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Abstract

hexaquo-samarium, were synthesized, and their properties were determined by EDTA titration, element analysis, infrared

Two complex compounds of rare earth with valine, monovalino-hexaquo-neodymium and monovalino-

spectrum, thermogravimetry, differential thermal analysis and melting point measurement. The thermal decomposition
mechanism had been deduced, and non-isothermal kinetics of the thermal decomposition of the complexes had also
been studied by the methods of Achar and Coats-Redfern. The activation energies and the pre-exponential factors in

the kinetics equations of two reactions, the first step of the water-loss process and the first step of the bond breaking

process of the amino acid skeleton, were obtained.
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), dliEE 4R 99.5%.
1.2 BISEBEAYHER

FREL 1.4361 g ) Nd,O,, FHIE & R IRV A,
TR RAR R 2 R T B B HeAR - (RE) S5 40
HIR (Vah) ¥ R EE R FE 101 23 BRI A DL-41 44
iR, INAGE FE 288K, 16 85~95 CKIA P 2 [ 14
Y5 S8 A . BRI IR 2 75~85 C, Bt FE
5~8 h, MR 4R 75 W AR, B Wk 4R VRO B AE PLO;
TR 5~6 JE, VBRI L 2 Pk vk 1A% ] 4 5
W, B E S TSP ERES T 24 h
RI75 %] Nd(Val)Cl,+ 6H,0 Bt &4 dh A, [\ il 515
Sm(Val)Cl,* 6H,0(Sm,0, 1.4833 g)™.
1.3 HIEEBRTSYHNLEDT

SR FHAEA T R 1, FH 7S U R 5 DU e % s v
IR T 2 ELRR T W pH=5~6, — W ks 48 R 71, 1
BERRUE TR TRObR R 3 W BE (Y EDTA I <, AR
EDTA 5 + & F R o R D) AE SRR R
(e 2 1

KB R BB E RE(Val)Cly - 6H,0 Bl 44+
CI & . BHURE(Val)Cl,- 6H,0 5L TR, 26 HNO,
F NaHCO, % i AL 3 pH (EFEHITE 6.5~10.5,
JA 0.1 mol - L™ K,.CrO, 857 1 8% 2 i, F 0.15
mol - L™ AgNO, W% & , A i £1 A UTTE A= Jins B
A B 2
14 HIFEREESYH TG.DTA 53if

M (TG) 22 (DTA) 73 M 7E b 5t 5 AR 7%
fR] A ) HCT-1 RIS KA |58 B ; a-ALO,
fENZ W), DTA & R +50 pV, TG # 4 10
mg; DTG 2 10 mV -min™ s # 5 7E N, “URINNE,
N, [P A 35 mL-min™; FHEH R 4710.0 C-min™.
BRI 10.0 mg FE 4.
1.5 BIEEBESWHLINLES

FIr AL #8575 [ Bruker 23 7] 42 77 ) VECTOR
22 RILTAMETEAL. {FHE LA 30000:1; 43385 K 0.5
em™; YGRETEFE 7500~370 cm™; F ORI HE 20
page-s™, KBr £ Jy.
1.6 BISERESYHNTESTSERNE

K 3¢ [# Thermo Electron Coppration 2 7] 4=

®1 BRAVMERS T

Table 1 Composition analysis of the complexes

Complex  w(RE)(%) w(C)(%) wMH)(%) wN)%) w(Cl)(%)
Nd(Val)Cl;+  30.165 13.917 4.597 2.957 24.032
6H,0 (30.318) (12.622) (4.873) (2.495)  (22.356)
Sm(Val)Cl;» 30978  13.010 4.722 2.963 22.712

6H,0 (31.203) (12.462) (4.811) (2.907)  (22.072)

Values in bracket are theoretic contents

77 () FlashEA 112 CHNS-O 43 B4 6 7 1 2 KL g i
A% RE(Val)Cly-6H,0 JCEH Mk 471 17434 ; R
RS R AR BR A WA A S WRR FE
SO RE T R G0H - s R L A P

