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S1. Additional Experimental Results

Fig. S1 (a) Powder X-ray diffraction pattern obtained for polycrystalline lithium diborate

with 5% 11B isotopic abundance, as recorded on a Panalytical Xpert Pro diffractometer

with Cu K radiation, scanned at 0.24 degrees/min. The experimental pattern is compared

with a literature pattern for Li2B4O7 (diomignite).1 (b) Raman spectra of the samples of

polycrystalline lithium diborate with different degrees of 11B isotopic abundance. Spectra

were recorded using a JASCO NRS-3100 microRaman spectrophotometer and a Torsana

Starbright 785 nm SLM diode laser. The displayed plots each correspond to a sum over

three runs.
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Normalised spin-echo dephasing curves for the polycrystalline lithium diborate samples

with 25% and 100% 11B isotopic abundance, recorded at 20 kHz MAS are shown in Fig.

S2, together with best fits (see Table S1) to a mono-exponential function (eqn (S1)) and a

bi-exponential function (eqn (S2))

2/( ) TS Ae   (S1)

2 2/ /( ) ( (1 ) )a bT TS A pe p e       (S2)

It is evident that the data is not perfectly fitted by a mono-exponential decay curve, in

particular for the B4 site. By contrast, the bi-exponential function results in much

improved fits to the experimental data.

Fig. S2 11B (14.1 T) MAS (20 kHz) spin-echo dephasing curves for a sample of

polycrystalline lithium diborate with (a, b) 25% and (c, d) 100% 11B isotopic abundance. Best

fits (solid blue (B3) and green (B4) lines) to a mono-exponential function (eqn (S1)) and a bi-

exponential function (eqn (S2)) are shown in (a, c) and (b, d), respectively (see Table S1).

Note the five times longer maximum spin-echo duration, , for the (a, b) 25% case as

compared to the (c, d) 100% case.
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Table S1 Fit parameters of spin-echo dephasing curves for polycrystalline lithium diborate at

20 kHz MAS presented in Fig. S2

Site abundance Fit Type A p 2aT  / ms 2bT  / ms 2[ ]a bT 
 / ms

B3 25% bi-exp 0.98±0.01 0.11±0.02 7.8±2.1 51.8±1.6 47.0
B3 25% mono-exp 0.97±0.01 44.7±1.1
B4 25% bi-exp 1.03±0.01 0.35±0.02 1.6±0.1 19.0±0.7 12.9
B4 25% mono-exp 0.93±0.02 10.9±0.9
B3 100% bi-exp 1.01±0.01 0.33±0.17 3.6±1.4 11.9±1.9 9.2
B3 100% mono-exp 0.99±0.01 - 8.5±0.3 -
B4 100% bi-exp 1.07±0.02 0.95±0.06 2.0±0.2 16.4±25.8 2.7
B4 100% mono-exp 1.06±0.02 - 2.1±0.1 -

It is also necessary to consider the effect of the rf amplitude for the spin-echo 180

pulse. For NMR of half-integer quadrupolar nuclei, different nutation frequencies are

observed depending on the strength of the rf nutation frequency, 1, as compared to the

magnitude of the quadrupolar interaction. In the "soft" pulse limit where 1 << Q, only

the central transition is affected and nutation is I + 1/2 times faster than the other limiting

case, the "hard" pulse limit where1 >> Q, with a range of behaviour being observed

between these two limits.2 For lithium diborate, the B3 site (larger CQ) nutates faster than

the B4 site (smaller CQ), i.e., for a fixed rf amplitude, a null corresponding to a 180 pulse

is observed at a shorter pulse duration for the B3 as compared to the B4 site – this is

illustrated in Fig. S3.

Fig. S3 Nutation behaviour for the B4 (green, CQ = 0.5 MHz) and B3 (blue, CQ = 2.60 MHz)

sites in polycrystalline lithium diborate. Specifically, spectra are plotted as a function of the

pulse length for a one-pulse experiment with a fixed rf amplitude, corresponding to a first

zero crossing at 4.2 s and 2.6 s for the B4 and B3 sites, respectively.
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The spin-echo dephasing curves presented in Figs. 3 & 4 of the main text were obtained

for a central-transition selective 180 pulse of duration 25 s as optimised on the B3 site.

