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Synthesis and Spectral Property of the Rare Earth (Ce, Pr)
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Abstract: Two new coordination compounds of rare earth chloride with N-acetyl-DL-alanine and imidazole have
been prepared from absolute alcohol. The general formula RE(CsHgNO;),(CsHsN,),Cl;-4H,0 (RE=Ce, Pr) of these
compounds were identified, by chemical and elemental analysis, FTIR spectra, UV spectra, 'H NMR and “C NMR

spectra, and molar conductance. The processes of thermal decomposition were identified by TG-DSC curves. The

possible reaction mechanisms and the kinetics equation were investigated by comparing the kinetics parameters.

The activation entropy of dehydration, as well as enthalpy values of dehydration and decomposition were obtained

by DSC curve. The three-dimensional fluorescence spectra of liquid compounds were measured. The phenomenon

of the up-conversion fluorescence is discussed.
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1.1 R AR S

N-ZBE-DL-N AR (85 Ac-Ala) Ky A4 ALk 51
SAAbA AR DR (FRT S Tm) S HAt 3500 2 28 43 #r
aiik ), JCFE M A% E Vario ELIT CHNOS Jo %
SIATACIN A s FTIR FHAE FE A & e 24 /] EQUINXSS 74
R L AR R 2T AP 35 AU 5 5 A RS W UV-Vis b
%3 91 35 [ PE 23 %) LAMBDA 17 &UF1 40 % UV/
VissH GG E 5 G 3L PR FH 55 [F Varian INO-
VA-4 BRI RE L ARALIN E |, 57X CD,0D i 7], TMS
fE A5 ;TG-DSC 2K Fl NETZSCH STA449C # 43 #7
A, B, FHR R 10 Comin™; = 4EDO6 K
F1 & B35 % I H 37 F4500 22 60, 38 & 6 TR
R KT R RN R A 43 51 R 200~900 nm 3% 2% AT
i, 4% 5 EX/EM:10.0 nm/5.0 nm, 14 8] & EX/EM .
10.0 nm/5.0 nm, A4 # E 12000 nm-min™',
1.2 BEWHHE

LK B, Fefb 2z 3t & L LnCl, -nH0
Ac-Ala:Im=1:2:2 (Ln=Ce,Pr) HU¥l,0.01 mol LnCl;-
nH,0 FMA Ac-Ala,60 °C [ 5 £ 30 min, 0
Im, PRI 4 by Wi, A b SR 08 4R & Tk
FIPI R 78 43 Ve i, TR A

2 HRSUE

21 BAYHARSMHER

Lo* & & H EDTA 5 , Cl-% it F 06 2K 1 7R
2 ,C HN & HIC R A, A5 R {355
W RTTHEAE , %) 4 :Ce BLAE Y Ce*:19.26(19.54),C.:
26.72(26.78),H:5.05(4.74),N :11.03(11.72) ,Cl"; 14.45

(14.83);Pr FiL &% Pr*+.19.40(19.63),C:26.25(26.75),
H:4.91(4.74),N:11.52(11.70),Cl-; 14.78(14.82) , B &
YIRS Ln(CsHgNO;),(C3HsN,),Cly - 4H,0 #F 4 (Ln=
Ce,Pr), W50 A4% 5 W) A Ak 24114 H LnCly- nHL0:
Ac-Alaslm=1:1:2,1:2:3, 1:2:4 Bk}, fRfb 4 &
fF, s FR A RAEIE B YR K W
Ay fH (102 Sem?-mol™) 4351k 4.38 1 4.25,PrCl;+
SH,0 4 3.72, i f& Ac-Ala 4 0.82,Im }y 0.16, # M
KW AT A B FHETRERS BEY
TG [ 5 45 e, e i e B 4 i
2.2 FTIR it

Ce 5 Pr LA FTIR S 3% 504 (cm™) 43 514
ven 1630 F11622,v . 1598 Fl 1595,v 1424

S(CO0) 27 S(C00)
1427, veo(BERE 1)39 R 1640~1570,8 (T 1)
1542 F1 1550, 546 1 544.p o, ¥4 2 600~3 500,
A RG-S Pk AR R, T BT C G P T B
25 A8 (AR AR {55 FC A A B | T 6 90 AH R 35 45 o7
BRI A AL Ac-Ala R IR0 BB FE AR B i
TR G PR MRS v Ay RITRE)
W, 2B Ac-Ala R EES 5 RS Bk T mliopk
1640~1 570 em™ [A] 1% 32 Jik T 06 Ffr 448 555 | Ik Jie 11 25 4k
AR, RUIRERS SEA, BEY 540~550 cm™
(4 W2 IS F Ln-O 8 A 0 45 4 201, i — 25 UE B AR
T H5REAF AL TEA, Im 1670em™ £k
-C=N-P 45 PR SHIELERL S W P 40 L0 R T 48 em™ FiI
40 em™, YLBH Im 3 v N JR T &4 TYEHY, BLA Y
2600~3 500 cm™ vNHmMﬁ 3400 em™ Bt K B O-H
i 451 41 By ik 0 g
2.3 UV-Vis J'L‘,'LE[

D E T PR G G 90 [ K 10~ mol - L™ 7K i
(AN e BAES TR 1, mE 1M, BRAaYKE

$(CO0)

x1 BAWH UV-Vis LG &E

Table 1 Data of UV-Vis absorption of the compounds
Compound A/ nm (solid) A / nm (solution)

