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BT AR R K M = G A AR [Er(Gly) (Im)(H,0)1(CIO,)ys L3 5347
LLAMIHT AT TCHR T S 5 R SCHREERE A LAl . P - S N ks, W T AR
TS PR AR E PR 2K S ISy
ErCl, - 6H,0(s) + 4Gly(s) + Im(s) + 3NaClO,(s) =[Er(Gly),(Im)(H,0)1(CIO,)4(s) + 3NaCl(s) + 5H,0(l)
H U 8 SR S, HEST S A I [Er(Gly),(Im)(H,0)1(CIO,), I A v BE /K 2k pi 48 i — 3481.6
1.0kJ/mol.
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Synthesis and Thermochemical Study of Ternary Complexes of
[Er(Gly),(Im)(H;0)](CIO,);
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Abstract The coordination compounds [Er(Gly),(Im)(H,0)](CIO,); from erbium-perchlorates,
glycine and imidazole have been synthesized. The complex was characterized by chemical analysis,
elemental analysis, TG, FT-IR, and compared with relatied literature. The standard molar enthalpies of
reaction for the following reactions were determined by solution-reaction calorimetry:

ErCl, - 6H,0(s) + 4Gly(s) + Im(s) + 3NaClO,(s) = [Er(Gly),(Im)(H,0)]1(CIO,); (s) + 3NaCl(s) + 5H,0(1)
From the results and other auxiliary quantities, the standard molar enthalpies of formation of
[Er(Gly),(Im)(H0)I(CIO,)s(s) were derived, A H e {[Er(Gly),(Im)(H,0)](CIO,); s} = —3481.621.0kJ

/mol.
Key words Solution-reaction calorimetry, Standard enthalpy of formation, Erbium -perchlorates,

Glycine, Imidazole
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FEEE . it 5% IEER ol ST 2 U8, s 1 5 % R AR M T 1) — o i
BYFAHR D, AN BRI 25, W SRR WK M pie G ) 4 ) 27 H Al /> WA
RE TR I ) R bR T PR JR A B R LR o LA DAV B IR A s A 1EAT — V1) IR N AT
UL KCRE IR 2 AT D R, O TR IS S IR T IR R W SR R e AT
(R AR, AR AT 0 B A b B IR K M = JUHC & I b v B IR A iy o Wik, 2B LUK
VERA, A BT AR WARIE (1) s E R H 2R DKM — oA I [Er(Gly),(Im)(H , 0)](C10,);, Xt
LA AT TR - R NGk, W T 7€ 2.0mol/L HCI # ErCl, - 6H,0. Gly.
Im. NaClO,. NaCl M[Er(Gly),(Im)(H,0)](ClO,), I fi#s, FHHRIE Hess 52 Ht it ML 24 1E
W, THEH T R IR RO AR R IR BN <
ErCl; « 6H,0(s)+4Gly(s) +Im(s)+3NaClO,(s) = [Er(Gly),(Im)(H,0)](CIO,)4(s) +3NaCl(s) +5H,0 U]

Ik — 2SR HU[ErR(Gly),(Im)(H , O)](CO,)5(S) FrIFRHE FE IR A kS o
1
1.1

Er,0;. ErCly - 6H,0. HCIO,. HZM&(Glynine, 54 Gly). BKM:(Imidazole. 5 4 Im).
NaClO,. NaCl. KCI ¥4 7 #r2li(h 8 Bs 25 (4R 1) LR A wl). EnO, gk, &>
99.9%, FHFIZEA P,O MBS THEES hE T, KCIFH R TR vEY) )40 % >99.99%, 1§ ]
HI7E 135°CHH4a T 12h J5 B AT & H: HCIO, Wy 70.00%~72.00%, & #%
(] A4 ST A S8 /0 T T e T s BT A S0 FH /K38 o0 IR IRK .

H A 53 DT-20B AU /04 72 KR 1106 IC 240 H1¢: Nicolet 60SXB £LAMGiEAX
HA B UV-16 BUEAMAT WGHEA;  BiOR2A ) WZS-1 R DI R S
L R I BRI LR A A 2 Bt B 1 1) A ST P R R S PR B B R i A - e I AT
1.2

B AL T S % SCHRR[Q)AI[10]13E T B Er,0; 5 6 1581 HCIO, s, ARJGHIKINAAL
AR I H Z R AR M, 7E 340K [V 7~8h(pH = 6.5~7), ¥, WR4i)5, & THH 70%
WO I TS h =0 R AT A T U R SR IR R TG K SRS =ik, H ZUOKE S5,
PRLE 310K R POy BLAF TS T R H

