + 26‘162/’112 + 2c1c2h12 + 2(216’3]’1CD — 2clc3h — 26’16‘3h cT 26264hCD — 2C2C4/’l - 20204h2~4
+2€3C4hAB + 26‘3C4h T 263C4h e Z | LX=ABC; hmtX ): 1 XY=CDC] hrotY
E(As) = +2c|c2hAB +2C]C2h 12 72c102hl +2C|C3hCD+201C3h +2CIC3h]3 +ZCZC4h2D+2czc4h24 +2C26‘4h
+2c3e4h)p +2e3caliy, —2c3cahdt + Y0 Yxp cPhihy — Vi fhpotB
E(A¢) = —Q—ZClczh}\zB + chczhl- — 261C2h At 26163hCD + 2C16‘3h — chcgh ot 20264hCD + 2czc4h — 20264h~
+20364hAB + 263C4hA — 26364h e Z, | LX=A,CC; hrotX ):l 1 ZY B.DC; hrotY
E(A7) = +2cichjp +2ci1c2hiy = 2c1e2h L, +2¢1e3hy — 2c1c3h + 201c3h1~3 +2epcahEy — 2e2cahZy +2e2cahly.
+2e3caly +2c3cahy = 2escahdl + L Yxoap thibg — Ty Ly—p.c Fhiby
E(Ag) = +2clc2h}§2B +2C1C2h1~ —2clczh +2clc3hCD —26‘1C3h~ —26163h +2€2c‘4hCD —2626‘4/1 —2C264h~
+2c3e4h)p +2e3caly, — 2escaht + Y0 R\ — Y Yxaa cPhiE
E(Ag) = —0—2c1c2h}\B 26‘1(22/’1 + 2c1c2h + 201C3hCD + 2clc3h bt 261C3h ot 2c264hCD + 2C2C4]’l + 20264h24
+2e3cahy — 2c3cahy +2c3cahh + X Yxea cHhil o = Yy L
E(A) = +2c|c2hAB Zc]czh +2c102h +2C1€3hCD+201C3h 72C|C3h +ZCZC4hCD+2c204h 2c204h~
+2c3cahyp — 2e3cay +2c3cah + X Yxop o i — i Ly=ap T hiney
E(A1p) = +2€162hAB — 2(,‘162/’1 T 2clc2h At 26163hCD — 2clc3h b+ 26163h cT 20264hCD — 262C4h b+ 26‘264/1
+2e3cahyy — 230l + 26‘3()4]134 +¥  Tx—ppcthi Y Yy_acc hrotY
E(Ap) = +2clczhAB 7261c2h +2c1c2h +2c1c3h 72c1c3h- 72616‘3}1 +2L2£4hCD7262C4h 72c204h]~)c
+2e3cahyp — 2e3cahyy +2eseahly + XL g — Xty Txn o
E(A13) = —Q—ZClczh/l\zB —2C1€2h1~ —261(‘2/1 +2€163hCD+2C1C3h +26163h +2C2C4hCD+262C4h +2C264h24

+2C3C4hAB—263C4h~ —2C3C4h +Z, | LX=C,DC; hmtX Zl 1 LY=ABC; hmIY

E(A14) = —0—2clc2h}\2B — ZClczhlA — 2c1c2h + 26163hCD + 2clc3h — 2c1C3h ct 26264hCD + 2C2C4]’l — 26264/’!DC
+2c3c4h3h — 26‘364/12 —2cseahdl + XL Fhi = Vi Yxec cHhil

E(A15)=  +2c¢ czhllfB —2c Czhllng —2cy czhllézA +2¢c; C3h1C3D —2cy C3hgj +2cy C3h1- + 2C2C4h2D - 2c204h%4 + 2C2C4h2~4
+2e3e4hip — 2eacaly, —2c3cahdt + Y0 Rl — Y Yxap cFhiE

E(Aig) = +2c100h)5 —2c100hi, — 2c100hf +2c1¢3hE, — 2c163h ) — 2e1e3hfs + 2C264/’1CD 2eae4hy —2ercahy

34
+2C3C4/’lAB — 2C3C4hAB — 20364h]~3 Z - ZX AC h;’otX
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