As shown in Fig. S4, similar behaviour was observed for the case of a central-transition

selective 180 pulse of duration 25 s, but optimised on the B4 site (i.e., with a different

1). In this context, it is to be noted that phase cycling selects a change of coherence order

p = 2 for the 180 pulse, i.e., transfer from p = +1 to p = 1. Thus, an imperfect 180

pulse should only affect the overall intensity and not the observed rate of coherence

dephasing.

Fig. S4 11B (14.1 T) MAS (20 kHz) spin-echo (90  /2  180  /2  tacq) dephasing curves

with best fits (see Table S2) for the B4 (circles) and B3 (squares) sites in a sample of

polycrystalline lithium diborate with 100% 11B isotopic abundance. Data was recorded for rf

amplitudes corresponding to a central-transition selective 180 pulse of duration 25 s as

calibrated for the B3 site (filled symbols, as in main text Figs.) or the B4 site (open symbols).

Table S2 Fit parameters of spin-echo dephasing curves for polycrystalline lithium diborate at

100% 11B isotopic abundance and 20 kHz MAS presented in Fig. S4.

Site Remarks A p 2aT  / ms 2bT  / ms 2[ ]a bT 
 / ms

B3 B3 opt.a 1.02±0.01 0.20±0.05 2.2±0.7 12.1±0.7 10.1
B3 B4 opt.a 1.01±0.01 0.33±0.17 3.6±1.4 11.9±1.9 9.2
B4 B3 opt.a 1.07±0.02 0.90±0.08 1.9±0.2 12.4±9.9 3.0
B4 B4 opt.b 1.06±0.02 2.1±0.1 -

a Fit to the bi-exponential function in eqn (S2), with 2[ ]a bT 
 defined in eqn (4). b Fit to the

monoexponential function in eqn (S1)

Fig. S5 compares spin-echo dephasing curves obtained for different rf amplitudes

corresponding to 180 pulse durations (for the B3 site) of 4.2 s and 25 s. Faster

dephasing is observed for the higher rf nutation frequency (corresponding to the shorter

180 pulse duration), with the effect being more pronounced for the B4 site (smaller CQ).
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Fig. S5 11B (14.1 T) MAS (20 kHz) spin-echo dephasing curves for the (a) B3 and (b) B4 site

for a sample of polycrystalline lithium diborate with 100% 11B isotopic abundance. Data was

recorded for rf amplitudes corresponding to 180 pulse durations (as calibrated for the B3

site) of 4.2 s ("hard", orange and red) and 25 s ("soft", blue and green). Solid lines

correspond to best fits to a mono or bi-exponential function (eqn (S1, S2)) – see Table S3.

The data for a 25 s 180 pulse duration are repeated from Fig. 4d in the main text.

Table S3 Fit parameters of spin-echo dephasing curves for polycrystalline lithium diborate at

100 % 11B isotopic abundance and 20 kHz MAS presented in Fig. S5.

Site 180 pulse A p 2aT  / ms 2bT  / ms 2[ ]a bT 
 / ms

B3 25 sa 1.02±0.01 0.20±0.05 2.2±0.7 12.1±0.7 10.1

B3 4.2 sa 1.29±0.22 0.31±0.12 0.1±0.0 9.5±0.3 6.6

B4 25 sa 1.07±0.02 0.90±0.08 1.9±0.2 12.4±9.9 3.0

B4 4.2 sb 1.10±0.22 - 1.3±0.1 -
a Fit to the bi-exponential function in eqn (S2), with 2[ ]a bT 

 defined in eqn (4). b Fit to the

monoexponential function in eqn (S1)
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Table S4 Correlation coefficientsa between pairs of extracted parameters for the fits to 11B

MAS NMR spin-echo dephasing curves presented in Tables 3, 4, S1, S2 & S3.

