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Coordination numbers for rare-earths ethylenediamine-
tetraacetate (EDTA) in crystalline state: a mini-review

Daisuke NOGUCHI~*

The crystal structures of rare earth elements (REE) ethylenediaminetetraacetate (EDTA), includ-
ing potential applications in biomedical engineering, 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 109 kinds of REE-EDTA (without 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 REE-EDTA registered is La-EDTA for 21 kinds, followed by 13 each for Ce- and
Gd-EDTA. The C.N. of each complex ranged from 10 to 9 for light REE (La-Sm) and 9 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 lanthanide contraction. The C.N. of Th-EDTA deviated slightly from the overall decreasing
C.N. in Ln-EDTA complexes would be because of a lack of sufficient number of the samples registered.

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

1. ZFL&HIC
RIT I/ RY ANR@ (PAPC) DT % ) AR
(Ln) $ERITEH4FICb - v iFsE & (Zalupski et al.
2021) [1], EHRAOERSIEGEEE (MR (286
Ao -7 L L CoIAMBEEI LTV
(Zapolotsky et al. 2022) [2]. WL L ToS R IL5E

RORIER I RIZFES S RETHDH & LT, Wangetal.

(2010) % PAPC MEINL L7=7y L2t (REE) $&1K
OFEREEZRFH LZ[38]. TOHF T, PAPC ® 9 bix

K1 xxFLoror I UEE (EDTA) OXMEA 4.

br<mbnsTF L YT I UER: (EDTA: X 1)
D% L — NEML L7 REE $5(KICBI L, 15 MO
XS E 19 HEOMBBE N RbIhZ. S5
[ Carboxylates of rare earth elements (fx L35t O B L
AW ) EEINZ#E02 Janicki et al. (2017) ([0 &k »
TOBICATIE N, 28D B VR B REE $5{K3E D
EF B DD, REE-EDTA SEIKD RS MK (BifL
B) ~DF KX 16 OB LR ST SV e By b
DEBHEITHENT 20 E, RENRBNICELED S
Niz[4]. RBEHEOMAEICEL D &, REPER R
THry7 )y URt®ET— 2 #— (CCDC) 2
100 FfHd £ Y @ REE-EDTA $&5{K D RiET — 2 2

BEINTWDLZ EZHERLTVWD. LLRRDb,
IS MM L CEROAL & A R LRI, BRO
FR O TIXAFETEL 72\,

S5 5H 3 1 H (31 May 2023) a.chemist.noguchi.d@gmail.com B 7% 9~ & Fi| 45 A0 5 B # SR IH 1L 72 L.
* R R R TR e R B P72 8% (Div. Educ. Res. Supp., Grad. Sch. Engrg., Nagasaki University, Japan)



Bl 21X, =/ v v (Er) © EDTASSKIZIE, =/
B AA AV ERHICR LEDTA T =4 > ([EDTA-4H]*)
L T ODKEFBBL L 72 [EREDTA-4H)(H20)2] (2 N
Z, IHICbHL I —DOKSFBEANL LA A

([Er(EDTA-4H)(H20)3]") & E NI E A TR 5 fit
REENHE SN TEBY, ZhSI3KEK D TLZ A
DARAETIE{ET D (Cotton et al. 2022) [5]. L7=28 > T,

REE-EDTA $EA DR E~ DB A2 L 0 IRD D722,

AL DOLED T, TELETEL OMEREET —
X AR MBERH D D TIERWES S .
ZIZTC,REEFAMIERE 3D AL v A (Se),
Ay bUTA (YY) BEOL & tEORKT, @
HE, Zv4y (La) 6% ~Y 7L (Sm) £ TOR
#+3¥ (LREE) &, =y ot Wi (Eu) AT
7L (Lu) ETORXRFICY ZMZ-HEATHH (HREE)
WAEINONEETH D (Wall 2021) [6] (X 2).

AR T, Sc Z Bk < REE-EDTA $& 1K O it 7 —
% % CCDC (https://www.ccdc.cam.ac.uk/) 75 Bufs L
Tele, T o RS (A & FRICE LD,
WwET 5.

Y |La|Ce | Pr|Nd|Pm]|Sm]|Eu
Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

X 2Sc #k< &L oc#E (REE) #8174 15 (LREE)
(CK#EN) & EFA B8 (HREE) 248 L= b D[6].

