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ABSTRACT 

Dithizone is one of the most common organic reagents 

used for the separation, identification, and determination 

of heavy metal ions. Dithizone undergoes oxidation quite 

readily to form a number of oxidation products, none of 

which have been investigated for metal complexation. One 

of these oxidation products is dehydrodithizone. 

Dehydrodithizone was synthesized and its reaction 

with several transition ions was investigated. Only Pt(II), 

Pd(II), Ag(I), Hg(II), and Au(III) gave any visible signs of 

a reaction. The complexes found were isolated for elemental 

analysis and structural studies by single crystal X-ray 

diffraction. The entire crystal and molecular structure of 

the HgCl2 adduct with dehydrodithizone was solved. 

Spectrophotometric and electrochemical methods were 

employed to establish the stoichiometries of the respective 

reactions as well as to determine the extent of the reac

tions. The determination of the conditional formation 

constants and all solution chemistry was performed in 

50% (v/v) ethanol-water with an ionic strength of 0.1. 

xvi 



CHAPTER 1 

INTRODUCTION 

Dithizone or diphenylthiocarbazone is one of the most 

widely used organic reagents for the identification separa

tion and determination of numerous metal ions. Dithizone, 

however, undergoes oxidation quite readily to form a variety 

of products, none of which have been investigated for metal 

ion analysis. One of the oxidation products, known as de-

hydrodithizone, is an orange crystalline compound which was 

found to have several unusual structural features that might 

prove to be useful for the selective binding of heavy metal 

ions. A survey of the metal complexing properties of de-

hydro dithizone was therefore undertaken with one of the 

primary objectives being the correlation of structural and 

thermodynamic information about the heavy metal complexes of 

d ehydrod ithi zone. 

Dehydrodithizone 

Nomenclature and Synthesis 

Dehydrodithizone is the trivial name for a compound 

that is a substituted tetrazone. The following numbering 

system is used for the heterocyclic tetrazone ring system: 

1 



2 

N= N 
/2 3\ 

HNi 'N 

The following systematic names for dehydrodithizone have 

been suggested: 

1. Anhydro-2,3-diphenyl-5-thio-tetrazolium hydroxide 

2. 2,3-diphenyl tetrazolidine thione 

3. 2,3-diphenyl-2H-tetrazolium-5-thiolate 

4. 2,3-diphenyl-3-thio-tetrazole 

The name dehydrodithizone arises from the dehydrogenation 

reaction that dithizone undergoes: 

used and the abbreviation DDz will be used to designate the 

dehydrodithizone. In 1882 Fischer and Besthorn (1) used 

manganese dioxide dithizone in basic media and isolated the 

product. They proposed the following carbodiazole structure 

for the oxidation product based on the results of elemental 

analysis and chemical intuition: 

N N 

O 

I 
SH S© 

For the sake of simplicity the trivial name will be 



N N 

/ \\ 
V /N 

II s 
Reinheimer (2) synthesized the same compound by using 

K^FetCNjg as an oxidizing agent. The oxidation was carried 

out by shaking dithizone for several days with K.Fe(CN)-. 
o o 

No dithizone remained at this time and the red water-

insoluble product was recrystallized from alcohol to give 

needle shaped crystals that decompose at 169-170°C. 

K A /> 
N NH N N 
'I j. + 2Fe(CNg" > ft 11 + 2Fe(CN)J 

"*• 

I 20H- il 20H-
SH S 

The same product can be isolated by using a variety 

of other oxidizing agents, e.g., hydrogen peroxide, potassium 

permanganate (3), and iodine if the reaction is carried out 

in neutral or slightly basic media. 

The proposed structure for dehydrodithizone was 

questionable and when Bamberger, Padova, and Ormerad (4) 

studied the physical properties, they proposed a tetrazolium 

betaine structure. Ultraviolet spectroscopic studies 



4 

by Grammaticakis (5) lent additional support to a structure 

of this type. The above representation is only one of four 

possible resonance forms. These are shown below together 

with another formulation (1.1) which is a better representa

tion of its structure. The latter type £>f structural formu

lation is now conventionally used to represent meso-ionic 

compounds. 

< > 

< > ®N V|0 

r 

(l.i) 
s© 
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Chemical Evidence for the Meso-Ionic Structure 

Ogilvie and Corwin (6) have synthesized a series of 

tetrazolium salts by a novel synthetic route and have also 

provided chemical evidence in support of the meso-ionic 

structure of dehydrodithizone. 

The observation that dehydrodithizone is more soluble 

than dithizone in polar solvents suggests that dehydrodi

thizone is more polar than dithizone. Its visible spectrum 

in 95% ethanol shows only one weak absorption band at 400 mm. 

A decrease in the visible absorption is a characteristic 

behavior of a formazan, e.g., dithizone when it is converted 

to a tetrazolium salt. The ultraviolet spectrum shows an 

intense band at 254 nm. This band is similar to that 

reported by Henry, Finnegan, and Lieber (7) for other meso-

ionic tetrazoles. All of these physical properties give 

more credence to the meso-ionic structure than the carbo-

diazole postulated by Fischer. 

If this new structure is correct, then the sulfur 

atom should have a high electron density and consequently it 

should possess nucleophilic properties. Ogilvie and Corwin 

(6) tried two reactions (1.2 and 1.3) to verify this nucleo

philic character. 
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* 0 
M̂-N' 

NfO> • 
NC/ 

CH3I 

N-N 

Nr 

ĈHj 

I" 

(1.2) 

^ K J 
N̂ -N Nl-N 
4+V ci W 
N^N + tHjCOjH > N^)j + CI-

S0 ^CH2CO2H (1*3) 

The reactions were observed to proceed very rapidly 

in chloroform to yield water soluble tetrazolium salts, 

which can be readily reduced to formazans. These reduction 

reactions are quite typical of tetrazolium salts. Dehydro-

dithizone can be reduced under the same conditions to yield 

dithizone which is a formazan in its enol form. 

Upon addition of HC1 to the dehydrodithizone a change 

was observed in its visible and ultraviolet spectra. Ogilvie 

and Corwin (6) recorded a series of spectra at different pH 

values and found an isosbestic point to occur at 280 nm 

which is indicative of the formation of a protonated species. 

The pKa is -1.57. The S-methylated compound shows a spectral 

similarity to the protonated form which suggests.that the 

sulfur atom is the site of pro to nation. 
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0 ,$ 0 J> 
N-N XN-*N 

N©.N + H* N©,N 
^cy Nc/ 

S© 

Crystallographic Confirmation of the 
Structure of Dehydrodithizone 

The evidence starting with Bamberger's work and 

continuing through the work of Ogilvie and Corwin strongly 

indicates that dehydrodithizone has a meso-ionic structure. 

In 1970 Kushi and Fernando (8) proved conclusively that this 

was indeed the case. They determined the crystal and molec

ular structure by single crystal X-ray diffraction. The 

crystallographic findings are of some importance when con

sidering the properties of dehydrodithizone and the structure 

of its metal complexes. 

The dehydrodithizone molecule possesses C2 point 

symmetry. A two fold axis is located along a line through 

the sulfur atom and the carbon atom in the tetrazole ring. 

The tetrazole ring and the exocyclic sulfur atom were found 

to be coplanar. The dihedral angle between the plane of the 

tetrazole ring and the plane of either of the phenyl rings 

is 45°. 

The important part of this structure is found to be 

in the bonding within the tetrazole ring and the bond formed 

between the carbon and the exocyclic sulfur atom. There are 
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no true single or double bond distances in the tetrazole 

ring itself. The nitrogen-nitrogen bond distances in the 

ring are identical (1.316 S) and the.carbon-nitrogen 

distances are 1.360 51. A true carbon-nitrogen single bond 

distance is 1.44 & and is seen in the C-N bond formed 

between a nitrogen atom on the tetrazole ring and a carbon 

in a phenyl group. The carbon-sulfur bond is 1.687 & which 

is also intermediate between a single and double bond length. 

All these distances show that there is considerable electron 

derealization over the tetrazole ring and the exocyclic 

sulfur atom. 

The crystal packing is such that a sulfur atom is 

packed between the planes of the two tetrazole rings. In 

fact, the crystal consists of alternating tetrazole rings 

and sulfur atoms in infinite chains along the crystallo-

graphic c-axis. This type of packing can be attributed to 

the interaction between the residual positive charge on the 

tetrazole ring and the residual negative charge on the 

sulfur atom. 

The two phenyl groups of the structure show no con

jugation with the tetrazole ring system as evidenced by the 

single bond distance between the tetrazole nitrogen and the 

phenyl carbon atom. Furthermore, an analysis of the 

distances between the carbon atoms on the ring show that 

there is no extensive intermolecular interaction between the 

two phenyl rings. The orange color must be attributed, 
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therefore, to the tetrazole ring system conjugated to the 

exocyclic sulfur atom. 

The structure, bond angles, and distances can be 

seen in Figures 1 and 2. The packing is shown in Figure 3. 

Table 1 summarizes some of the structural parameters that 

have already been determined for tetrazole compounds. 

Meso-Ionic Compounds and Sydnones 

In 1949 the term meso-ionic was introduced to de

scribe a series of compounds of which sydnones are members. 

The reaction that aroused the interest in these compounds is 

the following (9): 

u q' r' 
\' X r* RNHvNH* C— COoH A„ n .0—0=0 \ 2 

»-/ I 1W 

N=0 NaOH N—0 l1-4 ' 

The fused salt structure (1.4b) was assigned to the 

product and this type of dehydration reaction was found to 

be quite general (10). The name "sydnone" was given to this 

class of compounds because they were first studied at the 

University of Sydney in Australia (9). 

One particular example which was first studied is 

N-phenylsydno ne. 
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117.3(3) 1443(4) 

121.6(3) 
1102(3] 

.1318(3), 

1037(3) 

112.2(2) 1360(4) 
124.4(2) 

( h 0. fe H 
1687(9) 

I 

Figure 1. Bond distances and bond angles for dehydro-
dithizone. 

« 
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Figure 2. Thermal elipsoid plot of dehydrodithizone. 
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Figure 3. The crystal packing of dehydrodithizone. 
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Table 1. Bond distances in tetrazole ring systerns 

Molecule Structure Bond Length (&) 

Anhyd ro-5-mercapto-

2,3-diphenyltetrazolium 
* P 
3N-N2 / 1 

r12 

r23 

= 1. 
1. 

318 

313 

(3) 

(4) 
hydroxide 4N > 

5 i S 
r15 

= 1. 360 (4) 4N > 
5 i S 

Hydrazine salt of 

14 5-aminotetrazole 

N-N 

Nn ^N NHNHj 
c 
NH2 

r12 

r23 

r34 

r45 

= 

1. 

1. 

1. 

1. 

356 

295 

346 

302 

(8) 

(7) 
(6) 

(8) 

r15 
= 1. 318 (6) 

Sodium tetrazole 

monohydrate*^ 

3-• (0 z
 

1 
O
X
 

2
 ^

 

r12 

r23 

r15 

= 1. 
1. 
1. 

348 

310 

329 

(2) 

(2) 

(3) 

5-Aminotetrazole N-N rl2 
„ 1. 381 (15) 

monohydrate"*"^ nN(/NH.H2o r23 
= 1. 255 (15) 

NH2 r34 
= 1. 373 (15) 

r45 
= 1. 321 (15) 

r15 
= 1. 329 (15) 
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H 

e ,0=0-0® 

| 
N—0 

The fused structure was viewed as inadequate and was 

replaced by twelve resonance hybrids consisting of dipolar 

and tetrapolar forms. Three of these are illustrated: 

* e " e 5 a .0=0-0 .0=0-0® ®,.C— 
*-N I t-d I *-V , 

V— 0 VN=0® qN—0® 

c-oe 

I (1.5) 

Each of these forms is quite different and the 

arbitrary choice of any one would be improper. Therefore, 

the term meso-ionic was introduced by Simpson (11) and an 

accompanying symbol + indicated that the sydnone had a meso-

meric structure derived from a number ionic or zwitterionic 

forms. The new representation of N-phenylsydnone is one in 

which the atoms are shown to be linked by single bonds. 

L-o-* 
0-N@| 

N—0 
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The unusual nature of these compounds can be 

illustrated by a closer examination of N-phenylsydnone as an 

example. The sydnone shows a five membered ring with seven 

2p electrons and one more 2p electron from the exocyclic z z 

oxygen. Upon derealization of the electrons, the ring will 

contain 6 tt electrons with the remainder being donated to 

the exocyclic oxygen atom. The sydnone ring then becomes 

aromatic in character and possesses a partial positive 

charge. The exocyclic oxygen will then have a partial 

negative charge. 

f t-C—C—01 4 

N-Q, 

The positive charge on the ring is distributed among 

the annular atoms and the charge distribution is most prob

ably not equal. This structure is just a means of repre

sentation. Two further points should be emphasized when 

describing meso-ionic compounds: (a) no single reasonable 

conventional covalent structure can be written for a sydnone 

and (b) the charge on the ring and the exocyclic member are 

not to be considered as unit charges. 

These types of compounds have given rise to some 

interesting theoretical calculations (12, 13, 14, 15). The 

indication is that there is a substantial charge transfer 
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from the ring which is in accordance with the meso-ionic 

structure. Two reviews have been compiled on the subject of 

meso-ionic compounds. The first is by Baker and Ollis (16) 

and the second is in the Japanese literature (17). 

The accepted method for the representation of a meso-

ionic compound will be shown as the following: 

0 p 0 p 
n N - n  n N — N  

N^N 

s® Je 

Irving has shown the sydnone, dehydrodithizone, in a slightly 

different manner: 

0 0 \ / 
N — N  

// A \ 
N M 

Dithizone and its Properties 

Dehydrodithizone is closely related to dithizone, 

sydnones, and tetrazoles. To fully comprehend its structural 

properties and chemical characteristics, it is useful to use 

the physical and chemical properties of dithizone for 

comparison, in particular, its metal complexing properties. 
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Nomenclature 

The general formulation of a formazan is below: 

HN1 5NH2 

M 
I 

H 

Dithizone is a formazan and can be named as such. The names 

that have been used are: 

1. 1,5-diphenylthiocarbazone 

2. 1,5-diphenyl-3-mercaptoformazan 

3. 1,5-diphenyl-3-formazanthiol 

4. phenylazothio formic acid (2-phenyl hydrazide) 

5. dithizone 

The name used will be the accepted trivial name, 

dithizone, which is used extensively in the literature. Ever 

since its discovery it has received much attention as a heavy 

metal chelating agent (18). Irving has made the most sub

stantial contribution in this area and therefore the conven

tions used by Irving for representing the forms of dithizone 

will be followed. Dithizone will be represented as I^Dz and 

the dithizonate anion will be HD~. There is some controversy 

- 2  about the existence of the dianion Dz . 

Irving studied the acid-base behavior of dithizone 

and its solubility properties in various solvents. Dithizone 

is insoluble in water when the solution is acidic or neutral, 
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but it is soluble in the presence of base owing to the 

formation of a dithizonate anion. Spectrophotometry of ̂ Dz 

in CHC13 shows absorption maxima at 605 nm and 445 nm. Under 

alkaline conditions an orange color is observed giving rise 

to a single absorption peak at 485 nm. This peak is also 

seen in aqueous solutions at 465 nm and has been attributed 

to the presence of the dithizonate anion. 

cedure and was found to be 4.5+0.3 which is the currently 

accepted value (19, 20). All experimental work indicated 

that the dithizone was a monobasic acid in the pH range from 

4 to 12. 

Oxidation Products of Dithizone 

Dithizone has a tendency to react with various 

impurities in solvents and undergoes oxidation by air and 

light. In CHC13 upon standing, the color of a solution of 

dithizone is observed to change over a period of time from 

blue-green to a reddish brown. Irving and Rupainwar (21) 

irradiated a solution of dithizone in chloroform with 

OH- N 

keto form enolate anion 

The pKa was determined by a solvent extraction pro-
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ultraviolet light and concluded that a reaction took place 

between phosgene and dithizone to yield 5-phenylazo-3-phenyl 

1,3,4-thiadiazole-2-one. The phosgene is produced photo-

chemically from the chloroform in the presence of air. 

L oj CHCI3 
L J > C + HCI 

C C 

0xH # 
CI N—N ,N—0 N-N 

o=< + >-/ ^ yc 

CI H—s v 

Under acidic conditions in dioxan mixtures solutions 

of dithizone slowly change from green to red which was found 

to be caused by the reaction of dithizone with the impurity 

2-methyl dioxalane to yield 2-methyl-3-phenyl-5-phenylazo-

1f3,4-thiadiazolene (22). 

K 
hx 

The most common oxidation product is dehydrodithizon 

which is formed in weakly alkaline or neutral solutions by 

reacting dithizone with hydrogen peroxide or other suitable 

oxidizing agents. The product forms orange crystals (dec. 
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170°C) with absorption maxmima at 468 nni in CHCl^ and 415 nm 

in ethanol. 

A compound which is isomeric with dehydrodithizone 

is formed by refluxing dithizone with glacial acetic acid. 

The product is a purple compound (dec. 179°C dec.) with 

absorption maxima in CHCl^ at 316 nm and 524 nm. Irving et 

al. (23) carried out an X-ray structure determination of 

this compound and found it to be an unusual bicyclic 

compound, 3-phenylazo-l,3,4(4H)-thiadiazole. 

,n—d 

N>-/ 

J 
H 

o 
If the oxidation reaction is carried out in a 

strongly alkaline solution with 30% hydrogen peroxide, 

another purple compound can be isolated. The product was 

studied spectrophotometrically and was found to have an 

isosbestic point at 475 nm when a series of spectra were 

recorded at different pH values. The infrared spectrum 

showed the presence of a sulfonic acid group. The product 

has been identified as 1,5-diphenylformazan-3-sulfonic acid 

and is soluble in most organic solvents and water (24). 
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& /0 0V .0 
N NH N NH N NB 
II | ^ II I » II | 

NyN *— *VN ^ "yN 

scfeOH ioj00 S020e 

The pK^ and pl^ values were determined spectrophoto-

metrically: pKa = -0.92 and PK&2 = 12.9 (I = 1M NaNO^) (24). 

It is of some interest to consider three of the 

oxidation products of ditbizone and the conditions under 

which they are formed. 

s J1—'* K s* ^ C — N NM-N' N NH 

& v 
H s® ipjOH 
8 b e 

pH<2 7<pH>9 pH>10 
(1.6) 

The sydnone is formed when the oxidation is carried 

out under weakly alkaline conditions with dilute solutions 

of oxidizing agents. The proportion of the sydnone decreases 

as the solution becomes more basic and the amount of oxi

dizing agent increases and the favored product becomes the 

sulfonic acid. It appears that kinetic factors would favor 

the formation of the sulfonic acid from the dithizonate anion 

which is the predominant form in the alkaline solutions. In 

acidic solutions, dithizone is present in its keto form 
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rather than the enol form. The bicyclic product (1.6a) is 

observed to form when dithizone is in contact with mineral 

acid solutions for prolonged periods of time. Thus the pre

dominant form of the oxidation product seems to be dependent 

upon the species (keto or enol) of dithizone that is present 

during the reaction. 

Metal Complexes of Dithizone 

The goal of this work is to study dehydrodithizone, 

some of its metal chelation reactions, and the general 

reactions of the ligand. An understanding of these proper

ties is facilitated by a comparison with the properties of 

related compounds and therefore a knowledge of the metal 

complexation of dithizone and of tetrazoles will be useful. 

An excellent summary of the chemistry of dithizone and its 

metal complexes can be found in Sandell's (18) book. 