2 HBRE5ITe
2.1 EEWHIER RS

BE A 40 0 41 A0 B L 2% 1. 3 A A 0 S
SIS R A R R AR S AR, Bl
PIRARZS B €0 S N S L3R 2.
2.2 BEEEWHILLINGE

RE(Val)Cly 6H,0 Bl P £T M 1 Hh i i 33
5 SCERME A B, 7E 589 em [T BT S 0 RE ST
HIL T Ko FIE N R ER S0 p(HLO), B 1 H BLIE
BT KD TF25TEALFE 1600~1687 cm™ [X [H] 4
HILT COO I AR 4 iR 2 v, (COO7), COO"
(18 S5 ot iR AW 45 4 st oA < s 1 BURR A, 6B T RE
CeR L= L RETERY (/R i W0 LI
23 EEWHIRSFEIIE

Nd.Sm Fit &Y FE i 7E B=10.0 C -min 57F T
() TG-DTA 45 WLIE 1. 2. 3 i #4E (TG) ik
Oy K 2 HT(DTA), I T 4Bl A 40l RE Y
PO FREHLERL, BELR T 555 N BUE Y BLS 2R R
2.3.1 NdVallCl;-6H,0 & &4

55.0~116.2 C

Nd(Val)Cl;-6H,O Nd(Val)Cl;+3H,O

11.30%(11.36%)

116.2~183.3 C 183.3~228.6 T

Nd(Val)Cl;+0.5H,0

9.40%(9.46%) 1.90%(1.89%)

277.4~384.4 C

Nd(Val)Cl, Nd(Val),sCl; NdOCI

20.90%(20.55%)

R2 BEEVHAE B REREE

Table 2  Purity, melting point, state and color of the complexes

Complex M, Purity(%) T,/ C State Color
Nd(Val)Cl;* 6H,O 475.75 99.5 105.0~109.3 solid crystal lilac
Sm(Val)Cl;+6H,0 481.87 99.28 127.7~132.2 solid crystal faint yellow
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1 Nd(Val)Cl;-6H,0 B TG-DTA

Fig.1 TG-DTA patterns of Nd(Val)Cl;-6H,0

384.2~552.9 T

NdOCl
15.20%(15.62%)

2.3.2  Sm(VallCly-6H,0 24 4
68.6~120.1 T

Sm(Val)Cl;6H,O Sm(Val)Cl;*3.5H,0

9.30%(9.34%)

129.1~147.2 C 147.2~209.6 C

Sm(Val)Cl,-2H,0

5.70%(5.61%) 5.10%(5.61%)

209.6~247.8 C

Sm(Val)Cl;-0.5H,0 Sm(Val)Cl,

1.90%(1.87%)

377.8~697.4 C
Sm(Val)y;Cl;* SmOCI SmOCI
23.90%(23.93%) 1.90%(12.16%)

Fic £ 90 1] BE A I3 f AL BE AT DL atE— A X 45
()7 A A T S T 25 HH A4
2.4 BEVHRSBHNZE

X AR B A i (CaCa0, - HyO) 2 — 2L A I3 il
g K e v % i Achar 3 F1 Coats-Redfern 54716
fLBESZIG AT, 49 E=104.77 kI -mol™, 5 Sl
FEAIIE 1A S0 1 DA KR A AT S
241 Nd\VallCly-6H,0 % — % # 4 LR I 31 /1 % 5 %

Nd(Val)Cl;+6H,0 Bl &H17E B=10.0 C-min™" 5%

255.1~377.8 C
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2 Sm(Val)Cl;-6H,0 £ TG-DTA

Fig.2 TG-DTA patterns of Sm(Val)Cl;:-6H,0

T, S oK B8 Nd(Val)Cl, - 6H,O—
Nd(Val)Cly» 3H;0. 43R 30 FiAS [m] A4 AL o i
fla), G(av), i5 | Achar #:F1 Coats-Redfern 75 X} 4
SRR BN S 55 E nA #5471 144 it TG
M5 %A SO ) 8 ) 2 SRR I3 3.

3 o FORMEEN T 0F, AT T —
AR IS R AL B A3 B, dardT T4 H 435K
[SRERANE ST S

FIHZR 3 W 8h Iy 2E St B, o BT 4%
i BE SR In[(da/dT/f()1Ph K 1T 8, /E In[(do/
dD)/fle) X T P, 3K H B LR RER AR, tklR
(—E/R):RIGALEE E, I (In(A8) ) 3R HERHTH 7 A.