2. HREER

CCDC Tt i1 T — & 238 dk S /- REE-EDTA 8
REmBFL, L%, B (C.N) XU H
ERILICEEENRIBECTCE L O (EDTA T =4 k4
TARERMTH-72). 7B, 7R AF UL (Pm) I
IR ERMANFESET, BT — X henrol. &

F 1 FEREET — 28 CCDC 288 SN T\ D LREE-EDTA sk Db L O (C.N)

C.N Ref C.N Ref
1) 7vxr (La)
[La(EDTA-3H)(H20)4]-3H20 10 [7] [Laz(EDTA-4H)(S04)(H20)3] 10 [14]
K[La(EDTA-4H)(H20)3]-5H20 9 [8] Ka(NH4)a[La(EDTA-4H)(cit-3H)]2-17H.0 10  [15]
[{C(NH2)3}2C13Hgl]2[{La(EDTA--4H)- [9] K2(NHa)g[La(EDTA-4H)(H20):]2- 10 [15]

(H20)2}2]-4H20

[La(EDTA-4H)(cit-3H)]2-22H20

Na[La(EDTA-4H)(H20)3]-5H20 9 [10]

Nai2[La(EDTA-4H)(HPO3)]-8NaCl-4H,0 10  [16]

Naio[Las(EDTA-4H)4(OH)4](Cl04)2:27H20 9 [11]

Nai2[La(EDTA-4H)(CO3)]a-8NaCl-4H,0 10  [16]

Ks[La2(EDTA-4H)2(cit-3H)(CO3)]CI-

[{La(EDTA-3H)(H20)}2] 9 [12] 10.5H,0 10 [17]
.5H2
(NHa)s[La(EDTA-4H)(cit-3H)]2-9H20 10 [13]  Ke[La(EDTA-4H)(mal-2H)(CO3)] - 125H.0 10  [17]
. (NH4)s[Las(EDTA-4H)3(COz)(H20)3]-
Ks[La(EDTA-4H)(cit-3H)]2-16H20 10 [13] 19H,0 10 [18]
Ke[La(EDTA-4H)(mal-2H)]2-14H.0 10 [13] Ks[Las(EDTA-4H)3(CO3)(H20)3]-13.5H.0 10  [18]
[Las(EDTA-4H)sCla(H20)15]Cl-8H20 10 [14]  Nas[Lao(EDTA-4H)2(COs)s]-17.5H:0 10 [18]
[La2(EDTA-4H)(NO3)2(H20)s]-3H20 10 [14]
(2) BV A (Ce)
K2Naz[Ce(EDTA-4H)(02)]2-13H:20 10 [19]  Rbs[Ce(EDTA-4H)(O2)]2-14H20 10 [23]
Na[Ce(EDTA-4H)(H20)3]-5H20 9  [20]  K[CO(NHs)s][Ce(EDTA-4H)(O2)]2-7TH:0 10  [23]
[Ce3s(EDTA-3H)2(H20)9][Cr(OH)s(Mos- 0[] Ks[(EDTA-4H)2(cit-3H)(CO3z)]ClI- 0 [
018)]-13H20 10.5H20
Ke[Ce2(EDTA-4H)z(mal-2H)(CO3)]-
N2Hs[Ce(EDTA-4H)(H20)s]-4H20 9 [22] 10 [17]
12.5H20
(NH4)e[Ce(EDTA-4H)(cit-3H)]2-9H20 10 [13] Nas[Ce2(EDTA-4H)2(C03)3]-17.5H20 10 [18]
Ks[Ce3(EDTA-4H)3(CO3)(H20)3]-
Ks[Ce(EDTA-4H)(mal-2H)]2-14H20 10 [13] 10 [18]
13.5H20
Ka[Ce(EDTA-4H)(02)]2-14H20 10 [23]

cit=7 = . (citricacid), mal="Y > =% (malic acid)



B) kAT (Pr)

Na[Pr(EDTA-4H)(H20)3]-5H20 9 [24] N2Hs[Pr(EDTA-4H)(H20)3]-5H20 9 [26]

C(NH2)3[Pr(EDTA-4H)(H20)3] 9 [25] Ha(PhNHNH2)[Pr2(EDTA-4H)2(H20)a]-35H0 10 [27]

(4) FA+ Y24 (Nd)

C(NH2)3[Nd(EDTA-4H)(H20)s] 9 B9 [Nd(EDTA-3H)(H20)] 9 [31]

K[Nd(EDTA-4H)(H20)s]-5H20 o oy LN0aAl2-CeHu(COO)HEDTA-4H)- 10 [32]
(H20)2]-1.5H20

Na[Nd(EDTA-4H)(H20)3]-5H20 9 [10] N2Hs[Nd(EDTA-4H)(H20)3]-5H20 9 [26]

Nas{[Na(Hz0)«[Ndi2(EDTA-4H)s- 9 [11]  Na[Nd(EDTA-4H)(H20)s]-5H:0 9 [29]

(OH)16]}-13H20

(6) ¥~V v A (Sm)

Na[Sm(EDTA-4H)(H20)3]-5H20 9 3[32j’] N2Hs[Sm(EDTA-4H)(H20)3]-5H20 9 [26]

Cs[SM(EDTA-4H)(H20)3]-4H20 9 [35] K[SM(EDTA)(H20)s]-5H20 9 [15]

