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Hydroxides Revealed by Solid-State NMR Spectroscopy and DFT Calculations
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Chemical Shift Tensor Conventions

This magnetic shielding effect is described by a second-rank
magnetic shielding tensor 0, which is a diagonalizable 3x3
matrix. For convenience, the O is often converted to the CS
S =0-0
tensor 9 by
compound. The three eigenvectors of S are perpendicular to
each other, forming the principal axial system_(PAS). The
. . 0,(i=1230rXYJZ2)

resulting diagonal elements, i ,
referred to as the principal components.

The chemical shift (CS) tensor 8 can be described by several
conventions:

g .
ref, where ~ref is the O of a reference

are

Stagdard convention.® Three principal components are defined
as 11 = 722= "33 The isotropic chemical shift ~iso, which is
the commonly used ‘chemical shift’ in NMR experiments, is the

three principal components,

averag of ie.,
Ois0 = ?511 + 8, + 533)/3_

Herzfeld-Berger convention.? Three principal components and
isotropic chemical shift are the same as the standard
convention. Besides, the span, ®Ou1 - 33, describes the
maximum width of the CSA powder pattern, and the skew,
k= 117 ®iso)/ 2% describes the asymmetry of the CSA (
-1<k<1),

Haeberlen convention.3 Three principal components are defined
s XX Yy, following
T(SZZ - 6‘isol = |5YY - 6iso| = |6XX - 6iso|’ The isotropic
chemical shift is Oiso = (5XX +oyy + 622)/3. The Iargest
separation from “iso js defined as anisotropy 0=0zz~ iso,
which can be either positive or negative. And the asymmetry is
described using asymmetry parameter 1= (Oyy ~ Oxx)/0
ranging between 0 and 1.

Despite the differences in conventions, 61'50 is virtually
equivalent, and the principal axes used in three conventions are
also perpendicular to each other. However, only the PAS of
Haeberlen convention is strictly right-handed. Since the
Cartesian coordinates used in this work is right-handed, the
principal axes are shown in Haeberlen convention. On the
contrary, thre>e grincipal components are always ordered such
as 11 = 722 = "33 jn standard convention and Herzfeld-Berger
convention, while it is not in Haeberlen convention. It is much
more convenient to distinguish 11 22, and 33
experimentally. As a result, the principal components are

reported in this way.

In this work, the output of SIMPSON was in Haeberlen
convention, which was converted to standard convention
according to: 3

for 6 >0 (65, =64y):

511 =6._+6

1S0

8y =08, —6(1-1m)/2

833=06._ -8(1+1)/2
for § <0 (6, =6833):
533 =6._+6

150

8y =08, ~6(1-1)/2
611=6,,-6(1+m)/2

(Equation 1)

The output of VASP was in Herzfeld-Berger convention,
which can be converted to standard convention and Haeberlen
convention according to: 3

8y =06._ +KQ/3

1SO
833 = (35150 =82~ Q)/Z

811 =38, — 8- 833 (Equation 2)

Fig. S1. Structure of (a) LYH-Br and (b) LYH-CI.* Different color of the same element
corresponds to different crystallographically distinct sites.

6= 6ZZ - 6iso

n= (6YY - SXX)/S (Equation 3)
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Table S1. %Y isotropic chemical shift and number of ligands on each site. Y4 29.6 8 1
- - LYH-CI Y1 139.6 7 1
Compound YSite J (ppm)  Number of OH Number of H,0 v2 125.6 3 0
LYH-Br Y1 152.9 7 1 Y3 13.8 8 1
Y2 143.1 7 1
Y3 107.3 8 0
Table S2. Experimental and calculated 8°Y CSA parameters.
Compound Y Site 6 (ppm) n 6u (ppm) 62 (ppm) 653 (ppm)
Expt. Calcd. Expt. Calcd. Expt. Calcd. Expt. Caled. Expt. Calcd.
LYH-Br 1 129.6 129.0 0.20 0.09 282.6 2619 1014 74.2 75.0 62.7
2 98.2 120.9 0.51 0.74 241.2 2425 118.8 105.9 68.9 16.5
3 -86.9 -84.7 0.36 0.47 166.2 1715 1347 1314 20.1 24.5
4 -585 -84.2 0.18 0.18 63.4 70.0 53.0 54.9 -29.5 -63.9
LYH-CI 1 101.2 110.6 0.50 0.35 240.8 2393 1142 92.9 63.8 53.7
2 -91.1 -833 0.63 0.66 198.6 177.7 1412 1229 33.2 25.3
3 -344 -65.3 0.04 0.03 32.1 42.1 30.8 40.1 -20.1 -56.9
(a) LYH-Br, interlayer (b) LYH-CI, interlayer (c) LYH-Br, Br1 a-direction (d) LYH-Br, Br1 b-direction
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Fig. S2 Relative energies of the structures as a function of displacement.

e = = r
G4 50 3 . 9.,
2 -1 3 ol
3 4 ]
-4'0'.5 04 02 00 02 04 06 -24)'.6 04 02 00 02 04 08 06 04 02 00 02z 04 06 06 04 02 00 02 04 06
Displacement (A) Displacement (A) Displacement (A) Displacement (A}
(e) LYH-Br: Y1, Br2 b-direction (f) LYH-Br: Y2, Br2 b-direction (g) LYH-Br: Y3, Br2 b-direction (h) LYH-Br: Y4, Br2 b-direction
3 25
4
20
2
? 15
L P -2 — 10
£ E E
£, g = Tor
g =F <o < 00
A 4 05
2 4 10
” A5
G.d 6 04 02 00 02 04 06 06 04 02 00 02 04 06 06 04 02 00 02 04 08 06 04 02 00 02 04 086
Displacement (A) Displacement (A) Displacement (A) Displacement (A)
(i) LYH-CI: Y1, Cl1 b-direction (j) LYH-CI: Y2, CH b-direction (k) LYH-CI: Y3, Cl1 b-direction AS
1"
4 15 —— Aj,,
" —a— A8
2 10 33
s -v- A5
0 e & -
—~ = E o
é 2 g o cé_
o ) o 5
g, <4 4 <
-10
I 10
15
%5 o4 o2 oo oz o4 05 6 04 02z 08 02 04 08 08 04 ©2 00 02 o4 06
Displacement (A) Displacement (A) Displacement (A)

u; 3] 3} (9]
Fig. $3. The changes in calculated 8Y SO and principal components ( 11, 22, and 33) as a function of displacement when translating anions along the b-direction of two
phases. All results are referred to with the corresponding parameters of original structure setting as zero for comparison.
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