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Coordination numbers for rare-earths ethylenediaminetetra-
acetate (REE-EDTA) in crystalline state: a mini-review

by
Daisuke NOGUCHI*

The crystal structures of rare earth elements ethylenediaminetetraacetate (REE-EDTA), including
potential applications towards biomedical engineering in MRI, have been briefly reviewed by some
researchers. However, there is no systematization of almost all of REE-EDTA complexes; therefore, in
the present study, a total of 114 kinds of REE-EDTA (except Sc, Pm, and Tm) were searched in the
Cambridge Crystallographic Data Centre (CCDC) and their coordination numbers (C.N.) are
summarized. The largest number of registered REE-EDTA is La-EDTA for 22 kinds, followed by 15
Gd-EDTA. The C.N. of each complex ranged from 10 to 9 for light REE (La—Sm) and 10 to 8 for heavy
REE (Y and Eu-Lu), suggesting that a decreasing in the C.N. of lanthanoid (Ln)-EDTA is considered to
be due to ‘lanthanoid contraction’. The C.N. of Tb-EDTA deviated slightly from the overall decreasing
C.N. in Ln-EDTA complexes would be because of a lack of a sufficient number of the studied samples.

Key words: Aminopolycarboxylate, Chelate, Complex ion, Lanthanide.

1. IZL®IC JCHESE 19 BEO/KAMENI b, E6IT
RUTIJKRIY BNVKREE (PAPC) OF % A K [ Carboxylates of rare earth elements (f7 3875 0)7!711/
(Ln) $E@EIFHTFIThiz b e S (Zalupski et al. AU ) LI ZHF L Janicki et al. (2017) |
2021) [1], EWFEAOEBKIEEESE (MRI) 2B LoTobizafl &, 8D /AR B REE $5KN
DA e -7 LTCOEARHEESTWS By BB 0o, REE-EDTA S KD fk i 4 1 (72
(Zapolotsky et al. 2022) [2]. ZWrE L L CToO R IL8E AEHO) ~DF KT 16 SO BFFEFR ST EE DS T2 Ry 72
OGN RIZE S RETHH L LT, Wangetal. LOEMEIZHENTDOIORE, REMRFNIZE ED
(2010) X PAPC M3ENL L7-A H3Et# (REE) $5{k HLALTZ[4]. RBEHROCEGHAEIC LD &, ARREER
Ot mEIE 2 MEL L7Z[3]. £OH T, PAPC ® ) Hix R v 7 )y Ukm¥7T — 4%k %— (CCDC) I
LE<mbhsF L YT I o NERE (EDTA: X 1) 1% 100 Fi¥E & % ¥ o REE-EDTA $5{R D fb i &5 — &
D% L — NEAL L7= REE $5(KICBI L, 15 MO DBFINTNDZ EEZEER LTS, LNLRRD,
TG &R L TR IE & R L7 RREE, ERo

HooC SN H COO~ BR O TIXAFAE L7\,
N e
_OOCJH_\—M Bl %X, =AW L (Er) O EDTASEICIE, /b
N cooH £ 5t 7 Bk L EDTA T =4 ([EDTA- 4H]4')
L =Dk BEAL L 72 [E(EDTA-4H)(H20)2] |2
M1 =F L o7 I o NEEE (EDTA) ORPEA A2 Z, EBHITH I —OKLYFNEN L -8 A zL/

([Er(EDTA-4H)(H20)3]") & T EIE A T2 R 72 5 i dh

SN 56 A30H 5 # (Accepted 3 July 2023)
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WA S TH Y, B AR LT
DARHE TIELET % (Cotton et al. 2022) [5]. L7=23 > T,

REE-EDTA $EA DR E~ DB A2 L 0 IRD D72 D121,

WL DOLED T, TEHETEL OfREET —
B EARIELS MENRH DO TILRNTE S D M.

% Z°CSc, Pm, Tm % k&< REE-EDTA $5{K D f i
&7 — 4 % CCDC (https://www.ccdc.cam.ac.uk/) 72> 5
IS L, Blfrsgd (B0 2 FEICE LD, #wET
%.ZZTC,REEXJAMERF 3D AN ¥ 7 A (Sc),
Ay rI oL (Y) BEOLn 250 nEORKT, &
HE, vy (La) oY~V T A (Sm) FTO
#i+3 (LREE) &, ot v A (Eu) MHLTF
7. (Lu) ETORXRFICY 2MZ-HEATHH (HREE)
SN BDORE@ETH S (Wall 2021) [6] (X 2).

