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EDTA complexes of aluminum and other earth metals with
some unique crystal structures: A brief overview

by

Daisuke NOGUCHI~*

Aluminum, gallium, indium, and thallium, forming trivalent cations, are referred to as earth met-
als; only Tl also has stable monovalent one. The complexes of Al, for instance, have studied to elucidate
industrial use and toxic effects in materials engineering and environmental science. Here, | briefly
overview the reported crystal structures of earth metal-complexes chelated by EDTA (ethylenedia-
minetetraacetic acid) to deepen our knowledge and apply for further research. Bibliographic survey has
revealed that 6 of Al-, 14 of Ga-, 6 of In-, and 2 of TI(I11)-EDTA were reported for the crystal structures,
showing that the coordination numbers of AI®* and Ga®* are 6, In® and TI3* are 7 in the crystal state. The
denticity of EDTA anions are not only hexadentate but also pentadentate (the fourth carboxy group is
uncoordinated) in six complexes. A dinuclear Al,-EDTA complex, with two AI®* bridged by (u-OH")z,
has a unique cis-conformation of ethylenediamine moiety; it was appeared to have few other analogues.

Key words: Chelate, Coordination chemistry, Gallium, Indium, Polyaminocarboxylate, Thallium.

1. [FCBHIC

THeR LT, TAI=0L (AD)- T IU DL (Ga) -
AL (In) - 2V A (T ©4TEORKTH
L. INDIE3MOEA A ERET DN, XV UL
DI LMD A AR 3LV ZETH D Z &k
BHTHL., ZNO6HHEEDOIH, TAI=U Lk
WO EIL, < OT NI =0 MEEWDOFEMEDE,
kit do 2 VMTEERI & L COTEMFIANS, A
Bl MERET, ME LY, BRERFICEWTEE
THD (Wangetal 2012) [1]. =F L V7 I IUEE
f# (EDTA) 3% L — MFRESLERB ORI &1L
HBIZIRKEH I, AEC/BRERD D12, R
BLOEMY AT HIBWT, 7V =7 A-EDTA ¥
L— MEEROZE Z BT 512000 FHEEICET S
FER 22 Ak S4BT & D (Coskuner & Jarvis 2008) [2].

Sfna4 6 H 2 3 BE (Accepted 23 June 2022)

X B A AR AT LR T R S A R & T
MEIE DM Z B &2 T& (AF 2013) [3], ZhE
TIT NI =0 A& 0O HEHEE-EDTAS R D X ##
FEEARIE AT AT o TP WL Db SN TE -
L2 L7225, EDTA BLOZOF L — RO HE &
BIEIZBE LT OWERThi, SO TET
(B 2.1%, Lee 1972 [4]; Nuttall & Stalker 1977 [5]; B R
2021[6]; O 2022[7]) WP LT, HTDHD
E e LEAR-EDTA A O MEENER{LS
TWb &, MAHMRY RZTonznw, 22T, T
L= LA-EDTASEKZIZ LY, TAWI=vatFEUL
HERBTHAT YV UL, AV VTLA-BIORXY U A
-EDTA Sk fi M Ex A CHME L, LHER
-EDTA $£R D% L — MEE~OHEMZ D, FERIC
SFESERHBA~EICAT 2720 0REEERE Lz,

* R KK R TR e R BB AR 98 33250 (Div. Educ. Res. Supp., Grad. Sch. Engrg., Nagasaki University, Japan)
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2. 7II=Y9L-EDTA K (AI-EDTA)
VI F LTI T B—hFF e LTHETS
Al-EDTA $5(£Td %5 K[AIEDTA-4H)]-2H20 O i fib A

TEfEHTIZ, Polynova et al. 12 & - T 1970 4F IC 45 & 11[8],

1997 FFITHE S N7z (B 1) [9]. £ D%, Jungetal.

(2002) EA T E—ITF AL ELTTVE=T LA
F 2T % AI-EDTA K T&H 5 NHaAI(EDTA-4H)]-
2H20 D 4% i (X 2) [10]%, Heinemann et al. (2021)
XV FULAL A 2B T DK TH D LI[AI(EDTA-
4H)]-3H20 DOfFEfEE (K 3) [z Eins L
o, IhBOEIIVWTRY ABTORMEAN 6 T,
EDTA 7 =4 3ZHDL o ARHZH L CARERANL - TH
5.

