B3 36 HL '1’Ea '#’ Vol. 3, No.3
19874E 9 A JOURNAIL OF INORGANIC CHEMISTRY Sept., 1987

F1(D)—WESHRBER (L HONE

FEH FAR MEL AR

CLEXFRFEZR, Fh)

ATMBETEHRKEM . RE* + MgY?™ = REY™ + Mg?* fiRE*" +
MgZ?~ =REZ'*~+Mg’* #£ B T 3| B [ =0.10MNaC10,, 298.15K B} 45 &
(RE=La, Ce, Pr, Nd, Sm, Eu, Gd, Dy. Ho, Yb, Y, YR EDTA
MR, Z° HDTPABR MEHRH FMeY ~MMgZ° g AR E I, KRBT
REV—YRIRE—Z°~ R MAH, Hp—-SHHURERT REY MIREZ "
B At B S 2 MAGH AS, FIR MR ® T Tby Ery Tm, Luld
TCEME M &,

X0 BUK B HESHR

El

HEFERAMLOR % . @SR ERMNNET S0 LN TS EH A
BRI e, (2 S BRI B, T FLBSR DB DAL 5% 6 R B R F
GRMBE. L, BRI TR, A £ TR R 1
BT 984625 B

ZZHEM 78 (EDTA) M ZEWHEZM ( DTPA)Y R A+ ZHRFA
EERMEAA. Spedding, F.H.%TOML Z-LRMMEHITIRE R, W T
RECIDR FHEDTARBMAR #0715 RAKRNTTRE:

Tl

RE* +Mg¥2- B, ppy- i e (D
e 2+__V4-
Mg2* + Y* -,éﬂmi‘#,(,],,\ig_”_‘.,,_Y;_L_,Mg\rz -~ (2)
AT 19864 7 A17H i H,

* R ERRE R R SV AR
*rOFHEE R LR KR R BB



70 ®OoW % 3%

C1)+(2)48C3).

AHgp(RES —V*") (3)

RES*+Y*" —-REY"™

CAHREE(RES—Y4 ) = AHpa(Me> —Y* 3+ A\Han - (4)

KON, AH w0, AHmp(Mg® —Y* HRXEME. M TRE FREV IR
BETMe VR RUEIERRE, L, BHRRMCLD A A

_ L (Mg?**) _ Kp(REY") _
CMgY 2 JCRE®*") Kma(MgY?®™)

>10°

BRI H5 5 B B T B 5 W 1) BRoE &k

AN, Spedding, F.ITMHFRFEEWHAMMNE, —EZEBVHREKR, W
BN IGRE, TULBREREEE, oHRGASEH.

A0 OIMBE LR ARMBBEBRITIMER, RASpedding, F.H. M I 5. W
ET+H—FRECI)® (RE=La, Ce, Pr, Nd, Sm, Eu. Gd, Dy, He. Yb, Y)
HEDTAMBME . 485 Spedding, F.ILZMBIHL, Wb, AXHRAX
Fpaiik, DAy LR A RBIFHAIB AR, WET LAT+—MRECL) BT45DTPA
PR AT (i, 45930 T B8 45 3L, _

7oA By, R REER (NCS™, NEg) WEMNEESMETF H,0, B T
THRIMIL0 OIMMRE(NCS) (V8 M, WIEFEM (407 1:5000 ), HmH,0% T
RARKRHEENCS WM&, 205, HRTKERECIHE 7 AL I IASCR
Iy 3 A% S S R0 P

—, RARRENHE
RE(NCS),-nH,Of%14. Li4ifE}99.9-99.99% W RE,O, ( Ligi LT
RO R, BEES R,

3Ba(SCN),; + RE,(50,),——>3BaSO, + 2RE(NCS),

WFFRE(NCS) - nH, Ofhfh, BE G, BFEA50-53%H,SO, T 1R A8 (510 E,
B HTIER, P BN, RE:NCS:H,0=1:3:n, X%RE=La., Ce., Pr. Nd
M, n=73 MRE=Sm, Eu, Gd. Dy, Ho., YbRIYE}, n=¢, SNICOLET
P3/1F 90 U fiel P i A S A % M e 4 RARATCO0 . R EDBIEA T £ RE(NCS), -nH,0
LRI T99. 9%,

KA HCIRINaOH iR 94l; MgORINaH, Y -2H,0 Jrdkdiik &), DTPA
AT AR TN E B R B NaClO, b2k aliaR 7 28 W8 vk B 45 4o

