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EXPERIMENTAL AND COMPUTATIONAL METHODS.

Synthesis.
Reagents: Rb2CO3 (99%), CO(NH2)2 (99%), CsOH·H2O (99.5%) KSCN (99%) and

melamine (99.5%) were used as the raw materials. All of them are of analytical grade and were
purchased from Aladdin Co, Ltd. without any further treatment.

Synthesis of melon: The melamine was heated in a porcelain crucible at 490 °C for 4 days
and the yellow powder melon was synthesized.

Synthesis of Rb3[C6N7(NCN)3]·3H2O (Ⅰ):

Synthetic procedure for Rb3[C6N7(NCN)3]·3H2O (Ⅰ): Rb2CO3 (4.614 g, 0.02 mol) and
CO(NH2)2 (2.4024 g, 0.04 mol) were held at 160 ° C for 24 h to prepare RbCNO. RbCNO (5 g)
and melon (10g) were ground evenly and sheated in a ceramic crucible to 500 °C for 2 h, and then
turning off the furnace. The product was dissolved in the deionized H2O (300 mL) and
precipitated with triploid volume of anhydrous ethanol. Finally, the white powder was dissolved in
deionized water and colorless needle-like crystals of Ⅰ were obtained by slow volatilization of
aqueous solution (Figure S4a). IR (cm-1.): O-H: 3368-3465; [C6N7] ring: 794, 1183, 1435, 1495,
1643; C≡N: 1495, 2171. Decomposition temperature:350K.

Synthesis of Cs3[C6N7(NCN)3]·3H2O (Ⅱ):

Synthesis procedure for Cs3[C6N7(NCN)3]·3H2O (Ⅱ): First, potassium melonate pentahydrate
was synthesized as the basis for the subsequent reaction.1 The melon (8 g) and KSCN (16 g) were
ground evenly and slowly heated in a ceramic crucible to 500 °C for 2 h and then turning off the
furnace. The product was dissolved in 250 mL water and precipitated with triploid volume of
anhydrous ethanol, and the resulting white powder is dissolved in deionized water to obtain
potassium melonate pentahydrate. Second, the melonate acid H3C6N7(NCN)3 (b) was precipitated
by adding hydrochloric acid to the solution of potassium melonate pentahydrate. The
H3C6N7(NCN)3 precipitate was filtered and thoroughly washed three times with deionized water to
ensure that no soluble salt was present. Third, the H3C6N7(NCN)3 (5 g) was added to the deionized
H2O (50 mL), and the acidic white suspension was adjusted to neutral with an aqueous solution of
CsOH (3 mol/L) and stirred for 2 h. Finally, the solution was used for crystallization using
antisolvent diffusion method, while ethanol was selected as the poor solvent. Colorless needle-like
crystals of Ⅱ were obtained after two weeks (Figure S4b). IR (cm-1.): O-H: 3460-3436; [C6N7]
ring: 789, 1183, 1427, 1487, 1639; C≡N: 1487, 2167. Decomposition temperature: 370K.
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Single-Crystal X-ray Diffraction (XRD). The single-crystal XRD data were collected by the
Bruker D8 VENTURE diffractometer (Mo-Kα radiation, λ = 0.71073 Å). Data integration and
absorption corrections were carried out using the SAINT2 program. The single crystal data were
analyzed with the Olex2 program.3 The structure was solved using Intrinsic Phasing method,4 and
refined using the least–squares technique on Fo2 with data having Fo2 ≥ 2σ (Fo2). Solutions were
checked for missed symmetry using the PLATON program.5 The detailed crystal data and
structure refinement are listed in Tables S1-S5.
Powder XRD. Dandong Haoyuan DX-27 mini X-ray diffractometer (Cu Kα, λ = 1.5406 Å) was
used to collect the XRD data at room temperature. The angular (2θ) range was 10−70° with a scan
step width of 0.02° and a fixed counting time of 2 s.
Elemental Analysis. Scanning electronic microscope (SEM) images and Energy Dispersive X-ray
(EDX) microanalysis of the crystal were performed on a Hitachi TM4000Plus microscope with an
acceleration voltage of 15 kV.
X-ray Photoelectron Spectroscopy (XPS). XPS analysis was performed on a Thermo Scientific
K-Alpha spectrometer using a focused monochromatized Al Kα radiation (1486.6 eV).
Infrared Spectroscopy. The Infrared spectrum was recorded with a Nicolet iS10 spectrometer in
the wavelength of 400-4000 cm-1. A transparent pellet for measurement was prepared by pressing
a thoroughly ground mixture of crystal sample and KBr at a ratio of 1:100.
Thermal Analysis. Thermal gravimetric (TG) analysis and differential scanning calorimetry
(DSC) were measured on a NETZSCH simultaneous STA 449 F3 thermal analyzer in air, heated
from room temperature to 800 °C at a rate of 10 °C min−1.
Ultraviolet-visible−Near-Infrared (UV−Vis−NIR) Diffuse Reflectance Spectroscopy. The
diffuse reflectance spectrum was measured with a Shimadzu UV 2600i spectrometer in the
190–1100 nm wavelength range. The reflectance spectra were converted to absorbance using the
Kubelka−Munk relation.
Birefringence Tests. The birefringence was measured by interference color method 6

