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Crystal structures of heavier group 14 metalloid elements-EDTA:
Discrete complexes to coordination polymers

Daisuke NOGUCHI~*

A metallic chelate of ethylenediaminetetraacetic acid (EDTA) is usually represented as a discrete
complex by coordination number (CN) 6. On the other hand, it has been elucidated in the cations of
heavier group 14 elements (heavy tetrels) chelated by EDTA that they have various binding modes from
monomeric structures to coordination polymers from X-ray crystallographic studies. Some of them were
systematized in reviews; however, they uncover the whole heavy tetrels-EDTA complexes. Hence, the
reported crystal structures of heavy tetrels-EDTA complexes with different counter cations and/or
(pseudo)halogens, 3 of Ge(IV)-, 2 of Sn(ll)-, 5 of Sn(1V)-, and 21 of Pb(IV)-EDTA (CN 5-8), are briefly
summarized herein for showing a variety of bonding modes existing in the heavy tetrels-EDTA chelates.

Key words: Chelation, Crystallography, Germanium, Lead, MOF, Polynuclear complex, Tin.

1. FC&HIC

REW XL —FRETHLZF L U7 I UEE
fz (EDTA) O&REIEEKIL, HroHiend, &,
WY, ERosHTCHELFHAENTHS. Nuttall &
Stalker (1977) 1%, MK £ TIZE b TV /=4 JE-EDTA
SERORE B 2 LR A A v OENLESS EDTA T
=AU DOENIERTHET 52 LT, BEK 6 - N

EMTlméhé_&#i&mEf%éEmA%W@
BoAr g2y, EiIn/R v B2 ->TEBY, EDTA 7 =4
@Mﬂﬁ@%%%f%é L BB TR LE

FAURITHED S bEAFO S Vv~v =17 L4 (Ge) - A
X (Sn) - 4 (Pb) 1L, 4flidb 2T 2 MioR)E A 4
/L, EDTA A% L — b L7gE A ARl X O S
REEMEAT 23 2 F Tl ST E . L L Nuttall
& Stalker (1977) DEIZIX, F 1A B TR OEBA 4
ICEDTARF L — ML L2 D E LT, DT 28
DA X-EDTA SER Lo fibhvTWiedrolz. 72238,

SF441 2H 1 H=E (Accepted 1 December 2022)

$1-EDTA 51K o ff dib A i 12 B L C 1 Davidovich (2005)
RIVBIZHRHLTVDEDOD, TNETICHWE SN T
W5 JE R 14 12T -EDTA $51K O fE S ke S F 22 K
ZRECE TIIW R,

INETIE, TABVER-, TABY) LEER-B
L O T4 B -EDTA S8R0 BEHR o i L& 38 & £
LW, BB AT—RBFET LI 2R L TE
[3-5]. AfaCix, AMECHKICEAY 14 KICET D
TFNh~=h, AABICHOEERBAA XL —
b L7=E ) 14 125035 -EDTA $A o0 BEH 00 #5161
Z W L, EDTA SRR T D EE SRR 2 M3 5.

2. FILI =9 L(IV)-EDTA ${K (Ge(IV)-EDTA)
TN =0 LA FEPLARE T D EDTA S RO
Fl AR IE O WA X, U E OFEFH ¢ 3 o2 H 5 (Mizuta
et al. 1989 [6]; Seifullina et al. 1990 [7]; Martsinko et al.
2007 [8]). ENEFNOMEMEEE, K 1-31Z7R-7.
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® (Seifullina 512 X % #F 72 TIE K FE K+ O L& DR E
SNTE LT, ILAWIZ[GeO(HEdt)]-H20 & H 3R -
AR E Y THnTWE) ] & LZ[9].

3. RX(INV)-EDTA #&4% (Sn(Il/IV)-EDTA)

Seik i@ Y, Nuttall & Stalker (1977) 23H v EiF7-
% 14 it F-EDTA $5{K 1%, van Remoortere et al. (1971a)
@ Sn[Sn(EDTA-4H)(H20)]-H20 (X1 4) [10]&, Shields et
al. (1973) ®[Sn(EDTA-2H)] (X 5) [11]® 2 FEFEHD
B 1 [Ge(OH)(EDTA-3H)]-H20 O Lt iE (Mizuta et al. Sn(I)-EDTA $&{RIZIR STz, 7272 L, Nuttall &
1989) [6]. Stalker (1977) 1M L7220 > 72723, Sn(IV)-EDTA §f
& [Sn(H20)(EDTA-4H) D f& fa & (X 6) %, van
Remoortere et al. (1971b) ABEIC#HE L TV 7=[12].