% 4 5T Nd(Val)Cly - 6H,0 55— 3L #) it
Achar 51 Coats-Redfern 3158451

3¢ Achar 35 F Coats-Redfern 32 #3134 45
R3S R BUAWFN LB EnA 3%,
HE LA 2 AH 2 REURIBAR LT . BNy Nd
(Val)Cly*6H,O 55— 203 J3 fiff e 7K o 72 1 T AL g
E=127.59 kJ -mol™, F5Hi [H T FUXIEUE In(A/s")=38.42.
AR AL R A R EOE 2R f (0)=(3/2)[A—a)™-1]"

%3 Nd(Val)Cl;- 6H,0 $— #5357k 5h /1 F BRI R
Table 3 The kinetics data of the first step of the dehydration process of Nd(Val)Cl,* 6H,O

T/K a(%) da/dT T/K a(%) da/dT
343.45 0.115044 0.00908 370.35 0.513274 0.02674
347.35 0.150442 0.00803 372.95 0.592920 0.03063
351.15 0.176991 0.00917 375.55 0.672566 0.03063
355.05 0.221239 0.01424 378.15 0.752212 0.03080
358.15 0.274336 0.01671 380.15 0.814159 0.02876
361.95 0.336283 0.01798 382.15 0.867257 0.02461
364.65 0.389381 0.02004 385.35 0.939823 0.01989
367.25 0.442478 0.02163 388.35 0.991150 0.01711

a: fractional conversion
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% 4 Nd(Val)Cl;-6H,0 £—##5## Achar ;%5F0 Coats-Redfern ;& it H 45 R3fLL
Table 4 The comparison between the calculation results of Achar method and Coats-Redfern method

about the first step of the heat decomposition of Nd(Val)Cl;:6H,O

Function Achar method Coats-Redfern method
number E/(KJ+mol™) In(A/s™) IRI* E/(kJ-mol™) In(A/s™) IRI*

1 83.88 25.64 0.9560 104.72 32.52 0.9965
2 113.18 35.00 0.9945 118.97 36.88 0.9992
3 127.59 38.42 0.9963 125.55 37.69 0.9995
4 153.92 4742 0.9857 139.49 42.57 0.9974
5 44.75 12.78 0.9109 30.32 7.79 0.9968
6 34.12 9.35 0.9289 27.78 7.03 0.9991
7 67.89 17.80 0.9291 93.46 26.24 0.9946
8 232.91 74.42 0.9409 143.07 33.16 0.9948
9 107.47 34.65 0.9352 78.63 25.00 0.9868
10 79.24 25.13 0.9076 50.39 15.44 0.9858
11 65.12 20.29 0.8829 36.28 10.56 0.9848
12 51.00 15.32 0.8422 22.16 5.50 0.9822
13 361.57 118.09 0.9772 332.73 108.50 0.9880
14 43.94 12.75 0.8112 15.10 2.84 0.9788
15 192.17 62.70 0.9638 163.33 53.08 0.9876
16 276.87 90.45 0.9729 248.03 80.85 0.9879
17 67.97 20.46 0.9793 61.63 18.25 0.9992
18 -129.5 -45.24 0.6854 23.36 5.76 0.9304
19 -50.51 -18.65 0.5390 33.27 9.20 0.9694
20 —208.49 -71.95 0.7280 16.67 3.33 0.8820
21 81.14 24.56 0.9647 66.71 19.66 0.9972
22 87.72 26.52 0.9568 69.46 20.36 0.9954
23 28.48 7.65 0.7945 49.32 14.48 0.9960
24 56.18 16.71 0.9212 77.02 23.57 0.9963
25 0.78 -1.68 0.0394 21.62 5.01 0.9946
26 -8.45 -4.97 0.4026 12.39 1.57 0.9924
27 —-13.07 —6.70 0.5686 777 —0.33 0.9889
28 186.46 61.65 0.8835 72.92 24.58 0.7784
29 186.46 61.65 0.8835 128.31 42.43 0.9198
30 118.48 42.51 0.8017 33.42 10.29 0.7512

* |Rl represents the linearly dependent coefficient of the linear fitting.