EDTA @&/l aYf i RES &, JuEMHTAE Co Hy N X &=, 4558
W 1; ] KBr JEF, T 4000~400cm? juFlicsk HER . KM, BL AWML Aeit, Bos i
® 2, R 2EY: RAEYSHZRAKMALE, FESSRR e G AR A= T I R . |
SRAE 3130cm™ 4b H HL—NHg" O FR AP 4 g shieg, 7E 1590em™, 1403cm™ &b 437 Hi I — COO ¢
PR R B e FORT PR AN AR PR B0, ERC G ) X Selde oy Sl R A T 568 IKMefE 3115em™ &b
HIL—NH fhgadezhig, 7Efc &9 hiX—Frbig R 5%, 76 1669cm™. 1542cm™ kb3 il tHIL C
=N. C=C—M%iahf, {EIAEYTXLWENHIRELAR, XL EF S AR, K
Mk A TREAVER . DA, M iR A 10 mol/L ¥ SRR EH . HHalie . wkme S i
YIS 2 A, fE 190~300nm X [A] 5 KR KA Ch 195.2. 192.2, 209.1. 205.8nm,
LANERE SR PN . $E—2b T DT-20B RS 0 M OGRS AT S E 0 b, RN
Be A IR = AN B S BE 112~157 , TR 97.41%(97.89%), ML &Mk

2
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K B BE 157~323 , FIRY 54.29%(54.65%), NECEWIR LN, BB 322~
497 , FRW 29.91%(30.20%), MR SR AR (FEINA N BEIS (), Hgh RS SOk Eex)
FEARW S o IR E P G546 388 M [Er(Gly),(Im)(H , O)](CIO,)s0 B &4 6 il 5 445 45

1 [Er(Gly)(Im)(H,0)I(CIO,), ( )
Tab.1 Experimental (exp.) and calculated (calc.) values of elemental analysisfor [Er (Gly),(Im)(H,0)](ClO,),
TLE RE ¢ N H
SSIAE (V- SEHLAE)/% 19.49(19.63) 15.53(15.49) 9.73(9.86) 2.98(3.05)
2
Tab.2 Infrared datafor Gly, Im, [Er(Gly),(Im)(H,0O)] (CIO,),
[ty IR, v/cm?
v ,(CO0 ) v (COO ) v (—NH*) v (—NH*)
Gly 1590 1403 3130 1505
[Er(Gly),(Im)(H,0)](CIO,), 1629 1411 3156 1488
v (—NH) v (C=N) v(C=C—) v (HO—)
Im 3115 1669 1542
[Er(Gly),(Im)(H,0)](CIO,), 3156 1630~1620 1490~1450 3415

1.3
VO FRA TR 58 A2 AE BRI 2 Ak 2 S B 5 a1 LA TRV A B 1) e Y B h 3T . e
VI REE . A3 Mo a7 6 DL SCRR[12]s ARG 2 B £1X 103K, I R 0% N £1X 107K,
SEIGHTH 2l KCI ZETE Y 298.15K I X G T TAR 2, 25/ T 0.5%, HfiiA A& rUE
R SRS R IR G SR o S NS RT P= 1) 1 ¥ i 24 25 30 3 R DL AT ' ASCRI 458 A6 1 Sl g 64T bk
1.4
Sy sk HURE B IRRAE AR RS, AREE Hess B, B N R TE LR UL 2GR
©
4Gly + 3NaClO, + ErCl;-6H,0 + ImA'—Hm>[Er(GIy)4(Im)(HZO)](CIO4)3 + 3NaCl + 5H,0
L L ] | | A He @)
4Gly + 3NaCIO, 100.0mL 2mol/L HCI + 0:0423g H,O
100.0mL 2mol/L HCI |

' AHE(@3)
Y AHR () o

100.0mL 2mol/L HCI 100.0mL 2mol/L HCI

1
Fig.l Thermochemical cyclefor measuring the molar enthalpy of reaction for thereaction
15
K00 B A7 ) 50 o3 A E IR A A AT o5 . RT3 ) SR 25 % T 2.0mol/L HCI
W% 2.0mol/L HCI A5
151 WM AHD@Q % HCE B4 (K Gly(s) 0.1410g(1.8782mmol) , NaClO,(s)

0.1678g(1.3703mmol) & T-#m v FE S, HX 100.0 mL2.0mol/L HCI ¥ E T e it b, i
3
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HEF T AR R E AT 298.15K 5, WA I R RS . 28 5 IR, 450811 3 (i
N RN Ao

1.5.2 WEIE AHE (2)ME WO ErCl, - 6H,0(s) 0.1792g(0.4696mmol), Im(s) 0.0320g
(0.4700mmol) & T # B I FE At b, B 100.0mL 2.0mol/L HCI+1.8782mmolGly(s) + 1.3703mmol
NaClO, ()% T /e, [\ [, 7E% . 298.15K Tl AR, 4 5 i, 4595 1% 3
TN RN B)-.