K1

K1

1 K[AI(EDTA-4H)]-2H20 O 4% (Polynova et al.
1997) [9].

X 2 NHiAI(EDTA-4H)]-2H20 D& E##ExE (Jung et al.
2002) [10].
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X 3 Li[AI(EDTA-4H)]-3H,0 O i (Heinemann et
al. 2021) [11].

Nz, Jungetal. (2021) XY AF N AJLEF Y R

(DMSO) ¢t =F L V7 I UEE —KET =4

(EDTA-3H) A3 EAZ L 7= [AI(EDTA-3H)(DMSO)] D i
i CCDC THEL TS (X 4) [12]. AR O
PEER 6 THDHZ LIFTBOEALRKETH DM, B
BREZEVWZ &2, EDTA @ 1 DD B RF i ABHZ
BAAZE I EDTA 7 =4 VT HERNM A L 72> TR,
28N TZ FAAL L 1 X DMSO DOEREIR -2 EAL L TV 5.
AR IR A F v & LT K& Wies, EDTA 7=
F DA ODHIVRF T L— b E LT B A R [E e
BEFK L, FALE 6 TRERAMDRENLZETH D
EWNWH A A=V LITEIEIZ, EDTA DA VARF U HEIT,
R L->T1o7 0 b2 EHESEOE WL
THETLREDHBNZETH DL I EBRTBIND.

X 4 [AI(EDTA-3H)(DMSO)] @ #& fa4%3& (Jung et al.
2021) [12].
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728, AI(EDTA-3H)(H20) DA AL & By K= v 7 Z#[A]

PriflE 8 b T b 2% (llyukhin & Petrosyants 2001),

B X AR E AT T E - TR b3, BE oM
B OMNTIERWEWS[LI3]. Mx TH CimXH ¢
llyukhin & Petrosyants (2001) %, = hr> (45-VE
Fe-14-Y 7 x=V-35-7 2= A3 /-124- VT
V—)b:B) OEEE (BHY) 2#h ¥ —hTF Ak
L THT % BH[AI(EDTA-4H)]-4H20 O i i il & S 4T &
WE L (X 5) [13]. Z DA, ABORAL LN 6 T,

EDTA 7 = 2 gl ARTIZ & L CABERULT T 5.

5 BH[AI(EDTA-4H)]-4H.0 D fu#EE (1lyukhin &
Petrosyants 2001). BiX=tw > (45-Vt Fr-1,4-v

7 2= -35-7 ==/ A X /-1,24- 1Y TV — L) [13].

& Z AT Fairleyetal (2013) (X EDTA 7 =4 v %
MAICHET D ke L Clda=—r e — ROtk
1 % T % [Al(EDTA-4H)(OH)2(H20)2] D i & 4 3 fi%
WaHELTZ[14]. 2 oD ABHIZNEN A F 1ok
HAETDHEEHIT, 2O 0HIC LW BEESh- LT,
1250 EDTA 7 =4y (REE) EEALL TW5 (X6).

X 6 [Al2(EDTA-4H)(OH)2(H20)2] D fi dbfiE  (Fairley et
al. 2013) [14]

32

-EDTA

& JE-EDTA SR D X B db i il AT 2 4 - 7= 1 oo
MEIZIBWT, EDTA THEESEEDRELY B bzl
221 &% 5 (Porai-Koshits et al. 1974) [15]. £V 75
(VI EEE D 2Nas[(OsMo(EDTA-4H)Mo0s3]-8H20 [16]
L, 88 8 K @ [(H20)Cu(EDTA-4H)Cu(H20)]-2H20
[171THD. Y 7T U (VI)-EDTA RO T =4
VRS OREE R T IORT. 29 LIEITE bl
FLUYTIVO [T R earyTxrpA—va

(trans conformation) | &N TW2. Zhb kT v
Z a7 A—3 gD EDTA S RICx L
Fairley et al. (2013) 12 & % Al-EDTA &k (1Y
6) I, =FLUITIVD IR -arTxrpA—g
> (cis conformation) | & R7e¥ 57259,

~ /- CH,
O/IYIO\N/
© /cw,
CH, N2 0
o CH,  cHX
N
-Mo
CH, 0/ "o
70
O

X 7 2Nas[(OsMo(EDTA-4H)Mo0O3]-8H20 & 7 = A i
Iy DR E ORI (Park et al. 1969) [16].

3. #YU Y L-EDTA #1K (Ga-EDTA)

Kennard (1967) % Ga**lc=F L > ¥ 7 I o MUFE
—IKFEA A (EDTA-3H) &KFHENL L 72 885K T
[Ga(EDTA-3H)(H20)] 7 ## i A 15 (X1 8) A& & L 7= [18].
T, FLTHOOHKEDFHRENN Petrosyants et al.

