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The title compound forms weak 1:1 and 2:1 (metal-
to-ligand) complexes with bivalent transition metal
ions from Mn to Cu. Both types were studied in so-
lution and in solid state, and from the properties of
the complexes conclusions were drawn regarding their
molecular structure.

Introduction

Ethylidenetetrathiotetraacetic acid,
HOOCCH;S\

HOOCCH:S”

_-SCH,COOH B

~SSCH,COOH

was described first by Ritter and Lower.! Its coor-
dination properties towards metals were studied by
several authors,>® and solid complexes, M;E.nH,O
(M = Co, Ni and Cu), were isolated.** As a conti-
nuation of the previous papers of this series®’ a sy-
stematic examination of this potentially octadentate
ligand and its transition metal complexes was under-

taken in this work.

Experimental Part

Materials

The ligand, H.E, was synthesized according to
Longo et al’ It formed white crystals of m.p. 201-
202° (lit.,'2* 189-204°). Other materials were pre-
pared as described previously.5’

Apparatus and Methods
These were described in the previous papers.®®

Analytical

Since the bromate-bromide method used previously’
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was found to give unsatisfactory results with H4E, a
method was developed based on an oxidation of the
ligand by an excess of permanganate in 3N—H,SO,.
After stirring for 20 min. at room temperature, the
excess of permanganate was back-titrated. An em-
pirical ratio of 29.3 equivalents of permanganate per
mole of H4E is reproducible accurately at these con-
ditions. The purity of H4E was further controlled by
an elementer microanalysis and an alcalimetric equi-
valent weight determination. Metals were determined
by standard volumetric and/or gravimetric procedures.

Calculations

The following acid dissoctauon and stability con-
stants were calculated:

H__ [H] . [HJE] u_ [H] . [HZE]
R T K= ThE
u_ [H].[HE] «_ [H1.[E] _ [ME]
K= e Ke =~ FHET Kl_—-—[M] ]

(charges are omitted)

A computerized Bjerrum’s method based on pH-—
titrations was used to determine K. The stability
constant K; was found as an intercept of a straight
line calculated from a formation curve.!! The pH-—
titration data corresponding to the presence of metal
ions were treated by a computer to calculate formation
curves.

From the constants obtained, the formation curves
can be back—calculated perfectly.

Results
Composition and Stability of Complexes in Solution

Apparent changes of absorption spectra of metal
ions caused by the presence of the ligand (pH = 6-7)
made it possible to choose wavelengths suitable to a
determination of the composition of complex by the
Job metod. The results, summarized in Figure 1,
clearly show the formation of only 1:1 complex with

(10) Romary J.K. Donelly D. L., and Andrews A.C., J. Inorg. Nucl.
Chem., 29, 1805 (1967).

(11) Rossotti F.J.C. and Rossotti H., The Dectermination of Sta-
bility Constants. Mc-Graw-Hill, New York 1961.
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the exception of Fe*, where, on the contrary, only
2:1 complex demonstrates itself on the curve.

The dissociation constants of the ligand and the
stability constants of the 1:1 metal complexes are
presented in Table 1. A shift of formation curves
with an increasing metal—to—ligand ratio was inva-
riantly observed indicating the systems to be polynu-
clear regarding a metal. Therefore, the stability con-
stants were calculated from formation curves related
to the two—fold excess of the ligand, where perfectly
linear fits for K; were obtained confirming that only
1: 1 complex is formed under these conditions (see Fi-
gure 2). However, none of the numerous binuclear
(protonised) complexes of the M;E and/or MH,E type
taken tentatively into account gave any reliable set

Table I. The dissociation constants of HiE and the stability
constants of its 1: 1 complexes at 25° and I = 0.1.

pK¥=2.80%0.10
pK#=3.50+0.09
pK:#=3.870.09
pKH=4.54+0.07

log Kuee=1

log Krer=1.9+0.1
log Keoe=2.2+0.1
log Knie=4.02+0.04
log Keue=5.29+0.04

04~

1 |
21 1:1 Me:E

Figure 1. The Job plots in the systems M**—E‘~ at pH=6:
A: Cu’, 327 nm, 0.0005 M; B: Ni’*, 270 nm, 0.0005 M;
C: Co™, 610 nm, 0.05 M; D: Fe’, 850 nm, 0.08 M.