Table Site 11B MAS /kHz Remarks A, p A, 2aT  A, 2bT  p, 2aT  p, 2bT  2aT  , 2bT 

3 B3 5% 20  −0.70 −0.15 −0.74 −0.37 0.23 0.37 
3 B3 25% 20  0.18 −0.22 −0.49 −0.92 −0.87 0.76 
3 B3 100% 20  0.27 −0.29 −0.59 −0.93 −0.89 0.79 
3 B4 5% 20  −0.05 −0.18 −0.56 −0.79 −0.64 0.58 
3 B4 25% 20  0.08 −0.24 −0.65 −0.85 −0.70 0.65 
3 B4 100% 20  0.35 −0.28 −0.60 −0.92 −0.90 0.76 

4 B3 100% 5  −0.56 −0.72 −0.49 0.97 0.97 0.91 
4 B3 100% 10  −0.42 −0.55 −0.37 0.97 0.98 0.92 
4 B3 100% 16  0.39 −0.34 −0.53 −0.98 −0.97 0.91 
4 B3 100% 20  0.27 −0.29 −0.59 −0.93 −0.89 0.79 
4 B4 100% 5  −0.50 −0.77 −0.40 0.90 0.94 0.78 
4 B4 100% 10  −0.41 −0.63 −0.33 0.92 0.94 0.80 
4 B4 100% 16  −0.34 −0.60 −0.26 0.89 0.92 0.76 
4 B4 100% 20  0.35 −0.28 −0.60 −0.92 −0.90 0.76 

S1 B3 25% 20 (mono) - −0.46 - - - - 
S1 B4 25% 20 (mono) - −0.53 - - - - 
S1 B3 100% 20 (mono) - −0.55 - - - - 
S1 B4 100% 20 (mono) - −0.66 - - - - 

S2 B3 100% 20 B4 opt. −0.36 −0.53 −0.32 0.96 0.97 0.87 
S2 B4 100% 20 B4 opt.  −0.65 -  - - 

S3 B3 100% 20 4.2 s 0.99 −0.96 −0.21 −0.95 −0.17 0.29
S3 B4 100% 20 4.2 s, mono - −0.70 - - - -

a See Ref.3 for a discussion of the use of correlation coefficients in spin-echo fits.

Supplementary Material (ESI) for PCCP
This journal is © the Owner Societies 2011



S8

S2. Additional Simulation Details and Results

Evolution under free precession Hamiltonians does not mix coherence orders and the

associated propagator matrix representations are block-diagonal. Hence experiments

involving only free precession can be numerically simulated efficiently by taking advantage

of this block structure. In general, however, rf pulses mix coherence orders and the associated

propagator matrices are not block-diagonal (with respect to the irradiated spins). This makes

simulations involving RF much slower than those involving only free precession. An

important exception to this "breaking" of the block structure occurs for ideal π pulses. Such 

pulses only exchange coherences between corresponding elements of blocks of coherence

order n and –n in the density matrix. Hence a simple spin-echo sequence can be simulated

without "breaking" the free precession block structure, provided that the effect of the

inversion pulse can be implemented by the exchange of the related coherences, and

application of phase factors which depend on the phase of the pulse.

Such an exchange operator has been implemented in the general simulation program,

pNMRsim. The propagator matrix for an ideal π inversion with x phase is stored in a sparse

representation (one non-zero element per row of the matrix). The phase of these elements is

adjusted for the required phase by an appropriate rotation about z.4-5 The density matrix after

the inversion is then evaluated by scanning over the elements of the initial density matrix and

determining which element of the new density matrix it is transformed into and with what

phase factor. The full source code is available from the pNMRsim web pages (file

InversionGenerator.cc in the libcmatrix library).6
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Fig. S6 Simulated (14.1 T, 20 kHz MAS) spin-echo dephasing curves for a pair of dipolar-

coupled 11B nuclei with the same isotropic chemical shift, where CQ equals 0.5 MHz (B4 site,

top) or 2.6 MHz (B3 site, bottom). Simulations were performed for djk = 500 Hz (red), 1

kHz (green), or 2 kHz (blue) for evolution under second-order quadrupolar interactions (Q

