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Solid sodium salts of thiodiacetic acid and its 1:1
and 1:2 (metal-to-ligand) complexes with first transi-
tion row metals have been prepared in the solid state.
According to the properties of these compounds thio-
diacetate ion appears to act as a terdentate ligand for-
ming solid complexes of a pseudo-octahedral sym-
metry.

Introduction

Hitherto published data concerning solid thiodi-
acetic acid,

/CHZCOOH

S\ = H,G

CH,COOH

its salts, and complexes are limited and mostly only
qualitative in nature. As an exception, the struc-
ture of H.G as single crystal has been determined!
and the complex salt, K:NiG; . 4H;O, has been pre-
pared and examined by spectral and magnetic me-
thods.2 Sparingly soluble thiodiacetates of Ca’*, Ba?*,
Zn’*, Sn**, Pb**, Cu®*, Ag*, Hg’*, Pt**, and Zr*
have been described by other authors*!® without,
however, having been characterized in detail.

As the simplest sulphur analogon of aminopoly-
carboxylic acids, the behavior of thiodiacetic acid
towards the first trasition row metal ions has been
studied in our preceeding paper'! and the formation
of 1:1 and 1:2 complexes has been established in
aqueous solution. It was the aim of the present
work to prepare solid salts and transition metal com-
plexes of thiodiacetic acid and to examine their pro-
perties regarding to relationships between these com-
pounds in the solid state and in solution.

Experimental part and Results

Materials. The synthesis of thiodiacetic acid, me-
tal perchlorate solutions, vanadous and chromous sul-
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phates has been described in the previous paper.!!
Other chemicals used were commercial C.P. mate-
rials of the firm Lachema. For the work with easy
oxidizable materials all solvents were freed of air
and oxidative impurities by flushing with pure nitro-
gen (water) or treating with sodium metal followed
by the distillation (ethanol and ether).

Apparatus and Methods. The synthesis and hand-
ling of air-sensitive compounds were performed in
the atmosphere of purified nitrogen either in stan-
dard closed all-glass systems or in a glove box.

The powder diagrams were taken on a Mikrome-
ta 2 (Chirana) apparatus with a cobalt lamp, an iron
filter and a camera of 57.3 mm in diameter. The
intensity of the lines was estimated visually accor-
ding to the scale from 1 (weakest) to 4 (strongest).

The magnetic susceptibility was measured at 25°C
on a Faraday balance calibrated with CuSQ,.5H,0,
CoHg(SCN)s and water.

The thermal decomposition of compounds was stu-
died by the simultaneous GTA and DTA methods on
a Derivatograph instrument”? using approximately
0.1 g of a compound, the temperature increase of
4°C/min and the range from 25 to 1000°C.

For the determination of solubility the samples
were occasionally shaken for several weeks with a
suitable amount of solvent in a nitrogen-filled sea-
led ampoule at 25+0.1°C. After separation of the
phases, the composition of the saturated solution, as
well as of the solid, was determined by volumetric
and/or colorimetric procedures.

The solid reflectance spectra were measured over
the range 220-1000 nm on the VSU-1 instrument
(Zeiss, Jena) with magnesium oxide as a standard
and diluent.

The infra-red spectra were taken in KBr-discs on
the UR-20 spectrophotometer (Zeiss, Jena) over the
range 400-4000 cm~!. Using control Nujol mulls for
typical compounds, the KBr-disc technique was found
to be applicable.

Analytical. The thiodiacetate content was deter-
mined volumetrically by oxidation to sulphoxide in
3N—HCl with a bromate-bromide solution.® The
interferring Cr** ions were air-oxidized to Cr’*, iron
was precipitated as Fe(OH); and copper as CuS
before the titration.
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Metals were analyzed either complexometrically
(Mn, Co, Ni, Cu) or gravimetrically as oxides after
the ignition of a sample (Cr, Fe). The content of
Cr** and Fe?* was found to be 100+1% of total
metal as determined by the potentiometric titration
with vanadate.

