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Crystal Structure and Enthalpy Change of Formation
Reaction for Lal;(NO);- (H,0),- (C,H;OH),

ZHAO Qing-Shan ZHOU Hui-Liang MAO Ju-Lin HU Qi-Lin* LIU Wan-Yi
(College of Chemistry and Chemical Engineering, Ningxia University, Yinchuan 750021)

Abstract: The solid complex of lanthanum nitrate hydrate Lal;(NOs); - (H0), - (C;H;OH), with 4-( p-dimethylamino-
benzaldehydeamino)-4H-1,2,4-triazole (L) was synthesized in dry N, atmosphere and absolute alcohol. The compo-
sition of the complex was determined by chemical and elemental analyses. The crystal structure showed that La* was
coordinated by ten oxygen atoms with three nitrates, two waters and two alcohols. It crystallizes in a monoclinic
system, space group Cc with ¢=8.464 9(12) nm, 6=17.593 3(19) nm, ¢=33.902(3) nm, 8=90.152(2)°, Z=4. The
enthalpies of solution of lanthanum nitrate hydrate and L in absolute alcohol at 298.15 K and the enthalpy
change of liquid-phase reaction of formation for complex Lal;(NO;); «(H,0), +(C,HsOH), were determined by a
microcalorimeter as (-35.254+0.004), (-59.687+0.017) and (-6.926+0.015) kJ -mol™, respectively. The enthalpy
change of the solid-phase reaction of formation was obtained through a thermochemical cycle. CCDC: 727762.

Key words: lanthanum nitrate hydrate; 4-(p-dimethylaminobenzaldehydeamino)-4H-1,2,4-triazole (L); crystal structure;

microcalorimetric method; thermochemistry
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La(NO3);-6H,0, Jo/K L BEY S AR, 4-2 Bk
1,2, 4- =AM xF — N BAPEE  H0, Jok &
B FH T 28 bR K A 3

i OIS AE RD496-2000 7 fif 7 #4110 |- 3
A7, S50 A AR B0 A e s T 298.15 K 1Y i
PHEECH (72.19320.027) wWV-mW, ll5E 298.15 K
ARG 4l KCl 725 B T K I RSN (17.236+
0.013) kJ -mol™", 55 SCHK{H (17.241+0.018) kJ -mol ™ ']
TR HEREE N 0.02% K% R 0.2% , AL
55 2R FH [ - SO — VR RE 43 I 5 =X B e i SR T
PRFA 15 mL B9AS G5 AR i) RO A7 )5 |
TR R R A e s i A £
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4 La(NO;);-6H,0 I 4-20 51,2, 4- = Z M 4 Xof
TR ORI (L) o i TR i K B
FEFTIE T8 N, AR = FUfR R SR A s TR 4 1)
VSR, FERE TP PE IR R N LA B R, T T R
ARSI PE N 2 b K5 BT H AT VE IR 22 | IR R
REA RN, o 8 AR s K SRR R
BT THRETEE, &M,
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1.3 BIELEHNE

BEHU SR 0.49 mmx0.43 mmx0.35 mm Y f 1A
FTEMME, MARSSHTE Bruker Smart-1000 CCD
X SR AT S I R A AR R AR Y
Mo Ko H 16 UE(A=0.710 73 nm) Fl w-260 477 5K |
R 12886 DTS AL, Hh 6677 DMSLAT S A
(R.,=0.028 3),6407 A 1] WM 23 [I>20°(D)], 4= HH
28 Lp M WIS E  Z544 FR ELER VA A o 3
AR SR F AL AR B 251 Fourier AU AE . B
2 R=0.0283,wR=0.0435, fiiRIE AR, 25 HFE
Cc,a=8.4649(12) nm,b=17.593 3(19) nm,c=33.902(3)
nm,3=90.152(2)° ,V =5.048 8 (10) nm*,Z=4,F (000) =
2256,M=1098.90,D.=1.466 g-cm>,u=0.992 mm™,

CCDC:727762,
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AL & IC R S A it BB (%) : La 13.07,C 41.81,
H 4.84,N 23.72,0 16.56; SZ{A (%):La 13.04,C
41.75,H 4.89,N 23.70,0 16.62, HAb2¢4H 5 &
LaL4(NO5);+ (H,0),+ (C,HsOH),,