Y |La|Ce | Pr [Nd|Pm|Sm]|Eu
Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
B 2 Sc %k < Ay 1 ¥ o0 (REE) % #%#47 1:48 (LREE)
(CK#AN) & EA L3 (HREE) I3 L7z & D]6].
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2. HREEE
CCDC |ZH Mt T — & 23 8k 7= REE-EDTA 8§
EEmBEL, /b2, Bfrfk (C.N) I L O5IHICH
R LICHEFERIECE LB (EDTA 7 =4 i34
TARERMTH 7). B, 7 AFrs (Pm) I
FZERMAENFEES, BERT—Fi3krolz. F
7=, YU 7L (Tm) @ EDTA KD 555 (K[Tm(EDTA-
4H)]'nH20) DO AT > THE SN TS HL DD,
[The Thulium crystals obtained were of very poor quali-
ty , so the study of the Thulium compound was not pursued
after the initial photography. (ff 572> U o ARSI
HEITHMENEL, OREURITY Y UL bad
DOMFRIFAT N2 0o 72.) ] & &% (Mullins 1983) [81].
Z 2T, Bl 2 1E La-EDTA OEN O HEIZHH LT
A& 9. 1965 FITITALALE 10 B LTV 9 D ZH DK
O X BREHTAER PR CHE Sz, BNk 10 ©
La-EDTASEA CIZ La¥ic=F L > V7 2 UEERE — /K
FA A ([EDTA-3H]®) BARMEERNLT 5 & &bz, &
BIZU2D DK FRENL LTS & Shic. —7, B
A3k 9 OEHATIE, LadticmF L U7 2 o UFEEE A

F1 ST — 22 CCDC IZ& K SN T 5 REE-EDTA Sk n{bE=x, Bfidk (C.N) B UOBEH (—
B, fEmSET —Z0 CCDCITITREREN TV ARWVWS D b ETr). cit=27 =, mal=Y o I3k

1) 74> (La) C.N  Ref C.N Ref
[La(EDTA-3H)(H20)4]-3H20 10 [7] [Laz(EDTA-4H)(SO4)(H20)s] 10 [14]
K[La(EDTA-4H)(H20)3]-5H20 9 8] Ka(NHa)a[La(EDTA-4H)(Cit-3H)]>-17H20 10  [15]

[{(CH3)2N}2Ci3Hgl]2[{La(EDTA-4H)-

K2(NHa)s[La(EDTA-4H)(H20)2]2-

9 9] _ 10 [15]
(H20):3}2]-4H20 [La(EDTA-4H)(cit-3H)]2-22H20
Na[La(EDTA-4H)(H20)s]-5H20 9 [10]  Naw[La(EDTA-4H)(HPO%)]+-8NaCl-4H.0 10  [16]
Nawo[Las(EDTA-4H)s(OH)](Cl08)2-27H,0 9  [11]  Naw[La(EDTA-4H)(CO3)]s-8NaCl-4H:0 10  [16]
[{La(EDTA-3H)(H20)}] 9 [12]  Heen[La(EDTA-4H)(H20)]2-10H-0 10 [17]
(NHa)s[La(EDTA-4H)(cit-3H)]2-9H20 10 [13]  Ke[LazEDTA-4H)(cit-3H)(CO2)]CI-10.5H,0 10  [18]
Ks[La(EDTA-4H)(cit-3H)]2-16H20 10 [13]  Ke[La(EDTA-4H)(mal-2H)(CO3)]-12.5H.0 10  [18]
Ke[La(EDTA-4H)(mal-2H)]2-14H20 10 [13]  (NHe)s[Las(EDTA-4H)s(COs)(H20)s]-12H,0 10 [19]
[Las(EDTA-4H)sCla(H20)15]Cl-8H20 10 [14]  Ks[Las(EDTA-4H)s(COs)(H20)3]-13.5H:0 10  [19]
[Laz(EDTA-4H)(NO3)2(H20)s]-3H20 10 [14] Nas[La2(EDTA-4H)2(C03)3]-17.5H20 10 [19]
@) £V L (Ce)
KoNaz[Ce(EDTA-4H)(02)]2-13H20 10 [20]  RbJ[Ce(EDTA-4H)(O2)]2-14H20 10 [24]
Na[Ce(EDTA-4H)(H20)s] -5H20 9 [21]  K[Co(NH:)e][Ce(EDTA-4H)(02)]2-7TH:0 10  [24]
[Ces(EDTA-3H)2(H20)s][Cr(OH)s(Mog- 0 22 Ks[(EDTA-4H)2(cit-3H)(CO3)]Cl- 0 (8
0O18)]-13H20 10.5H20
N2Hs[Ce(EDTA-4H)(H20)s]-4H-0 9 [23]  Ke[CexEDTA-4H)(mal-2H)(CO3)]-12.5H.0 10  [18]
(NH4)g[Ce(EDTA-4H)(cit-3H)]2-9H20 10 [13] Nag[Ce2(EDTA-4H)2(C03)3]-17.5H20 10  [19]
Ke[Ce(EDTA-4H)(mal-2H)]2- 14H20 10 [13]  Ks[Ces(EDTA-4H)s(COs)(H20)3]-13.5H:0 10  [19]
Ka[Ce(EDTA-4H)(02)]2- 14H20 10 [24]

