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Experimental Details

Single Crystal Growth

Single crystals were grown in the Na,CO3;—B,0s;—NaF flux system by spontaneous
crystallization method. A mixture of Na,CO; (Beijing Beihua Fine Chemical Reagent
Co., Ltd., 98%), Y,03 (Changchun Haipurui Rare Earth Material Co., Ltd., 99.99%),
B,0; (Sinopharm Chemical Reagent Co., Ltd., 98%), and NaF (Xilong Chemical
Reagent Co., Ltd., 98%) in molar ratio of 9:2:14:10 was ground in an agate mortar
and then transferred into a platinum crucible. The sample was heated up to 1050 °C
and maintained for 16 h to ensure that it was melted thoroughly and mixed
homogeneously. Then the solution was cooled at a rate of 1.5 °C/h to 750 °C, and
followed by natural cooling to room temperature. The product consisted of colorless

and transparent crystals in six-sided columns.
Single Crystal X-ray Diffraction

Single crystal X-ray diffraction data for Na3;Y3(BO;), was collected at 153 K on a
Rigaku AFCI10 single-crystal diffractometer from 3.81-31.53° with a graphite-
monochromatic Mo Ko radiation ( A = 0.71073 A ) and Saturn CCD detector. A
colorless transparent crystal with dimension of 0.215 x 0.08 x 0.065 mm?® was
selected for structure determination. Crystalclear program was run to record the
intensity data and perform cell refinement and data reduction.! The structure was
solved with Shelxtl-97 by the direct method and refined by full-matrix least-squares

techniques with anisotropic thermal parameters.?

Crystal data for Na3Y3(BO3)4, M = 570.94 g/mol, hexagonal, a = 10.1136(14) A, ¢ =
6.7485(13) A, V' =597.79(16) A3, T = 153 K, Z = 2, space group P6smc (No.186),
5803 reflections measured. The final R, values were 0.0481 (I > 20 (/)). The final
wR(F?) values were 0.1097 (I > 20 (I)). The final R| values were 0.0596 (all data).
The final wR(F?) values were 0.1143 (all data). Goodness-of-fit on 2 = 0.906.

Calculation of Space Utilization

The space utilization (atomic packing factor®) equals to the total volume of atoms in a
unit cell divided by the cell volume. For comparison purposes, CsLiB4Oj,*
BigoY3.00Sr3B4015,° RbBe,BOsF,,% CsBe,BOsF,,° KBe,BOsF,,” BiB30g,? CsB30s,°
NaCoB¢0;;,!% LiB30s,!" BPO,'? and YAL(BOs)4!? with relatively low space
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utilization were chosen. The two known borates'+!> Na;Y(BOs), and Na,Y,O(BOs),

in the Na,0-Y,05;-B,0; system were also investigated.

The space utilizations (atomic packing factors) of Na;Y3(BOs3), and several typical
borate are displayed in Figure S2. It is clear that Na3;Y3(BOs), exhibits the lowest
space utilization, which results from its close elemental constituents and the
discernible tunnel structure (one hexagonal tunnel with a diameter up to 5.92 A per

unit cell).

First-principles Calculations

To verify the structural stability, phonon spectra calculations on Na;Y3(BO;3), was
performed. The positive eigenvalues for all phonon modes in Fig. S3 is the most
important evidence for the structural stability. This method on structural stability was
also adopted by Yao!¢ and Sheng!”.

To investigate the NLO property of Na;Y3(BOs)4, the first-principles calculations on
its electronic band structure and optical properties, including UV absorption edge,
SHG coefficients and birefringence, were performed. The ion-electron interactions
were modeled by the norm-conserving pseudopotentials for all constituent elements.'8
In this model, Na 2s?2p®3s!, Y 4d'5s2, B 2s*2p!, and O 2s22p* electrons were treated
as the valence electrons, respectively. The ultra-fine kinetic energy cutoff of 770 eV
and Monkhorst-Pack k-point meshes!® spanning less than 0.04/A3 in the Brillouin
zone were chosen in order to ensure the sufficient accuracy of the plane-wave
pseudopotential method?® implemented in the CASTEP package?!. According to the
previous studies by Lin et al,?> the PBEO method was employed to calculate the UV
absorption edge,?® while the scissors-corrected local density approximation (LDA)

method?*2¢ was adopted to obtain the SHG coefficients?’ and birefringence.



Table S1. Crystal data and structure refinements for Na;Y3(BOj),4

Na3Y3(BO3)4
fw 570.94
a(A) 10.1136(14)
c(A) 6.7485(13)
7 (°) 120.00(0)
V(A3) 597.79(16)
Space group P63mc
zZ 2
T (K) 153(2)
A (A) 0.71073
pe (g/cm’) 3.172
u (em™) 14.609
R(F)* 0.0481
Rw(F,?)? 0.1143

Flack parameter 0.04(3)

REF)=Y| | F | = F. | | /3| F, | for F2>20(F2).
PRW(F2) = {3 [WF2-F2)2] | SwFAY for all data. w' = 6X(F,2) + (zP)?, where P =
(Max(F,%, 0) +2 F.2)/3; z=0.01.



Table S2. Selected bond lengths (A) and bond angles (°) for Na3;Y3(BO3),

Na-O1 2494(8)  Y1-02 2.266 (5)
Na-O1 2496 (5)  Y1-03 2.247 (5)
Na-02 2.517(11)  Y1-03 2.247 (7)
Na-03 2.884(8)  Y1-03x2 2.605 (6)
Na-03 2.885(8)  BI1-Ol 1.387 (3)
Na-03 2.413(10) BI-Ol 1.387 (6)
Na-03 2.414(10) BI-Ol 1.387 (7)
Y1-0l 2428 (6)  B2-02 1.448 (16)
Y1-01 2292 (4)  B2-03 1.353 (16)
Y1-02 2266(3)  B2-03 1.354 (16)
01-B1-O1x3 119.85(11) 03-B2-02x2 113.6(7)
03-B2-03  132.7(14)




Fig. S1 Coordination environment of Y and Na atoms. (The blue, green, and red balls

represent Y, Na, and O atoms, respectively.)
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Fig. S2 The space utilizations of Na;Y3(BOj3), and several typical borates.
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Fig. S3 The phonon vibration spectrum of Na;Y3(BO3),.
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Fig. S4 The calculated dispersion curve of refractive index.
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Fig. S5 The partial density of states (PDOS) of Na;Y;(BOs),4 crystal.
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Table S3. The calculated values of SHG coefficients of Na;Y3(BO3),.

Na3Y3(BOs)4 Calculated SHG coefficients (pm/V)
Total d31 = d3p =0.45; d3; =-1.28
Na* d31 =d3 =0.01; d33 =0.01
(BOs)* dy1 = d3o = 0.36; d33 = -1.09
(YOs)™ d31 = d3=0.27; d33 =-0.72
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Fig. S6 The experimental and calculated X-ray diffraction patterns of Na;Y3(BO3)s.
(The blue curve is the experimental pattern of synthesized samples, and the black one

is the calculated pattern.)
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