Ce compound 263.4(0.584) 347.9(0.722) 198.7(0.973)
Pr compound 261.2(0.299) 347.4(0.217) 444.7(0.376) 199.4(1.013)

469.5(0.278) 483.8(0.269) 590.3(0.207)
CeCl;-6H,0 264.2(-0.588) 347.6(0.219) 499.6(0.065) —
PrCl;-5H,0 263.2(-0.071) 364.0(0.051) 444.0(0.293)

468.8(0.221) 481.6(0.200) 593.6(0.178) -
Im 260.8(0.051) 377.6(0.129) 504.8(0.073) 205.8(0.433)
Ac-Ala 261.8(0.135) 341.0(0.201) 194.4(0.298)

* The data in brackets are absorbency.
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260 nm AR Ac-Ala 7F 261 nm & 341 nm 540 K
TR AN XA WO, L5 B 3 K 7E AT LB X, Tm
A5G, Ac-Ala Fll Ce FLA ¥R ; Pr BL A W)
AR FEE WS, IS5 PrCly IS S AL, 7T I
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PrCly, 2 AT Lo(D 2+ 1) R 1L 38 — 5 1 5%
Mt
2.4 $EBEYW °C NMR & (5 E =) 'H NMR i

BERCA W PC NMR 35 (o ) DL R 1, IR G &
P EA IR BC NMR & F1 'H NMR 3%, HAH R 1)
e B e (5 T3 2, SEge W e 6 W i 181 3
T REA FRAE T Ac-Ala B9 HJE B ILRR L | SOA 4y
HETF Im §)-CH=CH- .=CH-f4 ¥ B 15 , 15 A i & 4
A& PR BCAAR , IF H AR B E 1 1) BC NMR 3%, CH,
H=CH-EF w2z 1:1, B Ac-ala 5 Im W9
Fri i o 101, 0ESE TRCA YA, & T Ac-Ala
4 R PR R Al D R S DB T 1)1 5 8 S R e T A 6
1M 2 i 3 S0 0 e 3 A DA S 2 Ak

B A% R He b A% 1 Ak 2 AL RS R A W Hh X 1 (I 5%
¥, X e TRAE COOH T =10 Lo & T
B i A% e ) 2 R e A% 41 81 114 2 o W R0z 5 1 171
Be G W Rk PR FR AR () o -0, U DR R AR 2%
TS 5L, X SIS NER 2 & T Im-
CH=CH- ,=CH- 1 i #% F S 4% 09 R ik Ak 2 60 % & A=
TG UL BRIR IR N & A TAEHT,
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Table 2 NMR spectral data of compounds (ppm)
Compound 5-CH=CH- 6=CH- 6COOH 6C=0 SCH; SCH;* SCH
Ac-Ala — — 177 170.9 16.3 18 53.7
Im 121.8 135.3 — — — —
BC NMR
Pr compound 120.5 135.9 183.7 175.7 16.9 23.4 —
Ce compound 120.1 136.5 181.7 174.8 17.2 22.5 —
Compound 6-CH=CH- 6=CH- 6COOH 6-NH- S6CH; SCHy* 6CH
Ac-Ala — — 11 8 1.43 2.02 4.64
Im 7.09 7.69 — — — —
'H NMR
Pr compound 7.59 7.94 — 8.53 1.85 2.32 —
Ce compound 7.48 7.82 — 8.36 1.78 241 —

* Symbolizes the methyl linked with amido.

25 BMEYHNASBENNEHRR
E 2 & Pr B &% TG-DTG K DSC 14k ,Ce L
EWYEZ AL, 2 HED 1L A P T BE ) 3 it

temperature range / ‘C 60~116, 147~180

PN, e 23 fif i B2 (C) 38 FBl R [RE D DTG I it
{5, TG K HIL (%), 455 N it EAE,

Ce(C5H3N03)2(C3H5N2)2C13 * 4H20

weight of residue / % 90.48(90.77)
CeCl;-CeOCl

180~340, 477~560 560~700
CeCly ———
35.89(34.38) 30.76(30.56)

temperature range / °C 60~116, 147~180

Ce(C5H3N03)2(C3H5N2)2C13

PI‘(C5H8NO3)2(C3H5N2)2C13 * 4H20

weight of residue / % 90.95(90.78)
PrCl;- PrOCl

P, 800754790
5 730.6930.62)

180~293, 309, 538~600
35.07(34.45)

PT(C5H8N03)2(C3H5N2)2C13
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Fig.2 TG-DTG and DSC curves of the Pr compound
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Table 3 Dehydration enthalpy, decomposition enthalpy and activation entropy of dehydration for the complexes

Dehydration enthalpy

Dehydration entropy

Decomposition enthalpy / (kJ-mol™)

C d
ompoum AH / (k) -mol™) AS / (J-K-mol™) 1 ) 3
Ce compound -713.6 167.29 -92.4 1624.5 —
Pr compound -195.0 150.57 -313.6 288.0 429.6

1 means the thermal decomposition and oxidation process of ligands, 2 means the decomposition and oxidation of residue and the rare-earth salt

was obtained, 3 means the hydrolyzation of rare-earth salt at high temperature.
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Fig.3 Excitation and emission 3D spectra of Pr compond
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Fig.4  Up-conversion spectrum of Pr compond
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