using a NIKON Eclipse Ci-POL polarizing microscope equipped with Berek compensator
calibrated at 546 nm. To increase the accuracy, the compensator was tilted in opposite
directions (left and right rotation) until the crystal color achieve maximum darkness. The
measurement was first performed under while light and further test with monochromatic
light using a 546 nm optical filter. The birefringence was calculated according to the
following equation: R (retardation) = Δn × d, where R represents the optical path difference,
Δn is the birefringence, and d denotes the thickness.
Second-Order NLO Measurements. The powder SHG responses were measured by the
Kurtz–Perry method7 with a Q-switched Nd: YAG solid-state laser at 1064 nm (10Hz, 100 μJ).
After grinding and sieving, the polycrystalline powder samples were divided into different particle
sizes: 20-38.5, 38.5-55, 55-80, 80-125, 125-160, 160-200 and 200-250 μm. The sieved KDP and
BBO samples with the same particle ranges were used as a reference. The samples were pressed
between glass slides and secured with tape in 1-mm thick aluminum holders that contained an
8-mm diameter hole. Subsequently, they were placed into a light-tight box and irradiated with a
laser. The photomultiplier tube collected the intensity of the frequency-doubled output emitted
from the samples. No index-matching oil was used during the tests.
Computational Methods. Ab initio calculations were conducted by Gaussian 09 program.8 The
structures used for calculations were fully optimized using B3LYP functional with cc-pVDZ basis
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sets. To discuss the optical anisotropy and second-order NLO property of anions system, the
polarizability and first hyperpolarizability of the optimized structures were studied with
B3LYP/aug-cc-pVDZ. The wavefunction analysis was carried out with Multiwfn 3.8 (dev) code,9

and the isosurface graphs were rendered by VMD program.10 The CASTEP code11 performed the
first-principles calculations. The exchange−correlation energy was described by using
Perdew−Burke−Ernzerhof (PBE) functional within the generalized gradient approximation
(GGA).12 The ion-electron interactions were handled with norm-conserving pseudopotentials.13, 14

The plane-wave energy cutoff and Monkhorst-Pack k–point in the Brillouin zone were set at 750.0
eV and 4 × 1 × 2, respectively. Before bandgap and optical property calculation, the atomic
positions were fully optimized while cell parameters were fixed. To provide more accurate band
gap values, the HSE06 hybrid functional was chosen.15, 16Based on the scissor–corrected (1.06 eV
and 1.04 eV) electron structure, the linear optical refractive indices, and birefringence can be
obtained by the real part of the dielectric function. The NLO properties were calculated based on
the length-gauge formalism.17 At a zero-frequency limit, the static SHG coefficients can be
attributed to Virtual-Electron (VE) and Virtual-Hole (VH) processes.18 To explore the origin of
the NLO properties, a SHG-density analysis was employed.19 This allows for highlighting the
origin of SHG optical nonlinearity in real space through the resulting distribution of the densities
of each state.
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ADDITIONAL TABLES AND FIGURES

Table S1. Crystal data and structure refinement for M3[C6N7(NCN)3]·3H2O.