RRAUAR R 03 R R R



% 3 b CED -5 2 MR (3 ey I 52 T

=, ARUHREHRIE ‘

1, B RBREFEREE SHIPRAEMN KSR U AR RD- 1 RS Y
SRR E BT R, B RD- 1 R RAA AT IR, BRI )1 KRR
SO MITR BT REATTA, B T LR BB - o5 4 P T A TR R . LB I RDT
1AM 565, X 2 £ TRIL_E @ A0V E Y . LA b He wlett-Packard
RWRIMISAESATIM T A C 5 50, BEP ), X% ARl U T-257 Bafi 25
AT AR R R TSK-6B 1 e -3 i) 43 b 2% 15 o ke AR 4% v 45 PR i) 388
fridbeds, A . MR i DW K-70208 0] 5 RERG 95 1L 13 SR i B .
BRI RO T AP RD/IBRUMFE BN, (iR K P-39B R ( BA=)
im &, ‘

2, BHAARETEENBE B 2081510 1K 1 L JE F, ¥ 2.02ml%0.2220N
NaOH#E® ( ECO3™ ) 520.10m!f0.02206NHC] s sk 47 R v, #5041 F R
7119 49mm* (M & e Hn =12), BPGHWHBEHE KK = (3.504+0.016) X 10" Jmm ™2,
REBPFRERMAH = - 56,2640, 46kIJmol ™}, HCI, NaOHFINaCI#Em =0.02 I
TR TR BB ) — 66,4, — 5841~ 52¢calmol ™13, FHX SR (A H w2tk
TRIE, 81 = 0mbRiE P M3k AHN = - 55.95kJmol ™!, !5 3¢ Wik {f — 55.82k]
molC®2—3, JEMAEMRLE LT W,

. \ o S
AR R T E  RETF BRI x = x 220047, 0. = \/'n‘(-nd—}”j'i"

R R R R, WA IR EERARTE .

3. BB E LRV W ERHO0.01047TMRE(NCS) i s
TR R MgO5Na, H, Y- 2H, O% 4 f R, #il450.03300 M Mg Y * "j# K, FipHs-
2MIRRIEH AR o = 7012 MM MeO S DTPAZ BTN, 1R HCOE™
MINaOHE W pH JH38.32, HI15YKRE H0.03300 MY Me 22 ~iH K . LR ZFhit sy &
0.10MNaClO,, LIl T-3 e, ,

We T WA 45 10 57 A IR B ST A S5 6 Bl 4> A £ REBGH A B4 ey, RO B0
ABYE, GRZERIKR, TR RASEE P EE RN SRR “TE” a1 “Z”
WITH R R, i, AR KT ABERONPEY, FRW —XRMAT L, BRE
8RR YRR B B 2R B, SISO R 4 3,

BHRIFIGH, MR 10.0mIMeY > (59, 8mIMgZ® ™) ¥, H & 78 A% 9 Lk
30.02mI(E30.04m1)0.0104TMRE(NCS) i, “Z 7 Pk RHAFRR B3 A B IER

RV RB IR, SBEITROGE R FRNIELE, FBHESERs<, X
CTHEY A “BHY MR C CTEY B “B0” H =8 S KA RAK, =5
Ze IR, 5 BAGAR RRBEATE] ) o AT A CBE” W BOETT R R K
R UL R AR SR IR 22,

APRE(NCS) i #, MgV IEm R Mg Y ° I i ik f R UEAT i 2k i, 4521
FW, HOR/NISTE (AR AR 2V LUV, WX A T B B R W] RS R T

S5 U AR A BB R I A A p LB 5 Ay, XA, REPT = Y4 RIRES - Z° 4
{524y, # 1P PSR TX— M. Yot %% 5 i, RECTE TUR &4 KR,



72 x OH f 2% 3%

%1 EMFREYRREZ MK gBHXpHE
Table1 1gKstab of Coordination jons REY™, REZ’~ and Some pH Values

experimental last pH

j 1gKstab. CL‘:IIV;‘;ZLPE)O":EI;‘HZ%OH value of replacement
RE ]~_, . ‘ reaction -

