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Intramolecular and intermolecular hydrogen bonds in non-chelation
ethylenediaminetetraacetic acid (EDTA) and its salts

by
Daisuke NOGUCHI*

Ethylenediaminetetraacetic acid (EDTA), non-chelating conformational salts, and chelates of
alkaline earth metals thereof have recently been reported to be room temperature phosphorescence
(RTP)-emissive. The origin of RTP was identified as through-space conjugation by hydrogen bonding.
Although crystal structures of other non-chelating EDTA and its salts have been previously reported,
RTP-emissive or not are unknown. Therefore, in the present study, | investigate the intra- and inter-
molecular hydrogen bonding distances in the crystals of 25 non-chelating EDTA and their salts using
Cambridge Structural Database (CSD). Integrating the RTP ability with the reported crystal structures of
EDTA and salts thereof including metal-EDTA chelates would be an intriguing research in the future.

Key words: Complex ion, Ligand, Room-temperature phosphorescence, X-ray Crystallography.

1. IXFL&HIC

A EL OB ZREMES -0, ASA
Uy LR EORDERE LT TLEBSRIER) OB
S 7-ZR Y > (Room-Temperature Phosphorescence;
RTP) T 5% (Baldoetal 1998,1999) [1.2]. —F7, #
VEBEGERVWEFRILAWIE, (BLERETLHHD
ThHh-oTH) 1FEAE RTP 2RI 7200, ITHETIE
BrxTRIZED, &R7 YV —OFEFHEM/EIZLT D
RTP D& b IRFITM B TS (Hirata 2017) [3].
TF L YT I NEER (EDTA) 13k % 72 @i A
FreFL— AT HRENRF L— FRFEL L
TR, L3, P AW R ETHU LTS,
LAV REIZ 22T, EF L — MEDOHIIKRTZD
EDTA 2 EEAMRIBEIC £ 0 B EFER (ultralong) O ==&
VonzaRT22 RPN Eh, BIERTFOLER
JR - O IEIEAE -t n B D2 M E @ LR RTP O i
JR & FE &= (Zhengetal 2021) [4]. EDTAZD b
DI/ V=0 BR S XA FIR VIR EBRIED

SfAF 1 2HA 1 HZHE (Accepted 1 December 2022)

T SNEMEITHY, EDTADD T D
L7 ERME RTP ARM SN/ 2 &iF, REBEE.
Zheng et al. (2021) il EDTA LISk iC EDTA O T
% % EDTA-Naz, EDTA-Nas, EDTA-Li2, EDTA-Kz,
EDTA-(NH4)2 72 5 b [AEE DB R e RTP MBI Sz
EHRELTWDH4]. ZhET, EDTA Lz, GEx
L= MEDLDTIERL) xO&BA A LOX
L— MMEROBEEMRICESN S THh, BRHahT
= 7= (5] 2 1%, Stezowski & Hoard 1984, Wang et al. 2010)
[5,6]. =9 L=BEFD EDTA & L — b+ OEK 72 ¥
2B L, RTP 2R3 2 &R INZIEFL—
o EDTA I, WEEBDEIZER O TS, $ o
L, JEFL— MED EDTA O BREEIC O W T
INETIZWLS DONOMEBITLOITWD N, &
FoTIEWARW., ELTRENLN RTP 23T E D
DEIBF STV RN, 22T, BERKMH RTP OTFLE
DOV O TZIENY OIEF L — MMEEDTA &
ZOHICE L, AT, TR EDTA £ 20

* R R R TR e R B AP 7 X185 (Div. Educ. Res. Supp., Grad. Sch. Engrg., Nagasaki University, Japan)
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WofmiEEs Bl ELHTEL., Zhicky, %
L— M OFE RS IC S, EEERRBI SN T
E=ThHAIFHEXL— MEEDTAFHDOHEE & RTP O B
FRYEC BT AR DO F - 2O A REMEIC B E H T
5.

2. BREEE

F L. SEOLMFATICEI Y RO L TE
TR mEE NS SN TS IEF L — MEEDTAR X
QZ O DL, CCDC No. kB L Ok ZR~7. 72k,
{LFERIZ>0 T, BlxiX=F Lo Y7 2 INEEEE A
4 V[EDTA-4H]*% Y472 L LikGE L2 b 0% () NIZ
PR L Cn5. AEIOMRETIE, MEEEKER %4
BIEATHIHES L — MMED EDTA 1L, BEKEAT S
LRI T Doz, KT, =F Lo o7y
PUEERE = KA A4 [EDTA-H] (HsY") %&b i
—ODObROTF bR oT. THIE, pH XT3
EDTA FED LKA AR T HaY e b b2 & ()
Z1E, Christianetal. (2013) [30]) 2L B DA .