Empirical formula Rb3C9N13H6O3 Cs3C9N13H6O3

Formula weight 600.68 743.00
Temperature [K] 273(2) 273(2)
Crystal system orthorhombic orthorhombic
Space group (number) ���21 (33) ���21 (33)
a [Å] 6.8905(17) 6.898(3)
b [Å] 21.852(5) 21.946(8)
c [Å] 12.298(3) 12.324(3)
Volume [Å3] 1851.7(8) 1865.7(11)
Z 4 4
ρcalc [gcm−3] 2.155 2.645
μ [mm−1] 7.941 5.874
F(000) 1144 1360
Index ranges −8 ≤ h ≤ 8, −28 ≤ k ≤ 28, −15

≤ l ≤ 15
−8 ≤ h ≤ 8, −28 ≤ k ≤ 28, −15
≤ l ≤ 16

Reflections collected / unique 24051/4248 29969/3267
Completeness 99.6 % 99.8 %
Data / Restraints / Parameters 4248/22/273 3267/22/272
Goodness-of-fit on F2 1.129 1.084
Final R indexes [I≥2σ(I)]a R1 = 0.0357, wR2 = 0.0964 R1 = 0.0517, wR2 = 0.1139
Final R indexes [all data]a R1 = 0.0388, wR2 = 0.0992 R1 = 0.0692, wR2 = 0.1217
Largest peak/hole [eÅ−3] 1.30/-0.74 1.66/-0.87
Flack X parameter 0.449(18) 0.13(8)
aR1 = Σ||Fo|−|Fc||/Σ|Fo| and wR2 = [Σw(Fo2 − Fc2)2/ΣwFo4] 1/2
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Table S2. Atomic coordinates and equivalent isotropic displacement parameters for Ⅰ.

Atom x y z Ueq

Rb1 0.67495(11) 0.67053(4) -0.03141(6) 0.0454(2)
Rb2 0.28835(9) 0.60072(3) 0.29770(6) 0.03466(19)
Rb3 0.31034(9) 0.97075(3) 0.50315(6) 0.0374(2)
N1 0.3671(15) 0.7253(5) 0.1303(8) 0.065(2)
N2 0.4195(12) 0.8005(3) 0.2792(7) 0.0531(18)
N3 0.4588(12) 0.8284(4) 0.4542(6) 0.0488(17)
N4 0.4410(11) 0.7222(4) 0.4059(6) 0.0465(16)
N5 0.4668(12) 0.6488(3) 0.5390(6) 0.0496(17)
N6 0.4784(10) 0.7522(3) 0.5883(6) 0.0401(14)
N7 0.4892(12) 0.8579(3) 0.6313(6) 0.0465(16)
N8 0.5012(15) 0.9902(4) 0.7623(9) 0.064(2)
N9 0.5185(12) 0.8814(3) 0.8147(7) 0.0513(17)
N10 0.5099(11) 0.7801(3) 0.7724(7) 0.0484(17)
N11 0.5005(11) 0.6780(3) 0.7266(7) 0.0474(16)
N12 0.4817(12) 0.5769(4) 0.6708(7) 0.0532(18)
N13 0.5096(15) 0.5419(4) 0.8580(8) 0.066(2)
C1 0.3978(14) 0.7586(4) 0.2045(7) 0.0487(19)
C2 0.4418(12) 0.7824(4) 0.3828(7) 0.0430(18)
C3 0.4746(12) 0.8145(4) 0.5576(7) 0.0404(17)
C4 0.4635(11) 0.7066(4) 0.5086(7) 0.0416(16)
C5 0.4847(12) 0.6363(4) 0.6469(7) 0.0440(18)
C6 0.4980(12) 0.7368(4) 0.6990(8) 0.0437(18)
C7 0.5062(12) 0.8382(4) 0.7384(8) 0.0443(19)
C8 0.5075(14) 0.9384(4) 0.7806(8) 0.051(2)
C9 0.4982(14) 0.5609(4) 0.7735(8) 0.048(2)
O1 1.1667(19) 0.6237(7) 0.0365(13) 0.117(4)
H1A 1.062(19) 0.609(7) 0.071(16) 0.164
H1B 1.17(3) 0.6650(19) 0.03(2) 0.164
O2 0.6992(17) 0.5929(5) 0.2133(12) 0.102(3)
H2A 0.75(2) 0.559(5) 0.183(14) 0.143
H2B 0.585(14) 0.604(7) 0.185(14) 0.143
O3 0.7387(13) 0.9944(5) 0.5196(9) 0.093(3)
H3A 0.851(10) 1.005(8) 0.554(12) 0.130
H3B 0.636(12) 1.015(7) 0.545(12) 0.130
Ueq is defined as 1/3 of the trace of the orthogonalized Uij tensor.
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Table S3. Atomic coordinates and equivalent isotropic displacement parameters for
Ⅱ.

Ueq is defined as 1/3 of the trace of the orthogonalized Uij tensor.