0 1 bgtt-mm

Figure 2. The graphical determination of pK,: A: Cu®*,
B: Ni**, C: Co**, D: Fe**, E: Mn*+.
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of stability constants from the other formation cur-
ves, probaly because of an extreme sensitivity of the
systems to experimental errors. No 2:1 stability
constants are therefore presented.

Preparative Part

In a number of cases a careful adjustment of ex-
perimental conditions (see Table II) was found essen-
tial in order to obtain pure compounds.

Sodium salts were obtained by a neutralisation of
H.E with NaHCO; followed by a crystallization.

The complexes MH:E - nH,O were prepared by
slow crystallization of solutions containing equivalent
amounts of the disodium salt and metal perchlorate.
The nickel complex required somewhat modified con-
ditions in order to prevent the formation of Ni;E and
H:E.

The M;E -nH.O complexes were obtained mostly
as precipitates by mixing Na;E and metal perchlorate
solutions in the appropriate ratio.

The preparation and the handling of the ferrous
complexes were carried out under nitrogen.

All the compounds were isolated by suction, wa-
shed with a proper solvent (see Table II) and dried at
room temperature.

Properties of the Compounds

The following properties are summarized in Ta-
bles II-VII: composition, appearance, the conditions
of the preparation (Table II), analytical, magnetic
and solubility data (Table III), electronic spectra
(Table 1V), powder diagrams data (Table V), ir.
spectra (Table VI) and thermal decomposition data
(Table VII).

Discussion

In solution, H:E behaves as a tetrabasic acid. Its
acid dissociation constants as determined in the pre-
sent work are substantially identical with those of
Geary and Malcolm,! but different from those of Lon-
go et al® and Munoz et al.'>. As in similar cases, such
a set of close equilibrium constants represent a sy-
stem which can be treated reliably only by a compu-
ter, being still critically dependent on experimental
errors. This reflects on relatively high standard de-
viations of the constants, The absolute magnitude
of the dissociation constants responce well to a disso-
ciation of the carboxylic protons. In solid state, ho-
wever, distinct evidence for a hydrogen bond bet-
ween carboxyl and sulphur was obvious as the i.r.
S—H stretching band which is isotopically shifted on
deuteration.

The ligand forms 1:1 complexes with transitions
metal ions in solution. The trend of stability con-
stants is consistent with Irving-Williams series, and
the values of nickel and copper complexes agree ap-
proximately with those obtained by other authors**
taking into account somewhat different experimental
conditions. In addition, some evidence supporting

(12) Munoz O.S. and Weinert S.0., Rev. Real Acad. Cienc. Exactas,
Fis. Natur. Madrid, 61, 573 (1967). cf. C.A., 69, 90437 z (1963).
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Table Il. The conditions of the preparation and the appearance of the compounds.
ml of HO m! of non-
Compound Starting materials (moles) ¢ A+B aqueous crystal- yield
Appearance A B °C solvent lization %
NaH,E . 2H;0 H.E NaHCO, 25040 250 +5°
white crystals 0.05 0.1 80r EtOH 5 days 5
NaE . 2H.O H.E NaHCO, 7540 150 25°
white powder 0.05 0.2 80° MeOH 24 hours 65
H:MnE . 6H,0O Na,H,E Mn(ClO,), 240+10 25° 75
pale pink n. 0.025 0.025 25° - 24 hours
H,FeE . 6H,O Fe(ClO,). Na,H,E 100100 150 +5° 5
pale yellow c. 0.025 0.025 25° EtOH 24 hours 6
H.CoE . 6H,;O Na,H:E Co(ClOy), 50+10 25° 80
pink needles 0.025 0.025 40° - 24 hours
H:NiE . 6H.0 NaHi:E Ni(Cl10.), 50+10 60 +5° 35
pale green c. 0.040 0.025 80° acetone 75 min.
H.CuE . 2H.O Na.H.E Cu(ClO.,), 25410 25° 50
grass green p. 0.025 0.025 30° - 2 days
Mn:E . 12H.0O NaE Mn(Cl10O,), 50+20 +5° 60
pale pink-¢. 0.025 0.050 40° - 3 days
Fe;E . 2H,O Fe(Cl10,): NaE 100+ 60 120 .. 5
pale ocre p. 0.090 0.033 - 25° EtOH precipitate 4
+2gNH,ac
Co:E . 8H;0 Co(Cl10.), Na,E ® 10424 8
pink powder 0.075 0.025 100° - » >
pale green p. 0.055 0.025 50° - » 40
Cw.E . 5H;0 Cu(ClO.). NaE 30+30
grass green p. 0.050 0.025 25° - > &
Cu;E . 8H.O obtained by a recrystallization of the pentahydrate 25°
blue powder 14 days 95
Appearance: n. needles, c. = crystals, p. = powder. 2 B added tc A; ?at pH=11.
Table 1ll. The analytical, magnetic and solubility data of the compounds prepared.
H,% metal,% E,% H.0,% Solubility

