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EPISODIC KNOWLEDGE ON FIRST AND FOREMOST
CRYSTALLINE STRUCTURAL REPORT OF
ETHYLENEDIAMINETETRAACETIC ACID
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An investigation into the precise ethylenediaminetetraacetic acid (EDTA)
crystalline structural report was initiated, as there appeared to be some ambiguity
regarding the accurate notation of EDTA as a neutral molecule or a zwitterion.
As a result, the first and foremost article reporting EDTA in zwitterionic form was
determined after a difficult confirmation. Additionally, crystallographic data of the
zwitterionic EDTA itself and non-chelated salts thereof registered on the CCDC
were also mentioned herein. This episodic knowledge will be fundamental for not
only chemical education but also related science and technology in the future.
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Introduction. Ethylenediaminetetraacetate (EDTA; 2,2',2",2"-(ethane-1,2-
-diyldinitrilo)tetraacetate) is a commonly learned chelator in analytical chemistry
owing to its ability to form stable metal complexes with four carboxylate groups
(R-CO0O") and two tertiary amino groups (R-NR'R") thereof. However, the
accurate notation of EDTA itself appears somewhat ambiguous. This would be
because there was a controversy about the chemical structure of EDTA itself
around the middle of the 20th century [1, 2]. The one group interpreted EDTA as a
neutral molecule [3-5], whereas the other group interpreted it as a zwitterion;
i.e. HOOCCH("OOCCH2)NH*CH,CH;NH*(CH,COO")CH,COOH [6-8]. Even
afterwards, there are still some textbooks of analytical chemistry that describe it as
not a zwitterion, but a neutral molecule [9]. Precise understanding and revealing the
historical origin of the chemical structure of EDTA itself should be significant
not only for chemical educators, but also for scientific researchers. Therefore,
I have investigated and analyzed the reported crystal structures of both zwitterionic
EDTA themselves and its non-chelating salts; 27 entries have been demonstrated
recently [10]. But at that time, the first and foremost article reporting the crystal
structure of EDTA had not yet been determined. Eventually, according to a difficult
task to confirm, it was found that the first and foremost crystal structure of EDTA
was reported with zwitterionic fashion by Lu & Shao in 1961 and 1962 [11, 12]
(see Scheme).
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Scheme of the structural formula of a zwitterionic EDTA molecule in its crystalline state.

Materials and Methods. Information as to crystal compounds at Cambridge
Crystallographic Data Centre (CCDC) have been searched through the Internet.

Results and Discussion. Hereafter, the complicated episode found by my
investigation is demonstrated in detail. The above-mentioned monumental articles
(Lu & Shao 1961; 1962) reporting EDTA crystal structures written in Chinese with
an abstract in English [11] and in Russian [12] were published. However, they have
been neglected by almost all researchers who reported the crystal structures of EDTA
themselves and their salts of non-chelation after that [10]. Why is this such a
regrettable situation? From the web-site of the CCDC exhibiting a search result, it is
shown that the data by [12] was deposited in 1971 as “L.Y. Tsein, S.M. Chen,
Scientia Sinica, 1962, 9, 496”. | attempted to obtain the report through the Internet
in 2023, but the article was not available online at that time (from 2024 onwards, it
is currently available online). Thus, | ordered a copy of the article via the University
Library. Eventually, | found that as the original article [12] was written in Russian,
the bibliography must be translated into English. Unfortunately, the bibliographic
notation is incorrect. In Chinese culture, surnames (family names) are traditionally
written before the “first” (given) names. Usually, when translating Chinese names
into English, the surname is often swapped with the given name. However, in the
present case, swapping was not done; “Tsein” and “Chen” are indeed parts of their
given names. These parts of their given names seemed to be treated as surnames
during the translation. Second, although the volume number in the bibliography is
noted as “9”, it is also incorrect. In the original article, the volume number is
demonstrated as the Roman numeral “X1”; X1 means 11, not 9 (=1X)! Thirdly, the
page number is incorrect. In the original paper, the page numbers began from 469,
not 496! Triple mistakes are making it be very difficult to identify.

Subsequently, Cotrait in 1972 reported another data of the crystal structure of
EDTA with R index written in French [13]. Cotrait (1972) cited the above-mentioned
article as “Tsin L.Y. & Chen S.M. (1962). Acta Sci. Sin. p. 469”. The journal name
thereof is misleading; “Acta Sci. Sin.” is inaccurate, because “Acta” was
unnecessary, and another confusing journal of “Acta Chim. Sin.” also exists.
Moreover, the volume number was not included. Later, the further crystal structure
of EDTA itself was also reported by Ladd & Povey (1973) [14], citing the
aforementioned paper as “Lu Y. & Shao M. (1962) Sci. Sin. Il, 469”. As you know
by now, they mistaken the volume number “XI” for 111! These incomplete citations
are seemed like another reason for losing the worth of the first-reported invaluable
knowledge. When Shkol’nikova & Porai-Koshits (1990) [15] reviewed the structures
of uncharged, anionic, and cationic aminoalkylcarboxylic complexones including
EDTA, the studies by Lu & Shao (1960, 1961) [11, 12] were not referenced, despite
the fact that they were “Russian” scholars. Here should be also emphasized that none
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of them ever mentioned the actual first and foremost report by Lu & Shao (1961)
[11], even though posterior “Chinese” researchers, who rediscovered and deposited
the crystal structural data of EDTA itself on the CCDC [16].