Atom x y z Ueq

Cs1 0.3235(2) 0.32930(8) 0.43573(11) 0.0512(5)
Cs2 0.71228(19) 0.39966(6) -0.23514(11) 0.0396(4)
Cs3 0.6893(2) 0.02941(6) -0.02991(11) 0.0419(4)
N1 0.483(2) 0.1183(7) 0.2806(14) 0.028(4)
N2 0.498(3) 0.3222(8) 0.1921(14) 0.027(4)
N3 0.485(2) 0.2204(7) 0.2394(14) 0.028(4)
N4 0.522(2) 0.2481(7) 0.0561(13) 0.024(4)
N5 0.512(3) 0.1435(7) 0.1013(14) 0.029(4)
N6 0.522(2) 0.4245(7) 0.1386(15) 0.029(4)
N7 0.531(2) 0.3499(7) 0.0057(13) 0.026(4)
N8 0.558(2) 0.2773(8) -0.1259(14) 0.027(4)
N9 0.582(3) 0.2007(7) -0.2541(14) 0.035(4)
N10 0.633(3) 0.2742(9) -0.4012(15) 0.038(4)
N11 0.498(3) 0.0104(8) 0.2304(17) 0.042(5)
N12 0.488(3) 0.4567(11) 0.3276(16) 0.046(5)
N13 0.542(2) 0.1706(7) -0.0786(14) 0.026(4)
C1 0.501(3) 0.4395(10) 0.241(2) 0.037(5)
C2 0.502(3) 0.2639(8) 0.1655(16) 0.023(4)
C3 0.490(3) 0.1621(10) 0.2048(17) 0.030(5)
C4 0.526(3) 0.1860(8) 0.0241(16) 0.020(4)
C5 0.514(3) 0.3635(10) 0.1128(19) 0.033(5)
C6 0.535(3) 0.2939(8) -0.0239(17) 0.026(4)
C7 0.606(3) 0.2418(10) -0.3281(15) 0.029(5)
C8 0.559(3) 0.2175(10) -0.1497(15) 0.024(4)
C9 0.492(3) 0.0623(9) 0.2496(18) 0.029(5)
O1 0.762(2) 0.4946(10) -0.0137(13) 0.061(5)
H1A 0.71(4) 0.461(7) 0.009(18) 0.085
H1B 0.76(4) 0.501(12) -0.084(5) 0.085
O2 0.834(4) 0.3762(10) -0.4951(15) 0.081(7)
H2A 0.84(5) 0.370(13) -0.566(5) 0.113
H2B 0.80(5) 0.345(9) -0.455(19) 0.113
O3 0.296(3) 0.4060(9) 0.683(3) 0.090(8)
H3A 0.39(4) 0.391(13) 0.64(2) 0.125
H3B 0.24(5) 0.380(12) 0.73(2) 0.125
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Table S4. Selected bond distances and angles (Å) of Ⅰ.

Atom–Atom Length [Å] Atom–Atom Length [Å]

Rb1–N1 3.144(10) N1–C1 1.187(13)
Rb1–N11#1 3.214(8) N2–C1 1.305(12)
Rb1–N9#2 3.236(8) N2–C2 1.343(12)
Rb1–N1#3 3.300(10) N3–C3 1.312(11)
Rb1–N13#1 3.325(10) N3–C2 1.340(12)
Rb1–O2 3.459(14) N4–C4 1.318(12)
Rb1–N10#2 3.509(8) N4–C2 1.344(12)
Rb1–N10#1 3.584(8) N5–C4 1.317(11)
Rb1–O1 3.636(14) N5–C5 1.360(12)
Rb2–O2 3.020(12) N6–C4 1.401(11)
Rb2–N4 3.151(8) N6–C6 1.409(12)
Rb2–N8#4 3.164(9) N6–C3 1.412(10)
Rb2–N2#5 3.343(8) N7–C3 1.315(11)
Rb2–N3#5 3.356(8) N7–C7 1.390(11)
Rb2–O1#6 3.358(16) N8–C8 1.154(12)
Rb2–N5 3.380(8) N9–C8 1.318(12)
Rb2–O3#5 3.447(12) N9–C7 1.334(12)
Rb2–N1 3.455(10) N10–C6 1.311(12)
Rb2–N13#7 3.492(10) N10–C7 1.336(12)
Rb3–O3 3.003(10) N11–C6 1.328(11)
Rb3–N7 3.176(8) N11–C5 1.343(11)
Rb3–N13#8 3.234(11) N12–C9 1.315(13)
Rb3–N12#5 3.235(9) N12–C5 1.332(12)
Rb3–N3 3.330(8) N13–C9 1.122(13)
Rb3–N8#9 3.345(11)
Rb3–O1#10 3.371(15)
Rb3–N8 3.473(11)
Rb3–N5#5 3.553(8)

