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SUMMARY 

Palladium(1 I) and platinurn( I I) compleses of thiourea, MTuX2, MTu,X g, 
MTu& (S = Cl,Br,I) and MTu,A, (A = C104,BF4,CI~3C00), were prepared. Pal- 
ladium(H) iodide gives a Pd,~Tu,I,Cl, comples. The compleses PdTuS,, PdTu,X,, 
PdTu,S, (S = Cl,&), PdTuA,, PdTu,A,, PdTu,A, (A = ClO,,, BP,, CF,COO), 
PdTu,,(BP,J2 and PtTuX,, PtTu,S,, PtTuJ, (X = Cl,Br,I) were identified by high- 
frequency titration in aqueous solution. Molar conductivities showed that MTuX, 
and MTu,S, are non-electrolytes. In methanol, MTu,A, (A = ClO,,BP,, CF,COO) 
and PtTuJ, (S = Cl,Br,I) comple,ues behave as uni-bivalent electrolytes, while 
PdTu,X, (X = Cl,Br,I) complexes show a reduced conductivity. The conductivities 
of the halide and trifluoroacetate complexes are even lower in dimethylformamide 
and show a partial interaction of the anion with the complex. The elution of the com- 
plexes with ketones containing an aqueous solution of the sodium salt and with 
alcohols containing an aqueous solution of the free acid show that in both cases the 
only species which migrates in compact spots is the very stable (MTu,J2+ ion, with 
very high RF values in the ketone mixture and very low values in the alcohol mix- 
tures. 

INTRODUCTION 

In previous work, we demonstrated that thiourea complexes of Zn(II), Cd(I1) 
and Hg(II)l and of Cu(I), Ag(1) and Au(I)” can be eluted without decomposition and 
in compact spots on a clnomatographic paper strip by using mixtures of a ketone 
and the aqueous solution of the sodium salt?* 2 or of an alcohol and the aqueous 
solution of the free acid2. The composition of the migrating complex was determined 
by radiochemical methods using 36S-labelled thiourea, We have now extended this 
method of investigation to the thiourea complexes of palladium(I1) and platinum(I1) 
in order (a) to compare the behaviour of the halide complexes of these metals with 
the complexes of their salts containing less coordinating anions, such as perchlorate, 
fluoborate and trifluoroacetate, (b) to complete systematically the preparation of 
all the solid complexes, (c) to identify the complexes existing in solution by high- 
frequency titration, and (d) to study the molar conductivities of the complexes. 
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ESPERIMENTAL 

Prq5aration of the solid co~q!dexes 
P~ZTUCI,. A solution of thiourea (z mM) in water (2 ml) was added to a solution 

of PdCl, (2 mM) in 50 ml of aqueous 4 ~1.2 HCI. The product was washed with water, 
ethanol and diethyl ether. 

PdTURY,. PdO (2 mA1) was dissolved in 15 ml of S 111 HRr at 70-80” and 
the solution diluted to 30 ml. When a solution of thiourea (2 mM) in water (2 ml) was 
added dropwise, the complex immediately precipitated. 

Pd3T~cJ4CI,. A solution of Na,PdC14 (I mM) in water (I ml) was added to a 
solution of thiourea (I mM) in 2 ml of water plus 15 ml of 5 M HI. The solution turned 
deep red, and the product immediately formed was well crystallized and very uniform 
under the microscope. It was not possible to prepare Na,PdI, as the starting reagent 
in order to obtain PdTuI,, nor was the latter complex obtainable by other methods: 
(GE) Solid PdI, ( I mM) does not dissolve completely in a solution of thiourea (I mM) 
in methylcellosolve and presumably gives in solution a Tu: Pd ratio greater than 
I :I. (b) Freshly prepared Pd(OH), (I mM) was completely dissolved at room tem- 
perature in IO ml of 7.8 Al HI and the solution diluted to 15 ml. When solid thiourea 
(I mrtr) was dissolved in this solution no precipitate was formed, and subsequent 
cooling with ice produced only a small quantity of PdI,. 