1.5.3 BRI A HC G)IIMIE  HL A4 I [Er(Gly),(Im)(H,0)](CIO,)s (s) 0.4000g (0.4695mmol),

NaCl(s) 0.0823g (1.4234mmol) & T~ # & i (£ it 1, HX 100.0mL2.0mol/L HCI + 0.0423g
(2.3487mmol) H,0 & F /it rfe [A b, fE# . 298.15K FMIILH LS, 45 illiE, 45341
TR 3B C).

3 A B C
Tab.3 Themolar enthalpy of dissolution of every kind of material in reactants
e tls AEJmV AE/mV A HE(ki/mol)
KA 1 271.1 10.2241 10.2357 73.1737
2 257.0 10.1242 9.6047 73.0023
3 264.3 10.2005 9.9843 73.7067
4 270.0 10.1599 9.9283 73.5130
5 268.7 10.1535 10.0039 73.3057
AH? 73.340+0.277
RN B 1 239.5 8.1949 8.9776 —57.3084
2 228.9 8.4540 8.9203 —56.8665
3 232.1 8.1244 8.6655 —57.0433
4 231.8 9.2268 9.7986 —56.8148
5 230.7 8.1052 8.6289 —56.8052
AHC —56.967+0.213
P C 1 234.7 10.3011 8.8103 72.0267
2 227.8 9.3318 7.7292 72.1890
3 2225 9.1638 7.4767 71.5784
4 214.6 9.2354 7.2142 72.1081
5 227.3 10.0161 8.2708 72.2500
AH® 72.030+0.266

ABWIAFFAARIN (9 A A, g b IR0 O URRINIR): o o JWsifAR s AR TAREFfF: 298.15K,
R=1350.3Q, 1=9.548mA

21 AH?

i1 Hess EfER5: A HY=AHS(1)+ AHE()—AHS(3)—AHE(4)

AHE (@)FIKEHE : TR [Er(GLY),(Im)(H,0)1(C0,)5(s) F1 NaCI(s) ik BEAR /N, ' AT T 2.0mol/L
HCI JG # N 2.3487mmol H,0 T3 S IIFRRERS ,  ARR JL e S0 I A R DR AR /1, 7E K
B RVFRZETCHIZ N, ATRAZIEATE . BEA HO (4)=0.
i/
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AHE=AHO ()4 AH®(2)— AH® (3)=73.340+(—56.967) —72.030
= —55.657=0.254kJ/mol
2.2

w113

HR A Sk A 49 298.15K ErCly « 6H,0(5). Gly(s). Im(s). NaCl(s). NaClO,(s)brE E midd 41 1

%4 d, FIFSRIE A HO B SR,
AHE {[EN(GIY),(IM)(H,0)](CION()}

=AH? + AHE(ECly - 6H,0, s) + 4A H? (Gly, s) + A H?(Im, s) + 3AH?(NaCIO,, s) —

3AH?(NaCl,s) — 5A.H?(H,0, 1)

— —55.657—2874.41 + 4(—528.5) +49.8 + 3 (—383.30)— 3 (—411.153)—5(—285.830)

= —3481.6 =1.0kJ/mol
4
Tab.4 Ancillary data
] A,HE Iki/mol) ik
H,O () —285.830 == 0.042 [13]
ErCl, - 6H,0(s) —2874.41 [13]
Imidazole(s) 49.8+0.6 [14]
NaClO,(s) 383.30 [14]
NaClI(s) 411.153 [14]
Glynine (s) 528.5+ 0.4 [15]

2.3

FH 48 40 7T W, O B AR 4 0% A I & {ErCl, - 6H,0 + 4Gly + Im -+ 3NaClO,} #lI
{[Er(Gly),(Im)(H,0)](CIO,); + 3NaCl -+ 5H,0}7 100.0mL 2.0mol/L HCI (K% =11k e i
LA, R AR & e R, PR e (ns=1.3531), KW —HAAMF
(R 2R o FI U AR - AR BT R{TER(Gly)4(Im) (H,0)1(C10,)5(S) 1 A, HO A& I FE ) o
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