Atom–Atom–Atom Angle [°] Atom–Atom–Atom Angle [°]
C1–N2–C2 118.3(8) C6–N11–C5 117.9(8)
C3–N3–C2 117.9(8) C9–N12–C5 118.0(9)
C4–N4–C2 117.1(8) N1–C1–N2 172.8(11)
C4–N5–C5 118.1(8) N3–C2–N2 114.2(8)
C4–N6–C6 120.8(7) N3–C2–N4 126.6(8)
C4–N6–C3 119.8(7) N2–C2–N4 119.2(8)
C6–N6–C3 119.3(7) N3–C3–N7 120.5(8)
C3–N7–C7 115.9(8) N3–C3–N6 118.9(7)
C8–N9–C7 116.2(9) N7–C3–N6 120.6(8)
C6–N10–C7 118.0(8) N5–C4–N4 121.5(8)
N5–C4–N6 118.8(8) N10–C6–N6 119.9(8)
N4–C4–N6 119.6(8) N11–C6–N6 118.7(8)
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N12–C5–N11 120.1(9) N9–C7–N10 116.8(8)
N12–C5–N5 114.2(8) N9–C7–N7 117.0(8)
N11–C5–N5 125.7(8) N10–C7–N7 126.3(8)
N10–C6–N11 121.4(9) N8–C8–N9 172.6(11)
Symmetry transformations used to generate equivalent atoms:

#1: +X, +Y, -1+Z; #2: 0.5+X, 1.5-Y, -1+Z; #3: 0.5+X, 1.5-Y, +Z; #4: 0.5-X, -0.5+Y, -0.5+Z; #5: -0.5+X, 1.5-Y, +Z; #6:

-1+X, +Y, +Z; #7: 1-X, 1-Y, -0.5+Z; #8: 0.5-X, 0.5+Y, -0.5+Z; #9: 1-X, 2-Y, -0.5+Z; #10: 1.5-X, 0.5+Y, 0.5+Z; #11:

0.5-X, 0.5+Y, 0.5+Z; #12: 1-X, 2-Y, 0.5+Z; #13: -0.5+X, 1.5-Y, 1+Z; #14: +X, +Y, 1+Z; #15: 0.5-X, -0.5+Y, 0.5+Z;

#16: 1-X, 1-Y, 0.5+Z; #17: 1+X, +Y, +Z; #18: 1.5-X, -0.5+Y, -0.5+Z;
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Table S5. Selected bond distances and angles (Å) of Ⅱ.

Atom–Atom Length [Å] Atom–Atom Length [Å]
Cs1–N10#1 3.172(18) N1–C9 1.29(2)
Cs1–N2 3.238(17) N1–C3 1.34(3)
Cs1–N1#2 3.242(16) N2–C2 1.32(2)
Cs1–N12 3.30(2) N2–C5 1.34(3)
Cs1–N10#3 3.304(19) N3–C2 1.33(3)
Cs1–O3 3.49(3) N3–C3 1.35(3)
Cs1–N3#2 3.534(17) N4–C2 1.40(3)
Cs1–N3 3.578(16) N4–C6 1.41(3)
Cs1–O2#4 3.63(3) N4–C4 1.42(2)
Cs2–O3#5 3.05(2) N5–C4 1.34(3)
Cs2–N11#6 3.174(18) N5–C3 1.35(3)
Cs2–N8 3.188(17) N6–C1 1.31(3)
Cs2–O2 3.352(18) N6–C5 1.38(3)
Cs2–N13#7 3.357(17) N7–C6 1.28(2)
Cs2–N9#7 3.378(17) N7–C5 1.36(3)
Cs2–N7 3.401(17) N8–C6 1.32(3)
Cs2–O1 3.45(2) N8–C8 1.35(3)
Cs2–N10 3.474(19) N9–C7 1.29(3)
Cs2–N12#8 3.53(2) N9–C8 1.35(2)
Cs3–O1#2 2.998(17) N10–C7 1.16(3)
Cs3–N5 3.221(17) N11–C9 1.16(3)
Cs3–N12#9 3.25(2) N12–C1 1.13(3)
Cs3–N6#7 3.257(18) N13–C4 1.31(3)
Cs3–N13 3.315(16) N13–C8 1.36(3)
Cs3–N11#10 3.34(2)
Cs3–O2#11 3.39(2)
Cs3–N11 3.49(2)
Cs3–N7 3.568(16)