PdTzcJ, (X = Cl,Rr). Solid PdTuS, (I mk?) was dissolved at Go-70” in a 
solution of thiourea (I mM) in metl~ylccllosolve (40 ml). 13y evaporating the solvent 
under vacuum, red-brown oils were obtained. From their concentmted aqueous 
solutions, microcrystalline products were formed. 

PdTwJ,. A solution of Na,PdCl, (2 mM) in water (2 ml) was added at room 
temperature to a solution of thiourea (4 mM) in 20 ml of 5 M HI. The product pre- 
cipitated immediately and was washed with water and ethanol. 

PG?TN,CI,, This was prepared by the method of KURNAKOW and recrystallized 
from hot water, 

PdTu,Br,. A concentrated aqueous solution of thiourea (4 mM) was added to 
a solution of Na,Pdl3r,& (I mZl1) in IO ml of water. 

PdTuJ,. Solid PdI, (I mM) was dissolved in a solution of thiourea (4 rnM) 
in methanol (20 ml) which was then reduced to a small volume and diluted with 

diethyl ether until precipitation occurred. The product was recrystallized from the 

hot concentrated aqueous solution by cooling i,n an ice-bath. 
PdTu,A 2 (A = CZ04,BF,&F,+ZOO). Freshly prepared Pd(OH) 2 (I mnlr) was 

dissolved at room temperature in a solution of thiourea (4 mM) in IO-IS ml of water 
containing 2-3 mA4 of the corresponding acicl. The solution was reduced to a small 
volume and crystalline products were obtained on cooling. A diflerent method has 
been described” for the preparation of PdTu,(ClO,),. 

PtT~rr.CI,* 0.5 N,O. A solution of K,PtCl, (I mM) in 13 ml of 4 h/l I-ICl was added 
at room temperature to a solution of thiourea (I ml) in water (4 ml). 

PtTzcBr, and PtTd,. A solution of K,PtCl, (I mnl) in 7 ml of an aqueous 
solution of Hl3r or HI at concentrations such as to give a Cl-:Br- (or I-) ratio of 
I :IO was warmed until it was dark brown. When a solution of thiourea (I mM) in 
water (4 ml) was added the products precipitated immediately. 
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PtTz&Z, a& PtTa,CZ,. These were prepared by the method of KURNAICOW~ 

from Ii,PtCl,. 
PI’Ta@r, a& PtTuJ,. Solid PtTuBr, or PtTuI, (0.5 mJl) was suspended in 

ethanol (12 ml) and solid thiourca (0.5 mA1) was added with stirring. The clear solu- 
tions obtailzed were then ~oncentratecl until a solid product separated out. 

PtTzc,,Br, aw$ PtTz6,1,. The complex I?tTu,lC1, (0.5 mJJ) was dissolved in IO ml 
of water and 4 ml of 48 “/<, HBr or 57 “/;, HI were added. The complexes were pre- 
cipitated by cooling at 0’. 

PtTu,(CIO,) e ami RTN,(BF,) 2. Solid PtTu,&l, (o.G nlA~> was dissolved at 
50-60” in 4 ml of water and L+ ml of 70 “/A HClO, or 31 % I-I13F, were adcled. After 
cooling, the solid products were washed with very little colcl water and ethanol. 

PtT?c,L(CI;,COO),. A solution of Cl?:~COOI< (0.8 mM) in 3 ml of ethanol was 
slowly added to a solution of PtTu,,(CIO,Jz (0.4 mArZ) in 4 ml of ethanol. The nlisture 
was cooled with ice overnight and KClO, was quantitatively precipitated and filtered 
off. The solution was concentrated under vacuum and the resulting crystallized 
complex was washed with ethanol. The perchlorates, .fluoborates and trifluoroacetates 
did ilot give the cornplescs MTuA, andMTu,A,. 