Metals which form sulfides form the most stable 

complexes with dithizone. The following lists the reactive 

metal ions that complex with dithizone (25) 
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DITHIZONE EXTRACTION OF THE ELEMENTS 

Li Be B C N 0 F 

No M9 Al Si P S a 
K Co Sc Ti V Cr Mn 

II 
~ii 

Fe 
N 

>7 

Co 
M 

Ni 
H 

M 

Cu 
Ml 
1 

Zn 
N 

9.3 

Go Ge As Se Br 

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd • 
o 

Ag 
.i 

Cd 
it 

In 
M 

Sn 
i 

Sb Te 
IV 
1 

1 

Cs Ba La* Hf 
• 

Ta W Re Os Ir Pr 
N 
0 

Au 
M 
1 

Hg 
Ml 
—1 

TI 
urn 

f.12;34 

Pb 
l 

ii.il 

Bi • 
>1 

Po 
IV 

At 

Fr Ra Ac* 

* Dements 58-71: Ce 
(41 

Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

"t Bemenls 90-103: Th 
(51 ikdnm) 

Pa U Np Pu Am Cm Bk Cf Es Fm Md No 103 

The metal ions of interest are Pt(II), Pd(II), 

Hg(II), Ag(I), and Au(III) because each of these react with 

dithizone as well as dehydrodithizone. Silver (I) and 

mercury (II) form both primary and secondary dithizonates 

(vide infra) but only the primary form will be considered. 

Mercury (II) forms a 2:1 ligand:metal comples with dithizone 

and its stoichiometry was first established by Irving, 

Andrew, and Ribson (26). 

Irving and Cox (27) studied the relationship between 

the stability of metal halides to their dithizonate spectra. 

They found that metals which form stable dithizonates are 

those whose halide complexes increase in stability in the 

order F<Cl<Br<I which prefer to combine with sulfur rather 

than oxygen donors. These are called class B metals. 
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Structures of Metal Dithizonates 

H. Fischer postulated incorrect structures for di

thizone complexes. He called the two types of structure 

keto and enol form but they are better named primary and 

secondary complexes. The primary and secondary dithizonates 

of a univalent metal were shown as: 

nf /° 

/N_N\ //N_NN 
S=C fA M—S-C ,M 

N=N'' WN'' 

\r \ 
0 0 

For divalent metals the postulated structures were: 

H /• \ _ /-»v 
/N-NN ,,N=N C-S—M 

S=CX M' C=S \ / 
N=N'' N—N/ N= N 

\ 4 H \ 

Irving and Bell (28, 29) showed that these struc

tures were incorrect by preparing dithizone with a methyl 
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group substituted on the sulfur atom. The resulting S-alkyl 

dithizone was insoluble in aqueous solutions as might be 

expected since no dithizonate anion could form if the sulfur 

was the site of protonation, but what was more significant 

was that no metal complexes would form. The conclusion was 

that the thiol group confers the acid-base properties to the 

ligand and is actively involved in the metal complexation. 

structure of the mercury (II) dithizone complex by X-ray 

diffraction. This gave undisputed proof of chelation through 

the sulfur atom. The coordination about the mercury atom is 

a distorted tetrahedron with two strong bonds to the two 

sulfur atoms and two weaker interactions to two of the azo 

nitrogen atoms. The dithizone group itself is extended with 

no possibility of internal hydrogen bonding. Harding sug

gests that all metal dithizonates are bonded in a similar 

manner. 

Harding (30) determined the molecular and crystal 

N—N 

(1.7) 

Subsequent X-ray structural studies of the complexes 

of Zn(II), Cu(II), and NI(II) (31, 32, 33) have shown the 

same structural tendencies. Each metal is tetrahedrally 
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coordinated to the sulfur and an azo nitrogen of each 

dithizone molecule. Powder X-ray diffraction results have 

shown that Pt(II), Pd(II), and Ni(II) dithizonate complexes 

are closely isomorphous and are therefore structurally 

similar (33). 

Organomercuric Dithizonates 

organomercuric complexes. Irving and Kiwan studied a series 

of organomercuric complexes and found them to be 1:1 com

plexes generally yellow in color with a single well-defined 

absorption band in the visible region and numerous other 

studies on these compounds have been published by Irving and 

his group including the optimization of conditions for 

extraction and spectral measurements (34, 35, 36, 37, 38, 39). 

In the case of methyl mercuric chloride the halide ion is 

displaced but the alkyl group'remains intact and the re

sulting complex has a stoichiometry of 1:1. 

Tetrazoles and Metal Chelation 

Tetrazoles are represented by the following formula

tion: 

The last set of dithizonates to be discussed are the 

N= N 

HNl - 4 N 

H 



The metal complexation properties of many substi

tuted tetrazoles have been investigated. Daugherty and 

Brubaker synthesized the Cu(II) complexes of 5-phenyl-

tetrazole, substituted 5-phenyltetrazoles (40) and substi

tuted 5-aminotetrazoles (41). Continuous variation studies 

of mixtures of CuSO^ • 51^0 and 5-phenyltetrazole point to 

the existence of a 1:1 copper-tetrazole complex. The nature 

of the metal-tetrazole binding is uncertain. It has been 

postulated that bonding occurs by the donation of one pair 

of electrons by one of the ring nitrogen atoms to the metal 

ion. The tetrazole acts as an anion and seems to satisfy 

two coordination sites on the copper ion. Another possi

bility is that of metal ion coordination to the ^-electron 

system of the tetrazolate anion. Gilbert and Brubaker (42) 

synthesized the complexes of some 1-substituted tetrazoles 

with Co(II), Ni(II), Pt(II), and Zn(II) chlorides. The 
I 

stoichiometry of the complexes was 1:2 ligand:metal in all 

cases except one zinc complex which was 6:1. The nature of 

the metal ion-tetrazole "bond, however, was not discussed. 

Harris and coworkers (43) used Mossbauer spectro

scopy to study the Fe(II) tetrazole complexes. They con

cluded that Fe(II) was bound in a manner that was similar to 

ferrocene-like compounds with the Fe(II) sandwiched between 

the n-electron systems of the two tetrazole rings (1.8). 
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X=CF, 

Wehraan and Popov (44) decided that it should be 

possible to investigate the ^-electron donor ability of the 

tetrazole ring and carried out a series of investigations 

with this in mind. They chose a series of TT-acids and con

centrated their studies on tetracyanoethylene. The forma

tion constants that were determined from spectrophotometric 

data ranged from K = 0.90 to K = 2.02 for the different 

tetrazoles with tetracyanoethylene. A 1:1 complex between 

the tetrazole and TT-acid was reported in every case. NMR 

studies tend to confirm the spectrophotometric work. The 

overall conclusion from this work is that the tetrazole does 

possess TT_donor ability and that it does form complexes with 

TT-acids. 



CHAPTER 2 

EXPERIMENTAL 

Complexes of transition metal ions and dehydrodithi-

zone were prepared and studied by X-ray diffraction, infrared, 

visible and ultraviolet spectrophotometry, and electrochemical 

methods. The stoichiometry and the formation constants of 

each complex were determined. The crystal and molecular 

structure of the adduct C1_HinN.S«H Cl0 was determined and iu 4 g z 
the bond lengths and the bond angles in the molecule were 

calculated. 

Preparation of Compounds 

Dehyd rod i thi zo ne 

The preparation of dehydrodithizone has been reported 

in the literature; the compound is usually synthesized by 

oxidizing diphenylthiocarbazone or dithizone with a number 

of oxidizing agents. 

Method 1. Several methods were employed in the 

synthesis of dehydrodithizone. The first method is based on 

the work of Reinheimer (2). 

Dissolve 2 grams of dithizone in 95% ethanol and 

adjust the pH of the solution to approximately 9 with alco

holic potassium hydroxide. Dissolve 15 grams of K^FeTCNJg 

29 
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in water in a separate vessel. While stirring, slowly pour 

the dithizone solution into the ferricyanide solution. The 

dithizone is oxidized and the oxidation proceeds more slowly 

as the ferricyanide concentration decreases. If a white 

precipitate forms, filter the solution; the precipitate is 

probably K^Fe(CN)g. If the solution turns orange-red, then 

there is probably an excess of dithizone. The dehydrodithi-

zone will precipitate as an orange compound upon evaporation 

of the solution. Wash the precipitate well with water and 

recrystallize from ethanol. 

Although the yield obtained by this method is good, 

it takes too much solvent to keep the reactants in solution. 

It was for this reason that a different method was tried. 

kJ + T* ̂  n©L+ 
2FfN* 

^ + Ne' ,o x I 20H- J 20H- (2.1) 
SH S© 

Method 2. Dithizone (1.25 g Fischer reagent grade) 

was dissolved in 100 ml of chloroform. Ifydrogen peroxide 

(2.5 ml) 30% was diluted to 150 ml with water. The pH of 

the aqueous phase was adjusted to 8.5 with 0.1M NH^ and 0.1M 

HC1. The aqueous phase was added to the chloroform phase 

and the two phase system was stirred vigorously for about 

1.5 hours in an Erlenmeyer flask to ensure completeness of 
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reaction. The pH of the aqueous phase was monitored and the 

reaction was noted to have consumed base. The pH was 

adjusted every 15 minutes by adding more NH^. When the 

solution becomes too acidic the oxidation does not take 

place and if the solution is too basic, another oxidation 

product may form (24). Eventually, small orange crystals 

formed at the interface of the water-chloroform system. The 

crystals were filtered and washed well with water. They 

were recrystallized from ethanol and melted with decomposi

tion at 168-170°C (yield 56- 7256). 

Method 2 was preferred for several reasons. Dithi

zone is quite soluble in chloroform and therefore less 

solvent is required than in method 1. Hydrogen peroxide is 

a good oxidizing reagent and is totally converted by the 

reaction into water and no separation of this reduction 

product is necessary. The third reason is that dehydro-

dithizone is not very water soluble and is less soluble than 

dithizone or its other oxidation products in chloroform. 

Consequently as dehydrodithizone forms, it precipitates at 

the water-chloroform interface. The purity of the product 

is enhanced by having an extraction system built into the 

preparation procedure. The product is relatively pure as 

prepared, but recrystallization from ethanol is still 

advisable. 

The crystals were dissolved in 95% ethanol and the 

_5 
absorption spectrum of a 3.10 M solution compared with the 
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spectrum reported by Ogilvie and Corwin (6). The infrared 

spectrum (Figure 4) was compared with the spectrum obtained 

from the dehydrodithizone prepared by Kushi and Fernando 

(8). The results verified that the product was dehydro

dithizone. 

A further investigation of the purity was performed 

using thin layer chromatography (TLC). The thin layer 

plates were Eastman Chromatogram 6061 prepared silica gel 

sheets and were used without pretreatment. A 10 Hi syringe 

was used to spot 1 HI samples on the TLC plates for the many 

solvent systems that were tried. The system of choice was 

that which would separate diphenylthiocarbohydrazide, 

dithizone, and dehydrodithizone since these three compounds 

were likely to occur together. Also, the TLC with the 

solvent system should be able to separate any impurities that 

may be present in the dehydrodithizone itself. The results 

of several systems that were used are listed in Table 2. 

The development of the plates was carried out in an 

iodine chamber. Ultraviolet light was also employed but 

showed no new spots that were not indicated by the iodine 

method. The best solvent system for the mixture of dithizone, 

diphenylthiocarbohydrazide and dehydrodithizone was found to 

be a 4:1 mixture of benzene:nitromethane. In all cases the 

dehydrodithizone itself gave a single spot. The diphenyl-

carbohydrazide however was contaminated with some dithizone. 
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Figure 4. The infrared spectrum of dehydrodithizone. 
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Table 2. Results of thin layer chromatography on non-
activated silica gel. 

Solvent system 
Rf 

dithizone 

Rf 
d iphenylthio-
carbohydrazide 

Rf 
DDZ 

CH3NO2 

rH CO •
 .79 .47 

benzene .87 .08 

o
 

o
 • 

00 • .09 

o
 
o
 • 

pet ether 

o
 

o
 • .00 —• 

cci4 .09 .06 — 

ethanol .82 .81 — 

ethanol:CCl^ 1:1 

o
 

00 • .76 — 

CH3NO2 .79 .78 .47 

benzene :CH.jN02 1:1 .84 .71 .51 

benzene:CH3N02 4:1 •
 

GO
 

.42 .07 

.81 

CM •
 

00 o
 • 



1,5-diphenylformazan-3-sulfonic Acid 

The sulfonic acid oxidation product of dithizone was 

prepared according to the method described by Irving, 

Rupainwar, and Sahota (24). Dithizone (2.0 grams) was 

dissolved in 250 ml of 0.5M NaOH and 40 ml of 30% hydrogen 

peroxide was added dropwise from a buret with continuous 

stirring. The stirring was maintained for 45 minutes after 

which time the reaction mixture was filtered through a 

sintered glass funnel. The filtrate was cooled with ice and 

a minimum amount of concentrated sulfuric acid was added. 

The sulfonic acid separated as a brown-black precipitate. 

The precipitate was isolated, redissolved with 0.1M NaOH, 

cooled to 0°C, and reprecipitated with hydrochloric acid. 

The precipitate was filtered and recrystallized from chloro

form. The product did not melt, but rather decomposed at 

170°C. 

The sulfonic acid is soluble in water and most 

organic solvents. These solutions show a color change with 

pH owing to the formation of the sulfonate anion in basic 

media. The basic form has an absorption maximum at 540 nm, 

and the acidic form has a maximum at 440 nm in water. An 

isosbestic point occurs at 475 nm when the absorption 

spectra are obtained for a series of solutions of the same 

concentration at varying pH values (24). 

The infrared spectrum (Figure 5) clearly shows the 

presence of the sulfonic acid group indicated by the bands 
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Figure 5. The infrared spectrum of l,5-diphenylformazan-3-sulfuric acid 



37 

-1 -1 
at 754 and 743 cm . The band at 1035 cm is character

istic of an S=0 stretching mode. 

Isomeric Dehydrodithizone 

An isomeric dehydrodithizone was prepared according 

to the method of Ogilvie and Corwin (6). A 3.5 gram sample 

of dithizone was refluxed for 30 minutes in glacial acetic 

acid. The solution was cooled with ice and slowly added to 

150 ml of distilled water while stirring. The precipitate 

that was obtained was washed with copious quantities of water 

and recrystallized from ethanol. The compound is purplish 

in color and decomposes at 180°C. The infrared spectrum of 

this compound is shown in Figure 6. 

Metal Complexes of Dehydrodithizone 

The metal complexing properties of dehydrodithizone 

have not been investigated prior to this work. Therefore, a 

simple method was set up to determinebby inspection the 

metal ions that form complexes with dehydrodithizone. Metal 

_3 ion solutions approximately 10 M were added to a buffered 

— 3 solution of dehydrodithizone (10 M) in ethanol. There were 

three groups of trials: 

Group A: 

1 ml of 0.1M NH3 (pH 10) 

_3 
1 ml of 10 M metal ion solution 

_3 
1 ml of 10 M DDz m ethanol 
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Figure 6. The infrared spectrum of isomeric dehydrodithizone. 
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Group B: 

1 ml of acetate buffer (pH 4.5) 

_3 
1 ml of 10 M metal ion solution 

1  m l  o f  1 0 " D D z  i n  e t h a n o l  

Group C: 

1 ml of 0.1M HC104 (pH 1-2) 

_3 1 ml of 10 M metal ion solution 

_3 
1 ml of 10 M DDz in ethanol 

Blank: 1 ml of buffer 

1 ml of water . 

1 ml of 10"~^M DDz in ethanol 

Table 3 lists those salts which were investigated. 

HgC^ Adduct. An aqueous solution of mercuric 

chloride was added slowly to an equimolar solution of de-

hydrodithizone in 95% ethanol while stirring. The color of 

the resulting solution changed from an intense yellow to a 

very pale yellow. The mercuric chloride solution was added 

until no further change in color was observed. The solvent 

was evaporated with the aid of an aspirator and the product 

that was formed was recrystallized from acetone to give very 

pale yellow needle shaped crystals. The compound decomposes 

at 200°C. These crystals were used for an X-ray crystal-

lographic structure determination. 

The compound was analyzed for C, H, CI, and Hg. The 

CH analyses were performed by Huffman Laboratories, Inc., by 
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Table 3. Metal salts examined for chelation with 
d ehyd rod i thi zo ne 

Group 

Compound a b c 

LiCl NR NR NR 

NaCl NR NR NR 

AKSO4 )3*18H20 NR NR NR 

MgCl2 NR NR NR 

KC1 NR NR NR 

Ca(N02 )2*4H2° NR NR NR 

TiCl3 NR NR NR 

Cr(N03 )3* 9H2° NR NR NR 

Mn(C2H 3°2}2* 4H2° NR NR NR 

Fe(S04 )3«(NH4)2*S04'24H20 NR NR 1 

Fe(NH4 > 2{S04}2"6H2° NR NR 1 

CO(N03 )2*6H20 NR NR NR 

NiCl2-6H20 NR NR NR 

CuCl NR NR NR 

Cu(N03 ^ 2 
NR NR NR 

ZnCl2 NR NR NR 

Sr(N03 ) NR NR NR 

PdCl2 2 2 — 

AgN03 3 3 4 

Cd(N03 }2 
NR NR NR 

In(N03 ^ 3 
NR NR NR 
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Table 3.—Continued 

Compound a 

Group 

b c 

SnCl2-2H20 NR NR NR 

BaCl2» 2H20 NR NR NR 

ptci2 2 2 — 

HAuCl4 •3H20 5 5 — 

Hg2ci2 NR NR NR 

HgCl2 6 6 6 

Hg(N03 *2 7 7 7 

CH3HgCl 6 6 6 

Hg(C10 
4*2 6 6 ppt 

HgBr2 6 6 6 

TINO3 NR NR NR 

Pb(N03 ) 2  
NR NR — 

Bi(N03 )2-5H2° NR NR NR 

Ce(S04 )2*8H20 
NR NR NR 

Ce(NH4 *2*N03*6 
NR NR NR 

Th(N03 )4*4H2° NR NR NR 

1 = hydroxide precipitate. 
2 = rust colored ppt. 
3 as pale yellow solution. 
4 = pale yellow solution, turns to deep violet with time. 
5 = yellow solution, but different on shade from dehydro-

dithizone itself. 
6 = pale yellow precipitate. 
7 = almost colorless or white precipitate. 
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combustion methods. Mercury and chloride analyses were 

carried out by flameless atomic absorption and neutron 

activation, respectively. 

The neutron activation was performed at The Univer

sity of Arizona with the Triga reactor. A 1.85 mg sample of 

the HgCl2* dehydrodithizone adduct was irradiated in the 

reactor. The sample was sandwiched between two carbon 

tetrachloride standards in toluene. Each standard contained 

0.285 mg grams of chlorine and was counted by standard 

methods with a 1024 multichannel analyzer equipped with a 

sodium iodide detector. The corrected activity for the 

standard and the sample were 160 and 171 counts per second, 

respectively. The per cent CI was calculated by using a 

simple ratio. 

% C1= (2-8S.10-4) (160) (100) = 13i9< (2-2) 

(18.5.10 ) (171) 

The mercury was determined by a flameless atomic 

absorption spectrophotometric method, that will be discussed 

in more detail later, and was found to be 40.0%. 

HgtNO^^ Adduct. Dehydrodithizone (0.15g) was 

dissolved in 150 ml of hot ethanol with stirring. Mercuric 

nitrate (0.10g) was slowly added to the ethanol solution. 