Zheng etal. (2021) X, EDTA (Ladd & Povey 1973)
[13]35 & Y Na2[EDTA-2H]-2H20 O s I8N T, 4
FTHRNBLOS THAKE-BEEZERL TV DELRT-

88

e SRR T HERE (dno) 36 X OVEE SR IR 1--F 55 - T iR
B (doo) WICHSWT, ZEMEBLEZOTREM & B4
LTW5I4]. 1212, KFBFBHEEFRL TV 5 ATHE
HEDOHDENETNOFAB L OZ O EHEZ R,
RLUZHDZEDIEFMDOIHEF L — MEEDTAB L OZ
NoDFEDHI L, cif 77 A NVEHSZEDTE LD
WZDOWTh, FERICERIRF-BERIRFHH 5 WV ILRESR
R ER T EEEAY T (K 3-23). 22T, A
BRITAKFER A, IRCERIT R B+, FORITEHRR T,
REBITEFEIR T, HEAKIIMER T, FORTESR
BT, EREAEKII~ 7R U AT, BEEKET Y
TAHDWEIAY U LRT, REBKITILEY YL,
ARy FURSLENEI TR FERELTNS,
¥, KFEREE X-H---Y OEHEIE 2.940.3 A O#iHIC
HD (BEH 1994) [31]. 2D, BB LE ZOHMHA
OEAHEBICH D bOER L. K24 121X, 5 FHO
BRFA-BRFELETRE/ELTND LTSN
Ebooa Yy MEEZOHHE (A) oS THD.
Zheng et al. (2021) i3 EDTA-7 V0 U H¥E&HF L —
L, 3724 % EDTA-Mg, EDTA-Ca, EDTA-Sr, EDTA-Ba
WZOWTHBRETL, Wb RTP ENMETH - 72[4].
2%V, XL — MEEM EDTA O &7 53, EDTA-

F1EEBENRESNTWDIEFL— MEEDTA & 2D k%, CCDC No.F L UCHk

===+ CCDC No. SCHR ==~ CCDC No. STk
(1) H2EDTA* (HeY?)
1163542 [71 EDTA H2S04-H:0 1300053 [9]
EDTA-2HCI-3H-0
657759 [8]
(2) HEDTA* (HsY*) EDTA-HBr-H-0 1283049 [10]
(3) EDTA(H4Y)
1148825 [11] EDTA0.39H-0 1101398 [14]
EDTA 1148826 [12] Hs0-Na:Ni[EDTA-2H]--
1433251 [15]
1148827 [13] EDTA-PW12040°'5H-0
(4) [EDTA-H] (H3Y") (Not found)
(5) [EDTA-2H]? (H2Y?)
1148821 [16] Sr:[EDTA-2H]Clz-5H:0 686018
K:[EDTA-2H]-2H-0 838146 [17] Sr:[EDTA-2H](HCO5): 686020 [25]
1968403 [18] “4H0
Rb:[EDTA-2H]-2H-0 1147983 [19] Ca[EDTA-2H]-2H:0 1166578 [26]
Mg(H:0)s][EDTA-2H 1103464 20 HC>Ns(NH EDTA-
[Mg(H20)s][ ] [20] (HCsN3(NH2)s)2[ 241062 71 —
1171161 [21] 2H]-2H:0
Naz[EDTA-2H]-2H-0 1020814 [22] N:Hs[EDTA-2H] 656243 (28]
2051489 [4] (N2Hs):[EDTA-2H] 656246
Na:[EDTA-2H][Te(OH)s] (NH4)(N2Hs)[EDTA-2H]-
1309261 [23] 1033967 [29]
-2H.0 NHs-2H-0
[Mn(H:0)s][EDTA-2H] 285809 [24]
(6) [EDTA-3H]* (HY?) [Ks(EDTA-3H)]-2H20 838147 [17]
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EDTA

X 1 EDTA O4y K #ERE S (dvo =2.751 A, 2.780 A,
doo = 3.039 A) L FIAKZERE (doo = 2.458 A)

4 EDTA-2HCI-:3H.0 (X 3 D{b&¥ & O %)
Do+ WNAKFEREA (dv-o=2.684 A, 2.822 A, do-o =3.009
A) Lo TFRIKERSE (doo = 2528 A, 3.032 A)

(Ladd & Povey 1973) [13].

(Kaluderovi¢ et al. 2007) [8].