The following methods were used: (a) palladium - by complesonietric titration 
with a standard 0.01 X aqueous solution of EDTA; (b) platinum - gravimetrically 

COLOUR, YIELD AND ANAl.YTIC,\L RESULTS FOR COXlI’Ll~SlSS 

Results for ~i~slyscs arc given as values found and v:clucs calculatccl (in parcntllcscs). 
.__.- __ .__,____I___.___ . _. ._ .._. _.._ 

Comfiowd colollv Yield i’lf (s’“) s (%) x (%) 
(%I) 

_-------_-_-_- _.__.^ _--__-.___-..__._.- -.._ __-_---- ---..__..- .-. _ ._._ - _.__ _.._ -_- ,___ 

PclTuCI, 
PdTu ,Cl 2 
PdTu,Cl, 
PclTuBr, 
PclTu,l31~, 
PdTu 4Br, 
PC1 n’J3.J ,I ,c12 . . Pcl.cu,I~ 
l?clTu41, 
PclTu, (CIO,), 
PclTu,,(BF,) 2 
PclTu,(CF,COO), 
PtTucl, l 0.5 H,O 
l?tTu&l, 
PtTu&l, 
PtTuBr, 
PtTu J3r, 
PtTu ,l3r 2 
PtTuI, 
PtTu,I, 
PtTu& 
PtTu, (CIO,) 2 
PtTu,(BP,), 
P~Tu~(CF,COO)~ 

Orzmgc-yellow 
Reel-brown 
Orange-reel 
Red-ornngc 
Reel-brown 
Orange-reel 
Reel-brown 
Reel-brown 
Orange-reel 
Dark yellow 
Orange-yellow 
Orzcngc 
Lemon yellow 
Pinlc-yellow 
Sulphur yellow 
Gold-yellow 
Red-brown 
Yellow 
Dark brown 
Oranq-yellow 
Orange-yellow 
Lemon yellow 
Sulphur yellow 
Yellow 

95 
72 
SI 
92 
Gg 
85 
G4 
9G 
82 
7s 
G5 
83 
95 
97 
91 

:; 
97 

?” 
;,” 

;z 
97 

41.72 (41.93) 12.46 (12.Q) 
31 *G3 (32.2Y) 19.08 (1945) 
22.04 (22,07) 26.48 (26.00) 
31 .IO (31.0s) 9.25 (9.37) 
=5.5G (=5,4=) IS.14 (1.5132) 
IS.55 (xS,64) 22.35 (22.47) 
2S,23 (2S.34) S.SI (8.54) 
2o,G4 (20~76) 12.32 (12.51) 
IS,93 (IG.00) 19.J.5 (19.29) 
17.39 (17.45) 20.Y4 (21.03) 
IS.14 (18,1g) 21.80 (21.93) 
10.58 (16~70) 19.89 (20.13) 
55.G3 (55~57) 9.16 (9.13) 
4G,5= (46.G4) J5.27 (1533) 
34.20 (34.19) 22.40 (22.4G) 
45.27 (45.26) 7.40 f 7.43) 
35.20 (3S.40) 12.44 (r:.Gz) 

=g.sG (=9.5~) 19.29 (19.44) 
37qI9 (37.15) 6.01 (G,IG) 
32.38 (32445) IO.43 (IO.GG) 
2.5.90 (=s.S9) IG.94 (17.02) 
27.63 (27.93) 18.23 (18.35) 
29.39 (=g.oo) 1s.gz (19.05) 
26.84 (~6~58) 17.44 (17.GG) 

IO.97 (I 1.04) 

1G.72 (16.99) 
23.25 (23.24) 

8.20 (&IS) 
J3.19 (13.38) 
1g.Gc (19.04) 

7.Go (7.40) 
10.71 (10.92) 
IO.90 (1G.80) 
1S.00 (18.37) 

rg.12 (19.16) 

17.47 (17.59) 

--_ 
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Pd(I1) AND Pt(II) COMPLI’:SES OF TWIOURL~ 121 

after combustion of tile substance in a quartz vessel; (c) sulplmr - gravimetricall~* 
as 13aS0,; and ((Z) nitrogen -- b>* I<jeldhal’s method. Analytical results are given 
in Table I. 