= 0), where the quadrupolar tensors for the two spins were co-linear and perpendicular to the

dipolar tensor (i.e., the internuclear vector).
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Fig. S7 Simulated (14.1 T, 20 kHz MAS) spin-echo (90  /2  180  /2  tacq) dephasing

curves for a pair of dipolar-coupled (|djk| = 500 Hz) 11B nuclei with the same isotropic

chemical shift and CQ equal to 2.6 MHz and Q equal to 0, as in the case of the B3 site in

lithium diborate. Simulations are presented for: first-order quadrupolar interaction including

the 180 pulse (yellow); first-order quadrupolar interaction omitting the 180 pulse (blue);

second-order quadrupolar interaction including the 180 pulse (red); second-order

quadrupolar interaction omitting the 180 pulse (green). The principal axes systems of the two

quadrupolar tensors and the dipolar interaction are perpendicular to each other. Other

simulation details are as given in the caption for Fig. 5 in the main text.
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Fig. S8 The dependence of NMR spin-echo dephasing on the MAS frequency, as simulated

for a pair of dipolar-coupled (|djk| = 500 Hz) 11B nuclei with the same isotropic chemical shift

at 14.1 T. Four different values of quadrupolar coupling strength, Q/2 = 3CQ/[4I (2I – 1)]

(equal to CQ/4 for I = 3/2) are considered (Q = 0). The degree of spin-echo dephasing is

determined as the simulated spin-echo intensity at  ~ 0.5 ms. The plots correspond to (a)

first-order quadrupolar interaction, parallel quadrupolar tensors; (b) second-order quadrupolar

interaction, parallel quadrupolar tensors; (c) first-order quadrupolar interaction, perpendicular

quadrupolar tensors; (d) second-order quadrupolar interaction, perpendicular quadrupolar

tensors. Other simulation details are as given in the caption for Fig. 5.
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S3. Representative pNMRsim Input File

spinsys {
nuclei 11B 11B
proton_frequency 600e6

shift 1 $1
shift 2 $1

quadrupole 1 1 $2 0 0 0 0
quadrupole 2 1 $2 0 0 90 90

dipole 1 2 -$3 0 90 0
}

par {
spin_rate $4
start_operator Inx
detect_operator Inc
sw $4
crystal_file 3zcw30
maxdt 1
np 1

variable rotor_period 1e6/$4
variable twentymillisecondofrotorperiods $4/50
variable rotor_count {0:$twentymillisecondofrotorperiods}

delay $rotor_period
store delay

}

pulseq {
prop delay $rotor_count
pulse180 x
prop delay $rotor_count
acq

}

proc {
save $(name)_cs-$1_cq-$2_d-$3_m-$4.fid -simpson

}

Note that the simulations did not include the second-order effects due to cross-terms between

the quadrupole coupling and the dipolar/J couplings (command line flag: -enable:classicQ).

These terms are not expected to have a significant impact (see section S4) and their inclusion

slows down the simulation significantly.
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S4 Second-Order Cross Terms

This section estimates the size of second-order cross terms – the analysis is based on Ref. 7.

Quadrupolar/Dipolar Cross Terms

The effect of this cross term on a spin I from a remote spin S at distance r is proportional to

(I Q
PAS(S)/r–3 B0). By comparison with examples in Ref. 7 (e.g., 23Na NMR of NaBrO3 at

9.4 T in Figure 17), the cross terms can be estimated to be of magnitude (assuming a B-B

distance of 2.5 Å)

Site of nucleus remote nucleus cross term splitting

B4 B3 11B ~10.6 Hz

B4 B3 10B ~11.0 Hz

B3 B4 11B ~2.1 Hz

B3 B4 11B ~2.2 Hz

Note that the higher quadrupole moment of 10B is countered by the effect of spin quantum

number in Q
PAS.

For cross terms to 6Li/7Li, typical CQ values are 0.02 and 0.6 MHz, respectively, and nearest

B-Li distances are 2.7 Å, giving cross terms no bigger than 3-4 Hz at most.

Quadrupolar/CSA Cross Terms

The cross term between the quadrupolar and CSA interactions on the same spin is

proportional to Q
PAS CS. By comparison with the case of Co(acac)3 (see Fig. 25 of Ref. 7),

and given GIPAW (CASTEP) calculated CSA values of ~8 ppm for both B3 and B4 (see

below), maximum cross term splittings would be ~8 Hz (B3) and ~1.5 Hz (B4).
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S5 J Coupling Calculations

Geometry optimisations used ultrasoft-pseudopotentials generated on-the-fly by the CASTEP

code. The construction parameters are:

Atom Core-

states

Local

channel

rloc

(a.u.)

rnonloc

(a.u.)

raug

(a.u.)

pseudopotential

projectors

PAW projectors

Li p 1.2 1.2 0.84 11s, 22s 11s, 22s

B 1s d 1.4 1.4 1.0 22s, 22p 22s, 22p

O 1s d 1.0 1.3 0.7 22s, 22p 22s, 22p

Definitions:

rloc is the pseudisation radius for the local component of the pseudopotential

rnonloc is the pseudisation radius for the non-local components of the pseudopotential

raug is the pseudisation radius for the charge augmentation functions.

