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Abstract: Five lanthanide metal complexes, [La,(BTO),(H,0)] -2H,0 (1), [Ce,(BTO),(H,0)] -2H,0 (2), [Pr,(BTO),
(H,0)s]-2H,0 (3), [Sm,(BTO),(H,0)s]:2H,0 (4) and [Nd,(BTO),(DMF),]-6H,0 (5), were synthesized by solvothermal
method with 1H,1'H-5,5"-bitetrazole-1,1"-diolate (H,BTO) as ligand and lanthanide metal ions as metal centers. The
structures of five complexes were characterized by single crystal X -ray diffraction and elemental analysis. The
results show that all the complexes belong to monoclinic system, P2 /n space group. The thermal stability of com-
plexes 1~4 was investigated by differential scanning calorimetry. And their kinetic parameters of thermal decompo-
sition were calculated by Kissinger method and Ozawa method, respectively. CCDC: 1848729, 1; 1848732, 2;
1843371, 3; 1860383, 4; 1860390, 5.
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Fig.1  Synthesis route of energetic metal complexes 1~5
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Table 1 Crystal data and structure refinement parameters of energetic metal complexes 1~5

Complex 1 2 3 4 5
Formula C4H,oN,,04La C4H,,N,,0,Ce C4H,oN,,04Pr C3H,oN,,0,8m CoH,,N,,0,Nd
Formula weight 481.14 482.35 483.14 49259 614.65

Size / mm 0.32%0.21%0.14 0.26%0.21%0.11 0.32x0.21x0.15 0.27%0.21%0.12 0.27%0.21x0.13
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2,/n P2,/n P2,/n P2,/n P2,/n

a/nm 1.030 71(14) 1.027 91(5) 1.026 13(7) 1.021 89(5) 0.922 77(6)
b/nm 0.876 12(12) 0.875 18(5) 0.873 81(6) 0.871 14(4) 1.660 49(10)
¢/nm 1.578 2(2) 1.569 89(8) 1.563 25(10) 1.551 84(8) 1.462 63(9)
BI() 108.132(3) 108.192 0(10) 108.283(2) 108.412 0(10) 107.796(2)

V / nm? 1.3544(3) 1.341 69(12) 1.330 92(16) 1.310 74(11) 2.1339(2)

Z 4 4 4 4 4

D/ (g+em™) 2.360 2.388 2411 2.496 1.913

F(000) 932 936 940 952 1224

R, 0.024 0 0.0227 0.057 5 0.0230 0.0376
Unique 3111 3094 3066 3026 4895
Reflection collected 26 907 26 645 26 434 18 064 31 644
Restraint 3 0 0 1 1
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Parameter 232 224 224 224 315

GOF on F? 0.996 1.023 1.046 1.040 1.014

R [I>20(1)) 0.024 1 0.018 5 0.030 4 0.020 5 0.0252

wR," [I>20(1)) 0.1213 0.0522 0.063 6 0.060 1 0.078 2

R, (all data) 0.024 4 0.019 1 0.044 2 0.0210 0.027 3

wR, (all data) 0.1220 0.052 6 0.067 5 0.060 5 0.027 8

SR =ZNFI-IF N ZINF | > wRy=[ X w(F >=F 22 Xw(F "2

K2 BREERESYWI-SHESEK
Table 2 Selected bond length (nm) of energetic metal complexes 1~5
Complex 1 Complex 2 Complex 3
Lal—N1 0.271 3(3) Cel—N4 0.282 6(2) Prl—N1 0.280 2(4)
Lal—N9 0.284 5(3) Cel—N9 0.268 4(2) Prl—N12" 0.266 4(3)
Lal—O1! 0.247 5(2) Cel—O1 0.251 3(18) Prl—O1" 0.249 2(3)
Lal—02 0.256 5(2) Cel—02 0.254 0(17) Pr1—02 0.2527(3)
Lal—O03i 0.254 0(2) Cel—03 0.245 3(18) Pr1—03 0.244 1(3)
Lal—04 0.255 4(2) Cel—04 0.249 3(19) Pr1—04 0.253 4(3)
Lal—O05 0.257 1(2) Cel—05 0.247 8(18) Pri—05 0.246 2(3)
Lal—06 0.250 6(2) Cel—06 0.253 2(17) Pr1—06 0.247 2(3)
Lal—0O7 0.252 4(2) Cel—07 0.255 1(18) Pr1—07 0.251 4(3)
Complex 4 Complex 5
Sml1—N]1 0.277 0(3) Nd1—N12¢ 0.267 4(3)
Sm1—N12" 0.262 5(2) Nd1—N4i 0.265 3(2)
Sml—O01* 0.245 7(2) Nd1—N8 0.269 5(3)
Sm1—02 0.250 0(2) Nd1—01 0.243 1(2)
Sm1—O03 0.240 3(2) Nd1—02i 0.2457(2)
Sm1—04 0.2417(2) Nd1—03 0.243 3(2)
Sm1—O05 0.249 3(2) Nd1—04 0.244 1(2)
Sm1—06 0.2427(2) Nd1—05 0.248 1(3)
Sm1—07 0.247 0(2) Nd1—06 0.250 3(2)

Symmetry codes: | —x+2, —y+1, —z+2; T x+1/2, =y+3/2, z+1/2; T x=1/2, =y+3/2, z=1/2; ¥ =x+1, =y+1, —z; ¥ x=1/2, —=y+1/2, z—1/2;

42, —y+1, —z+1.
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Fig.2 Coordination environment (a) and stacking crystal structure viewed along b axis (b) of complex 1
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Fig.3 Coordination environment (a) and stacking crystal structure viewed along b axis (b) of complex 5
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s J12 2K 4. Ozawa ¥l Kissinger ¥ 191
A RARIT . BB W) 1~4 A3 (1075 AL BE (Kissinger
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Table 3 DSC decomposition peaks of complexes 1~4 at different heating rates