; REY-C6 | REZ:70 | RE* Y+ | RE**-2°" . &ng | ﬁ%g;
La 1509 | 108 | 462 o0 om0z | 4
Ce | 15.45 | 20.5 [ 4.50 3.70 ‘ 1.89 ‘ 5.22
Pr | 1576 | 2107 | 4.3 351 | 4.9 | 5.23
Nd 0 10.05 2080 | 420 333 | 493 ¢ 5.7
Sm | 16.53 \ 22,34 | 3.95 | 3.09 , 5.0 1.92
Eu 1666 | 22.39 | 389 | 3.07 .90 5.01
Gd | g8z | 22.46 . 3.82 | 3.05 5.00 | 5.12
Dy { 17.78 \ 22.82 o336 | 2.9 i3 5.2
Ho | 18.04 | 2278 | 324 | 2.6 | 482 | 5.1
Yb | 1900 | 2262 3.8 | 3.00 | 4.4 | 5.3
Y | T.srt | 22.05 i{ 3.55 | 3.18 | 5.4 | 5.09

notel =« refer to 1)
note 2 in the cuse of complete coordination, (RE*"1<10~"M

e S R

K ZFE3HHIGLT RES ~ Y MIRE®" = Z° (KBS 0 I 52 B 4 B A B2 34y
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F2 RE—YV' NREANEMBRERNAG. AS
Table 2 Heats of Coordination of RE’*—Y*~ and Corresponding AG, AS
Cheateogsr. K==(2.852£9.011) %107 Jmm™?*, AHeoor. (Mg?*—Y*")=13.14kImol™"
[=0.10M NaClO., 298.15%£0.1K)

: ‘

ox "y P A - Zage
S R i e R
La S| 24.73%0.22 11.59 [ 86.69 1 251.9
Ce 12 24.8240.27 11.68  ©  88.16 256.5
Pr | 12 ] 25.61%0,21 12.50 89.91 259.6
Nd o \ 27.66£0.28 14.52 i 91.60 1 258.5
Sm |13 1 26.86%0.28 13.72 x 94.31 | 270.3
Ea | 13| 23.12:0.19 9.98 | 95.06 285.1
Gd i1z 10.580.20 6-44 ] 95.98 300.3
Dy 11 17.54%0.18 4040 101.46 325.5
Ho 11 I 17.87 £0.15 4.73 102,97 | 329.5
Yb 12| 21.88£0.23 8.84 108.41 334.0
Y 1 13| | 14.81%0.18 1.68 ; 99.17 -327.0
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EEEAHBRRG(Mg?t - Y*7)=13.1440.63kImol 173, MAH& & (RE3* - Y*")
M IR KR AT £0.91kImol ™!, SCHRC 8 JAGHY R AR 2 H £0.15kImol ™, B,
F 2pASHI B RIRERHEL + 4Tk 'mol ™1,

%3 REF—Z  HRUARMNEBEZRBENAG. AS
Table3 Heats of Coordination of RE’*—Z°" and Corresponding AG, AS
Cheateonst. K=(2.844+0.011)x 10 Imm™?, AHuoor. Mg’*—Z°)=15.06k] mol
]=0.10M NaClO,, 298.15£0.1K)

!

Re [ gn R | RS G| e

klmol™! ° mo
La 10 29.4720 32 41 Ir | 3245
Ce 12 31.2340.25 16.17 | 117.03 338.3
Pr 11 35.31£0.39 2,25 | 120.25 | 335.4
Nd 1 38.3140.47 23.25 ¢ 123.30 . 335.6
Sm 12 42.31%0.47 2725 | 127.53 336.3
Eu 15 14.64£0.55 20.58  127.82 320.5
Gd 12 42.10£0.46 27.04 | 128.24 339.4
Dy 12 42.93£0.45 27.87 ¢ 130.29 313 5
Ho 12 £0.204£0.41 | 25.14 | 130.04 351.8
Yb 13 32.91+0.41 17.85 0 120.16 373.3
Y 12 20.3040.38 | 124 | 12585 | 3743

24 FREEMEH—AHENRE '—Y*)
Table4 Heats of Coordination of RE**—Y*~ Measured by Different
Author CkImol™!, 298K )

s | o Loy o an ot g
RE Staveley Betts Spedding | KopoBoBa! IFFuger | Choppin 1S wor
Cies8) | (1959) | Cleg2) | (1963) | (1965) | C1977) (1986)
La 3.3 12.2 17.2 4.8 15.6 11.6
Ce 10.2 2.0 12.3 20.1 16.2 17
Pr 3.3 13.4 19.7 20.8 12.5
Nd 12.5 3.3 15.2 20.1 27.5 14.5
Sm 3.3 14.0 19.2 26.4 13.7
Eu Lo0.7 10.7 14.6 24.9 10.0
Gd 4.6 -1.8 7.2 10.5 22.9 6.4
Tb - 6.3 4.7 15.8 (3.6)
Dy - 6.3 5.1 12.6 16.1 4.4
Ho -5.2 5.7 13.0 16 4 4.7
Er -6.3 7.1 12.6 17.0 (6.2)
Tm ~6.6 7.8 ‘ 17.5 7.3
Yb -5.5 9.7 11.3 17.3 8.8
Lu bo—2,7 10.5 13.4 17.9 9.2)
Y ‘ 2.5 6.7 11.3 1.7

note 1 estimated value in brackets
note2 « data at 293K
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Tables Heals of Coordination of RiZ''™—Z" Measurcd by Different