Compound caled. calcd. caled. calcd. hetr.,B.M. g/100g of
m.v. (found) (found) (found) (found) at 20° water at 25°
HLE 1.032 98.97 6
390.46 (1.03) - (98.7) - —268.10 0.081
Na,H,E . 2H,0 0.426 9.77 82.14 7.66 —278.10-%a b
;170%?7 HO (0.43) (9.;8) (82.3) (8.07) :

aE . 2H; 17.88 75.12 7.00 6
514.43 — (18.22) (75.8) (6.96) —260.107*¢ 28.3
H.MnE . 6H.0 0.366 9.96 70.06 19.61 5.96 0.93
551.57 (0.36) (9.81) (70.2) (19.1) . :
H.Fe¢E . 6H:0 0.365 10.11 69.94 19.58 533 1.38
552.48 (0.37) (10.55) (69.2) (18.5) . :
H.CoE . 6H;0 0.363 10.61 69.56 19.47 5.00 0.40
555.56 0.37) (10.18) (68.9) (19.6) ’ ’
H.NiE . 6H:0 0.363 10.57 69.58 19.48 3.30 0.76
555.34 (0.37) (10.11) (69.4) (19.5) : :
H.CuE . 2H,0 0.413 13.02 79.18 7.38 1.73 (298°K) d
488.03 (0.42) (12.24) (79.6) (7.7) ¢ 1.48 ( 77°K)
MnE . 12H;0 _ 15.42 54.23 30.35 587 123
712.55 (15.01) (53.5) (30.2) ’ )
Fe:E . 8H,0 17.39 60.16 22.44 4.88 (298°K) 25
642.29 - (17.44) (61.0) (21.6) ¢ 4.48 ( 77°K)
Co,E . 8H,0 18.18 59.59 2223 4.75 3.14
648.45 - (18.73) (59.5) (21.6) . :
Ni;E . 8H,0 18.12 59.63 22.25. - 0
648.01 — (17.17) (59.5) (21.6) 3. 14.
Cu:E . 5H,0 21.05 64.02 14.93 180 .
603.61 - (20.4) (64.0) (15.6) ¢ ’
CwE . 8H,0 19.32 58.76 21.93 170 013
657.67 - (19.9) (58.0) (22.1) ¢ . '

amolar susceptibility;
to octohydrate.

a formation of 2: 1 complexes in solution was obtained,

b disproportionation: 2Na,H.E«-H,E+ NaE;

but their stability constants could not be calculated state.
plexes, the analogous manganous and ferrous com-

from experimental data with certainty.

cfrom the difference;

d reduction of Cu';

e conversion

Both types of complexes were studied in solid
In additicn to the previously known 2:1 com-
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Table IV. The electronic spectra of the compounds studied.