B/ (°C-min™) Complex 1 Complex 2 Complex 3 Complex 4
2 260.3 269.3 262.9 256.2
5 275.1 281.1 277.8 268.0
10 284.1 293.1 283.6 278.4
15 287.3 295.7 288.6 2812
20 2952 299.6 2945 2824

R4 BEEMI4NFEEERRDIWIHNESH

Table 4 Non-isothermal thermal decomposition Kinetic parameters of complexes 1~4

Kissinger’s method

Ozawa's method

Complex
E ./ (k]-mo]’l) In A, r E, ./ (kJ+mol™) IgA, r
1 164.11 28.09 0.980 8 164.76 17.25 0.9827
2 182.13 31.56 0.984 9 182.01 18.73 0.986 3
3 182.70 32.15 0.976 1 182.45 18.97 0.978 3
4 192.97 35.09 0.968 4 192.08 20.21 09711
3 o2 @ B2 3H

(1) LA H,BTO FIHH 5 42 J8 IR 6 0 JFURE, SRR
R E AR T 5 R 4 I8 LA 9 [Lay(BTO),(H,0),] -
2H,0 (1).[Ce,(BTO),(H,0),]-2H,0 (2).[Pr,(BTO),(H,0),]*
2H,0 (3). [Sm,(BTO),(H,0),] -2H,0 (4) Fl [Nd,(BTO),
(DMF),]-6H,0 (5), 7" 52455 T 40% , 3R LA X 5
LA T E TR S FHEC G AT T 25 FRAE

(2) Hufh X STLRAT IR, S LA W3R T
BHHER P2 /2R, T B DME 231 1200,
BEAY S E(1.913 g-em™) B /N TRECG 9 1~4
)5 FBE (MK YA 2.306,2.388.2.411,2.496 g+ cm ™).

(3) DSC A Hr I, Bl &4 1~4 1431 B3 /K 43 itk
FRFIAA it 72 R i IR 50301 A 284.1.293.1
283.6.278.4 °C; L A4 1~4 B3t 195 AL BE (Kissinger
BV 164.11.182.13.,182.70.192.97 kJ -mol ™,

Supporting information is available at http://www.wjhxxb.cn

[11Li S H, Wang Y, Qi C, Zhao X X, Zhang J C, Zhang S W, Pang S P.
Angew. Chem. Int. Ed., 2013,52:14031-14035

[2] Freis M, Klapitke T M, Stierstorfer J, Szimhardt N. Inorg. Chem.,
2017,56:7936-7947

[3] Szimhardt N, Wurzenberger M H H, Zeisel L, Gruhne M S, Lommel
M, Stierstorfer J. J. Mater. Chem. A, 2018,6:16257-16272

[4] Wurzenberger M H H, EndraB S M J, Lommel M, Klapstke T M,
Stierstorfer J. ACS Appl. Energy Mater., 2020,3:3798-3806

[5] Wang T W, Zhang Q, Deng H, Shang L. P, Chen D, Li Y, Zhu S G, Li
H Z. ACS Appl. Mater. Interfaces, 2019,11:41523-41530

[6] Wurzenberger M H H, Braun V, Lommel M, Klapitke T M, Stierstorfer
J. Inorg. Chem., 2020,59:10938-10952

[7] Zhang J C, Zhu Z Y, Zhou M Q, Zhang J H, Hooper J P, Shreeve ] M.
ACS Appl. Mater. Interfaces, 2020,12:40541-40547

[8] Tselinskii I, Mel’nikova S, Romanova T. Russ. J. Org. Chem., 2001,
37(3):430-436

[9] Fischer N, Fischer D, Klapstke T M, Piercey D J, Stierstorfer J. J.
Mater. Chem., 2012,22(38):20418-20422



FoH

BRNBAE 1, UV- -5, 57 - IR DU A B 22 4 & B S 0 B9 6 il R AE K AT 1535

[10]Shang Y, Jin B, Liu Q Q, Peng R F, Guo Z C, Zhang Q C. J. Mol.
Struct., 2017,1133:519-525

[11]Guo Z Q, Wu Y L, Deng C Q, Yang G P, Zhang ] G, Sun Z H, Ma H
X, Gao C, An Z W. Inorg. Chem., 2016,55:11064-11071

[12]Shang Y, Jin B, Peng R F, Liu Q Q, Tan B S, Guo Z C, Zhao ],
Zhang Q C. Dalton Trans., 2016,45:13881-13887

[13]Zhang Z B, Xu C X, Yin L, Wang Z, Yin X, Zhang J G. RSC Adpv.,
2016,6:73551-73559

[14]Zhang Q, Chen D, Jing D, Fan G J, He L, Li H Z, Wang W T, Nie F
D. Green Chem., 2019,21:1947-1955

[15]Wang X J, Wang N, Yang Y P, Jin G L, LiZ T, Wang X, Lu Z Y. J.
Energy Mater., 2021,39(1):113-124

[16]Wang C J, Shen J, Zhang J H, Bo J. J. Solid State Chem., 2019,277:
721-726

[17]Fischer N, Klapistke T M, Reymann M, Stierstorfer J. Eur. J. Inorg.
Chem., 2013(12):2167-2180

[18]Luo L Q, Jin B, Peng R F, Shang Y, Xiao L. P C, Chu S J. J. Therm.
Anal. Calorim., 2019,135:3005-3013

[19]Kissinger H E. Anal. Chem., 1957,19:1702-1706

[20]0zawa T. Bull. Chem. Soc. Jpn., 1965,38:1881-1886