[SM(EDTA-3H)(H20)] 9 [36] Ka[Sm(EDTA-4H)(cit-3H)]-10H20 9 [15]

K[SM(EDTA-4H)(H20)3]-2H20 [37]

(6) 4> MU @A (Y)

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

NH4[Y(EDTA-4H)(H:0)s]-3H-0 9 [0

(7) =7 u e (Eu

C(NH2)3[Eu(EDTA-4H)(H20)3] 9 [54] NH4[Eu(EDTA-4H)(H20)3]-H20 9 [46]

C(NH2)3[Eu(EDTA-4H)F2]-H20 8  [25] K[Eu(EDTA-4H)(H20)3]-3.5H20 9 [47]

{C(NH2)3}4[EUu(EDTA-4H)F(H:0)]2-2H.0 9 [554] {C(NH2)3}2[Eu(EDTA-4H)]-4H-0 8 [48]

Na[Eu(EDTA-4H)(H20)3]-5H20 9[04 N2Hs[Eu(EDTA-4H)(H20)3]-4H:20 9 [27]

Nas[Eu(EDTA-4H)]CI-7H20 8 [45]

8 F#rRU=0L (Gd)

Na[Gd(EDTA-4H)(H20)3]-5H20 9 [um] CH3NH3[Gd(EDTA-4H)(H20)3]-4H:0 9 [54]

{C(NH2)3}s[Gd(EDTA-4H)F2]-H20 8 [25] K3[Gd(EDTA-4H)(HPO3)]-7H20 8  [55]

Cs[Gd(EDTA-4H)(H20)3]-4H:20 9 [35] (NH4)2Na[Gd(EDTA-4H)(cit-2H)]-4H20 9 [55]

K[GA(EDTA-4H)(H20)3]-5H20 9 [5M] Nas[Gd2(EDTA)2(HPO3);]-2.5NaCl-21H20 8 [55]

NHa[Gd(EDTA-4H)(H20)3]-5H20 9 [40] Na[Gd(EDTA-4H)(H20)3]-5H20 9 [49]

[GA(EDTA-3H)]-3H20 8 [52] C(NH2)3[GA(EDTA-4H)(H20)3] 9 [56]

N2Hs[Gd(EDTA-4H)(H20)3]-5H20 9 [53]

(9) 77 A (Th)

Na[Tb(EDTA-4H)(H20)3]-5H20 9 [0] N2Hs[Th(EDTA-4H)(H20)3]-5H20 9 [53]

K[Tb(EDTA-4H)(H20)3]-5H20 9 [58]

(10) A7 r 7L (Dy)

Na[Dy(EDTA-4H)(H20)3]-5H20 9 [M] N2Hs[Dy(EDTA-4H)(H20)3]-5H20 [63]

Cs[Dy(EDTA-4H)(H:20):]-3H20 8  [35] [DY(EDTA-3H)]-3H.0 [64]

HsO[Dy(EDTA-4H)]-H20 8 [61] Na[Dy(EDTA-4H)(H20)2]-3H20 [42]

Na[Dy(EDTA-4H)(H20)3]-3.25H.0 9 [62]

(11) &A1 v A (Ho)

Na[Ho(EDTA-4H)(H20)3]-5H20 9 ] NH4[Ho(EDTA-4H)(H20)3]-1.5H20 9 [66]

K[Ho(EDTA-4H)(H20)3]-3H20 9 [35] HsO[Ho(EDTA-4H)]-H20 8  [67]

Cs[Ho(EDTA-4H)(H:20):]-3H20 8  [35]




(12) =, v 2 (Er)

NH4[Er(EDTA-4H)(H20)2]-3H20 8 [68-9] Nas[Er2(EDTA-4H)2(C204)]-8H20 8 [71]
{C(NH2)3}2[Er(EDTA-4H)F2]-H20 8 [25]  {C(NH2)s}:[EEDTA-4H)(H:0);JCIOs6H0 8  [72]
HsO[Er(EDTA-4H)]-H20 8 [70]  {C(NH2)s}s[Er(EDTA-4H)(CO3)]-H:0 8 [73]
Na[Er(EDTA-4H)(H20)3]-5H0 9 [35]

(13) 4 v F AT A (Yb)

Cs[Yb(EDTA-4H)(H20)2]-3H20 8 [59]  Ks[Yb(EDTA-4H)(CO3)]-6H0 8 [76]
K[Yb(EDTA-4H)(H20):]-5H20 8 [74]  Rbs[Yb(EDTA-4H)(CO3)]-6H0 8 [76]
{C(NH2)3}2[ Yb(EDTA-4H)(H20)2]ClO4-6H20 8 [75] Cs3[Yb(EDTA-4H)(C03)]-6H20 8 [76]
Ka[Yb(EDTA-4H)(COs)]-2H:0 8 [76]

(14) v7F v A (Lu)

{C(NH2)3s}3[Lu(EDTA-4H)F2]-H20 8 [25] {C(NH2)3}2[LU(EDTA-4H)(H20)2]CIO04-6H20 8 [56]

72, YU A (Tm) @ EDTA SR D5 & (K[Tm(EDTA-
4H)]'nH20) DAERIT MO THE SR TV D H 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. (572> U o ARSI
HEFITHENELS, BHOREURITY Y U Abaw
OMRIFITO e o72.)] & &7z (Mullins 1983)
[77].