The sodium content was calculated from the results
of the argentometric titration of sodium chloride ob-
tained on a Dowex-2 column (200 mesh, Cl-form).
In the presence of transition metal, sufficient ethyl-
enediaminetetraacetic acid was added before the ex-
change reaction to keep the metal as anion and the
hydrochloric acid so formed was expelled from the
eluate by evaporation to dryness.

The water content was determined either from the
weight loss on drying at a proper temperature (de-
termined from the GTA-curve) or from the difference.

All analytical data presented are the averages of
at least three individual determinations.

Preparation of compounds. Na)G.3H,O: 30%
water solution of H.G was neutralized with 30%
NaOH to pH = 6 with intense stirring and cooling.
The volume of the solution was reduced strongly on
a water-bath to a clear viscous liquid which was
added dropwise to an excess of absolute ethanol.
The white precipitate was collected by suction, wa-
shed with ethanol and ether, and air-dried. Yield,
90% of white crystalline powder.

NaHG . H;O: 30.0 g of H,G (0.2 mole) and 16.8 g
of NaHCO; (0.2 mole) were dissolved in 50 ml of
water, the solution was heated gently to expel CO;
and left aside to a slow crystallization. Small cry-
stals so formed were collected, washed with a little
cold water and air-dried. The salt cannot be wa-
shed with ethanol because of solvolysis. Yield, 65%
of white crystals.

Table I. Analytical data of the compounds prepared

MeG .nH:O (n for Mn=1, Co=1, Ni =3,
Cu=1): 25 ml of IM-Me(ClO,); containing some
ammonium acetate to keep pH about 6 was added
to 25 ml of 1IM—Na,G. The formation of a crystal-
line precipitate began after several seconds and was
completed by standing overnight. The product was
then collected by suction, washed with water, ethanol
and ether and air-dried. Yield, 70 to 85% of a pale-
pink (Mn), purple (Co), green (Ni), and greenish-blue
(Cu) microcrystalline material.

FeG .H;O: under an inert atmosphere 25 mili-
moles of FeSO, 7H,O and 25 milimoles of Ba-
(ClO4) . 3H,O were allowed to react in 20 ml of
boiling water. Separated BaSO, was filtered off and
25 ml of 1M-Na,G was added to the cold filtrate
with vigorous stirring in order to prevent the forma-
tion of supersaturated solution. After the first tur-
bidity appeared, the solution was left to stand over-
night under nitrogen. The crystalline precipitate was
then collected, washed with ethanol and ether. and
dried in a stream of nitrogen. Yield, 80% of a very
pale green crystalline material, somewhat unstable
in air.

CrG .1.5H;0: under an inert atmosphere 20 mi-
limoles of CrSQ,.5H,O was dissolved in 50 ml of
ice-cold- water, 100 ml of ice-cold 0.2M-Na,G was
added at once and the mixture was left overnight
at 5°C under nitrogen. The product, which separa-
ted out, was collected, washed with water, ethanol,
and ether and dried in a stream of nitrogen. Yield,
90% of a sky-blue crystalline powder, relatively sta-
ble towards aerial oxidation (some 3% of Cr* are
oxidized during two-day-exposure to air).

Attempts to prepare the vanadous complex were
unsuccessful owing to its high solubility and extre-
me sensitivity to oxidation.