Solution Attribution Solid (diffuse reflectance)
Compound cm™! (log €) Compound cm™? Compound cm™!
H.E 33,900 (1.0) CT (ligand) H.E 34,500
45,500 (3.46) » 40,000
NaH:E 33,900 (1.0) CT (ligand) Na,H;E . 2H,0 34,500
45,500 (3.46) » 40,000
Na.E 33900 (1.0) CT (ligand) NaE . 2H,0 34,500
45,500 (3.46) » 40,000
MnE?- 33,900 (1.0) CT (MneS) H:MnE . 6H,O 32,300 MnE . 12H.O 33,300
45,500 (3.46) CT (ligand) 44,400 44,400
FeE*- 11,000 (0.47) SEpe—"Ty, H.FeE . 6H,0 10,200 Fe.E . 8H.O 10,400
34,500 (1.90) CT (FeeS) 31,000 31,000
45,500 (3.43) CT (ligand) 38,500 38,500
CoE* 8,700 (0.64) T2¢"T 1o(F) H.CoE . 6H.0 10,000 Co:E . 8H:0 10,000
17,200 (0.80) *Ae—*Tyg 15,600 15,600
20,000 (1.09) Tig(P)e"Tg 19,000 19,000
35,100 (2.08) CT (CoeS) 33,300 38,500
45,500 (3.47) CT (ligand) 43,500 41,700
NiE?*- 9,400 (1.36) *Tage—Asg H:NiE . 6H,O 10,000 Ni;E . 8H.O 10,000
15,300 (0.92) Tig(F)eAy 14,900 15,100
25,300 (1.30) *Ti(P)e— A, 25,000 25,000
37,000 (2.98) CT (NieS) 37,000 37,000
45.500 (3.49) CT (ligand) 45,400 45,400
CuE*~ 12,700 (1.78) *To¢"E, H.CuE . 2H,O 13,300 Cu,E . 5H,0 13,000
30,300 (3.01) CT (CueS) 25,600 29,000
37,000 (3.22) CT (CueS) 37,700 37,000
45,500 (3.49) CT (ligand) 43,500 45,400
"Tye"E, Cuw;E . 8H,O 12,800
CT (Cue=S) 35,700
CT (CueS) 38,500
CT (ligand) 45,400

Table V. The interplanar distances and the relative intensities of the powder diagram lines.