(1998) Iz L W Thbihiz (K9) [19].

X 8 [Ga(EDTA-3H)(H20)] D ## fut# & (Kennard 1967)
[18].
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MZT, 32O NEAFTL— s 15D H LR

Zhbix e bic EDTA 7=F4 v, RNETIERL, F AT 5 3D EDTA 7 =4 7%, ANETIEZR
T EROA - & L TR 6 D Gatiz ¥k L— MENL LT <, HERMTELTGHIFL— M T5HE LD
W%, [A U< Petrosyants etal. (1998) %, EDTA 7 = 2, B 1MiokzA 4> (SCN, F) b Gadticflfhr
2 NENLEK 6 D GalHZANIERINL LT, BT B —T L 7= Ga-EDTA $E{K D dh Ak &, Petrosyants et al.
FAUMNKY, CsrBLU22-t Y V=72 (Hbpy) (1998) AW THE L TWD (K 12) [19].

TdH D Ga-EDTA EEEROFE S b R c#is L
Tw5 (1% 10,11) [19].

X 11 Hbpy[Ga(EDTA-4H)]-H20 Ok fHErE (Petrosy-
ants etal. 1998) [19]. Hbpy (X 2,2-EE U =17 A,

X 9 [Ga(EDTA-3H)(H20)] D #& it &  (Petrosyants et al.
1998) [19].

X 10 k Bt X K[Ga(EDTA-4H)]-2H0 , F Et i X 12 EPB:i3 K[Ga(EDTA-3H)(SCN)]-H20, TE:/A I
Cs[Ga(EDTA-4H)]-2H20 O & i #i& (Petrosyants et al.  K[Ga(EDTA-3H)F]-H20, T E:#i1%(CHs)sN[Ga(EDTA-
1998) [19]. 3H)F]-4H20 O sLt&EE (Petrosyants et al. 1998) [19].
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—J77C, Nakamura et al. (1996) i Ga®*iZ EDTA 7
=P REEMFELTEFL— MERAL L
Ga-EDTA #{A£ T3 % Na[Ga(EDTA-4H)]-3H20 Dt it %
& (X 13) 2@®ET 2L L HI2[20], Sk L7- Jung et
al. (2002) I%, WU E—ANFF L LTT VE=Y
LA F U EHT D NHiGa(EDTA-4H)]-2H0 ki dib A
(X 14) Z#E L7z[10].

13 Na[Ga(EDTA-4H)]-3H20 D #% %1 (Nakamura et
al. 1996) [20].

X 14 NHa[Ga(EDTA-4H)]-2H20 D #E i (Jung et al.
2002) [10].

723, AI-EDTA O IH THEilk L 7= llyukhin & Petrosyants
(2001) 1Z 41D EDTA 7 =4 N 2 DD EFEFRT &
3 ODEERIR O HJET GBI L, S 52 OH b
1 DFEL L7288k TH 5 Ko[Ga(EDTA-4H)(OH)]-6H20
(K15 BB &, Ao v —hFtric=rnrr (B)
D I8k % A4 % HB[AEDTA-4H)]-4H20 (NJHERLAL)
OfEmEE (K15 FE) Z#d LT 5[13].
& 51T Petrosyants & llyukhin (2004) 1%, v > % —
AFF T DHED T A4 EHT 5 Ga-EDTA
OFEEEEE RS Lz (K 16) [21].

34

-EDTA

X 15 [B¥i% Ko[Ga(EDTA-4H)(OH)]-6H20, T BiE HB-
[Ga(EDTA-4H)]-4H20 o d i (1lyukhin & Petrsyants
2001).BiZ=tur > (45-Yt Fur-14-v 7 = =/)L-3,5-
Trz=A 3 )-124-F ) TV —) [13].

Xl 16 /£ 1% Hobpy[Ga(EDTA-4H)]2-4H20, #4513 Hzhmda-
[Ga(EDTA-4H)]2-4H20 D if fh i 3&  (Petrosyants & II-
yukhin 2004) [21]. Hobpy I% 44-EE Y P =17 4,
Hohmda [Z~FH A F Lo U7 V=T A,
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16 12 4,4’-E Y =7 A (Hbpy) BLU~FH
AF L PT7 =5 (Hhmda) #FH 3 % Ga-EDTA
$EROEmEETH Y, L HICENE 6 O Gadtiz, N
JEBNL & LT EDTA 7 =4 NEL L TW 5.