CrGOH .2 .5H;0, FeGOH . 3H,0: 40 ml of boi-

% Na % Me % G % H,O(+ OH)
Compound Calcd. Calcd. Calcd. Calcd.
(m.w.) (Found) (Found) (Found) (Found)
Na,G . 3H.0 18.53 59.70 21.77
(248.15) (18.18) (60.73) (21.09)
NaHG . H;O 12.09 77.90 9.48
(190.16) (12.12) (77.69) (9.67)
CrG.1.5H,0 22.89 65.21 11.90
(227.16) (22.74) (65.42) (11.84)
MnG . H;O 24.84 66.99 8.17
(221.10) (24.70) (66.19) 9.11)
FeG . H:,O 25.16 66.73 8.11
(222.01) (24.97) (67.03) (8.00)
CoG . H,O 26.18 65.81 8.01
(225.09) (25.55) (65.34) (9.11)
NiG .3H;O 22.50 56.78 20.72
(260.90) (22.61) (56.02) (21.37)
CuG . H,O 27.66 64.49 7.85
(229.70) (27.75) (64.11) (8.14)
CrGOH .2 .5H,0 19.83 56.50 23.67
(262.18) (20.00) (56.78) (23.22)
FeGOH . 3H,0 20.31 53.86 25.83
(275.05) (20.20) (53.87) (25.93)
Na,CoG; . 8H.0 8.43 10.81 5433 26.43
(545.32) (8.53) (10.45) (53.89) (27.13)
Na;NiG.; . 8H,0 8.44 10.77 54.35 26.44
(545.10) (8.39) (10.78) (54.23) (26.60)
Na,CuG,; . 8H,O 8.36 11.55 53.88 26.21
(549.93) (8.86) (11.30) (54.15) (25.69)
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Table Il. Magnetic and solubility data of thiodiacetate com-
pounds at 25 °C. Solubility products are calculated using
stability constants"

Solubility in
0.1 M—NaClO, (KCl)

Compound Petz, B.M. mol/¢ Solub.
product

H.G —8.9x105¢a 36.78 ¢

Na,G . 3H,O —8.7%10°a 51310

NaHG . H,O —6.2x10%4 48.52%

CrG.1.5H,0 4.77 2.13x10°? 2.56x10*

MnG . H,O 5.93 2.79%10°? 2.30x 10

FeG . H;O 5.31 590x10? 2.00x10-°

CoG . H,O 4.96 7.94% 10 1.85%10-¢

NiG .3H;O 3.17 2.86x1072 1.72x10-*

CuG . H,;O 2.10 2.26x 107 4.50%x10-®

Na,CoG: 5.07 € ¢

Na,NiG, 3.18 c ¢

Na,CuG; 2.11 € €

CrGOH . 2.5H,;0 3.84 1.1%10°¢

FeGOH . 3H,0 3.32 3.01x10°°

2 Molar susceptibility. ? Grams of the compound per 100
grams of solution. ¢ Decomposition.
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allowed to stand at 5°C, well-developed crystals so
obtained were collected by suction and dried on the
porous plate at 5°C. (Other methods of drying, as
well as washing, caused dehydration and/or decom-
position to MeG and NaG). Yield, 50 to 60% of
deep red (Co), blue (Ni), and bluish-green (Cu) cry-
stals, unstable towards dehydration even at room
temperature. The complexes can be stored at —5°C
without any loss of water. In solution, decompo-
sition to Na:G and slightly soluble MeG takes place
within several minutes, especially on heating.

. Analytical data of all compounds are given in Ta-

e I.

Properties of the compounds prepared.

The properties of solid salts and complexes of
thiodiacetic acid are summarized in the following
tables: magnetic and solubility data (Table II), pow-
der diagrams data (Table III), thermal decomposi-
tion characteristics (Table IV), electronic spectra
(Table V), and infra-red spectra (Table VI).