X 4 Sn[Sn(EDTA-4H)(H20)]-H20 O #& f &  (van
Remoortere et al. 1971a) [10].

X 2 [GeO(EDTA-2H)]-H20 Dt dh##id& (Seifullina et al.
1990) [7].

X 5 [Sn(EDTA-2H)] D& kA i (Shields et al. 1973) [11].

X 3 (HDphg)[Ge(OH)(EDTA-4H)]-H20 @ #& & # 1&
(Martsinko et al. 2007) [8]. HDphg*iZ NN’-¥ 7 = =
NTT =V b,

INGERARVIEEREZ AT L26HBEOT Y U L(V)
SR OREE 2 - 2% (Sergienko et al. 2010) (2T
By EFshTnb[9]. 723F Sergienko et al. (2010)
1%, [In the study by Seifullina et al., the positions of the
hydrogen atoms were not determined and the incorrect Xl 6 [Sn(H20)(EDTA-4H)] D fa i (van Remoortere et
formula [GeO(HzEdta)]-H20 was assigned to compound. al. 1971b) [12].
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% D%, 1996 412 Brouca-Cabarrecq et al.2% Na[Sn-
(OH)(EDTA-4H)]-H20 @i fh & (X 7 /2) [13]%, 2000
4212 llyukhin et al. & 7 —#L5% © Na[Sn(EDTA-4H)(OH)]
H20 OfE s (K7 4) [L4]2HE L TW5. ok,
Ilyukhin et al. (2000) %, /i 2. C Ba[Sn(EDTA-4H)(OH)]-
6H20 35 L O° NH4[Sn(EDTA-4H)F1 Ot s (X1 8) &
WA LT B [14]. 7235 1997 421213 Poznyak & Illyukhin
2% Ba[Sn(EDTA-4H)(OH)]CI-4H.0 (X1 9) [15]%, 2017
11X (H30)[SNCI(EDTA-4H)]-H20 D& i (1X] 10)
% Fuetal. V% L TV 5[16].

! |

7 Na[Sn(OH)(EDTA-4H)]-H:0 o #& i iE. 21X
Brouca-Cabarrecq et al. (1996) [13], A7iZ Ilyukhin et al.
(2000) [14].

X 8 Ba[Sn(EDTA-4H)(OH)]2:6H20 (7£) & NH4[Sn(EDT-
A-4H)F] () oOfEfHERE (llyukhin et al. 2000) [14].

X 9 Ba[Sn(EDTA-4H)(OH)]CI-4H.0 O #% & # 1&
(Poznyak & Illyukhin 1997) [15].

X 10 (H30)[SNCI(EDTA-4H)]-H20 Ok ftEd (Fu et al.
2017) [16].

¥4

4. $a(I)-EDTA #84% (Pb(I)-EDTA)

Seal U 7= Davidovich (2005) i, #& 5 [ Stereochemistry
of Pb(Il) complexes with aminopolycarboxylic ligands.
The role of a lone electron pair (7 X / &R U B LR VB
ZRALF & T D (NS IR DO SLARL T INSLE A6 D&
) 21128 NT, WL oD Ph(I1)-EDTA 5K D
miBEEZELEOE. TNHLDOI LR HEVOR
Pb2(EDTA-2H)2-3H20 (Harrison & Steel 1982, Harrison et
al. 1982) [17,18] T & % A3, [the atomic coordinates of this
compound were not determined. (Z D {bLA 4 O J - FEFE
IRE S e o 72.)] & LT Poznyak et al. (1998)
DEICHRELTWS (X 11) [19].

llyukhin et al. (1999) [20)ix= kU & =FEER (NTA)
-BREER DIE D>, $A-EDTA $5(KTH 5 Pb(NH4)2[Pb-
(EDTA-4H)]-2.5H.0 (X1 12), Naz[Pb(EDTA-4H)]-2H:0

(X 13), Csz[Pb(EDTA-4H)]-3.5H.0 (X 14), TI[Pb-
(EDTA-4H)]-3H.0 (X 15) o &E2®E L. %
D%, lvanova et al. (2002) % Pba(NOs)s[Pb(EDTA-
4H)]-4H20 O i A1 (12 16) [21]%, Wang et al. (2003)
1% K2[Ph(EDTA-4H)]-4H20 Dk it (11 17) [22] %,
Davidovich et al. (2004a) i3 (H2N=C(NH2)NHNH2)2[Pb-
(EDTA-4H)]-3.5H0 O #idufkiE (X 18) [23]%,
Davidovich et al. (2004b) (X[Pb(CHsN3S)(H20)][Pb-
(EDTA-4H)(H20)]-H0 DfsdbtEE (K 19) [24]%,
Davidovich et al. (2004c) IX[Pb(EDTA-2H)]-(NH2)2CS
Ot AEE (X 20) B X O[Pb(EDTA-2H)]-2(NH2)-CS-
H20 Ok s i (X 21) [25] %, Davidovich et al. (2004d)
1Z[Mn(H20)4][Pb(EDTA-4H)]-H20 D #E Skt (X 22)
[26]% # 5 L 7= (Davidovich 2005) [2].