The yellow color of the solution disappeared and a pale 

yellow precipitate formed. The solvent was reduced in 
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volume by aspiration and the remaining solution was filtered 

and the precipitate was washed well with water to remove any 

excess mercuric nitrate. The precipitate was then redis-

solved in hot ethanol, and the solution was kept for several 

days in a covered beaker. Several crystals suitable for 

X-ray analysis formed on the bottom of the beaker. The 

crystals are trapezoidal in shape and have a very pale 

yellow color. The compound decomposes at 214-216°C. 

HgBr2 Adduct. The same procedure was followed for 

the preparation of the mercuric bromide adduct as for the 

mercuric nitrate adduct. The solubility of the mercuric 

bromide adduct, however, was less than that of the mercuric 

nitrate adduct. Therefore, acetonitrile was the solvent 

that was used for recrystallization. All the adducts seemed 

to have a greater solubility in the more polar organic 

solvents such as acetone and acetonitrile, than in the non-

polar organic solvents. Small crystals formed in the shape 

of rectangular prisms. The individual crystals appear to be 

colorless whereas clusters of the crystals appear to be pale 

yellow. The compound decomposes at 198-200°C. 

Hg(C104)2 Adduct and CH^HgCl Adduct. The same pro

cedure that was used for the mercuric nitrate adduct was 

used to prepare the HgfClO^^ and CH^HgCl adducts. Re-

crystallization was carried out from ethanol. No crystals 

suitable for X-ray studies were isolated. Both form pale 



44 

yellow mats composed of very fine fibers. The mercuric 

perchlorate adduct decomposes at 180-183oC, and the methyl 

mercuric chloride adduct decomposes at 188-192°C. 

PdC^ Adduct. The palladium (II) adduct was prepared 

Z3* 
by adding a 1 • 10 M solution of PdC^ to an equimolar 

solution of dehydrodithizone in 95% ethanol. The palladium 

solution was. made by first grinding PdC^ (Matheson; 99% 

coleman and Bell) to a fine powder. The powder was placed 

in a 100 ml beaker and aqua regia was added until the powder 

dissolved. The solution was heated and evaporated to dry

ness. The residue was then redissolved in 100 ml of water 

— 3 
and added to 100 ml of the dehydrodithizone solution (10 M). 

The resulting solution was evaporated and the precipitate 

that was formed was recovered by filtration. The product 

was recrystallized from hot ethanol. Only one crystal has 

been isolated that was suitable for X-ray diffraction. The 

color seems to range from a rust brown to red. 

PtCl2 Adduct. The platinum (II) chloride adduct of 

dehydrodithizone was prepared in the same manner as the 

palladium adduct. It has much the same appearance, being 

a rust brown in color. No crystals have been isolated al

though several attempts were made in a variety of solvents 

and a number of methods were used. 



45 

AuClj Adduct. The gold (III) chloride adduct of 

dehydrodithizone was prepared by adding 0.05 grams of 

HAuCl^ • 3^0 in approximately 10 ml of water to 0.05 g of 

dehydrodithizone in a minimum amount of acetonitrile. The 

resulting solution had a golden yellow color and was 

allowed to stand in a covered beaker. After two days 

beautiful golden yellow crystals formed at the bottom of the 

beaker. They were recovered and recrystallized from aceto

nitrile. There were numerous crystals suitable for X-ray 

diffraction studies. The crystals darkened upon heating and 

decomposed at 243-246°C into a black liquid. 

X-ray Diffraction 

Each atom of a crystal has the power of scattering 

an X-ray beam incident on it. If the wavelength of radiation 

is similar to the distances between the atoms in a crystal, 

a diffraction pattern results. It was shown that the 

scattering of the X-rays could be represented as reflections 

by successive planes of atoms in a crystal. In 1913 W. L. 

Bragg formulated a mathematical treatment which accounted 

for the diffraction of X-rays by a single crystal. The 

equation has been called Bragg's Law in his honor. 

nX = 2dsin9 (Bragg's Law) (2.3) 

n = an integer designating the order of the reflection 

X. = wavelength of the incident radiation (ft) 

d = crystal lattice spacing (ft) 
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9 = the angle between the incident and the reflected 

beams with the crystal plane. 

Diffraction phenomena can be described most con

veniently with the aid of the reciprocal lattice concept. 

The Bragg equation can be rearranged to this form: 

A geometrical construction that represents this situation 

The line EF represents the crystallographic plane that 

satisfies Bragg's Law and forms an angle 9 with the incident 

beam. The line CD represents the diffracted beam and is 

also at an angle 0 to the incident beam. The line BD is the 

reciprocal lattice vector to the point D lying on the circle. 

Thus, whenever a reciprocal lattice point intersects the 

sphere, a reflection is noted. As the crystal is rotated, 

successive reciprocal lattice points will move into 

diffracting position. 

i»e = sm. (2.4) 

is shown below. 

(2.5) 
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Film Measurements 

The crystal that is chosen is mounted such that an 

axis is perpendicular to the X-ray beam. A cylindrical 

film cassette is placed about the crystal such that the 

X-ray beam is perpendicular to the long axis of the cylinder. 

As the crystal rotates, successive planes pass through the 

sphere of reflection, each producing a spot on the film. It 

is common practice to oscillate the crystal through an angle 

of approximately 15°. The resulting photograph is called 

an oscillation photograph and will form a line of reflec

tions on the film for each family of planes in the crystal 

lattice. This type of photograph contains useful informa

tion to determine one cell dimension but is also important 

for purposes of aligning the crystal. Since the lattice 

planes are viewed on edge, information concerning the other 

cell dimensions is obscured. 

In the Weissenberg method, the film is moved back 

and forth with a period synchronized with the rotation of 

the crystal. Thus the position of the spot on the film 

indicates the orientation of the crystal at that point. 

These photographs allow an oscillation plane to be shown in 

two dimensions in a distorted lattice. 

An oscillation photograph and a series of Weissenberg 

photographs will provide enough information to determine the 

cell dimensions which consist of the cell lengths a, b, and 

c and the angles 0t, P, and y. The angle ot. is between the b 
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and c axes and so forth. The space group can be determined 

from the symmetry of the photographs together with the 

systematic absences of the Weissenberg photographs. An 

excellent discussion on this topic and X-ray crystallography 

can be found in Stout and Jensen (45). 

caused by the reflections from the crystal lattice planes. 

The spacing of these lines from the central line or the zero 

level can be related to the d spacing in real space by the 

following relationships. 

y = distance on film from zero to nth layer line (mm) 
n 

R = true film ratio (28.65 mm) 

6^ = ®n/n = perpendicular distance between the zero and 

nth levels (reciprocal lattice units) 

An oscillation photograph shows the layer lines 

r = repeat distance (&) 

A. = wavelength of X-radiation (X) 

i r « \ \ it « 
X-l II I I' 
TMi 
I*-i » i * ii 

hi H 

i i 

y ̂
 i i it 

n it i III U 

l\ 

>X 

Mx symmetry on an oscillation photograph 
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When mx symmetry is present in an oscillation photo

graph, the crystal has at least monoclinic symmetry. As a 

result of this restriction, the angles oc and y are 90°. 

The cell dimensions, a, b, and p can be measured from the 

zero level Weissenberg. The reciprocal angle P* is found 

by measuring the distance in millimeters between the two 

axes a* and b*. The camera diameter is 57.3mm and is 

designed such that 1mm is on the film and is equivalent to 

2° in 9. The direct angle P and the direct cell distances 

a and c are then determined from the following relationships. 

P = 180° - P* 

§ = 2siny 
n n 

where 

§n = axial repeat distance on reciprocal lattice units 

2yn = perpendicular distance between the corresponding 

reflections of the axial lines (mm) (1mm in y = 2°). 

The relationships between the real cell dimensions 

and the reciprocal lattice parameters are shown below for a 

monoclinic space group (Table 4). The star refers to the 

reciprocal lattice quantities. 

Density Measurement and Molecular 
Weight Determination 

The density of each crystal studied was measured by 

either the density gradient method or the flotation method. 

The density gradient method makes use of two solvents of 
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Table 4. Monoclinic direct/reciprocal relationships. 

a* = 
asinP 

b* 

a a*sinP* 

1 

c* = 1 
csinP 

b = 

c = 

b* 

c*sinP* 

a = Y = a* = Y* = 90 

P* = 180° - P 

V* = i = a*b*c*sin3* 

V = = abcsinP 

similar density which are chosen to be close to the density 

of the crystal. The denser solvent is placed in the bottom 

of a tube. The less dense solvent is carefully layered on 

top. A glass rod is introduced and moved in an up and down 

motion very carefully so as to cause a mixing at the inter

face of the two solvents. This creates a density gradient 

which is assumed to be linear. This area is calibrated by 

adding crystals of known density and allowing them to reach 

a stationary plane in the liquid. The crystals of interest 

are added and will come to rest at a plane in the liquid 

corresponding to their density. 

The flotation method involves mixing two solvents of 

densities greater than and less than that of the crystals in 

such a proportion that the crystals neither sink nor rise. 

Thus the density of the solution is equal to that of the 

crystals. The density of the solution is determined using 



am analytical balance and two calibrated pycnometers. The 

volumes of the pycnometers used were 0.813 and 1.687 ml. 

The molecular weight of a crystal compound is cal

culated from the following: 

MW = 

[volume.^,]r-^][de„Sity(-L,][6.023.102lJ=2l||||es] 

r molecules "i 
Ln cell (2.6) 

The cell dimensions and molecular weights were 

determined for the mercury (II) chloride, mercury (II) 

bromide, mercury (II) nitrate, palladium (II) chloride, and 

gold (III) chloride adducts of dehydrodithizone. The 

complete crystal and molecular structure was determined for 

the mercury (II) chloride adduct and will serve as a model 

for postulated structures of the other adducts. 

The electron density in a crystal may be represented 

by a Fourier series: 

. /hx , ky , lz» 
P(x,y, z) = £F(hkl)e a b + c ' 

A structure factor F(hkl) is calculated and is found from 

an expression for the resultant amplitude of the waves 

scattered from the (hkl) planes by all the atoms in a unit 

cell: 

2ni(^ + Jai + IS) 
F(hkl) = E f . 2rri< a b c 

j 1,6 
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fj = the atomic scattering factor. 

Thus F(hkl) is related to the electron density. The 

intensity of each reflection is proportional to the 

amplitude squared I = |F(hkl)|2. The solution of the 

crystal structure is a model fitting process because phase 

information is lost in gathering data. Thus the solution 

of the structure results from the agreement of the observed 

intensities and those calculated from a postulated structure. 

If the postulated structure is correct, then the most 

intense observed reflections should have large calculated 

intensities. Again, it is a process of model fitting. A 

Fourier series is calculated using observed structure 

factors and calculated phases. The resolution of the 

structure increases as an increasing number of the phases 

are correctly determined. 

Infrared Spectra 

Infrared spectra were recorded in this work, 

primarily for the purpose of identification. The samples 

were prepared by adding the solid compound to dry AR grade 

potassium bromide until the final concentration was about 

5% by weight. The mixture was ground to a fine homogeneous 

powder with an agate mortar and pestle. A portion of the 

powder was pressed with a Wilks mini-press into a wafer 

which was used for the infrared spectrum. 
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All infrared spectra were recorded on a. Perkin Elmer 

Infracord double beam spectrophotometer with air in the 

reference beam. 

Visible and Ultraviolet Spectrophotometry 

Determination of Stoichiometry 

The absorption spectrum of a compound in the visible 

and the ultraviolet regions is often used as a method of 

identification and characterization of a compound. In this 

study, spectrophotometry was used as a method of verifica

tion of the synthesis of dehydrodithizone but it was also 

used to determine the stoichiometry of the metal chelate 

formed by Job's (46) method or the method of continuous 

variation. The use of parentheses indicates molar concentra

tions. 

Consider a general reaction between a metal ion and 

a chelating agent: 

aM + bL (2.7) 

(ML.) 
K  =  — — -  ( 2 . 8 )  

(M)a(L) 

If the chelate absorbs at a wavelength where there 

is no appreciable absorption from M or L, and if the 

restriction is imposed such that (L) + (M) = constant, then 

the absorbance will reach a maximum at the mole ratio where 
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(L)/(M) = b/a. Experimentally, a plot of mole ratio versus 

absorbance will reach a maximum at the stoichiometric mole 

ratio (Figure 7a). Often there is curvature in the region 

of the intersection of the two lines due to incomplete 

formation of the metal chelate. Less emphasis is placed on 

points in this region and the lines are extrapolated as 

straight lines to an intersection. A variation of this 

method is the case when only the ligand absorbs. In this 

instance, a wavelength is selected where there is no ab

sorbance from any of the other components in the system. A 

plot of the concentration of the metal ion added versus the 

absorbance of the ligand will appear as shown in Figure 7b 

if the concentration of the ligand is maintained constant. 

It is important to demonstrate that a given set of 

solutions does contain only two colored or absorbing species 

in measured and varying concentration. For this purpose, 

the occurrence of an isosbestic point has often been studied 

and it is argued that in all probability the regular crossing 

of the lines would be upset by the presence of a third ab

sorbing species (47). The isosbestic occurs because when 

there are two absorbing species in solution, there is a 

common point between the two absorption peaks where the 

molar absorptivities are equal. If a series of solutions 

are made up such that the sum of the concentrations of the 

two absorbing species present is a constant, and there are 

no other absorbing species present, then an isosbestic point 
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Figure 7. Spectrophotometric determination of stoichiometry 
— (a) Absorbance vs. mole ratio of metal ion, 
(b) molarity of metal ion. 



should be observed. The absence of an isosbestic point 

under the above mentioned conditions is definite proof of 

the presence of a third absorbing species (48). 

The quantitation of spectrophotometry measurements 

is well defined by Beer's Law where absorbance is pro

portional to the concentration of the absorbing species. 

A = ebc (Beer's Law) 

where 

A = absorbance 

e = molar absorptivity (cm""^-^!"^) 

b = path length (cm-"'') 

c = molar concentration 

Instrumentation and Procedure 

All spectrophotometry was performed on a Cary model 

14 double beam scanning spectrophotometer. The cells were 

1.00 cm matched quartz cells. The solvent system varied 

with the particular experiment but was most commonly 50% v/v 

ethanol:water and the reference cell contained the same 

solvent composition. All spectra were recorded at room 

temperature at a scan rate of 25 & per second. 

Polaroqraphy and Amperometry 

General Considerations 

Polaroqraphy. Preliminary studies showed that 

dehydrodithizone was reduced at the dropping mercury 
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electrode (DME). The metal ions of interest were also 

reduced and thus it was possible to monitor these two 

components in the study of the metal chelation reactions 

with dehydrodithizone using polarography. Polarography 

refers to the field of study of current-voltage curves with 

a DME. The polarographic experiments give current-voltage 

data which serve to reflect the manner in which the potential 

of an electrode is related to the composition of the 

solution in a thin layer about its surface. As the potential 

is varied, the concentrations of the oxidized and reduced 

forms of a redox couple in the layer around the electrode 

change accordingly. 

with the aid of two equations. In the rising portion of the 

wave, the Nernst equation applies. 

The behavior of a polarographic wave can be predicted 

1 0.0592 0.0592 
1o9 (i£i> n 

(2.9) 
n 

E = the applied potential vs SCE(V) 

Q1 
E = the formal potential of the redox couple vs SCE(V) 

n = the number of electrons in the reaction 

k = proportionality constant of the oxidized form 
ox 

kred = proportionality constant of the reduced form 

i = the current at a potential on the wave front (Ha) 

id = the diffusion current (Ma) 
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On the plateau of the polarographic wave the Ilkovic 

equation applies. 

id = 709 n D*2 m2/3 t1/6 C (2.10) 

id = diffusion current (Ha) 

n = the number of electrons on the reaction 

D = the diffusion coefficient (cm /sec) 

m = flow rate of mercury through the capillary (mg/sec) 

t = the drop time (sec) 

C = concentration of the reducible species (m moles/ 

liter) 

709 = a constant for measurements at the wave maximum 

in an undamped system 

The ratio of the proportionality constants is equal to the 

ratio of ^D^ox/D^red^ under the same conditions.. This ratio 

is approximately equal to one for most systems. 

All polarographic determinations were in the con-

-3 -5 
centration range of 10 M to 10 M. The ionic strength was 

0.1 in 50% v/v ethanol:water solvent. 

The E. value is characteristic for an electroactive h 
species under a given set of solution conditions. The value 

of the Ej of dehydrodithizone was found to vary greatly with 
•1 

changes in pH and concentration. Therefore the effects of 

pH and concentration were observed by determining the E^ 

values and the values for n, the number of electrons for 

the reduction process. 
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For a given polarogram data pairs consisting of E 

and i were taken in the Nernstian region. A plot of E 

versus log (^ ̂) will have a slope of .595/n and a y-

intercept of Ê . 

Determination of Stoichiometry 

The amperometric titrations make use of the fact 

that the diffusion current is proportional to the concentra

tion of the reducible species, and the end point of the 

titration is located by measuring the diffusion current as 

titrant is added. The diffusion current of the reducbile 

species is measured at a potential on the diffusion plateau. 

The current must be corrected for the dilution effects that 

occur upon addition of the titrant. The correction is made 

,V°+V« jO 
by multiplying the current by (—) where v xs the 

original volume of the solution and V is the volume added. 

A plot of the corrected diffusion current versus the volume 

will appear as any one of the three cases illustrated in 

Figure 8. 

Figure 8a illustrates the case where the electro-

active species is the reactant being titrated. This case 

arises when the titrant is not reduced at the potential at 

which the measurem nts are being taken; i.e., the titrant 

is not reduced until a more negative potential is reached or 

because the titrant is not electroactive. The concentration 

of the substance decreases steadily until the end point 
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ml added 

(a) 

ml added 

(b) 

ml added 
(c) 

Figure 8. Amperometric titrations — Electroactive species 
vs. (a) titrand, (b) titrant, and (c) both the 
titrand and titrant. 
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where it is totally consumed, and the concentration becomes 

negligible. The plot consists of two straight lines that 

intersect at the end point. The curvature near the end 

point occurs because the reaction does not go to completion. 

The straight lines are extrapolated to a point of inter

section by ignoring the portion of the titration near the 

end point. 

Figure 8b represents the case when the titrant is 

the electroactive species. Again, this may be due to the 

selection of a potential where the reactant being titrated 

is not being reduced or it is not electroactive. After the 

end point there is an excess of titrant which increases upon 

each addition. Figure 8c shows the case where both species 

are reduced. 

Determination of the Formation Constant 

The points in the vicinity of the end point can be 

used for the determination of a formation constant. The 

formation constant for the reaction (2.11) is defined by 

(2.12). The values of a and b (which define the stoichi-

ometry) are known from experiments which establish the 

stoichiometry. Calibration plots for the concentration of 

•ligand and free metal were prepared. The concentration of 

the metal complex was calculated according to 

[M_Lb3 = [[L]° • V - [L](|) (V°+V) )/(V°+V). 
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The data points in the equivalence point region are 

optimum for the determination of these values. 

aM + bL * M L. (2.11) 
— a r> 

(M
a
LH} 

K' + = r- (2.12) 
f (M) )L) 

Instrumentation and Procedure 

A Heath EUA-19-2 polarograph with a specially 

designed chopper-stabilizer amplifier unit and a Heath 

model EUA-20A servo recorder were employed to take the 

polarographic and amerometric data. The cell consisted of a 

three electrode configuration. The indicator electrode was 

a dropping mercury electrode (DME)f the reference was a 

saturated calomel electrode (SCE), and the counter electrode 

was a platinum wire. The counter electrode serves as an 

electron source or sink. 