Table Ill. Interplanar distances and relative intensities of the powder diagram lines
HzG NazG . NaHG . CrG. MnG . FeG . COG . NiG . CuG. Nar Nar Naz-
3Hzo Hzo 1 .SHzO Hzo H;O Hzo 3H20 Hzo COG: Nle CuG;
dA I dA 1 dA I dA I dA 1 dA I dA I dA I dA I dA I dA I dA I
3.96 4 5.81 2 5.50 2 7.14 2 7.04 2 7.14 3 7.04 3 7.08 3 7253 7.78 2 7.78 2 7.78 2
3353 479 1 5.05 2 3.89 4 434 4 434 4 4.34 4 5813 482 1 643 3 643 3 645 3
296 1 4.12 4 4311 3.60 1 352 1 3522 3.52 2 4388 1 427 4 5.59 2 559 2 559 2
2,78 2 3352 392 1 3.26 1 319 2 323 2 3222 4.60 2 3.56 1 445 1 445 1 445 2z
2651 293 3 368 3 297 3 294 2 293 3 288 1 435 1 325 2 420 1 4.17 1
240 3 274 3 3291 243 2 262 1 2.60 2 257 1 390 1 3.00 3 395 4 395 4 3.95 4
2221 240 2 3.06 4 2212 248 1 247 2 372 1 2.73 2 341 4 341 4 341 4
204 1 2312 274 1 212 1 241 2 239 1 351 1 240 3 3191 3.19 1 319 1
194 1 220 1 2551 1.88 2 2321 2311 3.17 3 220 2 291 2 2.89 2 291 2
1.67 1 2.18 1 232 1 226 1 224 2 2222 3.04 1 2111 2.80 2 2.80 2 2.80 2
1.0 1 210 1 219 2 2051 205 1 205 1 291 2 200 t 262 2 262 1 263 1
197 1 198 1 192 2 1.90 2 190 1 2.63 2 192 1 252 1 252 1
1.92 2 1.84 1 1.70 1 1.70 1 236 1 1.86 2 241 2 2391 2431
1.88 1 1.72 1 1.66 1 1.66 1 2.18 2 1.79 1 232 2 2292 232 2
1.79 1 1.60 1 203 1 1.73 1 2.18 2 2.19 2 2,18 2
1.67 1 1.56 1 194 1 1.66 2 203 1 201 1 204 1
161 1 1.50 2 1.50 2 1.87 1 1.56 1 196 3 196 3 1.96 3
145 2 146 1 1.77 1 1.44 2 1.90 2 1.90 2 1.91 2
137 1 136 1 1.69 1 140 1 1.84 2 1851
133 1 1.34 2 1.79 1 1.78 1
129 1 168 1 1.68 1 1.69 1
125 2 162 1 1.60 1
1.15 1 148 2 1.47 2 1.47 2
1.08 1 144 2 143 1
142 1 142 1
1.20 1
ling 0.5 M metal nitrate solution was added to 40 ml Discussion

of boiling 0.5M—Na,G solution. The precipitate for-
med instantaneously was separated by centrifugation,
washed with hot water, ethanol, and ether, and air-
dried. Yield, 90 to 95% of a grayish-blue (Cr) and
ocre (Fe) amorphous powder. The identical pro-
ducts are also formed using other metal salts (sul-
phate, chloride, perchlorate).

Na;MeG; . 8H;0 (Me = Co, Ni, Cu): 20 milimo-
les of MeG . nH,O were finely ground and dissolved
in a minimum amount of a suitable concentrated
cold Na,G solution (Co, 20 ml of 2 M, 30 ml of 1 M;
Cu, 25 ml of 2 M). The filtered clear solutions were
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The properties of solid thiodiacetate complexes
clearly demonstrate the close similarity between the
structure of these compounds in the solid state and
in solution. Thiodiacetate anion seems also to be
terdentate in solid complexes, the bonding being rea-
lized through two carboxyl oxygens and one sulphur
atom. Consequently, the intense bands attributable
to a sulphur-metal charge transfer occur in the U.V.
spectra of the majority of complexes either as sepa-
rate maxima (Cr?*, Ni**, Cu?*) or as shoulders lying
on the border of the measurable range (Fe?*, Co?*),
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Table IV. Thermal decomposition of the compounds prepared