The lligh frequency (HF) titrations were carried out rvitll a WlX’I;, I-IFT 3 C type 
instrument and a HTB z cell. In order to avoid hydrolysis, aqueous solutions I - IO-” ~11 
in IC,PdCl,,, Na,I%lBr,, Pd(ClO,,) 8, Pd(BF,), and I-‘d(CF:,COO), and I l IO-~ JJ in 
the corresponding acid were titrated with an S l IO- 2 111 aqueous solution of tlliourea. 
It was not possible to prepare Na,PdI,, for tllese measurements. Aqueous solutions 
2*1o-a M in I<,l-‘tC1,l, Ii,PtBr, and K(,J?tI, and 2.10-3 ~11 in tllc corresponding acid 
were titrated with an S* Io-2 111 aqueous solution of tlliourea. A 2. IO--~ M solution 
of PdTuCl,, PdTuBr,, I’tTuCl,, PtTuI3r, and PtTuI, in din~ethylfonna~llide (DIMI;) 
was titrated wit11 a 16. IO-’ 2 ik? solution of thiourea in DMF. In all instances, straight 
lines were obtained, defining very sllarply the thiourea:mctnl ratios indicated in 
Table II. 

The conductivity measurements were carried out with a WTW, LBR-type 
conductivity bridge and a cell of I< = o.GI, on I l IO-’ ? :I1 solutions of tlie complcses 
in methanol or DMF and on I l IO-~ ~16 solutions of the compleses in a 0.3 i’tf solution 
of thiourea in the same solvents (Table III). 

The chrontatograplly of the complexes was performed with the tecllnique pre- 
viously described’. Equivalent amounts of an aqueous solution of 3fiS-labelled tlliourea 
(0.2 M) and of the complex (0.2 114 in thiourea) were mixed together. Samples of 
IO ,~l of these solutions were transferred on a Whatman No. I paper strip (S s 
350 mm) and dried at room temperature. The elution was carried out with the single- 
phase mixtures inclicated in Tables IV and V, which give compact spots for both the 
complex and tlliourea. 

The quantitative determination of the radioactivity present in the radio- 
chromatograms was performed by scanning the paper strip mounted on a sliding base. 

J, Ch+‘OMUlOjiY., 70 (1972) 117427 
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This was moved at regular intervals past the Geiger-tube window to which a central 
rectangular slit (IO x 15 mm) was applied. Standard electronic equipment and a 
Universal lead castle were used. The usual allowance was made for background (about 
I0 counts/min). 

RESULTS AND DISCUSSION 

HI? titration shows that in aqueous solution palladium(I1) and platinum(I1) 
chlorides and bromides and platinum(II) iodide form complexes with thiourea:metal 
ratios of I : I, 2: I and 4: I: as in the solid state. HI? titration of the complexes PtTuX, 
(X = Cl,Br,I) in DMF solution with thiourea identified the compleses with ratios of 
2 : I and 4 : I while HI; titration of PdT&<, (X = ClJ3r) in DMI? identified the com- 
pleses with ratios of 2: I, 3 : I and 4: I (Table II). Palladium(I1) iodide forms only 
the 2: I and 4: I complexes in the solid state. All attempts to prepare the solid I : I 

comples were unsuccessful. No suitable soluble iodide derivative was obtained for 
HI? titration. The very low conductivity of the I : I and z : I complesek of these halides 
indicate that they behave as non-electrolytes. Their existence in the solid state and 
in solution is due to the fact that they can establish halogen bridges in the dimcr 
[TuMSJ 2 complexes and have two terminal halogen atoms coordinated to the metal 
in the [%u,MS,J complexes. The solid compound with the composition Pd,Tu,I,,Cl, 
corresponds to a stoichiometry of zPdTuI,*PdTuCl, and may be a polymer. Its 
molar conductivity (Ilw = 2g.G) in D&IF corresponds to that of a non-electrolyte. 