The solvent system consisted of 50% v/v ethanol: 

water which was 0.1M in an electrolyte which was chosen for 

each experiment. 

The polarograms were recorded at a scan rate of 0.2 

volts per minute and all scans were from the most positive 

to negative potentials. 

The amperometric titrations were performed as polaro

graphic scans, and the diffusion currents were measured on 

the diffusion plateaus of the appropriate waves. The 



titrations were found to be better if the metal of interest 

_3 
is the titrant. Five or 10 ml of 10 M solutions of the 

metal of interest was pipetted into the cell. The forma

tion constants were determined by pipetting 25 ml of the 

solvent into the cell followed by 5 ml of the metal ion 

_3 
(10~ M) and adding dehydrodithizone from a 10 ml buret. An 

entire polarographic scan was taken to see if there was any 

anomalous behavior and also to provide a proper baseline 

for extrapolation to measure the diffusion current. In this 

manner the diffusion current resulting from the metal ion 

reduction and from the dehydrodithizone reduction could be 

measured. Calibration plots for both the metal and the 

ligand were made for the concentration range of interest 

and for each solvent system used. The solutions were de-

osqrgenated by purging with nitrogen after each addition. 

Nitrogen was passed over the surface of the solution while 

the polarographic scans were recorded. Solvent blanks were 

also recorded for each system. 

Potentiometric Titrations 

Potentiometric titrations were employed for three 

reasons: (a) standardization of solutions, (b) the deter

mination of the stoichiometry of a metal-ligand reaction, 

and (c) the determination of the formation constant of the 

metal-ligand reaction. 
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Standardization 

The salts of mercury (II) were made up to approx-

_ 3 
imately 10 M in 50% v/v ethanol:water and 0.1M in the 

sodium salt of their respective anions and lmM in the acid 

of the anion; e.g., the HqCl^ solutions were 0.1M in NaCl 

and lmM in HC1. A standard solution of EDTA (1.611.10~^M) 

was used to titrate and standardize the mercuric solutions. 

Five ml of 10 M mercury (II) solution was pipetted 

into a 50 ml beaker and 5 ml of pH 7.06 buffer was added. 

EDTA was delivered in 0.5 ml increments from a 5 ml buret. 

Sitrring was continuous. The potential reading could be 

taken in about 30 seconds. The increment size was decreased 

to 0.05 ml in the vicinity of the end point and the time for 

the current reading to equilibrate was longer. Three 

titrations were performed for each standardization and the 

reproducibility was excellent. 

Once the mercury (II) concentration was known, the 

same basic procedure was used to standardize the dehydro-

dithizone. Five ml of the standardized mercury (II) solution 

was pipetted into the 50 ml beaker and was titrated with the 

dehydrodithizone solution, added from a 10 ml buret. 

The procedure for the silver (I) reaction is 

slightly different. Five ml of silver nitrate was pipetted 

into a 50 ml beaker and titrated with standard HC1 

— 3 
(1.023.10 M) in the same manner as before. Then 5 ml of 
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the Ag (I) solution was titrated with the dehydrodithizone 

solution. 

Determination of the Formation Constant 

The formation constant can be determined from the 

titration if the system is reversible and well-behaved. The 

Nernst equation predicts the behavior of the reversible 

system. 

E - E°' 0.0595 log (red) 
~ n (ox) * 

In case of mercury (II) the equation would be: 

Hg (II) + 2e Hg° 

E = E° + 0.0298 log [Hg(Il) 3 

For silver: 

Ag(I) + le -—* Ag° 

E = E° + 0.0595 log [Ag(I)] 

Thus at any point on the titration curve the con

centration of mercury (II) or Ag (I) would be known in 
a 

theory provided E° is known. Knowing the metal concentra

tion and the initial concentration of the ligand and the 

volume at each point there is sufficient information to 

calculate the formation constant for the metal ligand 

reaction. 

An Orion model 701 meter was used and the reference 

electrode was a saturated calomel electrode. The indicating 
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electrodes were a hanging mercury drop electrode for the 

titrations involving mercury and a Beckman model 39048 Ag 

electrode for the silver titrations. 

Atomic Absorption Spectrophotometry 

In this study it was desired to determine the 

mercury in rat urine. Rats were given mersalyl (a mercury 

diuretic compound) or dehydrodithizone or both. It was 

necessary to determine if the dehyidrodithizone would act as 

a sequestering agent for mercury in biological systems. The 

best method of choice for the analyses of mercury was the 

flameless atomic absorption technique. It has the advantages 

of being sensitive (0.01 ppm detection limit), rapid, and 

requiring little sample pretreatment. 

Flameless Method 

A standard calibration plot was determined with 

samples ranging from 0.05 to 7.5 ppm in mercury. The urine 

samples were pretreated to get the mercury into solution as 

mercury (II) and not as an organometallic compound. The 

initial volume of the urine sample was measured and then 

5 ml of concentrated sulphuric acid was added to wet the 

organic material. After allowing the solution to cool they 

were diluted to 25 or 50 mis in volumetric flasks. 

The principle of the flamelss atomic absorption is 

the same as that involving flame work. The flame is used 

to convert the compound into atoms of the component elements 
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while in flameless work the mercury is readily converted 

into the atomic state without the use of a flame. A sample 

containing mercury is introduced into a mixing chamber 

containing 10 ml of a 5% stannous chloride solution. The 

mercury (II) is reduced to mercury metal. The sample cell 

is then vented with a stream of nitrogen at a flow of 750 ml 

per minute. The volatile mercury is then swept into a 25 cm 

cell equipped with quartz windows. Radiation from a mercury 

hollow cathode lamp is focused through the cell and the 

mercury atoms absorb light. This absorption is proportional 

to the concentration of the atoms of mercury in the light 

path. 

Procedure 

The procedure is outlined below: 

1. Add 25 or 100 HI of the sample to the mixing chamber 

with an Eppendorf pipette. 

2. Stir for a predetermined length of time (30 seconds). 

3. Vent the cell with nitrogen by throwing a solenoid 

switch (flow rate = 750 ml per minute). 

4. Continue venting until the pen returns to baseline. 

5. Wait 30 seconds and vent again to see if any mercury 

is retained. If any mercury is retained then the 

stirring had not been carried out for a sufficiently 

long period of time or the stannous chloride solution 

had been exhausted. The stannous solution was 
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replaced after ten experiments generally to avoid 

contamination. 

Instrumentation 

The measurement system employed a Varian model AA-5 

atomic absorption spectrophotometer equipped with an 

Esterline Angus model 1101 strip chart recorder (Figure 9). 

The mixing chamber was specially designed for this work and 

is illustrated in Figure 10. The 25 cm cell was wrapped 

with heating tape and adjusted to a temperature of 110°C 

with a Variac to prevent the condensation of water vapor. 

The nitrogen vent was solenoid operated for better repro

ducibility. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

Dehyd rod ithi zone 

Polarography 

Polarograms of dehydrodithizone solutions in 50% 

v/v ethanol-water and 0.1M tetraethylammonium perchlorate 

showed the compound was electroactive at a dropping mercury 

electrode. A single well behaved reduction wave was 

observed at E, = -. 55v versus a SCE in neutral unbuffered h 
solutions. The E, value of the wave was observed to shift h 
with changes in concentration and changes in pH. 

The Ej of the wave shifts to more negative values 

with increasing dehydrodithizone concentration at a constant 

pH. The E^ shifts to more positive values as the solution 

containing a constant concentration of dehydrodithizone 

becomes more acidic. There appears to be no simple rela

tionship between the shift in E^ and pH or concentration. 

The wave becomes a polarographically reversible two electron 

wave at a pH of 3. As the solution becomes more basic, the 

reaction appears to involve only one electron at a pH of 7 

but more probably the reaction is an irreversible two 

electron wave. No anodic wave was observed in a scan from 

+6v to -1.5v when 0.1M Et^NClC^ was used as a supporting 

70 
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electrolyte. Two platinum electrodes were used to 

exhaustively electrolyze a dehydrodithizone solution at 

-.3v. The product isolated was red orange in color, but it' 

turned blue green upon addition of acid. 

Dithizone is the logical choice for the reduction 

product, if the reduction reaction involves two electrons, 

since dehydrodithizone is an oxidation product of dithizone. 

The exhaustive electrolysis took place in a neutral medium 

and thus, the basic dithizonate anion might be expected to 

form since the reduction consumes hydrogen ions and the 

solution will become progressively more basic. The color of 

the dithizonate anion (or the enol form) is the same as that 

of the orange compound that formed. When in its acidic or 

keto form, dithizone is blue green in color. Also, dithizone 

forms complexes with numerous metal ions. Since very little 

of the compound was isolated, some simple qualitative tests 

were performed making use of the metal complexation reactions 

of dithizone for comparison. A pink solution formed -when a 

mercury (II) solution was added to a solution of the 

reduction product. When solutions of gold (III) and silver 

(I) were added the respective solutions became deep yellow 

and pink. These reactions are characteristic of dithizone 

reactions. The conclusion is that the electrochemical 

reaction proceeds according to (3.1). 
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P A 
N—N N N" 
tmw J J. 
v_>- +2H +2e » N

n„,,n ( 3 .1) 
C' 9' 
S® SH 

The Nernst equation (2.9) was used to determine the 

reversibility of the reaction. A plot of applied potential 

E versus log(^d7^) should have a slope of ,0592/n. The pH 

of the solution was changed but all other conditions were 

maintained constant. The pH value was measured with a 

glass electrode in a 50% v/v ethanol-water solvent system 

so the value should be viewed as a measure of the relative 

acidity. 

Table 5 lists the results of the effect of pH on the 

value n. In each of these trials, the diffusion current 

remained essentially constant. Since all conditions were 

maintained constant, the Ilkovic equation reduces to i^ = 

k«n, assuming that the diffusion coefficient is constant. 

The conclusion from the measurement of the diffusion current 

is that n in the Ilkovic equation remains the same at all 

pH values. The results listed in Table 5 show the n value 

to vary from 2.0 at pH 2.8 to 0.7 at pH 12.8. Thus con

sidering the results from the diffusion plateau measurements 

with the results from Table 5, it was concluded that the 

process is a two electron process whose reversibility 

changes with pH (see also Table 6). 
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Table 5. Effect of pH on the electrochemical reduction of 
dehydrodithizone in 50% v/v ethano1-water, 0.1 M 
Et.ClO.. 
4 4 

Approx. pH na 

2.8 -.85 2.0 
4.0 -.28 2.0 
8.0 -.58 .95 
10.3 -.58 .90 
12.8 -.71 .70 

aDetermined from the slope of the plot of E vs. 

Table 6. Variation of diffusion current with height of 
mercury for the reduction of dehydrodithizone in 
50% v/v ethanol-water and 0.1 M Et.NClO^ 
(unbuffered solution). 

h id 
con Ha id/h id/n* 

52.8 1.37 .0259 .188 
61.5 1.47 .0239 .187 
66.4 1.54 .0232 .189 
77.0 1.65 .0214 .188 
88.0 1.78 .0202 .190 
98.6 1.89 .0192 .190 
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Spectrophotometry 

The absorption spectra of dehydrodithizone were 

found to vary with changes in solvent. Kiwan and Irving 

(49) found that the solvent interacted considerably with 

dehydrodithizone resulting in both a change in the molar 

absorptivity and the wavelength of maximum absorption for 

dehydrodithizone. They correlated the interactions and 

found that the hypsochromic shifts are linearly related to 

the polarity parameters Z and Y of the solvent. It is 

suggested that n_TT* transitions predominate in the tetrazole 

ring and exocyclic sulfur. Tables 7 and 8 contain the 

results of these studies. A typical spectrum is shown in 

Figure 11. The values for the molar absorptivity (e) of 

dehyd rod ithi zone were determined for this experiment in 5056 

v/v ethanol-water and 0.1M NaCl, and ImM HC1. The two 

absorption peaks were found to occur at 250nm in 50% v/v 

ethanol-water with an e value of 1430 cm^^-M"^ at 390nm 

(Table 9), compared to the maximum of 392nm with an e of 

1240 cm~^-M~^ obtained by Irving. The dehyd rod ithi zone 

solutions in this study were standardized by potentiometric 

titrations with a mercuric chloride solution which was 

standardized by potentiometric titrations with EDTA. 

In 95% ethanol the a sorption maxima occurred at 

250nm and 413nm with e values of 31,100 and 1190 

cnf^-M-1, respectively. 
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Table 7. Absorption data for dehydrodithizone in various 
solvents (49). 

Solvent 
Xmax 
(nm) emax 

ethylacetate 480 1365 

py rid ine 476 1040 

chloroform 468 1170 

acetone 460 1090 

nitromethane 450 1070 

d ime t hy 1 su 1 fo xid e 440 1150 

acetonitrile 445 1200 

formamide 407 1000 

n-butanol 426 1000 

n-propanol 421 1185 

ethanol 415 1100 

methanol 406 1200 

water 380 1640 

1 M hydrochloricacid 380 1640 
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Table 8. Absorption data for dehydrodithizone in ethanol-
water mixtures (49). 

% ethanol Xmax 
v/v (nm) emax 

(99) 415 1100 

90 409 1030 

80 404 1140 

70 400 1160 

60 396 1190 

50 392 1240 

40 389 1260 

30 387 1450 

20 385 1400 

10 383 1560 

0 380 1576 
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Figure 11. 

Wavelength 

Absorption spectrum of 3*10"^ M dehydrodithizone 
in 95% ethanol. 
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Table 9. Data for Beer's Law plot for dehydrodithizone in 
50% v/v ethanol-water. 

CL34 • 104 A390 

o
 •
 

o
 .000 

0.988 .140 

1.980 .280 

2.960 .424 

4.940 .718 
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Metal Ion Reactions 

In preliminary work, dehydrodithizone was tested for 

metal complexation reactions. There were only five of these 

trials that gave any visible sign of a reaction. These were 

the tests involving Pt (II), Pd (II), Hg (II), Au (III), and 

Ag (I). The Pt (II) and Pd (II) products were yellow brown 

to red brown in color. The products of the Hg (II) reactions 

had very faint yellow colors which were just barely visible. 

Au (III) reacted to give a yellow product of a color some

what less orange in shade than the dehydrodithizone. Ag (I) 

in basic media reacted very slowly over a two day period to 

yield a pink color. In neutral or acidic media, the solution 

became a pale yellow in color. Each of these reactions was 

investigated to determine the site of complexation, type of 

bonding and structural characteristics, stoichiometry, and 

stability. 

HgC^ Adduct 

Solution of Crystal Structures 

Introduction. Dehydrodithizone should have some 

interesting metal complexing properties that arise from the 

extensive electron derealization in the tetrazole ring 

system and the exocyclic sulfur atom. In a preliminary 

survey of its reactions with metal ions it was found to 

react rapidly with mercury (II) chloride and the product of 
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the reaction which was isolated in the form of pale yellow 

crystals had the empirical formula .jHjQ^S'HgC^ (50). 

It was evident therefore that this compound was either a 1:1 

adduct or an ionic substitution compound [C^H^QN^S-HgCl*] 

[CI-] in which the linear coordination geometry of HgC^ was 

retained. In view of the interest in the coordination 

chemistry of mercury (II), an ion which can assume a co

ordination number between two and six, and the recent 

interest in the properties of metal-tetrazole complexes, an 

X-ray structure determination of the pale yellow reaction 

product was undertaken. 

The adduct of dehydrodithizone with mercury (II) 

chloride was obtained by mixing equimolar amounts of mercury 

(II) chloride in water, and dehydrodithizone in ethanol. 

Pale yellow needle shapped crystals of the 1:1 adduct that 

were suitable for an X-ray analysis were obtained by 

crystallization from acetone. 

Preliminary space group and cell constant data were 

obtained from oscillation and Weissenberg photographs. The 

oscillation photograph had mx symmetry and established the 

space group as at least monoclinic. The needle axis co

incided with the mounting fiber and was then assigned as the 

b-b* axis. The Weissenberg photographs showed systematic 

absences for hkl, h+k = 2n+l, which is consistent with any 

of the C-centered monoclinic space groups C2, Cm, or C2/m. 

Piezoelectric properties could distinguish between the 
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centered space group and the accentric space groups but the 

facilities for measuring the piezoelectric properties of 

small crystals were not available. 

The lattice constants were determined from two 

cycles of least-squares refinement of the settings of seven 

reflections that had been accurately centered with MoKa^ 

radiation (X = 0.70926&) on a Picker four-circle FACS I 

automated diffractometer equipped with a graphite mono-

chromator. The lattice constants and their estimated 

standard deviations at 22° C are: a = 25.717(10), b = 

6.476(10), c = 11.476(8) ft, 0 = 102.79(3)°, V = 1864 ft3, 

dobsd = 1,95 - °*059 cm"3, dcalcd = 1.89g cm"3 for Z = 4 

formula weights per unit cell. The crystal density was 

determined by the density gradient method with carbon tetra

chloride and 1,2-dibromoethane. 

Collection and Reduction of X-ray Intensity Data. 

Intensity data were collected at 22°C at a take off angle of 

1.2° with MoKa radiation; the 0-2 9 scan technique was 

employed at a scan rate of 2° per minute. Stationary-

crystal, stationary-counter backgrounds of 10 seconds were 

taken at each end of the scan range. A needle-shaped 

crystal 0.30 mm long and of cross section 0.058 mm x 0.052 

was used for the data collection. The needle axis was co

incident with the $ axis of the Picker FACS I diffracto

meter. The mosaicity of the crystal was examined by the 
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w-scan technique at a take off angle of 0.5° or less. 

Several reflections that were examined showed no splitting 

and the width at half-height of all the peaks were 0.16° or 

less. Seven reflections from the crystal were accurately 

centered through a narrow vertical slit at a take off angle 

of 0.5° and the results were used for the least-squares 

refinement of cell parameters and orientation. The scintil

lation counter had an aperture 4 mm wide and 4 mm high which 

was 31 cm from the crystal. No attenuators were used 

because none of the reflections exceeded 7000 counts/sec. 

The intensities of two standard reflections were monitored 

after every 75 reflections and were found to remain essen

tially constant, the deviations being predictable from 

counting statistics. It was concluded, therefore, that the 

crystal was stable in air and when exposed to X-rays for at 

least a period of two days during which the intensity data 

were collected. In the data set that was collected in 

which, 3° < 20 < 45°, a total of 1430 independent intensi

ties were recorded of which 1134 reflections which had 

2 2 f < 3crF were used for the structure determination. The 
o o 

integrated intensity of a reflection was calculated from 

the equation: 

I = CT - (13^+82) and the standard deviation 

of the intensity was: 

CTI = [CT + l/4(tc/tb)2 (B^B^(pi )2~fc 

where 



83 

CT s total integrated count 

= background count on low 2 0 side of peak 

= background count of high 2 0 side of peak 

t = time elapsed during scan 

t^ = background counting time 

p = the conventional ignorance factor of 0.04. 

All data were corrected for Lorentz and polarization 

effects. The linear absorption coefficient for MoKa radia

tion was 92.7 cm-"*". Absorption corrections were applied to 

all the data by means of the program AGNOST (51). No 

corrections were made for extinction since the F values of 
o 

the strong reflections at low (sin 9)/X did not show any 

systematic deviations from the Fc values. 