D%, llyukhin (2009) 1% [CazPb2(EDTA-4H)2(H20)10]
[CaPb(EDTA-4H)(H20)s]-4H20 D kg (X 23) [27]
%, Zhao et al. (2016) [Z[Pb2(EDTA-4H)(H20)0.76]n
A g (X 24) [28]%, ZnEn@E L. 5l &
& Dai et al. (2017) % Pba[Pb(EDTA-4H)Pb(H20)Cl]2n
-2nH20 (X 25) [29]%, Liuetal. (2019a) X[Pbs(EDTA-
4H)2(H20)2Cl2]n-(H20)2n (X 26) [30] &5 —REAe 5
L% TH LG O MERTZHRE L TV D.
Nz < Daietal. (2017) %, [Pb2(EDTA-4H)(H20)52n (X
27), [Pba(EDTA-4H)2]n-2nH20 (X 28) 3 X T Pbn-
[Pb(EDTA-4H)Pb(H20)Br]2n-2nH20 (X 29) [29] Dk &
M§i& %, Liuetal. (2019a) (X[Pb3(EDTA-4H)(H20)Cl2]n-
(H20)3n (X 30) B K O [Pbs(EDTA-4H)2(H20)2Br2]n-
(H20)2n (K 31) [30]DfEdut#EIE%, & HIZ Liu et al.

(20190b) X [Pbs(EDTA-4H)-(H20)2(N3)aln D fit i 1 38

(K32) Bllz#HkELTWD.
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X 11 [Pb(EDTA-2H)-1.5H.0 O ff it (Poznyak et al. X 16 Pba(NOs)s[Pb(EDTA-4H)]-4H20 @ & &b A &
1998) [19]. (lvanova et al. 2002) [21].

12 (NH)2[Pb(EDTA-4H)]-2.5H.0 @ § /b % &
(Ilyukhin et al. 1999) [20].

X 17 Kz[Pb(EDTA-4H)]-4H20 Ok faHEE (Wang et al.
2003) [22].

I 13 Naz[Pb(EDTA-4H)]-2H.0 Ot @i (1lyukhin et
al. 1999) [20].

. X 18 (H2N=C(NH2)NHNH2):[Pb(EDTA-4H)]-3.5H,0 &
X 14 Cs2[Pb(EDTA-4H)]-3.5H20 O & st #38 (1lyukhin et #E LS (Davidovich et al. 2004a) [23].
al. 1999) [20].

X 15 TI2[Pb(EDTA-4H)]-3H20 O ff &b (llyukhinetal. X 19 [Pb(CHsN3S)(H20)][Pb(EDTA-4H)(H20)]-H20 P
1999) [20]. sefE7E (Davidovich et al. 2004b) [24].
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& 20 [Pb(EDTA-2H)]-(NH2)2CS D fi & (Davidovich X 24 [Pb2(EDTA-4H)(H20)0.76]n D fb A& (Zhao et al.
et al. 2004c) [25]. 2016) [28].

I L X 25 Pba[Pb(EDTA-4H)Pb(H20)Cl]2n-2nH20 Ok A i
X 21 [Pb(EDTA-2H)]-2(NH2)2CS-H20 O #E & 4% 1& (Dai et al. 2017) [29].
(Davidovich et al. 2004c) [25].

X 22 [Mn(H20)4][Pb(EDTA-4H)]-H0 @ #% & % & X 26 [Pbs(EDTA-4H)2(H20)2Cl2]n-(H20)2n O it & 48 1
(Davidovich et al. 2004d) [26]. (Liu et al. 2019a) [30].

X| 23 [CazPb2(EDTA-4H)2(H20)10][CaPb(EDTA-4H)(H.- X 27 [Pb2(EDTA-4H)(H20)120 @ 4% i i 3& (Dai et al.
0)s]-4H20 D fi%iE  (lyukhin 2009) [27]. 2017) [29].
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X 28 [Pba(EDTA-4H)2]n-2nH20 Ot b4k (Dai et al.
2017) [29].

29 Pbn[Pb(EDTA-4H)Ph(H20)Br]2n-2nH20 O di # 1
(Dai et al. 2017) [29].

X 30 [Pbs(EDTA-4H)(H20)Cl2]a-(H20)3n O & it i 38 (Liu
etal. 2019a) [30].