% LT 2009 421X Li(H20)3[Ga(EDTA-4H)] D sl 1
&% Vasil’ev & Golovnev 23#t2: L7z (4 17) [22].

17 Li(H20)3[Ga(EDTA-4H)| D #E f i i (Vasil’ev &
Golovnev 2009) [22].

4. A 2T L-EDTA #4K (In-EDTA)

Agreetal. (1981) i3 > Y v A% HF 5 EDTA $Eik
T 5 Nas[In(EDTA-4H)(S03s)]-4H20 @ & it (1X 18
) @A L7[23]. =%, Jun et al. (1998) i
K[IN(EDTA-4H)(H20)]-2H.0 Okt (K 18 ) %
WA L72[24]. & BIC I OERNIEKIZ T TH B

X 18 F
B =8
Nas[In(E
DTA-4H
)(SO3)]-
4H20

( Agre
et al.
1981 )
[23], T
B =8
K[In(ED
TA-4H)(
H20)]-2
H20 (Jun
et al.
1998 )
[24)1 D #E

i A I
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lyukhin et al. (1995) i, Na[In(EDTA-4H)H20]-2H20,
[IN(EDTA-3H)]n-nH20 ,  C(NH2)s[IN(EDTA-4H)H0] ,

Naz[IN(EDTA-4H)F]-3H0 O #% fbAkiE (X 19) & #E L
TW5A[25]. In*OEMEHITWTILL 7T THD.

X 19 Z X Na[In(EDTA-4H)(H20)]-2H20, £ ki
[IN(EDTA-3H)]n-nH20, HE:i% C(NH2)3[In(EDTA-4H)-
(H20)], TFE¥IEX Naz[In(EDTA-4H)F]-3H20 i A i
(llyukhin et al. 1995) [25].

5. & 1)ty L-EDTA 4k (TI-EDTA)

Blixt et al. (1992) %, TR*ZHfL&EA 4 L LT
A4 % EDTA $5{K TdH % Nag[TI(EDTA-4H)(CN)]-3H20
OREmEE (X 20 /£) % #d5 L72[26]. T D%, Musso
et al. (1995) % TI(I1)-EDTA $&{& T % Ca[TI(EDTA-
4H)(OH)]-3H20 D fa s (X 20 £7) % #ds L 72[26].
NS OEETIE TBIZ EDTA 7 =42 & CN DR #E
JRF-R° OH DERIR AT 52 & T, B 7
Thbd. HbHHT, R Mussoetal. (1995) 1 &
DFIITT, UEFICKREL B LT 72DI2) KEE
DY E % Na[TI(EDTA-4H)(en)]-6H20 (en= =F L
YT V) IR LTITY, TRYIEDTA 7 =4 v &
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en i X VENIEL 8 Th B &Rme L 7-[27].

ZY T LNTLMOBA F bR, =LY bR
T —AF AE ESH (ESI-MS) 1T & - T TI(I)-
EDTA HifIZHME S TW5A[28]. LavL, TIFAA Y
VH—=HF AL LTERB-EDTA 7 =4 > Oz
MET HEMEE IV O E b0, TLeE L
L CEDTA 7 =4 2% L — MR S 7285 IR D fb &b
WEEREHT O HEITE R ORY TR biedoTz

N3/

"

B 20 %% Nao[TI(EDTA-4H)(CN)]-3H.0 (Blixt et al.
1992) [26], 41 Ca[TI(EDTA-4H)(OH)]-3H20 0 i 4
i (Musso et al. 1995) [27].

6. £&H
FLIZ, T2 F T Lic XA, s AT 03 W s
Shi-tHHEER A 42 EDTA 7=4 RN F L — |k
BoAr U 7o S IR D B A, B A e ks X Ok & (R R b
L7z, HL&EA 4 ORI, ARTE Gad*s 6,
IN*LE TRRN 7 THY, ZOENIA A EEOKRE
SIBRKMENTWDHEAS. £/ EDTA 7 =42 D
B ST JEE BT AR EE LA, 4 D H DB LR ¥ o A IER
NTHHLEDO LD, 28 iET 6 > bN=. £
LCa=— R F LUV TIVDYA T T F
A—a rEAT D K AL-EDTA [14]IC >V T,
AL O BENTE ARV I W TIEIFE 2 <, BLREW.
72k, THAE-EDTA S8R ORE LM EfEHT I IR D
SCERFA 12 B 7= > T, Ga-EDTA 2B L Tl Bandoli et
al. (2009) [29]%&&IZLT-.
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