Palladium(I1) and platinum( II) perchlorates, fluoborates and trifluoroacetates 
form only the hlTu&, complexes in the solid state, owing to the low coordinating 
power of the anions. The HF titration of the aclueous solutions of the Pd(I1) per- 
chlorate, koborate and trifluoroacetnte with thiourea shows the formation of I: I, 
2 : I and 4: z complexes in solution. The fluoborate gives the 3 : I instead of the 2 : I 
complex. As palladium(I1) salts are easily hydrolyzecl, it is likely that in these solu- 
tions the I : I and 2: I (or 3 :I) tlliourea.:metal ratios may be due to a fulfilment of 
the metal coordination by OH- ions rather than by the anions. The platinum(II) 
perchlorate, fluoborate and trifluoroacetate give in solution the dismutation reaction 
zPt(II)+ R(o) + Pt(IV) and can therefore not be used for HI; titration. 

The molar conductivities of the complexes PdTu,A, and l?tTu,A, (A = 
C10J3F,l,CF~,C00) in methanol and PdTu,(ClO,) s, PdTu,(Bli,) 2 and PtTu,(ClO,) 2 
in D&IF correspond to those of uni- -divalent electrolytes”. They are practically in- 
sensitive to the addition of a large excess of thiourea (25 times that of the complesed 
thiourea). These complex ions may therefore be considered as being practically un- 
dissociated. The molar conductivities of the complexes PdTu,X,(X = Cl,Br,I) in 
methanol, and still more evidently in DNIF, are lower than the value typical of 
uni-divalent electrolytes in these solventsfi and are much more sensitive to the ad- 
dition of an excess of tlliourca. The conductivities of the complexes PtTuqXz(X = 
Cl,Br,I) are almost normal in methanol, much lower in DlWF and practically in- 
sensitive to the escess of tliiourea. 

It is likely, at least for the Pd(I1) halide complexes, that the following equilibria 
occur in solutions: 

[PdTuJ’ + -I- 2X- + /PdTuJX]+ -I- X- -I- Tu 0) 

J. Chromto~r~., 70 (1972) 1x7-127 
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[PdTu,X]” -I- X- -I- Tu G [PdTu5JZ+ + 2X- 

where X = Cl, Br or I. 

(2) 

The strong tendency to coordinate halide ions in a. fifth position by [PdLJs+ 
or [PdNRs,]s+ species (L = N,N’-diphenylthiourca, NAs = I,S-naphthalene bisdi- 
methylarsine) was demonstrated by conductometric titrations of the corresponding 
palladium(I1) perchlorate complexes with Cl- ions in non-polar solvents”gO and by 
their electronic spectras’. 

The low conductivities of PdTu,l(CP,,COO) 2 and I?tTu,(CF,COO), in D&II? 
are of the same order as the conductivities of the iodide complexes. The trifuoro- 
acetate ion has a coordinating power greater than those of perchlorate and fluoborate 
ions, as was seen1 for the thiourea complexes of Zn( II), Cd(I1) and Hg(I1). The con- 
ductivity lowering of the trifluoroacetate complexes in DMF may therefore be 
attributed, as for the halide compleses, to equilibria of the types in eqns. I and 2. 

Thiourea complexes of Pd(I1) and Pt(TI), as with those of Zn(II), Cd(I1) and 
Hg(II)l and Cu(I), Ag(1) and Au(I)C, very rapidly exchange their coordinated thiourea 
with free 3%labelled thiourea in aqueous solution. The kinetics of the exchange could 
not be studied in this instance either, but the exchange served to identify the com- 
position of the complexes migrating in compact spots on a ,chromatographic paper 
strip. 