The corresponding CASTEP on-the-fly strings used to generate these potentials are

Li 1|1.2|12|14|16|10U:20UU(qc=5.5)

B 2|1.4|1.4|1.0|3|6|8|20:21

O 2|1.0|1.3|0.7|13|16|18|20:21(qc=7)

The calculation of NMR parameters used norm-conserving potentials constructed using the

following parameters.

Atom Core-

states

Local

channel

rnonloc

(a.u.)

pseudopotential

projectors

PAW projectors

Li 1s s 2.0 12p N/A

B 1s p 1.85 12s 12s, 12p, 13s,

13p

O 1s p 1.3 12s 12s, 12p, 13s,

13p

Ultrasoft potentials are considered state-of-the-art – due to their computational

efficiency, but also because they provide an easy route to include semi-core states into the
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calculation. At the present time, it is possible to compute chemical shifts and electric field

gradients with ultrasoft potentials – but calculations of J couplings are limited to only norm-

conserving potentials. To check the effect of the Li 1s states on the computed B NMR

parameters, we also computed the B electric-field gradient and chemical shifts using the

ultrasoft potentials given above. The results were not affected and we therefore make the

assumption that the Li 1s states will not play a role in the 2JBB couplings.

Conventions

The calculations provide the full J tensor. The principal components can be obtained

from the symmetric part of the J tensor, labelled according to the Haeberlen convention: |j3 

jiso| ≥ |j1  jiso| ≥ |j2  jiso|

The isotropic J coupling is given by:

jiso = (1/3) (j1+ j2+ j3) (S3)

The J anisotropy is defined as:

j = j3  [(j1 + j2) / 2] (S4)

In the following Tables, it is the J anisotropy as defined in eqn (S4) that is specified. Note the

difference compared to the reduced anisotropy, j, that is defined in analogy to that

commonly used to specify the chemical shift anisotropy:

j = j3  jiso = (2/3) j3  (1/3) (j1 + j2) = (2/3) j (S5)

The J asymmetry is defined as:

j = (j2  j1) / (j3  jiso) (S6)

The symmetric part of the J tensor can be decomposed into isotropic and anisotropic

terms:

J = Jiso + Janiso (S7)

Supplementary Material (ESI) for PCCP
This journal is © the Owner Societies 2011



S16

In the principal axes system,

Janiso =
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(S8)

Similarly the dipolar coupling can be written in its principal axis system as:

D =






















jk

jk

jk

d

d

d

00

02/0

002/

(S9)

where djk is the dipolar coupling constant (in Hz, as defined in eqn (1) of the main text):
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(S10)

NB: The dipolar coupling is a traceless tensor, i.e., it only has an anisotropic part. The

asymmetry equals zero, i.e., there is axial symmetry around the internuclear vector that hence

defines the principal axes system.

The Hamiltonian for a pair of dipolar and J coupled nuclei is:

H = IM · Jiso · IN + 2 IM · (D + Janiso/2) · IN (S11)

Consider the case where J is axially symmetric ( = 0) and the J and D tensors share the same

principal axes system:

D + Janiso/2 =
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i.e.,

D + Janiso/2 =
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02/))3/((0
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(S13)

Since, for j1 = j2, j1 – jiso = j2 – jiso = j1 – (1/3)(j1 + j2 + j3) = j1 – (1/3)(j1 + j1 + j3) =

(1/3)(j1 – j3) = –(1/3) j, while j3 – jiso = j3 – (1/3)(j1 + j1 + j3) = (2/3)(j3 – j1) = (2/3) j.

For this case, the effective coupling equals djk + j/3. (Note that if djk is defined as a positive

quantity, e.g., as in Refs. 8-10, the effective coupling is djk  j/3.)

For the general case, where the J and D tensors do not share the same principal axes

system, we also define the angle α, as that between the internuclear vector connecting atoms 

A and B, and the principal direction corresponding to j3, where 90° ≥α ≥0°. 