Dehydration

Decomposition of G

Other processes

Compound °C DTA-effect Product °C effect Product °C DTA-effect Product
H.G 290 endo 130 endo melt
Na,G .3H.O 90 endo Na,G 390 exo Na,CO;+Na,SO,
NaHG . H:O 80 endo NaHG 310 exo NaCO;+Na,SO,
CrG . 1.5H,O 170 endo CrG 250 ' exo  Cr''sulphate +oxide 550 endo Cr,0O;
MnG . H:O 240 endo MnG 300 exo Mn;O.+MnSO, 800 endo Mn;O,
FeG . H;O 150 endo  FeG 280 exo Fesulphate+oxide 550 endo  Fe:Os
CoG .H.O 240 endo CoG 330 exo C0:0.4CoSO, 810 endo Co;O,
350 exo 890 endo CoO
NiG . 3H,0 190 endo NiG 330 exo NiO+NiSO, 740 endo NiO
380 exo
CuG . H0 110 endo CuG 220 exo Cu,Cu',Cu'sulphate+oxide 730 endo CuO
270 exo
Na;CoG; . 8H,0 20 endo Na,CoG, 270 exo Co0s044Na,SO, 870 endo CoO +Na,SO,
Na,NiG, . 8H,0 20 endo Na:NiG, 320 exo NiO+Na,SO,+NiSO, 820 endo NiO+Na,SO,
Na,CuG:. . 8H,0 20 endo Na,CuG, 210 exc CuO+Na,SO,+CuSO, 750 endo CuO +Na;SO,
CrGOH . 2.5H,0 30-160 endo CrGOH 290 exo Cr'"sulphate+oxide 550 endo Cr.0;
FeGOH . 3H:O 30-150 endo FeGOH 230 exo Fe'sulphate+oxide 550 endo Fe,0,
Table V. Diffuse reflectance spectra of the compounds prepared
Compound cm™! Assignment Compound cm™!
H.G 42,500 CT
44,000 CT
Na,G . 3H,O 44,000 CT
NaHG . H;0 44,000 CT
CrG . 1.5H,0 14,500 5Ty, «— °E,
34,500
FeG . H,.O 11,000 SE, «— Ty
42,200 sh CT
CoG .H,0 15,800 sh Ay —*Ti(F) 16,000 sh Na,CoG;
18,200
21’500 ZP: ZG; ‘le(P) R ‘Tlg(F) ;g:?gg
41,800 sh CT 42,000 sh
NiG . 3H.0 14,300 T (F) e— Ay 15,150 Na;NiG,
25,600 T o(P) —"Ay 26,000
39,600 CT 40,400
CuG .H.O 12,700 T, «—E; 13,400 Na,CuG,
31,200 27,000
CT 35,100
CrGOH . 2.5H,0 17,000 YTy «—*Ayg
23,300 Ty (F) «— *Aq
FeGOH . 3H,O 35,700 CT

The co-ordination of sulphur is further supported by
the fact that the C—S stretching frequency in the
infra-red spectra of complexes is clearly shifted by
some 20 cm™! to lower wavenumbers comparing with
free thiodiacetic acid and its sodium salts. The car-
boxyl-metal bonds appear to be essentially ionic in
character as can be deduced from the difference bet-
lween the symmetrical and antisymmetrical COO-
stretch® in the infra-red spectra.

The main features of the electronic spectra are
identical with those of solutions over whole the range
measured taking no account of developing some
shoulders in solutions to separate maxima in reflec-
tance spectra. The only exception is the already

{14) Nakamoto K., Infrared Spectra of Inorganic and Coordination
Compounds. Willey and Sons, N. Y. 1963.
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mentioned appearance of far U.V. charge transfer
maxima of Co’* and Fe’* complexes the presence of
whose was not registered in solution because of an
overlapping by intense bands of necessary ligand ex-
cess. In addition, data concerning chromous com-
plex which could not be studied in solution owing to
its very limited solubility were obtained from the
reflectance spectrum. The parameter Dq = 1450
cm™! feund for CrG complex agrees quite well with
the usual spectrochemical series of metals:® Ni’* <
Co** < Fe?* < Cut* < Cr’* < Cr*t,

The similarity of the electronic spectra in the so-
lid state and in solution as well as the application
of Tanabe-Sugano diagrams" clearly shows that the

(15) Figgis B. N., Introduction to Ligand Ficlds. Interscicnce
Publ., N, Y. 1966.
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Table Vi. Selected infra-red bands (em-") of the compounds prepared