Atom–Atom–Atom Angle [°] Atom–Atom–Atom Angle [°]
C9–N1–C3 118.4(18) C4–N13–C8 115.7(17)
C2–N2–C5 118.2(18) N12–C1–N6 175(3)
C2–N3–C3 117.6(17) N2–C2–N3 121.6(18)
C2–N4–C6 120.2(16) N2–C2–N4 118.8(18)
C2–N4–C4 120.6(16) N3–C2–N4 119.5(16)
C6–N4–C4 119.2(16) N1–C3–N5 116.5(19)
C4–N5–C3 118.1(17) N1–C3–N3 117.3(19)
C6–N7–C5 119.3(19) N5–C3–N3 126.1(18)
C6–N8–C8 118.6(18) N13–C4–N5 120.8(17)
C7–N9–C8 119.9(18) N13–C4–N4 121.1(17)
N5–C4–N4 118.1(17) N8–C6–N4 118.5(17)
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N2–C5–N7 124.6(19) N10–C7–N9 173(2)
N2–C5–N6 120(2) N8–C8–N9 118.4(19)
N7–C5–N6 116(2) N8–C8–N13 126.8(17)
N7–C6–N8 122.6(19) N9–C8–N13 114.9(18)
N7–C6–N4 118.8(18) N11–C9–N1 174(2)
Symmetry transformations used to generate equivalent atoms:

#1: +X, +Y, 1+Z; #2: -0.5+X, 0.5-Y, +Z; #3: -0.5+X, 0.5-Y, 1+Z; #4: -1+X, +Y, 1+Z; #5: +X, +Y, -1+Z; #6: 1.5-X,

0.5+Y, -0.5+Z; #7: 0.5+X, 0.5-Y, +Z; #8: 1-X, 1-Y, -0.5+Z; #9: 1.5-X, -0.5+Y, -0.5+Z; #10: 1-X, -Y, -0.5+Z; #11:

1.5-X, -0.5+Y, 0.5+Z; #12: 0.5+X, 0.5-Y, -1+Z; #13: 1-X, -Y, 0.5+Z; #14: 1.5-X, 0.5+Y, 0.5+Z; #15: 1-X, 1-Y, 0.5+Z;

#16: 1+X, +Y, -1+Z;
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Table S6. The value of |β|avg, δ, and Eg for diverse octupolar π-conjugated structures.

*The averaged first-order hyperpolarizability (|β|avg) were calculated using the following equations20:

|β|avg=βJ=1⊕βJ=3 (βJ=1 :The contribution of the dipole, βJ=3 :The contribution of the octupole)

ǁβǁ2=ǁβJ=1ǁ2+ǁβJ=3ǁ2

ǁβJ=1ǁ2=¾[(βxxx+βxyy)2+(βyyy+βyxx)2]

ǁβJ=3ǁ2=¼[(βxxx-3βxyy)2+(βyyy-3βyxx)2]

Chemical name anionic group
HOMO-
LUMO
Gap (eV)

Polarizabilit
y anisotropy
δ (a. u.)

Averaged
first-hyperpolarizability
|β|avg
(a. u.)*

Cyanurate [C3N3O3]3- 6.96 84.26095 1345.554043
Cyamelurate [C6N7O3]3- 5.35 139.57441 2015.239243
Tricyanomelaminate [C3N3(NCN)3]3- 5.64 151.38661 1466.8641
Melonate [C6N7(NCN)3]3- 4.64 253.44150 3341.548281
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Table S7. The SHG response and birefringence of crystals containing large
π-conjugated structures.

Crystal SHG
(×KDP)

Birefringence Ref.