60

31 [Pbs(EDTA-4H)2(H20)2Br2]n-(H20)2n O i i 1 1
(Liu et al. 2019a) [30].

X 32 [Pba(EDTA-4H)(H20)2(N3)a]n O i i1 (Liu et al.
2019b) [31].

2B, CSD (v 7V v UkimEET — % N—2X)
Mo cif 77 AN EAFTERPSLELEDRRTE
WA, (NH4)2[Pb(EDTA-4H)]-3(NH2)2CS-H20 o # b %
IEFRAT 2% Davidovich et al. (2005) (2 & 0 w5 ST
%[32].

5. F&oH

F 118, ZZFETIcHEFZEEY 14 %ELF#E-EDTA
RO LA P LS B A A4 OENMEE X O EDTA
T =4 v DR EER E T, BRI -EDTA S5 1K TIIRd
RLELCFNL BEEL D F CILH B C X 220 S, BRSNS
FTRL, BADD T B = FF RO ()
NaFAMNA T ERTHZETAY =g T
B AT MOF #i&EZ TRk Lic AL m o 23 L 64, Bl
BRIR .

Sn2*-EDTA $&{K 3% L (N Pb?-EDTA 851K T34 B A 4
VERICESEFEETRNGFET 5720, BEMETIEED
LA ETFRZBT DL IICEM L TWDIEARH 5.
T, FHEBLHEBEAMFEICHECD ERARL,
BB T+E) 2 TR AR D RS H 5 ([2]72 L)
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# 1 14 %4 7 -EDTA $SR O BINL K & Bohn B

o T ‘
[ #===:2v % g SCHR
[Ge(OH)(EDTA-3H)]-H.0 6 5 6]
[GeO(EDTA-2H)]-H:0 6 5 [7]
(HDphg)[Ge(OH)(EDTA-4H)]-Hz0 6 5 [8]
Sn[Sn(EDTA-4H)(H20)]-H-0 6 6 [10]
[SN(EDTA-2H)] 5 5 [
[Sn(H20)(EDTA-4H)] 7 6 [12]
Na[Sn(OH)(EDTA-4H)]-H.O0 7 6 [B4]
Ba[SN(EDTA-4H)(OH)|26H.0 7 6 [14]
NH[Sn(EDTA-4H)F] 7 6 [14]
Ba[SN(EDTA-4H)(OH)]CI-4H0 7 6 [15]
(H30)[SnCI(EDTA-4H)]-H20 7 6 [16]
[Pb(EDTA-2H)(H2O)lz- . 9]
[Pb2(EDTA-2H)2(H20)2]-1.5H2.0
Pb(NHa)2[Pb(EDTA-4H)]-25H.0 8 6 [20]
Naz[Pb(EDTA-4H)]-2H.0 6 6 [20]
Cs2[Pb(EDTA-4H)]-3.5H20 6 6 [20]
TIo[Pb(EDTA-4H)]-3H20 6 6 [20]
Pba(NO3)s[Ph(EDTA-4H)]-4H.0 6 6 [21]
K2[Pb(EDTA-4H)]-4H20 6 6 [22]
(H2N=C(NH2)NHNH2)2
6 6 [23]
[Pb(EDTA-4H)]-3.5H,0
[Pb(CHsN3S)(H20)][Pb- ; 5 [24]
(EDTA-4H)(H20)]-H:0
PbH(EDTA-2H)-(NH2)2CS 5 5 [25]
Pb(EDTA-2H)-2(NH2)2CS-H20 6 6 [25]
[Mn(H20)4][Pb(EDTA-4H)]-H20 6 6 [26]
[CazPh2(EDTA-4H)2(H20)10]- 6 6 [27]
[CaPH(EDTA-4H)(H:0)s]-4H-0
[Pbo(EDTA-4H)(H20)o76]n 6 6 [28]
Pbr[Pb(EDTA4HPOHO)CI 200 6 6 [29]
[Pbs(EDTA-4H)2(H20)2Clz]n-(H20)2n 6 6 [30]
[Pb2(EDTA-4H)(H20)12n 6 6 [29]
[Pbs(EDTA-4H)2]n-2nH20 6 6 [29]
Pbx[Pb(EDTA-4H)PO(H:0)Br]ar 21H:0
[Pbs(EDTA-4H)s(HO)Br]s  © ° [29]
[30]
-(H20)2n
[Pbs(EDTA-4H)(H:0)Cln ] 0]
-(H20)3n
[Pba(EDTA-4H)(H20)2(N3)4]n 6 6 [31]

HDphg* Il NN-U 7 = =L 77 =V T hA A .

51 ATk
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