Compound w(C—=5) v,(COO) v,(CO0) v(OH)
H,G 726 s 1380 vs 1742 vs 3080 vs, b
D,G =2 728 s 1380 vs 1738 vs 22805, b
Na;G . 3H,0 7218 1395 vs 1610 vs 3480 s, b
NaHG . H;O 724 m 1391 s 1602 vs 3040 w, b
1735 s 3440s,b
CtG . 1.5H,0 697s 1390 sh 1592 vs 3260 vs, b
1426 vs
MnG . H;O0 693 s 1396 vs 1600 vs 3300 vs, vb
FeG . H,O 698 s 1402 vs 1593 vs 3230s. b
CoG . H,0O 703 s 1410 vs 1591 vs 3260 s, b
NiG . 3H;0 70t s 1387 vs 1605 vs 3200 vs, vb
1405 vs
CuG .H,0 6925 1390 vs 1620 vs 3160 vs, vb
Na,CoG; 703 s 1380 vs 1601 vs
1411 vs
Na,NiG, 702 s 1381 vs 1600 vs
1414 vs
Nay,CuG;, 699 s 1380 s 1596 vs
1420 vs
CrGOH . 2.5H,0 706 s 1395 vs 1595 sh 3200 s, b
1622 vs 3430 vs, vb
FeGOH . 3H,0 707 s 1408 vs 1610 vs 3200 sh
3450 vs, vb

71L,G recrystallized repeatedly from DO

solid spectra can be reasonably interpreted in terms
of a pseudo-octahedral crystal field surrounding the
metal ion. Likewise, the magnetic moments are also
consistent with an octahedral configuration of com-
plexes. Despite the lack of spectral data, the man-
ganous complex possesses evidently an analogous oc-
tahedral arrangement since the compounds MnG.
H;0, FeG ., H;0 and CoG . H;O are isomorphous.

It should be pointed out that the number of water
molecules in the complexes is not sufficient to com-
plete the co-ordination sphere of metal in most ca-
ses. However, free oxygens of the carboxyl groups
can contribute to the formation of an octahedral
[OsS] chromophore leaving the type of electronic
spectrum unchanged:

Of course, this proposed difference between the struc-
ture of complexes in solution and in solid state can
be verified only by a crystal structure determination.

The foregoing molecular structure is further sup-
ported by the fact that one water molecule of 1:1
complexes is firmly co-ordinated being lost only at
relatively high temperature.

Considering the stoichiometric composition only,
a tetrahedral stereochemistry of the 1:1 complexes
ought to be taken into account. However, such an
arrangement can be excluded mainly on the basis
of magnetic moments and electronic spectra. A trial
calculation of tetrahedral crystal field parametets of
Co and Ni complexes leads to abnormally low Dq

values and unreal values of the nephelauxetic ratio
(3>1) in both cases.

The 1:2 complexes are isomorphous and their
powder diagrams exhibit no lines of Na;G and MeG .
nH;0. The spectral and magnetic data of the nickel
1:2 complex agree well with those published® for
K:NiG, .4H,0. Water is bound very weakly in the
1:2 complexes, the co-ordination sphere of metal
being saturated with two thiodiacetate ligands. Of
course, the proposed arrangement

must be considered as being only one of three pos-
sible isomeric forms, one of which should be opti-
catly active. Because of the limited stability of 1:2
complexes, any detailed study of this isomerism seems
to be impossible.

The properties of the complexes of tervalent me-
tals arc quite different from those of bivalent ones
indicating a polymeric structure of MeGOH com-
plexes. The hydroxyl groups are bound very firmly
in these substances showing no tendency of substitu-
tion by other anions. It seems very probable for
these hydroxyls to act as bridges between metal
atoms forming polymeric chains, Such a view ijs
supported especially by the magnetic moment of the
ferric complex which is typical of an oxo-bridged
polymer, as well as by the slight solubility of MeGOH
complexes and the typc of water bonding: the loss
of water is a conmtinuous reversible process depending
upon the humidity of air rather than the tempera-
ture, the relevant DTA-effect being only very indi-
stinct.  Sach a behavior is typical of a substance con-
taining water in gaps of a polymeric structure.
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