Z 2T, il %1 La-EDTA OENI B OMEICEF B LT
FHd& D, 1965 FITITENIEL 10 B L N9 O o DK
O X MREPHER B HR D CHE S N T, Blfirik 10 o
La-EDTASER Tl Ladic=F L > 7 I IUEEE—K
FA A ([EDTA-3HP) DAREENSLT H & & bi, &
DIZMUSDOKRSFHEALL TWD &Sz, —J, B
¥ 9 OEMATIE, Laic=F Lo Y7 I U UEER A
Z v ([EDTA-4H]*) BRERAL L, X T=E=20K5

FNEHL LT B & & 47z (Lind et al. 1965; Hoard et al.

1965) [7-8]. ZNFE TIHF—MITT v ¥ /A RE&ikb A
B CThH D EFEZ BN TE7A (Cotton 2017) [78],
INHOHEIL, TUH A REEERNEENLE CHE
TAHZLRELENDTZDDT L —T AN—Th-o 7z
(Cotton 2004) [79], & L CTZ ® 42 44 D 2007 4= &
TIZENZHL 9 O La-EDTA $5K23 4 FEFHEE S 41 (Chen
et al. 1989; Nakamura et al. 1995; Wang et al. 2000; Xiong
et al. 2007) [9-12], & DM E TIIENIEL 9 O T M E
BCTholo. LinL, ZO%ITENIEL 10 @ La-EDTA
RN FOHREEND X 512720 (Chen et al. 2012;
Guo et al. 2015; Chen et al. 2018; Wang et al. 2019; Shi et
al. 2022; Lin et al. 2022) [13-18], ZNETD L Z A,
AR E U TIRERMB I OFER L Y B E 10 DD
TN N ERfFMZD. 2FV, HEEEORBED
REE-EDTA #5812 31T 2 R R R EALE A F1 0 725
AlTiE, TEDRVZEL DT —FESZMLZIEHI N L
DEEPNOL LWEERTEX L5 Ichbd Nz L.

Z T, #1ITHESWTH REE-EDTA 85 4 D FE
Bl k=& = A, BaA L3 (La-Sm) TIT,
La=Ce=9.8,Pr=9.3 Nd=9.1,Sm=9.0 (&Ks{AkDH
A% 10 £721% 9), EATE (Y BXWEu-Lu) T
1%, Y=Eu=Gd=8.7, Th=9.0, Dy =Ho=8.6, Er=8.1,
Yb=Lu=8.0(&8EMEORMNIEITI F/1L8) LieoT.

FH A FEFICBWTT ¥ ) A RILHEIZEE
HETHD. HAEEFNRRELIRDICONTT VX
J A ROAF U BRITHR AN 2D, Lot La®
LU 16% NS B, ZDF L A4 FIURRIZE £
SFERETHNDD, TOHIHO—>2L LT, HHlik
ZRRIEEWITRB T D ERIREE TORA DA A%
F&i 5 (Cotton 2017) [78]. A EIOFHENS, A v
VR DT F R OO N R DHERE S L
TOERMBOLBETHAIZHEIbLT, F0% /4
RUNAHELZ K 2 SEB BN £ o Jl a1 23 REE-EDTA $5
EIZBWTHRBBLRMINL L TWE I ENREINT.

7272, YDA U HRIT ERIIR L ITWIZEL b
59 (Wall 2020) [6], “F¥IEeAr#L TlL Eu-EDTA X°
Gd-EDTA ® % DIZITWEER & 72 5 7-. £ 7=, Th-EDTA
DB I L T, SEOFE L —#E O BN
NHITRRANTND., 2L, La®Cen ko7
o> REE A, KV T AN MLT LY+ Tik/s
<, BUNLEANEEE D b DI DO IR - T2 IKIE 20 2372
FLRFERESNTEY, AETIERVONE LR,

3. F&H

EER E~OISHAPEHFIN DA L cE-=F
YIT X UEEERSE R O BRI ORE SAEIE T — # IS
&, WM EHEBICE L O (Se, Pm, Tm <),
AEN IR AEETL0 F720139, EATETI T
L8 &0, FU% 4 FIHEIZ L 2 & Ebi 2 EAf7
BoEmA BB LR IO ERRB I .
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