Solution of the Structure. The mercury atom was 

located easily upon examination of the three dimensional 

Patterson synthesis and was found at the fractional co

ordinates .195, 0, -.05. There was no Harker line present 

but a Harker plane was found. Since the space group Cm 

would require the opposite conditions it can be eliminated 

from further consideration. C2 was chosen as the more 

likely space group and refinement in this space group was 

successful. C2 and C2/m are distinguished in that for four 

units per cell, the point symmetry for C2 is 1 and for C2/m 

the point symmetry is m. The successful refinement clearly 

showed that there was no m symmetry, but rather the symmetry 
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was 1. Furthermore, a statistical test of the distribution 

of the intensities indicated that the space group was 

accentric. 

The initial R value, R = 2(|p |-|p |)/s|p |, was 

0.27 with the positional parameters of the mercury atom. 

The chlorine and sulfur atoms were located from a Fourier 

synthesis and the R value was reduced to 0.17. The 

scattering factors employed were those given in International 

Tables (52). The non-hydrogen atoms in the rest of the 

molecule were located from subsequent Fourier and difference 

Fourier synthesis. At this stage the data were corrected 

for absorption and the scattering curves of the mercury, 

chlorine, and sulfur atoms were corrected for anomalous 

dispersion with the Af" and Af" values taken from the 

International Tables (52). The refinement was continued 

with the phenyl groups treated as rigid groups (53, 54) 

(C-C = 1.397 ft) and each ring assigned a single isotropic 

thermal parameter. In the final stages of the refinement 

anisotropic thermal parameters were introduced for the 

mercury, sulfur, and chlorine atoms and the hydrogen atoms 

in the phenyl groups were included as fixed contributions 

(C-H = 1.08 ft). After three cycles of refinement the R 

value converged to 0.061. In the final refinement cycle 

the largest shift in the positional parameters was .005 ft 

in the z-coordinate of atom N(3). Anisotropic thermal 

parameter shifts for the heavy atoms were of the order of 



85 

0.5 esd and isotropic thermal parameter shifts for the 

remaining atoms were less than 0.1 esd. The least-squares 

refinements were carried out on |f |, the function minimized 

was Euu( |Fq |-|Fc | )^ and the weighting factor u> was calculated 

2 2 from the equation U) = 4FQ /CT(FQ) . 

Final atomic coordinates and temperature factors are 

given in Tables 10 and 11 with estimated standard deviations 

in the final digit in parentheses. The esd's were calculated 

from the inverse of the least-squares matrix. Bond distances 

and bond angles together with their estimated standard 

deviations are listed in Table 12. A table of observed and 

calculated structure factors is also available on microfilm 

(Table 13) (55). 

The reaction of mercury (II) chloride with dehydro-

dithizone gives a 1:1 adduct shown in Figure 12, in which 

only half of the structure is crystallographically inde

pendent; the remaining half is related by a two-fold screw 

axis in the direction of the Hg(l)-S(2) bond. The Hg(l)-

S(1) distance is 2.40 ft and the Cl(l), Cl(2), Hg(l), and 

S(l) atoms are coplanar. The mercury atom, therefore, 

appears to have increased its coordination number from 2, in 

mercury (II) chloride to 3, in the adduct. Moreover, if it 

can be assumed that the covalent radius of mercury in this 

adduct is 1.39 ft, which is intermediate between its tetra-

hedral covalent radius of 1.48 ft and digonal covalent radius 

of 1.30 ft, the Hg(l)-S(l) distance agrees reasonably well 
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Table 10. Final atomic fractional coordinates and thermal 
parameters 

Atom X y z B (8Z) 

Hg(l) .1950(1) 0 -.0487(1) a 
Cl(l) .1541(4) • 0277(72) .1362(8) a 
CI (2) .1291(3) """ • 0017(50) -.2261(10) a 
S(l) .2864(3) • 0218(83) .0580(6) a 
C(l) .3199(9) 0233(132) -.0548(21) 2.84(70) 
N(1) .2965(9) • 0293(95) -.1754(20) 3.40(60) 
N( 2) .3370(8) • 0289(81) -.2277(19) 2.62(56) 
N( 3) .3788(9) • 0365(64) -.1479(20) 3.23(60) 
N(4) .3718(9) • 0290(88) -.0367(21) 4.04(66) 
R(1)C .3260(7) • 0321(46) -.4688(17) 6.28(51) 
R( 2)c .4872(8) 0334(42) -.1804(16) 6.59(56) 

Atom 104.f3 b xu p±1 io «P22 10 *P33 10 *^12 10 *^13 104.323 

Hg(l) 14.9(2) 198(3) 76(1) 0 10(1) 0 
Cl(l) 18(2) 450(60) 114(10) 24(16) 1(3) 127(37) 
CI (2) 31(2) 237(4) 128(10) -5(3) 38(4) 51(64) 
S(l) 17(1) 193(54) 59(7) 3(2) 7(3) 9(40) 

aAtom refined anisotropically. 

Anisotropic thermal parameters are in the form 

exp[-(h2P11 + k2P22 + ^2P33 + 2hkP12 + 2h&$13 + 2k*P23)]. 

CR(1) and R(2) are the phenyl groups which are 
treated as rigid groups, and the fractional coordinates are 
those of the group centers. 
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Table 11. Parameters derived for the carbon atomsa in the 
rigid groups. 

Atom X y z 

Group R(l) 

C(2) .3321 .0200 -.3453 
C (3) .3114 .1983 -.4060 
C(4) .3053 .2104 -.5294 
C( 5) .3199 .0443 -.5922 
C(6) .3407 -.1339 -.5315 
C(7) .3468 .1461 .4081 

Group R(2) 

C(8) .4345 -.0229 -.1694 
C (9) .4649 -.1973 -.1300 
C(10) .5177 -.2079 -.1410 
C(ll) .5400 -.0439 -.1914 
C(12) .5097 .1305 -.2308 
C(13) .4568 .1411 -.2199 

B(82) §b 0 P 

R1 
6.28(51) • 2.77(2) 3.05(3) -1.49(2) 

R2 
6.59(56) .09(3) 2.72(2) -0.34(3) 

aThe intra-ring C-C distance is 1.397 8. 
u 
The angles 9, and p (in radians) align the 

internal coordinates within the ring with respect to the 
fixed external coordinate system (53). 
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Table 12. Bond distances and bond angles. 

Atoms Distance ft Atoms Angle (Deg.) 

Hg(l)-Cl(l) 2. 34(1) CI(1)-Hg(1)-CI(2) 111. 5(4) 

Hg(1)-CI(2) 2. 57(1) CI(1)-Hg(1)—S(1) 151. 8(3) 

Hg(l)-S(1) 2. 40(1) CI(2)-Hg(1)-S(1) 96. 2(3) 

Hg(l)-S(2) 3. 28(2) Hg(l)-S(1)-C(1) 102. 4(1) 

S(l)-C(l) 1. 71(2) S(2)-Hg(1)-S(3) 162. 1(3) 

C (1)-N(1) 1. 38(2) Hg(1)-S(1)-Hg(2) 96. 7(2) 

N(1)-N(2) 1. 31(3) S(1)-C(1)-N(l) 125. 0(2) 

N(2)-N(3) 1. 25(3) S(1)-C(1)-N(4) 123. 0(2) 

N(3)-N(4) 1. 33(3) C(l)-N(l)-N(2) 104. 0(2) 

N(4)-C(l) 1. 31.(3) N(1)-N(2)-N(3) 108. 0(2) 

N(2)-C(2) 1. 33 N(2)-N(3)-N(4) 115. 0(2) 

N(3)-C(8) 1. 52(3) N(3)-N(4)-C(l) 102. 0(2) 

N(3)-N(2)-C(2) 128. 0 

N(2)-N(3)-C(8) 123. 0 



Table 13. Structure factors for the HgC^ adduct of dehydrodithizone. 
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with the sum of the covalent radii of the mercury (1.39 8) 

and sulfur (1.04 &) atoms. It is evident from the values of 

the angles around the mercury atom that there is consider

able distortion in the trigonal adduct; the Hg(l)-Cl(l) and 

Hg(l)-Cl(2) distances (Table 12) are also significantly 

different. It may be deduced, therefore, that the mercury 

2 atom does not use a set of equivalent sp orbitals in adduct 

formation. It should be mentioned, however, that the long 

Hg(l)-Cl(2) bond (2.56 8) may be partially attributable to 

the attraction of the Cl(2) atom toward the positive charge 

located in the tetrazole ring (8). 

A closer examination of the environment around the 

mercury atom shows that there are two sulfur atoms S(2) and 

S(3) (only one of which is shown in Figure 12) at a distance 

of 3.28 & from the mercury atom. Since this distance is 

less than the sum of the Van der Waals radii of the mercury 

(1.50 &) and sulfur (1.85 ft) atoms, the two sulfur atoms 

S(2) and S(3) are weakly bonded to the mercury atom. Hence 

the coordination polyhedron around the mercury atom is a 

distorted trigonal bipyramid in which apices are occupied 

by the two sulfur atoms S(2) and S(3), the S(2)-Hg(l)-S(3) 

angle being 162.1°, and the equatorial plane consists of the 

Cl(l), CI(2), Hg(l), and S(l) atoms (Figure 13). The 

mercury atom is therefore five-coordinate in this structure. 

Because d-s mixing is energetically favorable for the d"^ 

system in the third transition series, it is necessary to 
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Figure 13. The coordination about the mercury atom in the 
adduct of HgCJ.2 with dehydrodithizone. 
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invoke some type of hybridization of the d 2 and s orbitals 
z 

to form the five-coordinate mercury adduct. The distortion 

of the trigonal bipyramid can arise from the partial 

negative charges on the sulfur atoms of the dehydrodithizone 

ligands as well as the difference in the electronegativity 

of the sulfur and the chlorine donors. 

Owing to the presence of the long Hg(l)-S(2) and 

Hg(l)-S(3) type of bonds in the structure, the adduct can be 

considered to be a polymer consisting of a ladder-like 

arrangement of infinite parallel chains of alternating 

mercury and sulfur atoms, the two chains in the ladder being 

2.40 & apart. One of the rectangular units, Hg(l)-S(l)-

Hg(2)-S(2), that form the ladder is shown in Figure 12, and 

the manner in which the ladder is extended is seen in 

Figure 14. Since the S(2)-Hg(l)-S(3) angle in the ladder is 

162.1° and not 180°, the ladder is slightly folded. The 

environment around the sulfur atoms must also be trigonal 

bipyramidal if it can be assumed that one of the empty 

d-orbitals is in the equatorial plane containing the atoms 

Cl(l), S(l), and Hg(l). Each sulfur atom forms two types of 

bridges; an Hg-S-Hg bridge in which both Hg-S distances are 

3.28 & and Hg-S-Hg angle is 162.1°, and an Hg(l)-S(l)-Hg(2) 

bridge in which the Hg(l)-S(l) distance is 2.40 the 

Hg(2)-S(l) distance is 3.28 Si, and the Hg(1)-S(1)-Hg(2) 

angle is 96.7°. The cells packing is shown from another 

view on stereo in Figure 15. 



Figure 14. The cell packing of the HgCl2 adduct with dehydrodithizone showing the 
ladder-like coordination. 

vo 
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It is noteworthy that the dehydrodithizone molecule 

is essentially unchanged when the exocyclic sulfur atom is 

coordinated to mercury. The C-S bond distance retains its 

partial double bond character that it had in the free 

dehydrodithizone molecule but the dihedral angle between 

the phenyl groups has increased from 45° in the uncomplexed 

dehydrodithizone (8) to 66°, and is probably caused by 

crystal packing forces. 

Table 14 contains the summary of the preliminary 

X-ray data. 

Potentiometry 

Potentiometric titrations were performed with a 

hanging mercury drop indicator electrode and a saturated 

calomel reference electrode. The method was employed to 

standardize the solutions used and to establish the stoichi-

ometry of the reaction. 

Mercury (II) chloride was standardized by a poten

tiometric titration with standard EDTA (1.611 10~^M). An 

_3 
approximately 10 M solution of dehydrodithizone was in turn 

titrated with the standardized mercury (II) chloride of 

nearly equal concentration. Figure 16 shows a typical 

titration curve together with the data in Table 15. The 

results of these titrations show that pH has little effect 

upon the shape of the titration curve or the equivalence 

point. This method has been established for standardizing 
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Table 14. X-ray diffraction 
d ehyd rod i thi zo ne. 

data for the HgC^ adduct with 

Cell 
parameter 

Molecules/ 
cell 

Molecular 
weight 

a 25.717 8 1 2147 

b 6.476 8 2 1074 

c 11.476 8 4 537 

a 90.0° theor. 4 525 

P 90.0° 

Volume 2328 83 spacegroup Cc 

Density 1.95 g/cm3 
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-30 -

8 12 
ml added 

Figure 16. Potentiometric titration of 
d ehyd rod ithi zo ne. 

~ i n~3 10 M HgCl2 with 
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Table 15. The potentiometric titration of 10 ml of mercury 
(II) chloride (10~^ M) with dehydrodithizone in 
50% v/v ethanol-water 0.1 M NaCl at a pH of 3. 

ml added mv 

8.0 60.0 

8.5 57.3 

9.0 55.0 

9.5 48.2 

10.0 45.7 

10.5 44.0 

11.0 41.7 

11.5 35.5 

12.0 27.2 

12.5 13.8 

13.0 2.6 

13.5 -6.7 

14.0 -15.8 

ml added mv 

14.5 -22.8 

15.0 -28.7 

15.5 -33.7 

16.0 -37.0 

16.5 -40.0 

17.0 -42.5 

17.5 -44.3 

18.0 -44.6 

18.5 -45.2 

19.0 -45.4 

19.5 -45.5 

20.0 -45.5 
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a solution of dehydrodithizone. The resulting stoichiometry 

is 1:1 as is the case in the solid state which was proven by 

X-ray structure determination. The 1:1 stoichiometry was 

also verified by spectrophotometric experiments. 

It was anticipated that the conditional formation 

constant could be determined potentiometrically. The 

following calculations are used: 

Half cell reactions: 

Hg2++ 2e -—* Hg° (3.2) 

Hg22+ + 2e -—* 2Hg° (3.3) 

The corresponding Nernst equations are: 

E = E°' + .0592/2 log[Hg++] (3.4) 

E = E°" + .0592/2 log[Hg22+] (3.5) 

When a mercury electrode is being used to monitor a reaction, 

the following equilibrium must be considered (56): 

Hg° + Hg2+ * H922+ (3.6) 

[Hg2++3 
K = = 129.2 (57). 

[Hg 3 

In aqueous solutions, the reaction takes place very 

rapidly (58). Mercury (II) chloride reacts as follows: 

Hg° + HgCl2 Hg2Cl2. (3.7) 

When mercury (II) comes in contact with the mercury 

electrode, the disproportionation reaction (3.6) occurs 
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almost instantaneously in aqueous solution. The mercury 

(II) is converted to mercury (I) in a quantitative amount 

(99.2%). In essence then, the species being monitored is 

mercury (I) and not mercury (II) and equation (3.5) is more 

strictly correct. However, since there is a 1:1 conversion 

of mercury (II) to mercury (I) at the electrode surface, the 

mercury (II) can be determined indirectly. Consider 

equation (3.4) and substitute [Hg++] = [Hg2++]/K into the 

equation. 

o' .0592 EH92++^ 
E = E + —2 lo9 K 

E = E°' - •°^92 log K + ,0^92 log [Hg,++] 

E = E°'' - log [Hg/1"] 

The concentration of mercury (I) can be determined at any 

o " point along a titration cu ve if the formal potential E xs 

known. Upon rearrangement of equation (3.5): 

o " 
(E-E ) 

[Hg2++] = 10 -0295 (3.8) 

This value is the mercury (I) concentration at the surface 

of the electrode but it is equal to the concentration of the 

mercury (II) in the bulk solution. Thus equation (3.9) 

could be considered as 
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o " 
(E-E° ) 

[Hg++1 _ [Hg22+] . 10 •029S 

The measurement of mercury (II) with a mercury electrode is 

not a simple chemical process but can be done easily in 

practice. It is also important to note that dehydro-

dithizone does not react with mercury (I). If the concen

tration of [Hg++] is known then the values for [L] and 

[HgL++] can easily be calculated from equations (3.10) and 

(3.11) to determine the conditional formation constant 

K' = —I_ (3.9) 
[Hg ][L] 

[HgL++] = {[Hg++]°«V°-[Hg++]*(V+V°)}/(V+V°) (3.10) 

[L] = C[L]°-V-[HgL++]-(V+V°)}/(V+V°) (3.11) 

where 

[Hg++]° = the initial molar concentration 

V° = the initial volume (ml) 

V = the volume added (ml) 

[L]° = the initial molar concentration of the 
d ehyd rod i t hi zo ne 

[L] = the molar concentration of dehydrodithizone. 

Experimentally, however, a problem arose. The 

formal potential was to be determined by measuring the 

potential of several mercury (II) solutions. A plot of 
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*4*+ n 
potential versus log[Hg2 J would in theory have a slope of 

o " .0298 with a y-intercept of E . The hanging mercury drop 

electrode exhibited erratic behavior in the 50% v/v ethanol-

o " water system and it was not possible to determine E . 

(Other trials in an aqueous system provided excellent 

results.) The results did not improve with changes in pH 

or even under a nitrogen atmosphere. In all cases the 

potential would drift to more negative values with time. 

When the dmp was renewed, the potential returned to a more 

positive value. A film may have formed on the electrode 

su face. In the titration of mercury (II) with dehydro

dithizone, the same behavior was noted at the start of the 

titration. As more dehydrodithizone was added, the poten

tial readings were more stable, and after the equivalence 

point, the readings were quite stable. In one trial, the 

drop was renewed several times at a point past the equiva

lence point and the potential reading was identical each 

time. 

The titrations were quite reproducible for the 

determination of the end point and thus the concentration 

of dehydrodithizone. The entire titration curve was fairly 

reproducible if the potential readings were taken after a 

reasonable attainment of equilibrium and when the titration 

was performed as rapidly as possible. Although the titra

tion curves were reasonably reproducible, there was an 

uncertainty in the Nernstian behavior. Nevertheless, it was 
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felt that' the formation constant could be calculated for 

comparison with the value determined from amperometric 

means. It was felt that the value would be within roughly 

an order of magnitude of the true value and could thus serve 

o " as a check for the amperometric determination. The E 

value was calculated from the potential reading of the stock 

mercury solution according to (3.12). The average 

E°" _ E - ,0^92 log [Hg2++]° (3.12) 

value obtained based on three determinations is log KjL = 

6.0. Again, it must be emphasized that this value is only 

meant as a check on the amperometric value. 

Amperometry 

Amperometric titrations were used to verify 

stoichiometry and also to investigate the extent to which 

the adduct formation took place by calculating a condi

tional formation constant K£. 