The four Ramsey contributions to the isotropic J are labelled FC (Fermi contact); SD

(spin dipolar); PARA (paramagnetic orbital); DIA (diamagnetic orbital).

The coupling between atoms A and B can be computed in two independent ways,

considering either A or B as the perturbation. We present both as a measure of the numerical

fidelity of the calculations.

NB: The stated J couplings are determined from the calculated reduced J coupling K (with

units kg m–2 s–2 A–2) through the relation  2kjjkjk KJ  , where γj and γk are the

respective gyromagnetic ratios of the coupled nuclei.
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Lithium diborate (Li2O.2B2O3, i.e., Li2B4O7)

B3: CQ = 3.20 MHz     ηQ = 0.19

B4: CQ = 0.67 MHz     ηQ = 0.52

The calculations provide the full shielding tensor. The principal components can be obtained

from the symmetric part of the shielding tensor, labelled according to the Haeberlen

convention: |σzz  σiso| ≥ |σxx  σiso| ≥ |σyy  σiso|. CSA, CSA and CSA are then defined as for

the corresponding J tensor in eqn (S4) to (S6) above.

 σxx σyy σzz CSA CSA CSA

B3 88.50 90.90 101.01 11.31 7.54 0.32

B4 82.17 78.84 68.57 11.94 7.96 0.42

δiso(B3)  δiso(B4) = 16.9 ppm

2
J11B-O-11B

r (B-B)

/ Å

∠B-O-B

/ °

Isotropic J / Hz
Aniso-

tropy (Hz)FC SD PARA DIA TOTAL

B4-O4-B4 2.36 109 0.00 0.02 0.27 0.22 0.07 1.83

B4-O2-B3 2.44 116 1.07 0.04 0.25 0.17 0.95 1.42

B4-O3-B3 2.49 119 1.30 0.03 0.21 0.15 1.20 1.09

B4-O1-B3 2.50 126 2.72 0.03 0.16 0.12 2.65 1.09

B3-O2-B4 2.44 116 1.05 0.04 0.25 0.17 0.94 1.44

B3-O3-B4 2.49 119 1.29 0.03 0.21 0.15 1.20 1.09

B3-O1-B4 2.50 126 2.70 0.03 0.16 0.13 2.63 1.07

2
J11B-O-11B

r (B-B)
/ Å

∠B-O-B
/ °

Principal Values / Hz
α /° ηj

Anisotropy /
Hzj1 j2 j3

B4-O4-B4 2.36 109 1.04 0.04 1.29 2.0 0.82 1.83
B4-O2-B3 2.44 116 0.20 0.76 1.90 89.6 0.59 1.42
B4-O3-B3 2.49 119 0.65 1.04 1.93 88.8 0.53 1.09
B4-O1-B3 2.50 126 2.13 2.44 3.37 88.6 0.43 1.09
B3-O2-B4 2.44 116 0.17 0.76 1.90 88.4 0.61 1.44
B3-O3-B4 2.49 119 0.67 1.01 1.93 88.8 0.46 1.09
B3-O1-B4 2.50 126 2.12 2.43 3.35 86.9 0.44 1.07
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1
J11B-17O

r (B-O)

/ Å

Isotropic J / Hz Anisotropy /

HzFC SD PARA DIA TOTAL

B3-O1 1.36 32.39 0.09 4.51 0.25 28.22 34.60

B3-O2 1.37 23.69 0.09 4.64 0.25 19.39 34.84

B3-O3 1.37 20.50 0.28 4.34 0.26 16.69 32.82

B4-O1 1.45 21.39 0.15 2.18 0.26 19.61 25.87

B4-O4 1.45 11.13 0.15 2.83 0.26 8.71 28.12

B4-O3 1.50 11.23 0.30 1.65 0.25 10.14 20.72

B4-02 1.51 10.42 0.30 1.78 0.25 9.19 22.07

1
J11B-17O

r (B-O) /
Å

Principal Values / Hz
α /° ηj

Anisotropy /
Hzj1 j2 j3

B3-O1 1.36 11.05 22.33 51.29 3.59 0.49 34.60
B3-O2 1.37 2.11 13.45 42.62 3.29 0.49 34.84
B3-O3 1.37 0.62 10.89 38.58 3.16 0.47 32.82
B4-O1 1.45 10.52 11.54 36.86 5.64 0.05 25.87
B4-O4 1.45 1.41 0.08 27.45 2.29 0.08 28.12
B4-O3 1.50 2.61 3.85 23.95 5.19 0.09 20.72
B4-02 1.51 1.29 2.38 23.90 3.27 0.07 22.07