BC G W T o B RN S A B 91 TR 1, HAS

La* & & EDTA W@ 50 ;¢ H,N,0 ik MR TR LA M RUED R T 2,
x1 BREVYHNIERKEER
Table 1 Selected bond lengths (nm) and bond angles (°)
La-013 0.248 0(5) N5-C11 0.145 1(11) N14-C25 0.127 5(10)
La-012 0.253 6(5) N5-C10 0.146 0(11) N15-C29 0.138 6(11)
La-010 0.255 8(5) N6-C13 0.131 2(12) N15-C33 0.144 4(13)
La-07 0.256 9(6) N6-N7 0.139 7(10) N15-C32 0.145 3(12)
La-01 0.260 4(6) N7-C12 0.128 4(11) N16-03 0.122 0(8)
La-02 0.260 9(6) N8-C13 0.134 7(10) N16-02 0.127 09)
La-O11 0.261 4(6) N8-C12 0.135 5(10) N16-01 0.127 6(9)
La-05 0.267 5(6) N8-N9 0.140 7(8) N17-06 0.123 3(10)
La-04 0.269 5(7) N9-C14 0.127 3(10) N17-04 0.124 5(10)
La-08 0.276 1(7) N10-C18 0.137 1(11) N17-05 0.127 2(10)
N1-C2 0.130 2(11) N10-C22 0.144 6(13) N18-09 0.122 1(9)
NI-N2 0.137 5(9) N10-C21 0.145 2(13) N18-08 0.126 4(8)
N2-C1 0.131 9(11) N11-C24 0.129 0(11) N18-07 0.126 5(9)
N3-C2 0.134 6(10) N11-N12 0.137 4(9) 010-C34’ 0.144(3)
N3-C1 0.135 5(10) N12-C23 0.132 5(11) 010-C34 0.145(4)
N3-N4 0.139 4(9) N13-C23 0.134 5(11) 011-C36 0.143 8(11)
N4-C3 0.127 9(10) N13-C24 0.136 6(11)
N5-C7 0.137 4(10) NI13-N14 0.140 7(9)
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013-La-012 164.1(2) 013-La-011 72.91(17) 010-La-04 92.7(2)
013-La-010 85.5(2) 012-La-011 120.0(2) 07-La-04 131.11(19)
012-La-010 78.6(2) 010-La-0O11 141.02(18) 01-La-04 91.2(2)
013-La-07 112.40(18) 07-La-011 138.0(2) 02-La-04 131.0(2)
012-La-07 65.27(18) 01-La-O11 70.90(19) 011-La-04 69.2(2)
010-La-07 80.0(2) 02-La-011 70.67(19) 05-La-04 47.7(2)
013-La-01 122.66(18) 013-La-05 70.49(19) 013-La-08 65.66(17)
012-La-01 72.52(18) 012-La-05 104.04(18) 012-La-08 108.49(17)
010-La-01 146.21(18) 010-La-05 72.80(19) 010-La-08 70.4(2)
07-La-01 72.3(2) 07-La-05 152.4(2) 07-La-08 47.19(17)
013-La-02 77.53(18) 01-La-05 130.9(2) 01-La-08 102.4(2)
012-La-02 114.48(18) 02-La-05 134.5(2) 02-La-08 65.9(2)
010-La-02 136.3(2) 011-La-05 69.55(19) 011-La-08 124.60(18)
07-La-02 70.3(2) 013-La-04 115.10(19) 05-La-08 123.8(2)
01-La-02 49.18(18) 012-La-04 65.89(19) 04-1a-08 163.12(19)
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Fig.1  Structure of the title complex
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Fig.2 Packing diagram of the title complex in a cell
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La(NO,), - 6H,0(s) + 3L(s)

A H-(2)| yC,H,OH(l)
A H-(1)| xC,H,OH(l)

La(NO,), - 6H,0 - xC,H,OH(1)
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ZU 8 3 AT FITT R 2007, L g 45 2R 5 e IR A R
AHIA] . B DWEE ICP-AES Ko il | La® i 5% BA Ve & O
2.9x107 pg-mL", BNAAH TP L8 La 715 U B %
WO SN2 100% 2047 B, Qi Ui b b Bk 2 1)
SRR ISL I FTAT A H (5)=A H (1)+3A_ H_ (2)+

H
sol m

AH (1), SR A H (1),A,, A H (1)
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+ 3L-yC,HOH(I)

H(2)

m

H(s)
(x+3y)C,H,OH

LaL,(NO,), - (H,0), - (C,H,OH),(s)
+4H,0 - (x+3y-2)C,H,OH())

AH(1)

VK AR Sy ArH,? (s)=[(~35.254+0.004)+3(~59.687 +
0.017)+(=6.926+0.015)] =(-221.241+0.070) kJ -mol™,

25 LT B ST A ) Laly(NOs); - (H,0), -
(C.H;OH), 5& 4= 7l LAL7E oK S BEvh | il i 4-% 3 -
1,2,4- =AM 4% — W2 X (L) S La(NOs); -
6H,0 S0 il 75, R AT AR AR, S & b
HEEE IR A RS Ul W B S E 5 0 A AR S I AR E 1k
HRONE 2 H0AT 3 BE & 0 1 T RE R o AR 7 4R 1
BT LS8,

S} S o
F2 A H (DA A H. (2K %0 H1E
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Table 2 A H_(1) and A H_(2) experimental values
No. M/ mg 0/ mJ A H-(1) 7 (kI mol™) M/ mg 0/ mJ AL H_(2) / (kJ-mol™)
1 597 —485.997 -35.249 1.43 -396.469 -59.681
2 6.03 -491.006 -35.258 1.39 -385.527 -59.704
3 6.08 —495.106 -35.260 1.50 -415.695 -59.655
4 6.07 —494.193 -35.253 1.44 -399.188 -59.673
5 6.13 —498.979 -35.246 1.53 -424.457 -59.718
6 5.98 —486.894 -35.255 1.57 -435.350 -59.690
Mean+SD -35.254+0.004 -59.687+0.017
e s
£3 AH,(HHZHHE
S .
Table 3 A _H_(1) experimental value
No. Q/m) AH(1) / (k] -mol”)
1 -57.893 -6.936
2 -58.009 -6.950
3 -57.542 -6.894
4 -57.776 -6.922
5 ~57.901 ~6.937
6 -57.751 ~6.919
Mean+SD -57.812+0.122 -6.926+0.015
2% STHE - [3] Richardson F S. Chem. Rev., 1982,82:541~552
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