Author ( kI mol™', 298K )

: : . : 0~
RE | Moaiier Chtoan c}g;Sm tll(fjggg’;k

1952 ) ‘ ( 1968 ‘ C1977)
La | 25.8 | 218 25.3 1.
Ce | | 24.1 29.9 16.2
Pr | 20.7 ; 27.9 l 35.5 20.2
Nd 20,3 : 29.7 | 38.4 | 23.2
Sin 33 ‘ 33.1 ? 11,2 7.2
Eu 33.9 \ 33.1 : 47.8 29.6

- Gd | 31.1 32.6 47.5 27.0

T 32,2 32.2 ‘s .1 (29.7)
Dy 3.5 , 33.1 1.7 27.9
Ho | 31.38 31. 42.6 25.1
Lr | 30.5 | 31.0 ‘ 11.3 €22.6)
T 23.9 7.6 | 36.6 (20.5)
Yh E 23.0 | 25.9 \ 51.9 17.9
Lu | 19.2 \ 21.3 i 32,0 (15.1)
Yy 21.8 | 36.3 1.2

| |
5

notel estimated value in brackets
note2 * data at 300K
&Ko FUh T IR AT R A SO AN -2 T I I B R
i ¢ 3)7% AS+ S kit =S wuy—--Sy' " (%)
AS +8Ser® " BRI T Sy~ R XS 28 b o 48 Latimer-Powell 35 45 45 24
A3, RIS et R CAS+S 1Y) - R Lig, mmme. xiana,
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Table 6 Results of Linear Regression Analyses

(AS+Spi'*)Y—=ar '+b

straight line slope(a) intercept(b) { éﬁtﬁ-ﬁﬁg;‘tﬂ(gs)
U U R
® ‘ 786G.1 | -788.0 | 0.998
® | ~58.32 f 228.9 } ~0.996
® | 277.9 —123.2 | 6.998

gote  units of a and b are Jk™! mol™!

$7 ABEPENENTFREY FREZ AL SHY
Table 7 Thermodynamic Parameters by Interpolation for Coodination
Ions REY™ and REZ’~ (288K)

| REY - | REZ:"
i ' ’ ' P B R N T

RE, s ~AGL® -AH_ | As 1 -age -AH

;‘ Jk™'mol™! klmol™* kJmol™! | Jk™'mol™’ | kImol™! kJmol™!
Tb | 319.4 | 98.83 |  3.60 335.3 | 129.66 29.69
Er 330.9 104.85 | 6.19 : 359.4 | 129.79 22.63
I'm 332,14 106.44 | 7.33 | 366.4 129.70 20,16
Lu 335.7 109.24 y 9.15 [ 379.0 129,07 15.07

! {
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DETERMINATION OF HEATS OF COORDINATION
FOR RARE-EARTH IONS WITH AMINO-
POLYCARBOXYLATE LIGANDS

Vin Jingzhi Jiang Bengao Sun Tongshan Sun Hongjian

( De purtment of Chemistry, Shandong University, Jinan)

The enthalpy changes of the replacement reactions; RE®* + MgV?2 ==
REY +Mg?* and RE®* + MgZ® =REZ?"+ Mg?* have been measured ca-
lorimetrically at 298.15K, keeping ionic strength I=0.10M NaClO,; where
RE=La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Yb, Y; Y*~ and Z°  re-
present the radical of ethylenediamine tetra-acetic acid(EDTA) and di-
ethylenetriamine-penta-acetic acid (DTPA) respectively. Using literature
data of heats of formation for coordination ion Mg¥Y2?™ and MgZ®", the
thermodynamic parameters (AH, AG and AS ) of formation of coordina-
tion ions REY™ and REZ?*” were calculated, Furthermore, corresponding
thermodynamic quantities for other four rare-earth elements(Tb Er, Tm,

Lu) were estimated by interpolation,

Keyword heat of coordination rare-earth aminopolycarboxylate