1 RbCl·(H3C3N3O3)2 0.071h 21

2 RbBr·(H3C3N3O3)2 0.075h 21

3 Pb(H2C3N3O3)(OH) 0.079i 22

4 Mg(H2C3N3O3)2·6H2O 0.093h 23

5 CsCl·(H3C3N3O3)2 0.105h 21

6 CsBr·(H3C3N3O3) 0.137h 24

7 RbBr·(H3C3N3O3) 0.138h 24

8 Lu5(C3N3O3)(OH)12 4.2 0.148h 25

9 Y5(C3N3O3)(OH)12 2.5 0.149h 25

10 Li2Zn2(H2C3N3O3)2(HC3N3O3)(OH)2·2H2O 0.174i 26

11 SrHC3N3O3 0.184h 23

12 KLi(HC3N3O3)·2H2Oexp 5.1 0.186b 27

13 BaZn2(H2C3N3O3)2(HC3N3O3)(OH)2·2H2O 0.191i 26

14 K3Pb(H2C3N3O3)5·6H2O 0.193c 28

15 K2Sr(H2C3N3S3)4·5H2O 0.194h 29

16 Cs(H2C3N3S3) 4.6 0.196i 30

17 Pb(H2C3N3O3)F 0.203i 22

18 Ba(H2C3N3O3)2·8H2O 12 0.220e 31

19 RbI·(H3C3N3O3) 0.227h 24

20 La(H2C3N3O3)2·(OH)·2H2Oexp 0.233d 32

21 Cs4(HC3N3S3)2·4H2O 0.236h 33

22 NaRb0.84Cs0.16(HC3N3O3)·2H2O 3 0.238c 34

23 RbNa(HC3N3O3)·2H2O 5.3 0.239g 35

24 Rb(H3C3N3O3)(NO3) 0.243h 36

25 K4Cu3(C3N3O3)2Br 0.244h 37

26 Ca(H2C3N3O3)2·3H2O 0.245h 23

27 K4Cu3(C3N3O3)2Cl 0.249h 37

28 K2Cd(H2C3N3O3)4·4H2O 0.251h 38

29 β-Sr3(C3N3O3)2·2H2O 0.257h 23

30 LiRb(HC3N3O3)·2H2O 2.7 0.259d 34

31 Gd(H2C3N3O3)2·(OH)·5H2Oexp 0.264d 32

32 Cs2Zn(H2C3N3O3)4·4H2O 0.264h 38

33 K(H3C3N3O3)(NO3) 0.268h 36

34 Ba(H2C3N3O3)2·2H2O 0.271h 23

35 KBr·H3C3N3O3 0.273h 39

36 Y(H2C3N3O3)2·(OH)·5H2Oexp 0.274d 32

37 LiCl·(H3C3N3O3) d22=4.15 0.280h 40

38 Zn(H2C3N3O3)2·3H2O 0.283h 41

39 Cs3Na(H2C3N3O3)4·3H2O 0.67 0.290b 42
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40 Pb2Cd(HC3N3O3)2(OH)2 0.291h 43