G (2)=[1-(2/3)a]—(1-a)*, HLIL g = 4L 3 1k, Bk
ﬂ%s@‘ﬁ\”}. Wi S R

(*)eXp(—f) 7[(1 a) =17

F—H L. RAFH) E=174.43 kJ-mol™, In(A/s™)=
32.57, iz%ﬁfim“ijm‘ﬁ“ﬁﬁﬁﬂv

(*)GXP(—i) (1-o)

dT B dT B
2.4.2 Nd\VallCly 6H,0 2 28 7 R 8T % — I B R 5 2.4.3 Sm(VallCly-6H,0 % — % #h 2 R R 20 J1 % 5 %
JET Y . £ $=10.0 C-min™' FHR 5% T, Sm(Val)Cly+

K5 2.4.0 HARFE 7%, £ TR R g=
10.0 C+min™ /4 F, Nd(Val)Cl,+ 6H,0 Bt &#1#)
fift L FEAE 277.4~384.2 T2 8], % Bc & W FE & il
Nd(Val)Cl,—Nd(Val)Cl, - NdOCI Jz Jif 1 8l 11 2% %
BOHATAE S, H-456 Kissinger 15, & %4 #497 fif
S I HLE R B R fa)=1-a, G(@)=—In(1-a), JZ i}

6H,0 L& W) (1 #4J3 fiff :d #2 7E 68.6~129.1 T[],
Sm(Val)Cl;+6H,0—Sm(Val)Cl, - 3.5H,0. F 4% Achar
7M1 Coats-Redfern 2:%F 30 FHLER bR 11545

R, 4 f(a)=;—(1—a) [In(1-0)]”, G(a)=[-In(1-)]?
A, Achar 341 Coats-Redfern 3154 i 45 B A2
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i, HZM R Wiy, HILHERT Sm(Val)Cl;+ 6H,0
P B — 20 RoK S R A R LR B LA S B e
A K E=239.80 kJ*mol™, In(A/s™)=74.67, HI)) iR
S s 15 R
47 =5 P ) 5 (~al=n(1-a)T”
244 SmVallCly-6H,0 2 B & R BT 2 & — M B R ML)
hE5HK
TEFFERTHR S 1F R, 255.1~377.8 TR E X
8] Y Sm(Val)Cl,-6H,0 A& HIFE i i Sm(Val)Cly—
Sm(Val)ysCl,SmOCI, % i Achar 741 Coats-Redfern
e, K
fy=3-101- 11", Ga)=1-2-a~(1-a)”

ML sREGE F AT, TOAH Sm(Val)Cly+ 6H,0 #4473 fif
o R SRR SR AL ) B — B BT & 4R YHE, BR
PEXFFRHLEE, E=203.06 kJ-mol™, In(A/s™)=35.84, %
INRSIDAES=YF W

da _ A _ E . 3 )81
dr _(B Jexp( RT) 2 (1)1
3 4 8

(1) i 2 FE PR B A5 9 RE(Val)Cl, - 6H;0(RE=
Nd, Sm) #4figad R4 R B R Jo ok 25 45 oK R A6
K, PR A2 AR B AR T 2Kk . Nd(Val)Cl, - 6H,0
FEFHE 2 B=10.0 T-min™ F04 F Rk
3 4> H,0, Tfii Sm(Val)Cl,-6H,0 45 —#:%% 2.5 H,0.

(2) s 1 2 FE BB A4 Sm(Val)Cly - 6H,0 7E %
%Eﬁﬁ’?&%ﬁ%ﬁﬁ*%ﬁi Sm(Val)y;Cl;- SmOCI E/‘JEP
47, T Nd (BCEA8F], “ Nd(Val),Cly - NdOCL.
SRS T34 REOCL.

(3) #i - & FEFR L &%) RE(Val)Cl;- 6H,O(RE=
Nd, Sm)7ETHf# # 3 f=10.0 C-min™" 54T S i
B — 256k 0L 09 7% A6 RE 43 1 S 127.59 kI -mol ™ FI
239.80 kJ - mol™; 15 if K ) X £ In(A/s™) 5351k
38.42.74.67, BN J12F i RECR.

(4) 5 + FILFR B A W RE(Val)Cl, - 6H,0(RE=
Nd, Sm)7E TR B=10.0 C-min™ 04 F #0 i,

AR TR BRI BB B A — 25 i S N VS AR RE E
A381°R 174.43 kI »mol™ .203.06 kJ -mol™; F5 R A
BT EUEInA/s ™ 3 9H 32,57 .35.84, 21 112 A
[A].
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