H.E Na,H.E Na,E Na,E H:MnE H,FeE H:CoE H:NiE Mn;E Cu:E Mn:E
.2H,O .2H.0 .6H,O .6H:0 .6H;O .6H,0 . 12H.0 . 8H,0
dA 1 dA 1 dA I dA 1 dA 1 dA I dA 1 dA 1 dA 1 dA 1 dA 1
6.80 1 6.06 1 5.99 2 6.14 2 8.04 3 737 1 7.19 3 691 4 6.60 1 713 3 5.03 1
5.03 2 530 1 5.03 1 4.28 2 5.68 2 5.64 1 5.63 1 6.65 1 5.09 3 6.14 3 4.69 2
4.77 2 452 1 4.37 2 3.80 4 503 1 492 3 487 1 5.12 2 4.77 4 553 1 3.81 2
425 2 411 2 3.82 4 339 1 462 3 444 1 4.53 2 450 4 431 2 5.03 2 353 1
380 4 3.64 2 3.63 4 3.08 3 433 1 423 1 413 2 382 2 3953 446 3 294 2
3531 315 4 3.36 2 2.86 2 377 2 3.84 2 3.70 2 3.56 2 381 1 395 1 2.74 2
3.18 4 3.02 1 3.28 1 258 3 3521 3.60 2 348 1 3331 3371 3.60 4 2511
287 1 273 1 3013 244 2 3.26 4 331 4 3.14 4 3122 3.16 3 3251 229 1
2,74 4 2513 287 3 230 1 3.09 1 306 1 3.08 1 289 3 294 3 291 2 226 1
251 3 234 1 274 1 2.16 1 2.83 2 274 3 281 2 271 2 275 2 258 2 2.08 1
2.38 2 227 2 2613 201 1 2.68 2 254 2 2.66 2 257 1 248 1 240 3 199 1
2.26 2 218 1 254 3 182 t 255 1 2.36 2 2511 240 3 2.36 2 228 1 1.88 1
208 1 2.02 2 242 3 1.76 1 245 2 2.20 2 241 1 223 2 226 1 217 1 1.65 1
200 1 192 1 2311 1.70 1 234 2 2.09 1 2321 2.06 2 212 3 207 2 1.60 1
1.84 1 1.84 1 2222 153 1 219 2 1.87 2 2.18 2 1.89 2 2031 187 1
1.74 1 1.73 2 215 1 2,10 1 1.78 1 201 1 1.83 1 1.96 1 1.75 1
1.67 1 1.64 1 202 3 199 1 1.64 2 1.86 1 1.77 1 1.83 2 162 1
1.61 1 157 1 1.87 1 191 1 1.75 1 1.64 2 1.71 1 155 1
152 1 1.81 2 185 1 163 1 158 1 162 1 141 1
147 1 1.75 2 1.78 2 152 1 1.56 1
142 1 1.70 1 1.65 1 146 1 1.51 1
1.36 1 1.62 1 161 1 138 1 142 1
132 1 155 2 1.51 1 136 1
1.51 1 1.32 1
1.44 1
1.26 1
plexes were prepared. A different stage of hydration were interpreted in terms of weak octahedral crystal
of our cobalt, nickel and copper complexes as com- field formalism.” The crystal field parameters cal-
pared with those of Geary and Malcolm®* and Quchi culated from the spin—allowed bands are presented
et al’? is caused evidently by different methods of iso- in Table VIII. According to the Table, the ligand
lation. Moreover, a series of the previously unknown can be located into the spectrochemical and nephel-
1: 1 complexes was prepared in the crystalline state. ) ) )
The electronic spectra Of bOth types Of complexes ster(dl:x)nLl%‘é%r. A.B.P.: Inorganic Electronic Spectroscopy. Elscvier, Am-
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Table VI. Selected infra-red bands (cm™') of the compounds prepared.
Compound v(C—=S)  w(COO) v(COO)  w(COOH) w(COOH)  w(H,0) wS—H) vO...H)
v(S—D) v(O...D)
H.E 660 s ifl‘g v — 1290 vs 1710 vs 2565 m 3100 vs
1383 s 2565 m 3100 m
DiE ¢« 660 s 1395 s — 1288 s 1712 vs — 2070 w 2380 m
Na,H,E . 2H,O 670 m 1392 vs 1570 vs 1253 vs 1700 s 3430 s
Na,D,E . 2D,0 ¢ 665 vw }ggg v 1565 vs 1253 vs 1700 s 3425 m
Na,H,E 680 m 1380 m sh 1604 m 1245 msh 1714 m —
NaE . 2H,0 685 m 1408 vs oo v — — 3430 vs
NaE 685 m 1409 vs 1590 vs — — —
HMrE . 6H,0 695 m 1405 vs B vs.122m 1710s 3440 vs
H,FeE . 6H;O 700 m 1413 vs }g;g :Ssh 1252 m 1724 s 3450 vs
H,CoE . 6H,0 699 m 1405 vs o Ys L 1250 m 1712 s 3460 vs
H.NiE . 6H,0 698 m 1405 vs oS, 1250m 1712 3460 vs
H,CuE . 2H,0 715 m 1408 vs %ggg Vs 1290 s 1714 s 3440 vs
H:MnE 694 m 1404 vs s . 1252m 1714 m -
H.FeE 705 m 1408 vs 1283 v 1292 m 1714 vs -
H.CoE 712m 1405 vs Vs 1290m 1728 —~
H:NiE 712 m 1404 vs 1o v 1290 1723 s -
Mn.E . 12H;0 719 s 1400 vs }ggg M — — 3485 s
Fe,E . 8H,0 705 1410 vs e s — - 3440 vs
Co:E . 8H,0 708 s 1403 vs 187 v h — _ 3440 vs
. 1587 vs
Ni,E . 8H,O 712 m 1392 vs 1632 vs sh — — 3440 vs
1590 vs
Cu,E . 5H;0 717 m 1405 vs 1630 vs sh —_ — 3440 vs
1590 vs
Cu;E . 8H;0 713 m 1382 vs 1630 vs sh —_ — 3440 vs
1585 vs
Mn:E 705 m 1402 vs 1620 s'sh — — —

e after repeated recrystallization from D.O.

auxetic series at the same place as ethylenedithiodia-
cetic acid.?