B) 77+ T A (Pr)

Na[Pr(EDTA-4H)(H20)s]-5H20 9 [25]

N2Hs[Pr(EDTA-4H)(H20)s]-5H20 9 [27]
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- REE-EDTA

C(NH2)3[Pr(EDTA-4H)(H20)3] 9 [26] H2(PhNHNH2)[Pr2(EDTA-4H)2(H20)4]- 35H20 10 [28]

4) x4 Y2 (Nd)

C(NH2)3[Nd(EDTA-4H)(H20)s] 9 [ [Nd(EDTA-3H)(H20)] 9 [37]

K[NA(EDTA-4H)(H20)3]-5H20 9 [31] [Nd2{CsHa(COO)2}(EDTA-4H)(H20)]- 1.5H,0 10 [33]

Na[Nd(EDTA-4H)(H20)3]-5H.0 9 [ N2Hs[Nd(EDTA-4H)(H20)3]-5H20 9 [27]

Nas{[Na(H20)]4[Nd12(EDTA-4H)s(OH)1s]}-13H20 9 [11]

B) ¥~V A (Sm)

Na[Sm(EDTA-4H)(H20)3]-5H20 9 [5M] N2Hs[Sm(EDTA-4H)(H20)3]-5H20 9 [27]

Cs[SM(EDTA-4H)(H20)3]-4H:20 9 [37] Ka[Sm(EDTA-4H)(cit-3H)]-10H20 9 [15]
[Sms3(EDTA-4H)12(OAC)2(CO3)a(OH)a0-

[SM(EDTA-3H)(H20)] 9 [39] 10 [40]
(H20)38]-OAc-50H20

K[SM(EDTA-4H)(H20)3]-5H20 9 [5Y]

(6) 4> MU @A (Y)

{C(NH2)3}s[Y (EDTA-4H)F2]-H20 8 [H4] Na[Y (EDTA-4H)(H20)s3]-5H20 9 W

NH.[Y(EDTA-4H)(H.0)s]-3H:0 9 [w4]

(7) =7 a2 (Eu

C(NH2)3[Eu(EDTA-4H)(H20)3] 9 [%4] K[EUu(EDTA-4H)(H20)3]-3.5H.0 9 [50]

C(NH2)3[Eu(EDTA-4H)F2]-H20 8 [26] {C(NH2)3}2[Eu(EDTA-4H)]-4H.0 8  [51]

{C(NH2)3}4[EU(EDTA-4H)F(H20)]2-2H20 9 [%64T] N2Hs[Eu(EDTA-4H)(H20)3]-4H20 9 [23]

Na[Eu(EDTA-4H)(H20)3]-5H20 9 8] [NaEus(EDTA-4H)s(H20)22]-Cl04-28H.0 9 [52]

Nas[Eu(EDTA-4H)]CI-7H20 8 [48] [NaEus(EDTA-4H)s(H20)27]-(ClO4)a-26H,0 9 [52]