Further information shall be introduced. | also found additional entries
of the non-chelation salts of EDTA such as [Mg(H:O)s](EDTA-2H) by
Tinnemans in 2023 [17], and two entries of (HOCH,CH2NH3),(EDTA-2H) and
{(HOCH2)3sCNH3}2(EDTA-2H)-3H,O by Semenov et al. in 2023 [18] through
this investigational process. Moreover, | found a crystal structure reporting
AgQ(EDTA-3H) [19]. Accordingly, a total of 34 entries related to EDTA themselves
and non-chelating salts thereof were ensured after my previous work [20].
These existing data of the crystalline structures of zwitterionic EDTA itself and its
non-chelational salts are expected to be valuable for both chemical education and
materials science and engineering afterwards.

Conclusion. The first and foremost crystalline structural reports exhibiting
an exact zwitterionic EDTA itself have provided valuable insights into its history in
chemistry. However, the bibliographic data of this monumental article reported
by Lu & Shao written in Russian was misinterpreted when registered in the CCDC,
and subsequent studies also erroneously cited. This episodic knowledge would be of
significance for not only science education, but also advanced research in the
near future.

This work is an updated version of my preprint in EJArXiv. The language of
the draft was edited using Paperpal, recruited by the NU’s Academic Support Office.
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2. LNANFRh

AHLIUBLUBPL GhSELPL E(FPLEL N UUDLSESM UL USUuU (G (3dh
A3NFMBEIUSPL UWUANFSIUGSLh JGLUAGM3UL UNUDL BY,
<hULULUL <U1NMUUL UUURY

Luwpwatniyty ' htmwugnunipmit  Ephinhudhmbnpupuguiw-
pRYh (EDTA) pniptinuyhtt junniggudph ttipluywgdwi Yhpupbpw), pubh
np, pun bplnyphlt, npnpwih tpihdwunmpnid jup® juujuwo EDTA-h
togphwn GpUwih htiwm™ npytiu skgnp Unjynyh Jud gyhntphndh: Wpyynibpnid,
ndjunp hwunmwwmnidhg htimn  huwymbwpbpqud £ wnwehtt b hhdbwuwb
hnnwodp, npntin EDTA-0 titipuyugywd L nputiu gyhwtiphntughtt ale: fugh
wyn, wjunbin ipyud Lo dwl gyhwmtiphntwyhtt EDTA-h b npu ny phijumuyghb
wntinh pyniptinuyhtt juinnigywdph myjuyitipp, npnip gpuitgywd i CCDC-nw:
Wu Eyhgnnhy ghwbjhpbtipp wyuquynmd hhdbwpup Gwbwynipynih
Unibtb ny dhuyh phihwub Ypenipyub, wyp bwl hwpuihg ghunipyub b
wbtijulininghwyh hwdwip:

JI. HOT'YUU

SIN3OAUYECKHME 3HAHUA O TIEPBOM U I''TABHOM OTYETE
O KPUCTAJUIMYECKOU CTPYKTYPE
OTUJIEHIUAMHNWHTETPAYKCYCHOUN KUCJIOTBI

bbuto Hayato uccienoBaHHE OT4YETa O KPUCTAUIMYECKOM CTPYKType
THIeHOANaMUHTeTpaykcycHol kucnotbl (DTA), mnockonbKy, NO-BUAMNMOMY,
CYLIECTBOBaJIa HEKOTOpasl IBYCMBICIIEHHOCTh OTHOCUTEILHO TOUHOI'O 0003HAUYEHUS
OJITA xak HEHTpaTbHON MOJEKYJbl WM IBHTTEpP-HOHA. B pesynpTaTe mocie
CJIO’KHOTO TOATBEPKICHHS IPUBOAMUTCS NEPBasi U IIaBHas CTaThs, coolIIatonas 0o
OATA xak o uBuTTEp-MOHHOH (hopme. Kpome Toro, 31aech Takke YIOMHHAIOTCS
KpucTayuiorpadudeckue faHHble camoi nBuTTep-uonHoi JJ{TA u ee HexemaTupo-
BaHHBIX COJIEH, 3apETUCTPUPOBAHHBIX B KeMOpPHIKCKOM IIEHTpE KpHUCTAIIOrpa-
¢uuecKuX JaHHBIX. DTU 3MMU30ANYECKHE 3HAHUA OYIyT MMETh OCHOBOIOJIATatolIee
3Ha4YeHHE HE TOJBKO JUISI XUMHUYECKOTO 00pa30BaHuUs, HO M JUISl CMEKHBIX HAYK U
TEXHOJIOTHH B OyIyIIEM.