X 2 Na[EDTA-2H]-2H20 O 4K H#EHEE (dvo =
2737 A, 2758 A) Ly TRIKFERA (dvo = 2.920 A,
do-o=2.866 A, 2.936 A) (Zheng et al. 2021) [4].

X 5 EDTA-H.S04-H.0 ® 4y +HNAKFERE S (dv-o = 2.705
A, 2737 A) & FRIKFERFA (dvo=2.744 A, 3.002 A,
do-o =2.883 A, 3.085 A) (Shkol'nikova et al. 1993) [9].

%03

X 3 EDTA-2HCI-3H.0 D43 7N #ERE S (dn-o = 2.671

A 2689 A doo=3271A) Lo TRIAFERHEG (doo = X 6 EDTA-HBr-H.0 O 4y T-N/KFE#E G (dno =2.647 A,

2.850 A, 3.061 A, dn.ci = 3.165 A, do.ci = 2.941 A) 2700 A) & TRIKERS (dvo = 2.841 A, doo =
(Mistryukov et al. 1987) [7]. 2.458 A, 2.603 A) (Shkol'nikova et al. 1989) [11].
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7 EDTA Oy FHRAKFERK S (dvo=2748 A, 2.788 A,
do-o = 3.039 A) L4 FRIAk#ERE (do-o = 2.460 A)
(Cotrait 1972) [12].

X 8 EDTA-0.39H.0 D4y MK FEHES (dn-o = 2.679 A,
2.796 A, do-0 =3.092 A) & > FIkFERFEA (do-o=2.474
A) (Ladd et al. 1974) [14].

X 9 H;O-Na:Ni[EDTA-2H]-EDTA-PW1:040-5H.0 D %y F-
MKk FEfES (dvo=2.664 A 2701 A, 2.813 A, 2.860 A)
Lo MAKFEME (doo = 2.344 A, 2595 A, 2.620 A,
2.630 A, 2,677 A 2725 A, 2875 A, 2979 A,) (Xiao etal.
2016) [15].

10 K:[EDTA-2H]-2H.0 D%y 7k FER S (dvo =
2.675 A, 2.687 A, 2.700 A, 2.742 A,2.803 A, 2.862 A,) &
T IKFEEE (doo=2723A,2.738 A) (Krawczyk &
Lis 2011) [17].

X 11 K[EDTA-2H]-2H-0 (¥ 9 D{b&W & Dfbda %)
DyFWNAKFEME (dvo = 2.661 A, 2.716 A, 2.726 A,
2.745 A, 2.779 A, 2.806 A) Ly FRIAFERE (doo =
2.813 A, 2.873 A) (Meier & Massa 2019) [18].

X 12 Rb.[EDTA-2H]-2H.0 D4y WAk FEHEE (dvo =
2592 A, 2612 A, 2,632 A, 2633 A) &4 FRIKFEREA
(dn-0=2.990 A, do.o =2.595 A) (Cotrait 1970) [19].


aa83986323
タイプライターテキスト
野口大介


EDTA

13 [Mg(H:0)s][EDTA-2H] D 45 TPk FERE S (dnv-o =
2.660 A, 2.708 A) Ly T-RIKFEES (dvo = 2.899 A,
do-o = 2.733 A, 2.746 A, 2.859 A, 2.899 A) (Julian et al.
1973) [20].

X 14 Na)[EDTA-2H]-2H.0 (X 2,14 Ofb&5W & D[R —

DFEEIE) Doy FNKFEREES (dno=2733A) L4

MKks#ERE A (dv-o = 2.903 A, do-o = 2.852 A, 2.887 A)
(Font-Bardia et al. 1993) [21].

-

X 15 Na[EDTA-2H]-2H.0 (X 2,13 ® k&9 & DRl —
DFEETE) Doy INAKFERES (dvo=2.739 A, 2751 A)
L TRIAFEES (dvo=2.892 A, doo=2.840 A, 2,938
A) (Fronczek 2014) [22].
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X 16 Na:[EDTA-2H][Te(OH)s]-2H20 D45y FPNKHE S

(dn-0=2.627 A, 2.650 A, 2.709 A, 2.769 A) & 2> FEk
FHEA (dnv-o=3.048 A, do.o =2.879 A) (Cisafova et al.
1995) [23].

X 17 [Mn(H:0)s][EDTA-2H]D 5y TPk ERHEA (dnvo =
2661 A, 2698 A) &y TIAKFERSG (dvo =2.906 A,
do-o=2.712 A, 2.740 A, 2.815 A) (Ma & Niu 2003) [24].