NH.[EU(EDTA-4H)(H20)3]-H20 o g  [EU(EDTA-H)(0AC):(CO(OMe0- h
(H20)38]-OAc-70H20

8 F#rRU=0L (Gd)

Na[Gd(EDTA-4H)(H20)3]-5H20 9 [ K3[Gd(EDTA-4H)(HPO3)]-7H20 8  [56]

{C(NH2)3}s[Gd(EDTA-4H)F2]-H20 8 [26] (NH4)2Na[Gd(EDTA-4H)(cit-2H)]-4H20 9 [56]

Cs[Gd(EDTA-4H)(H20)3]-4H:20 9 [37] Nas[Gd2(EDTA)2(HPO3);]-2.5NaCl-21H.0 8 [56]

K[GA(EDTA-4H)(H20)3]-5H20 9 [x4] C(NH2)3[GA(EDTA-4H)(H20)3] 9 [60]

NH4[Gd(EDTA-4H)(H20)3]-5H20 9 [43] [NaGds(EDTA-4H)s(H20)22]-Cl04-28H20 9 [52]

[GA(EDTA-3H)]-3H20 8  [56] [NaGds(EDTA-4H)s(H20)27]- (ClO4)a-26H,0 9 [52]

[Gd32(EDTA-4H)12(0AC)2(C204)(CO3)2-
N2Hs[Gd(EDTA-4H)(H20)s]-5H20 9 [57] 10 [40]
(OH)40(H20)36]-70H20

CH;3NH3[Gd(EDTA-4H)(H20)3]-4H20 9  [58]

9) 7L (Th)

Na[Tb(EDTA-4H)(H20)3]-5H20 9 [44] N2Hs[Tb(EDTA-4H)(H20)3]-5H20 9  [57]
K[Tb(EDTA-4H)(H20)3]-5H20 9 [62]

(10) A7 r 7L (Dy)

Na[Dy(EDTA-4H)(H20)3]-5H20 9 [6] N2Hs[Dy(EDTA-4H)(H20)3]-5H20 9  [67]
Cs[Dy(EDTA-4H)(H20)2]-3H20 8  [36] [DY(EDTA-3H)]-3H20 8  [68]
H3O[Dy(EDTA-4H)]-H20 8  [65] Na[Dy(EDTA-4H)(H20)2]-3H20 9 [45]
Na[Dy(EDTA-4H)(H20)s]-3.25H20 9  [66]

(11) &2 7 A (Ho)

Na[Ho(EDTA-4H)(H20)s]-5H20 9 [M8] NHa[Ho(EDTA-4H)(H20)3]-1.5H20 9 [70]
K[Ho(EDTA-4H)(H20)3]-3H20 9  [36] H3O[Ho(EDTA-4H)]-H20 8 [71]
Cs[Ho(EDTA-4H)(H20)2]-3H.0 8  [36]

(12) =, v 2 (Er)
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NH4[EF(EDTA-4H)(H20)2]-3H20 8 [23]  NaaEr2(EDTA-4H)>(C204)]-8H:0 8  [75]
{C(NH2)s}2[EF(EDTA-4H)F:]-H:0 8 [26]  {C(NH2)s}2[ErEDTA-4H)(H0)]Cl0s-6H0 8  [76]
H3O[Er(EDTA-4H)]-H20 8 [74] {C(NH2)3}3[Er(EDTA-4H)(CO3)]-H20 8 [77]
Na[Er(EDTA-4H)(H20)3] -5H20 9 [36]

(13) £ v 7 E T A (Yh)

Cs[Yb(EDTA-4H)(H:0)2]-3H20 8 [63]  Ks[Yb(EDTA-4H)(CO3)]-6H20 8 [80]
K[Yb(EDTA-4H)(H0)2]-5H20 8 [78]  Rbs[YB(EDTA-4H)(CO3)]-6H:0 8 [80]
{C(NH2)s}[Yb(EDTA-4H)(H:0)]CIO~6H:0 8  [79]  Css[Yb(EDTA-4H)(COs)]-6H20 8 [80]
Ks[Yb(EDTA-4H)(COs)]-2H20 8 [80]

14 v7F v a (Lu)

{C(NH2)3}s[LU(EDTA-4H)F2]-H20 8 [26] {C(NH2)3}2[LU(EDTA-4H)(H20)2]CIO04-6H20 8 [60]

v ([EDTA-4H]*) DARERA L, X T=20D K5

FMEAL L T B & &7z (Lind et al. 1965; Hoard et al.