The Pd(I1) and Pt(I1) complexes, as with those of Cu(I), Ag(I) and Au(I 
can be eluted without decomposition with a mixture of a ketone and an aqueous 
solution of the sodium salt of the corresponding anion, or with a mixture of an 
alcohol and an aqueous solution of the corresponding free acid, in the concentrations 
and ratios indicated in Tables IV and V. The Pd(I1) and Pt(I1) thiourea complexes 
are much more stable than those of %n(II), Cd(I1) and Hg(II), which are completely 
destroyed by the alcohol-acid misturesl. 

Only the complex ions [PdTu4js+ and [PtTu,js+ can be eluted without decom- 
position. Those having lower Tu: hl ratios react with free thiourea to give the highest 
ratio according to the equations: 

/MTu,X,] -I- 2Tu --) [MTu4]X2 

without any residue of free thiourea on the paper strip, and 

[MTuXzlz e 2Tu + [MTu4]X2 -I- MX2 

forming free metal halide, which remains uneluted in the starting spot on the paper 
strip. 

The elution of the halide complexes in the alcohol mixtures occurs in a medium 
that contains a great excess of a strong complexing agent such as hydrogen halides 
(alcohol :4 lid HCI or 4 M HBr ratio = So :20). In these media, the complex ions 
[PdTu,Js+ and [PtTuJ”+ migrate without decomposition and remain separated from 
the free thiourea for a long time, the & values being 0.06-0.17 for the compleyes 
and about 0.6 for thiourea. In such a drastic condition of non-equilibrium between 
the complex and the free thiourea, no substitution of the coordinated thiourea with 
the halide ions occurs in the complex. These facts demonstrate that the [PdTu,]s+ 
and [l?tTuJs+ ions are very stable and undissociated in these media, and that of the 
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two equilibria previously suggested in eqns. I and 2 to explain the low conductivity 
of the halide complcses the equilibrium in eqn. 2 agrees better with the chromatogra- 
phic data. 

In all the ketone mixtures, the RF values of the complexes are greater than those 
of tbiourea, irrespective of the molarity of the sodium salt :aqueous solution and of 
the ketone:aqueous solution ratios (Fig. I). In the alcoholic solutions that contain 
4 &I or 5 M I-IA (A = anion of the complex; alcohol xqueous solution ratio = So:zo), 

Pd 
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Pig. I. IZp vnlucs observed for the Pd’ru,A, (h=C10,,CP,COO,BF,) ancl wh4A, tA=ClO,, 
CF,COO) complaxos (upper curve) and for thioures (lower curve) by elution with mixtures of 
acetone (AC) or methyl ctliyl ketone (MEIC) and ELII aq~vzous solution of the corresponding sodium 
salt Nan, For each metal arc shown the I?I.~ vdations with increasing molarity of the NsA salt 
in mixtures of ketone and aqueous solution in the ratio 80 : zo (left-hancl siclc) and with increasing 
pcrcentagc of the 5 ~11 Nab aqueous solution in the lcctonc mixture (right-hand side). 

thiourea has X&y values comparable with those found in the ketone mixtures with the 
same solvent xqueous stilt solution ratios. In these alcoholic mixtures, complexes 
have very low RF values, mostly lower, in fact, than those of thiourea. As this occurs 
in systems that contain either free perchloric acid or free hydrogen halides, the lowering 
of the RF values of the complexes cannot be ascribed to the complexing action of 
the halide ions. It may depend on the acidity of the medium or on the availability 
of the water content of the system, alcohols being more powerful dehydrating agents 
than ketones. The availability of the water content of the system seems to account 
for the higher RF values of the complexes, for, in the ketone mixtures, as the propor- 
tion of sodium salt aqueous solution increases, so the RF values of the complexes”* 

’ increase, while they are almost insensitive to the molarity of the sodium salt in the 
aqueous solution. 

The Rp values of thiourea depend on the ketone and increase as the proportion 
of aqueous solution in the mixture increases. The Rl,y values of the trifluoroacetate 
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complex in the ketone mixtures in some instances decrease as the mohrity of the 
salt solution increases. 
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