The amperometric titration of mercury (II) chloride 

with dehydrodithizone was performed in 50% v/v ethanol-

water adjusted to an ionic strength of 0.1 with NaCl and 

lm M in HC1 (Table 16). The diffusion current was measured 

at 0.0 v for Hg (II) and -0.3 v for dehydrodithizone. The 

diffusion current was corrected for dilution by multiplying 

the current by (V+Y ) where: J i>o 
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-3 
Table 16. Amperometric titration of 10 ml of 1.00*10 M 

HgCl2 titrated with DDZ in 50% Et0H:H20(v) 
.1 M NaCl ~ 10-3 M HC1. 

ml MaHg liaDDZ.10"1 
(-Hg+DDZ) 

A 
Corrected 
HaHg-10-1 

Corrected 
(iaDDZ* 10-1 

0 31.0 31.0(3.1) 0.0 31.0 0.0 

1 20.0- 24.7 4.7 22.0 5.2 

2 17.3 25.3 8.0 20.8 9.6 

3 15.4 24.5 9.1 20.0 11.8 

4 13.0 23.5 10.5 18.2 14.7 

5 11.4 22.6 11.2 17.1 16.8 

6 10.0 20.9 10.9 16.0 17.5 

7 8.3 19.2 10.9 14.1 18.5 

8 6. 6 18.1 11.5 11.9 20.7 

9 5.5 17.5 12.0 10.5 22.8 

10 4.4 16.7 12.3 8.8 24.6 

11 3.9 16.9 13.9 8.2 29.2 

12 3.1 17.0 13.9 6.8 30.8 

13 2.9 17.5 14.6 6.7 33.4 

14 2.9 18.2 15.3 7.0 36.8 

15 2.7 19.9 17.2 6.8 42.9 

16 2.6 20.6 18.0 6.8 46.9 

17 2.8 21.6 18.8 7.5 50.6 

18 3.1 22.4 19.3 8.7 54.2 

19 3.1 24.0 20.9 9.0 60.5 

20 3.4 24.8 21.4 10.2 64.2 
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V = volume added (ml) 

V° = original volume o the solution (ml) 

i = current (Ha). 

A plot of the corrected current versus the volume 

of dehydrodithizone added yields two straight lines. The 

lines are extrapolated to an intersectionand this is the 

equivalence point. Figure 17 shows two plots; one follows 

the disappearance of mercury (II) at 0.0 v (vs. S.C.E.) 

while the other follows the increase of free or uncomplexed 

dehydrodithizone with the addition of dehydrodithizone. The 

equivalence point occurred at a stoichiometric ratio of 1:1. 

The formation constant can best be calculated from the data 

in the equivalence point region. 

The method for calculating the conditional formation 

constant is as follows: 

The amount of [HgL] is calculated from the difference in 

concentration of dehydrodithizone added and that obtained 

experimentally from a calibration plot of diffusion current 

versus molar concentration (Figures 18, 19; Tables 17, 18). 

[HgL] = {[L]°.V-[L]*V+V°}/(V+V°) (3.14) 

where 

[L]° = initial molar concentration of dehydrodithizone, 

[L] = measured molar concentration of dehydrodithizone, 
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id (|ia) 

4 
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Figure 17. Amperometric titration of HgC^ with dehydro-
dithizone. 

a Hg 

^ DDZ (current corrected for Hg (II)) 

4 8 12 16 
ml added 
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id (Ha) 

Figure 18. 

Molarity of dehydrodithizone-10 

Amperometric calibration plot of dehydrodithizone 
in 50% v/v ethanol-water, 0.1 M NaCl and lm M 
HC1. 
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Table 17. Data for the amperometric calibration curve of 
dehydrodithizone in 50% v/v ethanol-water, 0.1 M 
NaCl and lm M HC1. 

Ha 
Cl35 •105 

0.488 3.45 

0.746 5.08 

0.720 5.08 

1.08 6.65 

1.07 6.65 

1.27 8.16 

1.20 8.16 

1.25 9.62 

1.28 9.62 

1.49 11.03 

1.49 11.03 

1.80 12.38 

1.80 12.38 

2.00 14.97 

2.00 14.97 
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.8 • 

8 12 
Molarity of HgCl5*10 

Figure 19. Amperometric calibration plot for HgC^ in 5096 
v/v ethanol-water, 0.1 M NaCl and lm M HCl. 
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Table 18. Amperometric calibration data for mercury (II) 
chloride in 50% v/v ethanol-water, 0.1 M NaCl 
and lm M HC1. 

[HgC|2l 
|ia -lO5 

.138 3.84 

.125 3.84 

.130 3.84 

.175 5.65 

.175 5.65 

.240 7.40 

.260 7.40 

.388 9.07 

.388 9.07 

.463 10.70 

.465 10.70 

.500 12.20 

.520 12.20 

.613 13.70 

.628 13.70 

.650 15.30 

.688 15.30 

.775 16.60 
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V = volume of dehydrodithizone added (ml), 

V° = initial volume of HgC^ (ml). 

The [HgL] could also be calculated from the differ

ence in the initial mercury (II) concentration and the 

measured concentration. 

[HgL] = {[Hg]°.V°-[Hg]. (V°+V) }/(V°+V) (3.15) 

where 

[Hg]° = initial molar concentration of HgC^. 

[Hg] = the measured molar concentration of HgCl? at 
V ml of L added. 

The first method was preferred because the current values 

were larger, easier to measure, and more accurate than the 

values for [Hg]. 

The log of the conditional formation constant was 

calculated and found to be (Table 19) 

log K£ = 4.77 + .09 

(£ is std. deviation) 

Spe ctro pho to me try 

Solutions of mercury (II) chloride and dehydro-

dithizone in 50% ethanol-water (v/v), 0.1 M NaCl and lm M 

HCl were adjusted so that the sum of the number of m moles 

of the HgL and L remained a constant. An isosbestic point 

resulted at 373 nm and tends to confirm the 1:1 
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Table 19. The amperometric determination of the conditional 
stability constant of mercury (II) chloride with 
d ehyd rod i thi zo n e. 

[HgCl2] [L] [HgCl2*I»] 
Ha HgCl2 -lO5 Ma L -105 -104 log K£ 

138 4.00 .850 5.75 1.01 4.64 

138 4.00 .875 5.91 1.01 4.63 

125 3.64 .858 5.75 1.04 4.70 

125 3.64 .875 5.91 1.04 4.69 

113 3.36 .860 5.81 1.07 4.74 

113 3.36 .860 5.81 1.07 . 4.74 

110 3.22 .850 5.75 1.08 4.77 

100 2.95 .850 5.75 1.11 4.81 

100 2.95 .852 5.76 1.10 4.81 

100 2.95 1.000 6.76 1.10 4.73 

086 2.54 .940 6.36 1.10 4.85 

086 2.54 .835 5. 65 1.14 4.90 

075 2.25 .850 5.75 1.16 4.95 
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stoichiometry of the reaction of mercury (II) chloride and 

dehydrodithizone in solution (Figure 20). 

HgBr2 Adduct 

X-ray Diffraction 

The mercury (II) bromide adduct with dehydrodithizone 

formed rectangular prisms and some needle-like crystals. 

The crystal chosen was mounted along its needle axis. The 

oscillation photograph showed mx symmetry and this axis was 

assigned as b-b*. The Weissenberg photographs exhibited 

mirror symmetry about both axes and the axes were 90° apart; 

since a^bjic the space group is orthorhombic. The systematic 

absences are: 

reflections absences 

hOO h = 2n+l 

0*0 4 = 2n+l 

The possible space groups are P2^2^2^ if 004 has the 

absences 4 = 2n+l or P2^2^2 if 004 has no systematic 

absences. The crystal could be remounted such that c was 

the oscillation axis. Then the systematic extinctions 

could be checked, and the space group could be established. 

The density was determined by the flotation method 

using 1,2-dibromoethane and 1,1,2,2-tetrabromoethane as the 

3 
liquid medium. The value obtained was 2.311 g/cm . This 

density seems a little high and the compound may be slightly 



Figure 20. Visible spectra of dehydrodithizone and its adduct with HgCl2 in 50% 
v/v ethanol-water, 0.1 M NaC and lm M HC1. 

z(mmoles 
mmoles _ mmoles mmoles mmoles L+ML) 

Solution HgCl2*10 L°.103 L-103 ML«103 «103 

1 4.90 4.93 .03 4.90 4.93 

2 3.92 4.93 1.01 3.92 4.93 

3 2.94 4.93 1.99 2.94 4.93 

4 0.0 4.93 4.93 0.0 4.93 

I 
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Figure 20. Visible spectra of dehydrodithizone and its adduct with HgCl2 in 50% 
v/v ethanol-water, 0.1 M NaC and lm M HCl. 

U1 



116 

impure and still contain some mercuric bromide. As a 

result the calculated molecular weight for four molecules 

per cell is 690. The cell parameters are listed in T 

Table 20. 

If the adduct formed between mercury (II) bromide 

and dehydrodithizone was similar to that formed with 

mercury (II) chloride, then the expected formula would be 

C13H10N4S"H^Br2' has a molecular weight of 614 and 

3 
the density would be 2.05 g/cm . It is felt that the 

discrepancy is caused by experimental error especially in 

the determination of the density, possibly due to the 

presence of an impurity. Later evidence tends to show that 

this is the case. 

Amperometry 

The amperometric titration was performed in the 

same manner as for the mercuric chloride adduct. The 

solvent system was 50% (v/v) ethanol-water 0.1 M NaBr and 

lm M HBr. Calibration curves were prepared for both 

mercuric bromide and dehydrodithizone (Tables 21 and 22, 

Figures 21 and 22). The adduct stoichiometry is 1:1 as 

spectrophotometric and X-ray studies have already shown. 

The formation constant is calculated in the same 

manner as for the mercuric chloride adduct. The average 

value and standard deviation are log K£ = 3.80 £ .15 

(Table 23). 
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Table 20. X-ray diffraction data 
with dehydrodithizone. 

for the adduct of HgBr2 

Cell 
parameter 

Molecules/ 
cell 

Molecular 
weight 

a 20.684 ft 1 2762 

b 6.671 ft 2 1381 

c 14.384 ft 4 690 

a to
 
o
 

• o
 0
 

theor. 4 614 

0 vo
 
o
 

• o
 o
 

Y 90.0° 
-

Volume 1985 ft3 spacegroup P2^2^2 or 

Density 2.311 g/cm3 P2 2 2 
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Table 21. Amperometric data for the calibration of 
mercury (XI) bromide in 50% v/v ethanol-water, 
0.1 M NaBr and lm M HBr. 

[HgBr2] 
lia -105 

.232 3.85 

.480 7.41 

.752 10.70 

.960 13.80 

1.220 16.70 
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id (Ha) 

Figure 21. 

4 8 12 16 
Molarity of HgB^'lO^ 

Amperometric calibration plot of HgBr? in 50% 
v/v ethanol-water, 0.1 M NaBr and lm M HgBr. 
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Table 22. Amperometric data for the calibration of 
dehydrodithizone in 50% v/v ethanol-water, 
0.1 M NaBr, and lm M HBr. 

[L] 
Ha •105 

3.96 .47 

5.90 .75 

6.85 .91 

7.88 1.22 
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1.6 

1.2 

id ((ia) 

.8 

.4 

Figure 22. Amperometric calibration of dehydrodithizone in 
50% v/v ethanol-water, 0.1 M NaBr and lm M HgBrg. 

• • • 1 1 • L_ 

4 8 12 16 
Molarity of DDz'10^ 



122 

Table 23. The amperometric determination of the conditional 
stability constant for mercury (II) bromide and 
dehydrod ithizone. 

HgBr-
UA 

[H?B52] 
MA L 

CL]5 • 10S 
[HgBr2lL] 

•105 log K£ 

.56 8.30 .60 5.43 1.70 3.58 

.52 7.73 .50 4.60 2.27 3.80 

.50 7.45 .61 5.50 2.39 3.76 

.46 6.87 .54 4.88 2.97 3.95 

.45 6.72 .60 5.43 2.96 3.91 



Spectropho to metry 

Due to the limited solubility, the solvent system 

for the spectrophotometric determinations is ~ 80% (v/v) 

ethanol-water, instead of the 50% system used for the other 

studies. The concentrations were relatively low and the 

continuous variation method had too much uncertainty to be 

reliable. A set of solutions was prepared, in which the 

total number of mmoles of L and ML, i.e., 2(L + ML) was a 

constant. The resulting isosbestic point at 383 nm is 

indicative of a 1:1 reaction between mercury (II) bromide 

and dehydrodithizone (Figure 23). This tends to confirm 

the X-ray diffraction results. 

CH3HgCl Adduct 

Spectrophotometry 

Table 24 lists the data for the continuous variation 

trial for the determination of the stoichiometry of the 

adduct. The adduct formed between CH^HgCl and dehydro

dithizone is expected to be similar to that formed between 

HgCl£ or HgB^ and dehydrodithizone. The resulting 

stoichiometry should be 1:1. A plot of absorbance at 

420 nm versus mole-fraction [L/(L+M)] (Figure 24) shows 

that adduct formation is complete at a mole fraction of 

0.50, i.e., when the ratio of L:M is 1:1. 

If the only two absorbing species present in solu

tion are dehydrodithizone and the adduct DDz'CH^HgCl, then 



Figure 23. Visible spectra of dehydrodithizone and its adduct with mercury (II) 
bromide in 80% v/v ethano1-water, 0.1 M NaBr, and lm M HBr. 

Solution 

1 

2 

3 

4 

mmoles 
HgBr2 
•103 

2.50 

1.00 

0.50 

0.00 

mmoles 
l°3 
•10J 

2.46 

2.46 

2.46 

2.46 

mmoles 
L 3 
•10J 

0.00 

1.46 

1.96 

2.46 

mmoles 
ML, 
*103 

2.46 

1.00 

0.50 

0.00 

^mmoles 
(L+ML) 
•10J 

2.46 

2.46 

2.46 

2.46 



.4 

.2 
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Wavelength (nm) 

Figure 23. Visible spectra of dehydrodithizone and its adduct with mercury (II) 
bromide in 80% v/v ethanol-wsater, 0.1 M NaBr. and lm M HBr. 

— — M 
ro 
4* 
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Table 24. Spectrophotometric data for the determination of 
the stoichiometry of the reaction of methyl 
mercuric chloride with dehydrodithizone. 

mmoles 
CHjH|Cl mmoles 

L A420 

6.87 4.93 .022 

5.89 4.93 .025 

4.91 4.93 .032 

3.92 4.93 .067 

2.94 4.93 .094 

1.96 4.93 .130 

0.98 4.93 .172 

0.00 4.93 .208 
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id (Ha) 

\ 

Figure 24. 

mmoles of CH^HgCl^lO 

Spectrophotometric determination of the 
stoichiometry of the reaction between dehydro-
dithizone and CHgHgCl. 
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an isosbestic point should be observed when the number of 

mmoles of (L + ML) is constant. This was observed experi

mentally and an isosbestic point was found at 373 nm 

(Figure 25). 

Amperometry 

Amperometric titrations established the stoichiometry 

of the methyl mercuric chloride reaction with dehydrodi-

thizone as 1:1. The solvent system was 50% (v/v) ethanol-

water, 0.1 M NaCl and lm M HC1. The calibration curve for 

dehydrodithizone in this solvent system was used (Figure 

18). A calibration curve was prepared for methyl mercuric 

chloride (Table 25, Figure 26). 

The formation constant was determined in the same 

manner as for the mercuric chloride adduct. The calculations 

are analogous. The results of the calculations are shown in 

Table 26. The average value and standard deviation are: 

log KjL = 3.61 + .15 

Hg(N03)2 Adduct 

X-ray Diffraction 

Several good crystals of the mercury (II) nitrate 

adduct with dehydrodithizone were isolated and the cell 

constants, density, and molecular weight were determined. 

The mercury (II) nitrate adduct with dehydrodithizone forms 

irregular needle-like prisms which are pale yellow in 



Figure 25. Visible spectra of dehydrodithizone and its adduct with methyl mercuric 
chloride in 50% v/v ethanol-water, 0.1 M NaCl and lm M HC1. 

Solution 

1 

2 

3 

4 

5 

mmoles 
CH^H^Cl 

4.91 

2.94 

1.96 

0.98 

0.00 

mmoles 
L° 
•103 

4.93 

4.93 

4.93 

4.93 

4.93 

mmoles 

k 3 
•lO"3 

0.02 

1.99 

2.97 

3.95 

4.93 

mmoles 
ML 

•103 

4.91 

2.94 

1.96 

0.98 

0.00 

2(mmoles 
L+ML) 
•10J 

4.93 

4.93 

4.93 

4.93 

4.93 
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Figure 25. Visible spectra of dehydrodithizone and its adduct with methyl mercuric 
chloride in 50% v/v ethanol-water, 0.1 M NaCl and lm M HC1. i_. 

fo 
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Table 25. Amperometric data for the calibration of methyl 
mercuric chloride in 50% v/v ethanol-water, 0.1 M 
NaCl and lm M HC1. 

Ha 

,140 

.292 

.450 

.588 

.730 

CHoHgCl] 
•10* 

3.77 

7.27 

10.50 

13.50 

16.30 
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.6 

id (Ha) 

.4 

.2 

Figure 26. Amperometric calibration plot for CHgHgCl in 50% 
v/v ethanol-water, 0.1 M NaCl and lm M HC1. 

4 8 12 16 
Molarity of CH^HgCl 
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Table 26. The amperometric determination of the conditional 
stability constant for methyl mercuric chloride 
and dehydrodithizone. 

CH3HgCl [CH3HgCl3 [L] [CH3HgCl«L] 
Ma -105 Ma L .105 «105 log K£ 

.222 5.10 .870 7.70 2.60 3.45 

.222 5.10 .885 7.80 3.80 3.66 

.201 4.65 1.200 10.10 2.76 3.38 

.160 3.72 1.180 10.35 3.74 3.54 

.150 3.46 1.390 10.65 5.78 3.84 

.312 7.25 .682 4.61 1.87 . 3.74 

.355 8.17 .696 4.70 1.63 3.65 
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color. The crystal was mounted perpendicular to the needle 

axis as shown. 

b-b* axis 

The oscillation photograph indicated that there was mx 

symmetry and thus the axis along the mounting fiber was 

assigned as the b-b* axis. The Weissenberg photographs 

showed the a* and c* axes to be at an angle of 0* = 82.24°. 

The space group was found to be monoclinic with systematic 

absences of: 

hOA h = 2n + 1 

& = 2n + 1 

hk<6 h + k = 2n + 1 

These absences indicate C-centering and the space group is 

either Cc or C 2/Cc. There is an ambiguity at this point 

which cannot be resolved without attempting to solve the 

structure or a piezoelectric test. 

3 
The density was found to be 1.790 g/cm and was 

determined by the flotation method using carbon tetra

chloride and 1,2-dibromoethane. The cell constants are 

listed in Table 27. 
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Table 27. X-ray diffraction data for the Hg(N03>2 adduct 
with dehydrodithizone. 

Cell 
parameters 

Molecules/ 
cell 

Molecular 
weight 

a 23.784 & 1 3352 

b 13.323 8 2 1676 

c 9.810 ft 4 838 

a 90.0° theor. 4 833 

P 97.76° 

Y 90.0° 
-

Volume 3109 ft3 spacegroup Cc or 

Density 1.79 g/cm3 C2/c 
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The molecular weight found for the adduct of 

mercury (II) nitrate with dehydrodithizone was 838 for 

4 formula units per cell. This value compares well to the 

calculated value of 833 for (C^H^QN^S^'HgdJOg^. The 

probable conclusion at this point is that the mercuric ion 

coordinates with two ligands to form a divalent cation. 

The nitrate groups are probably only bound as an ion pair 

in the crystalline state, i.e., the solid compound is 

[Hg(DDz)2][N03]2. 

Spectrophotometry 

The spectrophotometric studies were initiated to 

verify the 2:1 ligand-metal stoichiometry suggested by the 

X-ray studies. The study consisted of two parts: (a) 

continuous variation method and (b) the determination of 

the presence of at least one isosbestic point. 

A continuous variation method was utilized to 

establish the stoichiometry. The solutions were prepared 

such that the sum of the number of mmoles of mercury (II) 

and the number of mmoles of dehydrodithizone is a constant. 