1965) [7-8]. ENE TIE—XICT ¥ /A4 REEEBL A
BENLTHD EBE X HALTE A (Cotton 2017) [82],
b oBMmEIE, T ¥ A NSRS mENLE CEE
THZLENWSLENDTZODT L —7 AL—ThoT=
(Cotton 2005) [83], & L TZ ™ 42 D 2007 4%
TICEALE 9 D La-EDTA $51K72Y 4 FRFHMH & S 41 (Chen
et al. 1989; Nakamura et al. 1995; Wang et al. 2000; Xiong
et al. 2007) [9-12], & DBFSE TIIENLEL 9 O 713 E
BThol. L, ZOKITENE 10 © La-EDTA
PEERPFBORESIND L 5172V (Chen et al. 2012;
Guo et al. 2015; Chen et al. 2018; Wang et al. 2019, 2021;
Shi et al. 2022; Lin et al. 2022) [13-19], ZHNLETDH L =
A, R E L CIRENI 2 9 O8Ik L 0 BT EK 10 Dk
EKOFBRENZ ENAZD. 2F0, & DEEOHEE
® REE-EDTA $KICH 1T 5 FHMRmA iz m Y /-
WHEICIE, TELRVEZ DT —FE2SHRLTIED

MWEVHENPD LWEENTELLIICRDLEVRLD.

T, #£1LIZHSWTH REE-EDTA 51 4> D
BN & ko & 2 A, B4 88 (La-Sm) Tif La
=Ce=9.8, Pr=9.3 Nd=Sm=9.1 (F&EDORMNEKIT
10 £7213 9), EA 15 (Y B L P Eu-Lu) TlE Y=87,
Eu=Gd=8.8,Th=9.0,Dy=Ho=86,Er=8.1,Yb=Lu
=8.0 (KA DRENIEKIE, 10, 9 F721%8) L7roiz.

FUH A FIERBICBWT [T 7 4 FINKE] 1
BERELPEETHD. RFEZHRELLRDIZHONTT
VE A RDAF U ERIIR AT/ 2D, LudiE
La3* kL 0 #) 16%/h &V, DT % ) A FIMEILS £
IERETEHNEN, TOH5HL0—o2L LT, Hiliz
Tt RAEEWIZ I T D E AR R T OB D W 3%
FHiubd (Cotton 2017) [82]. A RIOFHAELS, A v
VR DT FREDOMOENL TN R DRSS L
TORMBOLBETHIIZE b T, FJ02 /4
NUNHEZ K 2 SEB BN E O Ji A 1) 28 REE-EDTA 85

EIZBWTHERBBLRMINL L TWDE I ENRBINT.

7272, Tb-EDTA OFEHENLEIE, S EIOEG ST —
HEOMEA N HITRRAN TS, o, YDA 4
BT ECIZR DT VIZ S b 5T (Wall 2021) [6],
SEIERALECTIX Eu A0S Ho @ EDTASER D & DTV
MR Lo, ZNBHIE, La Gd DX S el REE
W, KV TR T UL Tt <, BifL
BB DS DIZ DR - 12885 I1E 0 BNI-F - FH
HINTVWDLEDIL, AERMBETEZV2E L.

3. FL&H

ELErUS AR S/ LB iR TF Loy
7 2 U UEEEE SR (REE-EDTA) D iE & I S &,
¥ (2023) [84]% LIAl% 114 FEFH O % EDTA ${KD
A a: £ Lo, Sl HuL, &%+ (LREE-
EDTA) T 10 £71% 9, #EAr 1#¥ (HREE-EDTA) Tix
10068 &£7220,Pm & Tm < Ln-EDTAIZB W T,
[T %4 RG] 12X D EBZ BB ER DI
DR BRBLRE Y L > TWDLIONRH LN E o T,

HEE A (ILL) 1Tk 2 CHE 5 TR IEEEIC 2 -
7o Rl K= M B X E A O BRI G L B .
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