41 Mg(H2C3N3O3)2·8H2O 0.293h 23

42 NaBr·(H3C3N3O3)) 0.297h 24

43 RbLi(H2C3N3O3)2·2H2O 0.300a 44

44 CsLi(H2C3N3O3)2·2H2O 0.300a 44

45 K2Zn(H2C3N3O3)4·4H2O 0.305h 38

46 Ba2Pb(C3N3O3)2 0.310h 45

47 MgZn4(OH)4(C3N3O3)2 0.316a 46

48 Zn5(OH)4(C3N3O3)2 0.318a 46

49 K2Pb(H2C3N3O3)4·4H2O 2.6 0.325c 28

50 Ba3(C3N3O3)2 0.320h 47

51 SrHC3N3O3·2.5H2O 0.341h 23

52 Pb3(HC3N3O3)2(OH)2 0.342h 43

53 Li2(HC3N3O3)·2H2O 0.345c 34

54 Ba2Ca(C3N3O3)2 0.345h 48

55 Ba2Sr(C3N3O3)2 0.350h 45

56 K2(HC3N3O3) 0.350h 49

57 Ca3(C3N3O3)2 0.350f 50

58 Ba2Mg(C3N3O3)2 0.351h 48

59 Rb2Ca(H2C3N3O3)4·4H2O 0.362h 51

60 Rb3Na(H2C3N3O3)4·3H2O 0.2 0.368i 52

61 K2Ca(H2C3N3O3)4·4H2O 0.371h 51

62 K2Mg(H2C3N3O3)4·4H2O 0.376h 51

63 α−Sr(H2C3N3O3)2·2H2O 0.379h 23

64 NaRb3(H2C3N3O3)4·3H2O 0.67 0.389c 34

65 Na2Ba(H2C3N3O3)4·6H2O 0.394h 53

66 RbNH4(H2C3N3O3)2·2H2O 0.400i 54

67 Rb2(HC3N3O3) 0.400c 34

68 K2HC3N3S3·1.5H2O 0.400e 55

69 GU3(H2C3N3O3)3(H3C3N3O3) 0.402a 56

70 Li2Ca(H2C3N3O3)4·6H2O 0.407h 53

71 GU(H2C3N3O3) 0.419a 56

72 K3C6N7O3·2H2O 4 0.446i 57

73 Cs3C6N9·H2O 9.8 0.520e 58

74 Cs2Mg(H2C3N3S3)4·8H2O 0.580h 29

75 Cd(H2C6N7O3)2·8H2O 0.590e 59

76 Cs3Cl(HC3N3S3) 11.4 0.600e 60

77 NH4(H2C6N7O3)·2H2O 0.640e 61

78 Ⅰ 9 0.619d This work
79 Ⅱ 8.7 0.589d This work

a :@400 nm; b :@514 nm; c :@532 nm; d :@546.1 nm; e :@550 nm; f :@589.3 nm; g :@589.6nm;
h :@800 nm; i :@1064 nm.
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Figure S1. a) LOL-π color-filled map at 1.6 Bohr above the π-conjugated plane and b)
ELF-π isosurface for diverse octupolar π-conjugated structures (isovalue = 0.6).



15

Figure S2. a) Vertical flip of [C6N7(NCN)3]3- group between neighboring layers; The
ORTEP diagram (50% probability thermal ellipsoids) for I (b) and II (c).
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Figure S3. PXRD of a) Ⅰ and b) Ⅱ.
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Figure S4. Crystal pictures of a) Ⅰ and b) Ⅱ; Elemental mapping images of c) Ⅰ and d)
Ⅱ.
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Figure S5. XPS of Ⅰ. a) Rb 3d. b) C 1s. The first peak (284.8 eV) is attributed to C-C
from the background, the second peak at 286.3 eV originates from C 1s, and the third
peak at 288 eV is attributed to the N-C=N. c) N 1s. The first main peak at 398.8 eV
attributed to N 1s and the second peak at 401.4 eV attributed to N-H bonds. d) O 1s.
The peak at 531.8 eV comes from the O-H-bonded O in the water of crystallization.

Figure S6. XPS of Ⅱ. a) Cs 3d; b) C 1s; c) N 1s; d) O 1s. For Ⅱ, the attribution of the
peaks in the XPS spectra of C 1s, N 1s, and O 1s are very close to those of Ⅰ.
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Figure S7. IR spectra of a) Ⅰ and b) Ⅱ. The peak at 3363-3465 cm-1 originates from
the O-H stretching vibration in the water of crystallization. The characteristic
stretching vibrations of the [C6N7] ring are shown at 789-794 cm-1, 1183 cm-1,
1427-1435 cm-1, 1487-1495 cm-1, and 1639-1643 cm-1, respectively.62 The strong
absorption peaks at 2167-2171, 1487-1495 cm-1 are attributed to the stretching
vibration of the side group C≡N63.
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Figure S8. TG-DSC curves of a) Ⅰ and b) Ⅱ. The first and second endothermic peaks
correspond to the loss of crystal water, and the subsequent exothermic peaks arise
from the decomposition of the [C6N7(NCN)3]3- group. The[C6N7(NCN)3]3- group was
found to be thermally stable up to 693 K, but the presence of crystallization water
greatly reduced the compounds' decomposition temperature. Therefore, we explored
the anhydrous compounds. Pure phase powder of 0.5 g of Ⅰ and Ⅱ with 8 ml of
anhydrous ethanol were placed in 23 ml of polytetrafluoroethylene liner, and held at
90 °C for 60 h using the mild hydrothermal method. Unfortunately, the degree of
crystallinity of the anhydrous phases were too poor to perform XRD analysis.
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Figure S9. UV−vis−NIR diffuse reflectance spectrum of a) Ⅰ and b) Ⅱ.
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Figure S10. a) The complete extinction of I with the right-rotated compensator and b)
using the 546 nm filter; c) the measured thickness of I. d) The complete extinction of
Ⅱ with the right-rotated compensator and e) using the 546 nm filter; f) the measured
thickness of Ⅱ.
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Figure S11. The NLO crystals containing octupolar π-conjugated structures.
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Figure S12. Calculated band structure (GGA method) of a) Ⅰ and b) Ⅱ.
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Figure S13. DOS and PDOS a) Ⅰ and b) Ⅱ.
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