The absorbance was measured at 420 nm where only the ligand 

absorbs. Thus, a plot of absorbance at 420 nm versus mole 

fraction (L/(L+M)) should consist of two straight line 

plots which intersect at the stoichiometric ratio. The data 

are listed in Table 28 and the plot is shown in Figure 27. 
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Table 28. Spectrophotometric data for the determination of 
the stoichiometry for the reaction of mercury 
(II) nitrate with dehydrodithizone. 

Mole fraction 

*L A420 

.495 .000 

.544 .000 

.589 .000 

.654 .000 

.706 .045 

.752 , .114 

.800 .197 
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Mole fraction ( 

Figure 27. Spectrophotometric determination of the 
stoichiometry for the reaction of Hg(N0.j)2 with 
dehydrodithizone. 
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The intersection of the two lines is at the mole 

fraction of 0.675 which is in good agreement with a mole 

fraction of 0.667 is indicative of a 2:1 ligand-metal 

reaction. The X-ray diffraction data predicts the same 

stoichiometry. 

The existence of an isosbestic point is not suffi

cient to claim that only two species are present although 

it is quite probable, but its absence is definite proof of 

the presence of a third constituent. Therefore, two trials 

were attempted to locate an isosbestic point. In one 

experiment the conditions were adjusted so that the ligand 

to metal ratio was 1<L:M<2. Thus, if the reaction (3.16) 

had a high k^, and k2 was much smaller, an isosbestic point 

could be observed corresponding to the formation of HgL++. 

Hg++ + L —> HgL++ (3.16) 

HgL++ + L —> HgL2++ (3.17) 

_ [HqL+3 

1 [Hg++][L] 

[HgL2++] 

k2 = [Hg++][L] 

The value, Emmoles (L + ML), was maintained constant. If 

k^ and k2 are relatively close, it would be difficult to 

locate the isosbestic point. The data are shown in 

Table 29. 
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Table 29. Spectrophotometric data for the reaction of 
HgdJOg^ with d ehyd rod ithi zone. 

mmoles_Hg^+ mmoles L° mmoles mraoles mmoles_ 
•10J -103 ML*10 ML*10 ML2-103 

2.48 2.65 .17 2.48 1.33 

2.21 2.65 .44 2.21 1.33 

1.66 2.65 .99 1.66 1.33 

1.11 2.65 1.54 1.11 1.11 

0.00 2.65 2.65 0.00 0.00 
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In the second trial, the conditions were adjusted 

so that the number of mmoles of (L + Hgl^ ) remained a 

constant. Thus, an isosbestic point should be observed if 

2+ 
the complex formed is Hgl^ . In all cases the ratio of 

L:M was greater than two. An isosbestic point was indeed 

observed at 388 nm, as shown in Figure 28. 

The results of the first trial are: 

1. There is no isosbestic point. 

2. - Runs 1, 2, and 3 are identical. 

3. Run 4 shows less absorption at 350 nm than do 1, 

2, and 3. 

The conclusions are: 

1. If HgL2++ were the sole complex, runs 1, 2, and 3 

should be identical. 

2. Run 4 would have less HgL2++ and therefore less 

absorption at 350 nm. 

3. The shoulder at 350 nm is due to the formation of 

HgL2++. 

4. The lack of an isosbestic point indicates that 

k^ « k2 resulting in the formation of HgL2++ 

rather than the sequential reaction of (3.16) 

followed by (3.17). 

The second trial gave the following results: 

1. An isosbestic point occurs at 388 nm. 



Figure 28. Visible spectra of dehydrodithizone and its adduct with mercury (II) 
nitrate in 50% v/v ethanol-water, 0.1 M NaNOg and lm M HNOg. 

Solution 

1 

2 

3 

4 

5 

mmoles 
Hg(N03)2 
•103 ^ 

2.48 

1.66 

1.11 

0.55 

0.00 

mmoles 
L°3 
•103 

7.78 

6.96 

6.41 

5.85 

5.30 

mmoles 
L 

3 
•10J 

2.82 

3.64 

4.19 

4.75 

5.30 

mmoles 

^2 3 
formed*10° 

2.48 

1.66 

1.11 

0.55 

0.00 

mmoles 
Z(L+M^2) 

5.30 

5.30 

5.30 

5.30 

5.30 

J 
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Figure 28. Visible spectra of dehydrodithizone and its adduct with mercury (II) 
nitrate in 50% v/v ethanol-water, 0.1 M NaNO^ and lm M HNO^. 
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2. The increase in the total amount of HgL2++ formed 

shows an increase in absorbance at 350 nm and a 

decrease in absorbance at 390 nm. 

3. Mercuric nitrate shows very little absorbance at 

350 nm and none at 390 nm. 

The conclusions that can be drawn are: 

1. The reaction has a ratio of 2L:1 Hg++. 

2. The prevalent reaction scheme is the overall reaction 

Hg++ + 2L * HgL2++. 

3. The absorbing species at 350 nm is HgL2++. 

Potentiometry 

As in the case of mercury (II) chloride, the 

electrode response was erratic. The titration curves were 

well formed and gave reproducible end points and can be 

considered reliable for that purpose if the titration is 

performed rapidly and the readings are taken upon attainment 

of equilibrium within a reasonable time. The potential 

readings will drift for hours if stirring is continued and 

the overall result should cause the K£ value to be too 

large. 

A conditional formation constant K£ can be calcu

lated for comparison with the value of K£ determined from 

the amperometric method. The potential reading for zero ml 

of titrant added is used to calculate the formal potential 
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E° (Table 30, Figure 29). The calculations are slightly 

different from those used to calculate K£ for the mercury 

(II) chloride adduct because the reaction stoichiometry has 

changed. 

Hg2+ + 2L HgL22+ (3.18) 

[HgL 2+] 
K' = (3.19) 
f [Hg2+][L]2 

E° * = E - .0595/2 log [Hg2+] 

E°' = +.254V (3.20) 

(5=^1) 
[Hg++] = 10 ,0295 (3.21) 

[HgL2++] = {[Hg++]°.V°-[Hg++].(V°+V) }/(V°+V) (3.22) 

[L] = C[L3°.V-2-[HgL2++]-(V°+V)}/(V°+V) (3.23) 

The average value for three determinations was 

log K£ = 9.71. 

Amperometry 

The reduction of mercury (II) was followed at 0.0 v 

and the reduction of dehyd rod ithi zone was followed at 

-0.3 v vs. S.C.E. Calibration plots were obtained first, 

using solutions of mercury (II) nitrate standardized by a 

potentiometric EDTA titration and dehydrodithizone 
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Table 30. The potentiometric titration of five ml of 
(4.06*10"4_M) mercury (II) nitrate with 
dehydrodithizone in 50% v/v ethanol-water, 
0.1 M NaN03 and lm M HNC>3. 

ml L ml L 
added mv added mv 

0.50 141 3.50 122 

1.00 141 3.75 102 

1.50 140 4.00 92 

2.00 137 4.25 87 

2.25 136 4.50 85 

2.50 134 5.00 82 

2.75 131 5.50 81 

3.00 129 
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-4 
Figure 29. The amperometric titration of 4.06*10 M 

Hg(N03>2 with 9.88*10~4 M dehydrodithizone in 
50/6 v/v ethanol-water, 0.1 M NaNO- and lm M 
HNO3. 
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standardized by a potentiometric titration with the mercury 

(II) nitrate solution (Tables 31 and 32, Figures 30 and 31). 

The conditional stability constant K£ was calculated 

from data taken in the equivalence point region. The 

stability constant is defined according to (3.19). The 

concentrations of mercury (II) and dehydrodithizone were 

measured directly. The concentration of the adduct is 
* 

calculated from the difference in the amount of ligand added 

and that measured (3.24). 

[HgL2++] = C[L3°.V-CL]-(V+V°) }/[ (V°+V)*z] (3.24) 

The calculated values are listed in Table 33. The 

average value and standard deviation were found to be 

log K'f = 9.38 + .30 

This compares very favorably with the potentiometric value 

of log K£ = 9.71. The latter value is not accurate but the 

comparison lends credence to the value obtained from the 

amperometric titration. 

Hg(C104) Adduct 

The procedures and calculations are the same for the 

mercury (II) perchlorate adduct as for the mercury (II) 

nitrate adduct. The solvent system was changed in order to 

maintain a common anion. The system is 50% ethanol-water 

(v/v), 0.1 M NaClO^ and lm M HCIO^. The stoichiometry 
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Table 31. Amperometric data for the calibration of mercury 
(II) nitrate in 50% v/v ethanol-water, 0.1 M 
NaN03 and lm M HNC>3. 

Ma 

.080 

.080 

.131 

.150 

.189 

. 222  

.280 

.280 

.342 

.340 

.380 

.390 

[Hg(N03£2] 

1.62 

1.63 

, 3.02 

3.02 

4.35 

4.35 

5.60 

5.60 

6.76 

6.76 

7.85 

7.85 
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Figure 30. Amperometric calibration plot for Hg(NOj)2 in 
50% v/v ethano1-water, 0.1 M NaNOj and Ira M HNO^. 
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Table 32. Amperometric data for the calibration of 
dehydrodithizone in 50% v/v ethanol-water, 
0.1 M NaN03 and lm M HNOg. 

Ha 
CL]5 
•10s 

.740 3.80 

.801 3.80 

.902 f 5.59 

.850 ' 5.59 

1.000 7.33 

.970 7.33 

1.110 8.96 

1.100 8.96 

1.300 12.15 

1.400 13.61 

1.400 13.61 

1.550 15.06 

1.600 16.48 
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id(Ma) 

Figure 31. 

Molarity *10' 

Amperometric calibration plot for dehydro-
dithizone in 50% v/v ethanol-water, 0.1 M NaNO-
and lm M HNO^. 



150 

Table 33. The amperometric determination of the conditional 
stability constant for mercury (II) nitrate and 
d ehyd rod ithi zo ne. 

Hg(N03)2 
Ua 

[Hg(N03)2] 
•106 Ha L [L] 

[Hg(N03)2'L2] 
•105 log K£ 

.051 1.00 .750 3.45 4.09 9.53 

.040 7.70 .772 3.85 4.01 9.54 

.036 7.00 .758 3.56 4.16 9.67 

.030 6.00 .820 4.47 3.83 9.50 

.040 7.70 .860 5.90 3.24 9.08 

.040 7.70 .928 6.20 3.09 9.02 

.022 4.20 1.010 7.50 2.63 9.05 

.022 4.20 1.010 7.50 2.63 9.05 

.022 4.20 .920 6.07 3.53 9.36 

.040 7.70 .920 6.07 3.53 9.36 

.010 2.00 1.000 7.30 3.41 9.50 
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of the adduct is 2:1 ligand-metal. Calibration plots of 

i^ versus concentration were prepared for both mercury (II) 

and dehydrodithizone (Tables 34 and 35, Figures 32 and 33). 

Hg++ + 2L -> HgL2++ (3.25) 

[HgL?++] 
KJ= = TIT 9 (3.26) 
f [Hg ][L] 

Table 36 contains the data for the determination of 

K£. The average value and standard deviation are: 

log K£ = 8.55 + .11 

This value is somewhat smaller than the value of log K£ for 

the mercuric nitrate adduct. The anion has been shown to 

have a definite effect in the adduct formation reactions. 

The mercuric perchlorate adduct also differs from 

the mercuric nitrate adduct. When the ligand is present in 

excess, i.e., greater than the 2:1 ratio, a precipitate 

-4 
forms when the concentrations are ~ 5.10 M. This does not 

happen with the nitrate system. The low solubility at this 

mole ratio prevented the spectrophotometric experiments from 

being carried out. 
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Table 34. Amperometric data for the calibration of mercury 
(II) perchlorate in 50% v/v ethanol-water, 0.1 M 
NaC104 and lm M HC104. 

[Hg(C104)2] 
Ma -105 

.110 1.66 

.110 1.66 

.220 3.20 

.220 3.20 

.310 4.45 

.390 5.74 
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/ 

/ 

Figure 32. 

Molarity *10 

Amperometric calibration plot for HgfClCK), in 
50% v/v ethanol-water, 0.1 M NaClO^, and lm M 
HCIO4. 
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Table 35. Amperometric data for the calibration of 
dehydrodithizone in 50% v/v ethanol-water, 0.1 M 
NaC104 and lm M HC104. 

EL J 
HA • 105 

.400 3.79 

.396 3.79 

.600 5.59 

.590 5.59 

.820 7.31 

1.030 8.96 
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Molarity *10" 

Figure 33. Amperometric calibration plot of dehydrodithizone 
in 50% v/v ethanol-water, 0.1 M NaClO. and lm M 
HCIO4. 
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Table 36. . The amperometric determination of the conditional 
stability constant for mercury (II) perchlorate 
and dehydrodithizone. 

Hg(C10 ), 
Ma 4 z 

[Hg(cig4,2] 
Ma L 

CL35 •10^ 

[Hg(cioa|2-L2: 
log K£ 

.16 2.35 .73 6.53 4.15 8.62 

.18 2.65 .72 6.42 3.85 8.55 

.18 2.65 .73 6.53 3.84 8.53 

.18 2.65 .72 6.42 3.85 8.55 

.19 2.80 .70 6.27 3.68 8.52 

.20 2.93 .67 6.00 3.55 8.53 

.18 2.65 .88 7.75 3.81 8.38 

.17 2.50 .80 7.12 3.90 8.49 

.15 2.26 .58 5.25 4.26 8.83 

.18 2.65 .74 6.60 3.85 8.52 
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PdC^ Adduct 

X-ray Diffraction 

There was only one deep red crystal suitable for 

X-ray diffraction. All other efforts to get crystals 

failed. Nevertheless, the cell constants and molecular 

weight were determined. 

The oscillation photograph had no symmetry and 

neither did the Weissenberg photographs. The crystal was 

lost in an attempt to remount it in a different orientation, 

therefore the space group is unknown. It may be triclinic 

but it could take several more settings to verify this. 

As it stands, the cell, volume and subsequently the molecular 

weight were calculated assuming that the angles a* and Y* 

are 90°. The angles a* and Y* could not be determined 

without another setting. If the cell is triclinic and the 

angles are close to 90° then the error in molecular weight 

will be small. 

The density was determined by the flotation method 

with the liquid medium being composed of chloroform and 

3 
1,2-dibromoethane and was found to be 1.714 g/cm . On the 

basis of the above assumptions, the molecular weight for one 

molecule per unit cell is calculated to be 860. One 

molecule of the 1:1 adduct, C^2H^qn4s*PdC^, has a molecular 

weight of 862. The cell parameters are listed in Table 37. 
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Table 37. X-ray diffraction data for the PdCl2 adduct with 
d ehyd rod ithi zone. 

Cell 
parameter 

Molecules/ 
cell 

Molecular 
weight 

a 16. 997 ft 1 860 

b 7. 124 % 2 430 

c 6. 881 8 4 215 

a 90. 0° theor. 1 862 

P* 72. 74° 

Y 90. 0° 

Volume 833 fc3 spacegroup unknown 

Density 1.714 g/cm3 
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Amperometry 

The amperometric titrations were run in the solvent 

system of 50% ethanol-water (v/v), 0.1 M NaCl and lm M HC1. 

The 1:1 stoichiometry agreed with data from the X-ray 

diffraction study. Calibration plots for PdC^ and 

dehydrodithizone are shown in Table 38, Figure 34 and 

Table 17, Figure 18 respectively. 

All procedures and calculations are analogous to 

those for tlie mercuric chloride adduct system. The data 

are shown in Table 39 and the value found was log = 

3.78 + .17. 

Spectrophotometric studies provided little informa

tion because the PdC^ itself absorbed in the region of the 

absorption maxima for dehydrodithizone and the adduct with 

PdCl2. 

PtCl2 Adduct 

Spectrophotometry 

The spectrophotometric experiments were performed 

the same as for the case of the mercury (II) chloride 

reaction. The results indicated a 1:1 -stoichiometry. An 

isosbestic point was observed at 387 nm when the sum of 

(ML+L) was maintained constant. 
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Table 38. Amperometric data for the calibration of 
palladium (II) chloride in 50% v/v ethanol-water, 
0.1 M NaCl and lm M HC1. 

|ia 

.300 

.500 

.492 

.600 

.742 

.870 

[PdCl2] 
•105 

3.92 

5.77 

5.77 

7.55 

9.27 

10.91 
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Figure 34. Amperometric calibration plot for MCI2 in 50% 
v/v ethanol-water, 0.1 M NaCl and lm M HC1. 



162 

Table 39. The amperometric determination of the conditional 
stability constant for pallidium (II) chloride 
with dehydrodithizone. 

PdCl9 
Ha tM^2] Ha L 

CL]5 •105 
[PdCl2*Ii] 

•105 log K£ 

.532 6.61 .570 3.85 1.16 3.66 

.431 5.35 .780 5.28 1.29 3.66 

.318 3.95 .980 6.62 1.46 3.75 

.280 3.46 1.030 6.95 2.59 4.03 
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Amperometry 

Calibration plots for PtClj and dehydrodithizone are 

shown in Table 40, Figure 35, and Table 17 and Figure 18 

respectively. All procedures and calculations are analogous 

to those for the mercury (II) chloride system. The data 

are in Table 41 and the value of log K£ was found to be 

4.77 + .13. 

X-ray Diffraction 

The gold (III) chloride adduct with dehydrodithizone 

formed beautiful gold-colored crystals. The selection of a 

crystal for X-ray diffraction was quite easy in this case. 

However, mounting the crystal presented somewhat of a 

problem due to the many faces and angles of the crystal. 

AuClj Adduct 

With the crystal mounted as shown below: 

an oscillation photograph had m symmetry and the axis 

parallel to the mounting fiber was assigned as the b-b* 
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Table 40. Amperometric data for the calibration of PtCl, in 
50% v/v ethanol-water, 0.1 M NaCl and lm M HCl. 

Ha 

.00 

,09 

,23 

,34 

.46 

.54 

[PtCl23 
•106 

0.00 

1.69 

3.26 

4.71 

6.06 

7.32 
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Figure 35. Amperometric calibration plot for PtCl2 in 50% 
v/v ethanol-water, 0.1 M NaCl and lm M HC1. 
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Table 41. The amperometric determination of the conditional 
stability constant for platinum (II) chloride 
with dshydrodithizone. 

ptci2 ptci2 [l3_ [PtCl2-L3 
Ma -106 Ha L -105 -ID5 log K£ 

5.15 3.10 0.64 3.60 

3.02 4.62 1.47 4.02 

2.05 6.50 2.37 4.25 

1.78 7.42 2.63 4.29 
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axis. The Weissenberg photographs showed that the a* and 

c* axes were separated by an angle of (3* = 63.34°. The 

absences observed were: 

h JcX 
no systematic absences 

hO-G & = 2n + 1 absent 

From this information it was concluded that the space group 

was monoclinic and could be either of the two possibilities 

Pc or P 2/c. Pc is a centric and could have 2 molecules/cell 

each with a point symmetry of 1, while P 2/c is centrosym-

metric and would have 4 asymmetric units per cell each with 

a point symmetry of 1. The cell constants are given in 

Table 42. 