Lithium Metaborate (LiBO2)

Lithium metaborate consists of (BO2
)n chains of three-fold coordinated boron atoms. All B

are crystallographically identical and there is a single B-O-B coupling. O1 is bridging, O2 is

non-bridging. The structure used was ICSD refcode 37060, and a 221 supercell was used to

compute the J couplings.

2
J11B-O-11B

r (B-B)

/ Å

∠B-O-B

/ °

Isotropic J / Hz
Anisotropy /

HzFC SD PARA DIA TOTAL

B3-O1-B3 2.56 133 3.22 0.00 0.00 0.01 3.23 0.76

2
J11B-O-11B

r (B-B)
/ Å

∠B-O-B
/ °

Principal Values / Hz
α /° ηj

Anisotropy /
Hzj1 j2 j3

B3-O1-B3 2.56 133 3.75 3.57 2.41 89.46 0.23 1.23

1
J11B-17O

r (B-O)

/ Å

Isotropic J / Hz Anisotropy /

HzFC SD PARA DIA TOTAL

B3-O2 1.32 26.10 0.36 5.32 0.19 21.32 43.24

B3-O1 1.39 26.46 0.11 3.26 0.21 23.17 30.54

B3-O1 1.41 24.04 0.22 3.26 0.21 21.21 29.52
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1
J11B-17O

r (B-O) /
Å

Principal Values / Hz
α /° ηj

Anisotropy /
Hzj1 j2 j3

B3-O2 1.32 0.23 13.59 50.15 0.42 0.46 43.24
B3-O1 1.39 8.72 17.26 43.53 4.72 0.42 30.54
B3-O1 1.41 7.63 15.11 40.89 6.58 0.38 29.52

Lithium Triborate (LiB3O5)

Lithium triborate consists of B3O5
 rings with one four-fold coordinated B and two three-fold

coordinated B. The structure was taken from ICSD 84617, and a 112 supercell was used for

the calculation of the J couplings.

2
J11B-O-11B

r (B-B)

/ Å

∠B-O-B

/ °

Isotropic J / Hz
Anisotropy

/ HzFC SD PARA DIA TOTAL

B3(a)-O2-B3(b) 2.40 118 1.35 0.04 0.21 0.11 1.21 1.54

B3(a)-O1-B4 2.45 119 1.59 0.04 0.18 0.13 1.50 1.30

B3(a)-O3-B4 2.47 123 2.00 0.04 0.14 0.10 1.93 1.25

2
J11B-O-11B

r (B-B)
/ Å

∠B-O-B
/ °

Principal Values / Hz
α /° ηj

Anisotropy
/ Hzj1 j2 j3

B3(a)-O2-B3(b) 2.40 118 0.50 0.89 2.24 88.8 0.38 1.54
B3(a)-O1-B4 2.46 119 0.88 1.25 2.37 86.9 0.43 1.30
B3(a)-O3-B4 2.47 123 1.46 1.57 2.76 89.4 0.13 1.25

1
J11B-17O

r (B-O)

/ Å

Isotropic J / Hz Anisotropy /

HzFC SD PARA DIA TOTAL

B3(a)-O3 1.35 27.26 0.15 5.04 0.25 22.62 36.05

B3(a)-O1 1.36 29.32 0.03 4.52 0.24 25.07 36.12

B3(a)-O2 1.40 23.35 0.08 3.62 0.24 20.05 29.93

1
J11B-17O

r (B-O) /
Å

Principal Values / Hz
α /° ηj

Anisotropy /
Hzj1 j2 j3

B3(a)-O3 1.35 4.18 17.03 46.65 3.8 0.53 36.05
B3(a)-O1 1.36 7.64 18.41 49.15 2.7 0.45 36.12
B3(a)-O2 1.40 6.17 13.97 40.00 3.2 0.39 29.93
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