The evidence of an octahedral coordination follows
further from the magnetic properties and the i.r. spec-
tra of the complexes. In such an arrangement, car-
boxylic oxygens are coordinated to the metal through
a bond which is essentially ionic as follows from the
position of v,((COO) band in the ir. spectra* A
coordination of sulphur to the metal reflects on the
presence of the extra u.v. charge transfer bands in

the electronic spectra, the intensity of which is in an

obvious correlation with the stability constants. The
further argument for the presence of sulphur—metal
bonds is a distinct shift of the C—S streching fre-
quency in the i.r. spectra of the complexes.

One must consider two possible types of the metal—
ligand bonding in the complexes which can be presen-
ted as follows:

Me//S\CH—CH/ M‘//S\(I:H/
\ / ~ 9\ CH
N N g—CH
(A) (B)

The results obtained in this work do not permit to
take a decision between these two forms. The form
B is, however, evidently more probable because of
steric requirements and is supported by the position
of the ligand in the spectrochemical series.

The following conception of the molecular struc-
ture can be given as cortresponding to the properties
of the complexes. 1:1 complexes: the metal ion is
bound to one half of the ligand molecule, the second
being protonized. The coordination around the me-
tal is completed by two water molecules in cis-position
(analogously to the nickel-ethylenedithiodiacetate
complex®), which are not readily lost:

I~
SN

SN T LN —SCH,C00H

Hp0 =T -:. g —CH—SCH,CO0H

L/

2: 1complexes: two metal jons exhaust the coordina-
tion ability of the ligand by bonding to the both hal-
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Table VIl. The thermal decomposition of the compounds prepared.

Dehydration Other processes
Compound DTA Decomposition of E DTA
°C effect  Product °C DTA effect °C  effect Product
HLE 200 endo 620 endo
415 exo
Na,H:E . 2H,O 150 endo NaH:E 245 endo 580 exo Na,SO,
280 exo
NaE . 2H;O 80 endo o 270 endo 400 exo NaSO,
210 endo NaE 330 exo
H,MnE . 6H.O 110 endo H,MnE.3H.O 320 endo 780 endo Mn;O,
185 endo H.MnE 495 exo
H,FeE . 6H,0 110 H.FeE . 2H,O 190 endo 680 c¢ndo Fe,O,
130 endo H.FeE 470
H.CoE . 6H.O 120 H,CoE . 2H,0 200 endo 800 endo CosO,
140 endo H.CoE 480 exo 880 endo CoO
H.NiE . 6H.O 110 H.NiE . 2H,O 220 exo 740 endo NiO
150 endo H,NIE 360 exo
H,CuE . 2H.O 80 endo H,CuE?® 140 exo 720 endo CuO
240 exo
Mn.E . 12H,0 60 endo Mn.E.2H,0O 240 exo 850 endo Mn;O,
110 endo Mn:E 380 exo
Fe,E . 8H,O 80 endo FeE? 230 exo 570 endo Fe;0,
450
Co;E . 8H;0 100 endo Co,E? 230 exo 800 endo Co;0,
380 exo 880 endo CcO
NiE . 8H;O 105 endo NiE? 250 exo 750 endo NiO
450 exo
Cu;E . 5H.0 100 endo CuE?® 170 exo 780 endo CuO
310 exo
Cu;E . 8H,O 150 endo CuE? 200 exo 780 endo CuO
320 exo

a absorbed moisture; ©® the dehydration is not fully completed before the start of the decomposition.

Table VIII. The crystal field parameters of the complexes.

M D;, cm™! B,cm™! F B
Fe* 1,100 — 1.10 —_
Co?* 952 830 1.03 0.74
Ni*+ 940 840 1.06 0.78
Cu** 1,270 — 1.06 —

Average ... 1.06

ves of its molecule. The coordination sphere of the

(14) Nakamoto K., Infrared Spectra of Inorganic and Coordination
Compounds. Willey and Sons, New York 1963.

(15) Loub J. and Podlahova J., Inorg. Nucl. Chem. Letters, 7,
409 (1971).
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metals is completed probably by intermolecular brid-
ges formed through non—bonding carboxyl oxygens,

e.g.:
0

S 0 '

e | N /~ Vs

Ve \0\'l ‘D

SOV

|

. [ ] 4
et _e'_\s/cH \s/ :e\

Such polymeric framework may well be responsi-
ble for the amorphous character of the precipitates
and is further supported by the one—stage dehydration
having no effect on the electronic spectra,