. \ AT
K 18 t) Sr[EDTA-2H]Cl:-5H:0 D4y +WNKEHEE
(dn-o = 2.757 A, 2.780 A) L4 FIA#ER S (dvo =

| —

2.860 A) ; ) Sr[EDTA-2H](HCOs).:4H-0 D4y PNK
FEiEA (dn-o=2.692 A, 2.755 A) & 45 TRk FEREA (dn-o
= 2858 A, 2.986 A, doo = 2.743 A) (Polyakova et al.
2009) [25].
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X 19 Ca[EDTA-2H]-2H.0 D4y FHNAKFEHE A (dnvo =
2.654 A, 2713 A, 2.717 A, 2.735 A, 2.776 A, 2.853 A) &
S FRIAKFEES (doo=2772 A, 3.004 A) (Zabel et al.
2009) [26].

X 20 (HC:N3(NH:):):[EDTA-2H]-2H.0 P4y -k s

4 (dno=2.698 A, 2.737 A) LT RIAKFERES (dvo=

2.750 A, 2.964 A, 2.973 A 3.062 A, do.o = 2.836 A)
(Vella-Zarb et al. 2014) [27].

X 21 ) N:H{EDTA-2H]D 4y PNk FEHEE (dvo =
2699 A 2710 A) &y TEIAKFERAS (dvo = 2.780 A,
2.800 A, 2.801A) ; ) (N2Hs)[EDTA-2H]D 53Nk FE
A (dn-o=2.696 A, 2705 A) Loy FMIAFERKS (dnvo
=2.782 A, 2.797 A, 2.955 A) (Ragul et al. 2015) [28].
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22 (NH4)(N2Hs)[EDTA-2H](NH)-2H.0 ® 43 /K&
fEA (dno=2.674 A, 2727 A, 2.728 A, 2.762 A, 2.780 A,
2.800 A) &5y FRIAKFERE S (dno =2.667 A, do-o =2.735
A) (Sivasankar & Sonia 2016) [29].

X 23 [Ks(EDTA-3H)]-2H.0 D4y Wk FEHEES (dvo =

2.636 A, 2.646 A, 2.838 A, 2.841 A) L4 TFRIKFERES
(dnv-o = 2.838 A, 2.841 A, doo = 2.669 A, 2.779 A)
(Krawczyk & Lis 2011) [17].

60

40

20

Sample counts

0
23 24 25 26 27 28 29

Intramolecular N-O distances / A
K 24 EDTA B X ONZ DRITHB T 550 T NE LR 11

3 - W R O 53 A1

ERFL—FTH RTP EAMERHERINLTND L
272 5. 2B, EDTA-T V0 ) HHH&REF L — Mo
WCIEBER (BP0 2022) [32licE TRy, R4
BHELEATDHFL— b ThoTHHERDENHEED
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EDTA

BANHBZENDNo TS, F12, 1FNITHRE S
EPRRE SN TS EDTAFL—hELT, 7BV
4 )8 (B0 2022a) [33], H¥ 4R (Fr0 2022b) [34],

14 jE= 48 (B 0 2023a) [35], 15 4R (B 0 2023b)
[36], “HIFE—RFEZe)E (BF A 2023c) [37], EDTA-
HIE —RINVERER, -5 - =R TEBRGE (&
A 2023d) [38]D#EMmEELZMA L 7. 41, EDTA
ERE¥ L — D RTP FIEMEOHIE L KFEREE EEED
BROFENBERENFET —~ &2 20b L,

%

EDTA OBMEA A >) OHEESR X MRS S M 1%
RIATHZ2WVWAREE2REATIEH S Lu & Shao
(1962) 23#E L TV B[11]. L2 LA O EFER
1% TL.Y.Tsein, S.M.Chen, Scientia Sinica, 1962, 9, 496 |
L CCDCIZHh Y, N4, BEBIVCHEENPAREMRR D
DTHRB|INTLELTWD. 72K, Ladd & Povey
(1973) [13]i% Lu & Shao (1962) [11]&38IH LT3
7%, TLu, Y.& Shao, M. (1962)Sci. Sin,I1,469.] & LT
D, BEOSELL 2V, LDIRT, £F1X EDTA O b7
EICET Akt (B0 2021) [39]iC T Lu & Shao
(1962) [11]%BIHL X9 & L, YEFIEGHE®RICE
MR oo, WENRE T LI AT enol.
ARBMEPETHICHTY, ZYmLOETEZRY Fi
HZ LT, ELWEEEENSHALZZD, 4R
RAET250Ths.
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