The density was determined by the flotation method 

using 1,2-dibromoethane and 1,1,2,2-tetrabromo ethane as the 

3 
liquid media and was found to be 2.206 g/cm . The molecular 

weight calculated from this value was found to be 1054 for 

2 formula units per cell. This is consistent with the value 

of 1065 expected for AuCl^'DDz-j. This stoichiometry is 

verified by spectrophotometric experiments. Based on the 

mercury (II) chloride adduct structure, the molecule is 

asymmetric, there are 2 formula units per cell, and the 

molecular weight is 1065. Therefore, if the structure 

determination were to be attempted, the most probable space 

group would be Pc. 
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Table 42. X-ray diffraction 
dehydrodithizone. 

data for the AuCl3 adduct with 

Cell 
parameter 

Molecules/ 
cell 

Molecular 
weight 

a 9.302 & 1 2108 

b 12.161 ft 2 1054 

c 14.028 ft 4 527 

a 90.0° theor. 1 533 

0 116.66° theor. 2 1065 

Y 90.0° 

Volume 1587 ft3 spacegroup Pc or 

Density 
3 

2.206 g/cm P2/c 
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Spectrophotometry 

The stoichiometry was determined by a continuous 

variation plot (Table 43, Figure 36). The result indicates 

a ratio of ligand to metal of 0.76. X-ray diffraction 

studies predict a ratio of 3:1 ligand-metal which would 

have a theoretical mole ratio of 0.75. The reaction in 

solution is then established as 

AuC13 + 3L — AUC13*L3 (3.27) 

The sum of the mmoles of (L + ML^) was maintained 

constant and absorption spectra of the solutions were 

recorded (Figure 37). The solutions for the spectra were 

prepared in ~ 80% v/v ethanol-water because a precipitate 

formed in the 50% mixture. The result of the solvent change 

shifts the absorption peaks to longer wavelengths. The 

resulting isosbestic point occurred at 388 nm (Figure 37). 

The indication is that the reaction (3.27) is predominant in 

solution. 

Amperometry 

The amperometric titrations were performed in 50% 

v/v ethanol-water containing 0.1 M NaCl and lm M HC1. The 

3:1 ligand to metal stoichiometry was verified. Calibration 

plots for gold (III) and dehydrodithizone are shown in 

Table 44, Figure 38 and Table 17 and Figure 18 respectively. 
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Table 43. Spectrophotometric data for the determination of 
the stoichiometry for the reaction of gold (III) 
chloride with dehydrodithizone. 

mmoles 
AuCl-a 
•1033 

mmoles 
L 3 
•10J 

xL 
/ mmL » 
mmL+mmM A420 

0.00 5.00 1.000 .212 

0.51 4.49 .898 .131 

1.02 3.98 .796 .067 

2.04 2.96 .592 .045 

3.06 1.94 .398 .028 

4.08 0.92 .182 .021 
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Figure 36. Spectrophotometric determination of the 
stoichiometry for the reaction of AuClg with 
d ehyd rod ithi zo ne. 



Figure 37. Visible spectra of dehydrodithizone and its adduct with gold (III) 
chloride in 80% v/v ethanol-water, 0.1 M NaCl and lm M HC1. 
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3.98 

2.96 
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5.00 
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Visible spectra of dehydrodithizone and its adduct with gold (III) 
chloride in 80% v/v ethano1-water, 0.1 M NaCl and lm M HC1. 
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Table 44. Amperometric data for the calibration of gold 
(III) chloride in 50% v/v ethanol-water, 0.1 M 
NaCl and lm M HC1. 

Ha 
[AuClo] 
•105 

.12 2.00 

.26 3.92 

.38 5.78 

.44 7.55 

.61 9.28 
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Figure 38. Calibration plot for AUCI3 in 50% v/v ethanol-
water, 0.1 M NaCl and lm M HCl. 
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The calculations for the determination of K£ are 

somewhat different from those of the other adducts due to 

the difference in stoichiometry. The concentrations of 

Au(III) and dehydrodithizone were measured experimentally. 

AUC1 3  + 3L —> AuCl3*L3 (3.28) 

[AuCl -L-] 
K= (3.29) 
f [AUC13][L]3 

[AUL31 = £[L]°-V-[L]»(V°+V)}/{(V°+V)-3} (3.30) 

The concentration of the adduct was determined from 

the difference in the amount of ligand present initially and 

the amount measured. The results are listed in Table 45. 

The formation constant was found to be 

log K£ = 12.48 + .26 

AgN03 Adduct 

Spectrophotometry 

Solutions of dehydrodithizone and silver nitrate 

were reacted with the number of mmoles of (M + L) was 

maintained at a constant value (Table 46). A plot of the 

mole ratio versus absorbance at 410 nm (Figure 39), i.e., 

a continuous variation plot, consisted of two straight lines 

intersecting at a mole ratio of 0.60. This stoichiometry of 

the reaction is given by (3.31). Potentiometric data 
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Table 45. The amperometric determination of the conditional 
stability constant for gold (III) chloride and 
d ehyd rod i thi zo ne. 

Au(III) [AUC13] [L] [AUC13*L33 
Ha *10^ Ma L »105 -10^ log K£ 

.348 5.40 .385 2.60 2.67 12.45 

.080 1.25 .700 4.73 6.14 12.66 

.071 1.10 .800 5.42 8.87 12.70 

.050 0.78 1.320 8.00 5.14 12.11 
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Table 46. Spectrophotometric data for the determination of 
the stoichiometry of the reaction of silver 
nitrate with dehydrodithizone. 

mole fraction 
mmoles mmoles 
AgNOo L _ / mmL > 
•10^ -10 mmL+mmM A420 

3.90 0.00 .000 .000 

3.41 0.48 .123 .035 

2.92 0.97 .249 .064 

2.44 1.45 .373 .086 

1.95 1.94 .498 .128 

1.46 2.42 .623 .169 

0.98 2.91 .748 .266 

0.49 3.40 .874 .373 

0.00 3.88 1.000 .478 
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stoichiometry for the reaction of AgNOg with 
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verifies this stoichiometry. 

2Ag+ + 3L —> Ag2L3++ 

179 

(3.31) 

Potentiometry 

The stoichiometry and conditional formation constant 

of the silver nitrate adduct with dehydrodithizone were 

determined by potentiometric titrations (Table 47) in 50% 

ethanol-water (v/v), 1 M NaNO^, lm M HNO^. The concentra

tion of the Ag+ was monitored with a Beckman 39084 Ag 

electrode versus a SCE reference electrode with an agar 

salt bridge. The Ag+ was standardized by a potentiometric 

_3 
titration with 1.023*10 M HC1. A plot of potential versus 

log[Ag+] was linear with a slope of 0.0609 v (Table 48, 

Figure 40). The electrode exhibited Nernstian response, 

achieved equilibrium rapidly, and maintained a constant 

potential for ten minutes. The titrations were Very 

reproducible and therefore, the calculation of from this 

method should be reliable. 

The formal potential was determined from the plot 

of potential versus log[Ag+] (Figure 40), and was found to 

be +0.538 v. 

The stoichiometry determined from the titrations 

was 1.50:1 ligand to metal which is consistent with the 

reaction 
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Table 47. Potentiometric titration data for the titration 
of (9.75«10~4 m) silver nitrate with 9.70*10"^ M 
dehydrodithizone in 50% v/v ethanol-water, 0.1 M 
NaN03, and lm M HNOg. 

ml L ml L 
added mv added mv 

0.00 +357 8.00 139 

0.50 347 8.50 114 

1.00 341 9.00 89 

1.50 337 9.50 69 

2.00 332 10.00 49 

2.50 326 10.50 35 

3.00 320 11.00 24 

3.50 313 11.50 13 

4.00 306 12.00 4 

4.50 298 12.50 -2 

5.00 288 13.00 -9 

5.50 275 13.50 -13 

6.00 256 14.00 -18 

6.50 230 15.00 -27 

7.00 200 

7.50 170 
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o' 
Table 48. Potentiometric data for the determination of E 

for silver nitrate in 50% v/v ethanol-water, 
0.1 M NaNOj and lm M HN03> 

[AgN03] 
•104 log [AgN03] mv 

.975 -4.011 292 

1.460 -3.836 306 

1.950 -3.710 314 

3.900 -3.409 332 

4.880 -3.312 338 

5.850 -3.233 393 

9.750 -3.011 357 
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Figure 40. Potentiometric plot for the determination of E 
for Ag(I) in 505& v/v ethanol-water, 0.1 M NaNO^ 
and lm M HNO 3* 
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2Ag+ + 3L Ag2L3++ (3.32) 

This was confirmed by the spectrophotometric data. 

The conditional formation constant was calculated 

from the following equations: 

[Ag.L ++] 
K- = 7 (3.33) 
f [Ag ] [L ] 

[E-E°'] 
[Ag+] = 10 -0595 (3.34) 

[Ag2L3++] = {[Ag+]0.V0-[Ag+].(V°+V)}/£2•(V°+V)} (3.35) 

CL] = CCL]°-V-(l.5)[Ag2L3]'(V°+V) }/(V°+V) (3.36) 

The calculated values are listed in Table 49. The 

average value and standard deviation are 

log K'f = 23.30 + .33 

Mercury Recovery from Biological Systems 

Dehydrodithizone was investigated as a mercury 

sequestering agent in biological systems. It is already 

known to react rapidly with mercury (II) compounds. The 

other metal ions which form adducts with dehydrodithizone 

are Pt(II), Pd(II), Au(III), and Ag(l), none of which are 

present in any quantity in the body; therefore, inter

ferences are negligible from this source. The experiments 
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Table 49. Potentiometric data used for the determination of 
the conditional stability constant for the reac
tion of silver nitrate with dehydrodithizone. 

tAg+] 
mv *10' [L] ] log K£ 

142 2.210 3.48 1.87 22.96 

139 1.970 3.48 1.87 23.06 

114 .748 6.92 1.81 22.98 

117 .840 6.92 1.81 22.88 

90 .296 1.01 1.74 23.28 

89 .284 1.01 1.74 23.31 

68 .126 1.31 1.68 23.63 
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are semi-quantitative in nature and were designed to see if 

further work along this line was justified, 

Dehydrodithizone was administered to a group of 

test rats by intraperitoneal injection in dimethyl sulfoxide. 

The urine from the rats was collected and extracted with 

chloroform. The extract of the urine from the control 

rat was clear and ultraviolet and visible spectrophotometry 

showed that there was very little extractable material in 

the urine. TLC tests were performed on the extract with 

nitromethane as the solvent and an iodine chamber for 

development. Only faint traces of material were observed. 

The same procedure was followed for the rats treated 

with dehydrodithizone. The color of the extract was orange 

in every case. The visible spectra clearly indicated the 

presence of dehydrodithizone and the TLC showed that 

dehydrodithizone was the material recovered. The recovery 

could be quantitated by visible spectrophotometry, but it 

was not done in these trials. The main point of interest 

is that the dehydrodithizone was passed through in the urine 

in some quantity and in an unmetabolized form. There were 

no adverse effects noted in the behavior of the rats over a 

two week period. 

Another set of rats was used for the final series 

of preliminary tests. Mersalyl, a mercury (II) diuretic, 

was administered to each of these rats. Half of the rats 

received injections of dehydrodithizone. The urine was 
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collected for a 72 hour period following the injections and 

monitored by flameless atomic absorption to determine the 

amount of mercury present. Once again, the per cent 

recovery was not determined, but the amount of mercury 

recovered could be compared between the two groups. The 

amount of mercury recovered varied significantly from one 

rat to the next, but the amount of mercury recovered from 

those rats treated with dehydrodithizone was higher. The 

trend indicates that the mercury forms a complex with 

dehydrodithizone and is being passed out of the body 

through the urine. Further research will be done on this 

project as well as with methyl mercuric compounds. The 

preliminary results are encouraging even though they are 

merely qualitative. 

Miscellaneous Reactions 

Silver (I) Reaction 

Silver nitrate reacted very slowly with dehydro-

dithizone in very basic ammonia solutions to give a pink 

colored solution. Upon slow evaporation of the solution, a 

silver mirror was formed. The nature of the product and 

the reaction was not investigated, but two possible sources 

of the color are (a) formation of silver dithizonate or 

(b) formation of the bicyclic oxidation product of 

dithizone which is obtained by adding an oxidizing agent to 
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dithizone in strongly basic media. Either postulate could 

account for the color, but the reaction mechanism cannot be 

explained in either case due to the lack of experimental 

data. 

The Reaction of Dehydrodithizone with Metallic 
Mercury 

Metallic mercury was added to a dehydrodithizone 

solution in acetonitrile and the resulting solution was 

allowed to stand. After one day, there was a deep red to 

violet color on the surface of the mercury. The reaction 

proceeded slowly for about one week. It was thought that 

the reaction was an oxidation-reduction reaction and that 

photochemistry was involved. The following observations 

led to these conclusions: the red color was similar to that 

of dithizone in basic media; when acid was added the 

solution turned blue green in color. Mercury metal is 

known to take part in photochemical reactions (59) and the 

above mentioned reaction does not take place in the absence 

of the mercury. A solution was freshly prepared and 

irradiated with ultraviolet light while another solution 

was left in the dark. Reactions were observed in both 

cases, but reaction in the irradiated sample proceeded very 

rapidly. When the solvent was changed from water to 

ethanol, the reaction still occurred. 

The complexes of mercury (II) with dehydrodithizone 

and dithizone yield pale yellow and pink solutions 
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respectively. This was not observed and no mercury (II) 

complexes were detected visually or spectrophotometrically. 

The solution was studied by TLC under the same conditions 

used for the purity check of dehydrodithizone. There were 

only two components found and the respective Rf values 

were 0.08 and 0.87. The Rf values for dehydrodithizone and 

dithizone are 0.07 and 0.85 respectively. 

Spectrophotometric studies showed that the product 

had an absorption spectrum similar, but not identical to, 

that of dithizone. When the product was allowed to stand 

for a longer period of time, a purple precipitate settled 

out, but was not characterized. A tentative conclusion 

would be that the initial reaction between dehydrodithizone 

and metallic mercury formed dithizone via a photochemical 

mechanism, but the reaction probably proceeded further to 

yield yet another product which was not investigated. 



CHAPTER 4 

SUMMARY OF METAL COMPLEXATION REACTIONS 

The metal complexation reactions of mercury with 

dehydrodithizone have been investigated and were found to 

have stoichiometries of 1:1 and 1:2 metal-ligand. The 

reactions of mercury (II) chloride, mercury (II) bromide, 

and methyl mercuric chloride gave 1:1 adducts, while the 

mercury (II) nitrate and mercury (II) perchlorate gave 1:2 

adducts. The mercuric chloride, mercuric bromide, and 

methyl mercuric chloride are salts that are covalent and 

have very little ionic character. In effect the chloride 

and bromide ions can act as ligands and can compete with the 

dehydrodithizone for a coordination site on the mercury 

atom. Lingren, Jonsson, and Sillen (60) and Sillen (61) 

have shown the halides are good complexing agents for 

mercury (II) as can be seen from the following formation 

constants: 

log k 

+
 

CM 

X
 + CI" —4 HgCl+ 6. 74 + .02 

Hg2+ + 2C1" ~ —• HgCl2 13. 22 + .02 

Hg2+ + Br~ —> HgBr" 9. 05 + .03 

Hg2+ + 2Br" —> HgBr, 17. 33 + .04 

189 
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The solid complexes that are formed must be neutral. 

If the neutral dehydrodithizone molecule formed complex 

with the mercuric ion alone, a positively charged cation 

would result. Thus, in the presence of halides, two 

halide ions can associate with the dipositively charged 

cation to form a neutral complex. Since the mercury (II)-

halide bonds are strongly covalent, it is not surprising 

that mercuric chloride reacts with dehydrodithizone as 

described above. In the monomeric unit, the mercuric 

chloride molecule is intact and the dehydrodithizone 

molecule bonded through the sulfur atom to incr ase the 

coordination number of the mercury atom from two to three. 

The experiments that were conducted to determine the 

formation constants were performed in the presence of a 

large excess of the sodium halide salt which also served 

as a supporting electrolyte. As a result, the formation 

constants are conditional constants and are probably a good 

deal smaller than the true thermodynamic formation 

constants. 

The mercuric perchlorate and mercuric nitrate salts 

are ionic in character and were found to form 1:2 metal-

ligand adducts with dehydrodithizone. Presumably, the 

compounds are [ (C^H^NjS)2Hg][C10412 and [ (C13H1()N4S)2Hg] 

[N02 32* The nitrate and perchlorate anions do not act as 

competing ligands and thus the higher stoichiometry is 

possible. 
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The structure of the HgB^ and CH^HgCl adducts can 

be postulated based on the complete crystal and molecular 

structure determination of the mercury (II) chloride adduct. 

The monomeric species would have a three coordinate mercury 

3 
atom with planar sp hybrid bonds. If the analogy holds, 

Hg S 

L^4— (4-l, 

Hg S 

where L = remainder of the dehydrodithizone 

X = Br 

Y s= C11 Br1 CH3 

the crystal lattice would be composed of polymeric units 

with the coordination of the mercury atom increasing from 

three to five. The X-ray data are not conclusive on this 

point. If the mercuric bromide adduct was isomorphous with 

the mercuric chloride adduct the extension would be valid. 

But both the cell dimensions and space group are different 

in the two cases. The bromide atom is much larger than 

the chloride atom and this could cause the change in 
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crystal packing. No crystals were available for the methyl 

mercuric chloride complex. 

The structures of the HgfNO^^ and HgfClO^^ adducts 

with dehydrodithizone should be quite different, and in the 

absence of any experimental evidence no speculation will be 

made about these structures. 

The mercury (II) complexes with dithizone serve as 

an interesting comparison. In the dehydrodithizone adducts 

the exocyclic sulfur atom bonds to the mercury atom and the 

dehydiodithizone is strictly monodentate. In the mercuric 

complex with dithizone, the mercury is bound to both the 

sulfur atom and to an azo-nitrogen of the same dithizone 

molecule (30). A 1:2 metal-ligand complex is formed and the 

coordination polyhedron of the mercury atom is tetrahedral. 

, Z1 
0—N S 

H 

(4.2) 

H 
"a—s p-0 

\ £=N 
v / 

/* l=N 

0 

The mercuric dithizonate is a neutral molecule 

because the dithizonate anion has a single negative charge 
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(4.2). The mercury (II) complexation with dithizone is a 

chelation reaction and the chelate formation constant is 

Hg2+ + 2HDz~ —» Hg(HDz)2 (4.3) 

HgCl2 + 2HDz~ —4 Hg(HDz)2 + 2C1~ (4.4) 

very large (log K = 40.34) (62). In the presence of a large 

excess of mercuric chloride, a mixed complex has been 

isolated (4.5) (63). The formation constant is notably 

HgCl2 + HDz" UHg HDz) + Ci~ (4.5) 

smaller (log K = 24.54) since the reaction stoichiometry is 

now 1:1 (63). 

The dithizonates of mercury are considerably more 

stable than the analogous complexes with dehydrodithizone. 

This is consistent with the structural characteristics of 

the respective complexes. Dehydrodithizone is a rigid 

molecule and once the metal atom is bound to the sulfur 

atom, there are no other accessible binding sites and thus 

the ligand is monodentate. On the other hand, dithizone is 

a very flexible molecule and can act as a bidentate ligand. 

The sulfur atom of dithizone is a much stronger Lewis base 

than the sulfur atom1 of dehydrodithizone. 

The platinum (II) chloride and palladium (II) 

chloride complexes of dehydrodithizone are both 1:1 

complexes. The characteristic geometry of most of the 
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complexes of Pd(II) and Pt(II) is square-planar (64). 

Normally Pd(II) complexes are less stable in both a thermo

dynamic and kinetic sense than th ir Pt(II) analogs, but 

otherwise the two series of complexes are quite similar 

(64). Besides the mononuclear complexes (4.5a), Pt(II) and 

Pd(II) can form bridged complexes (4.5b) where the bridging 

\ / \ 
« >M (4.5) 

a b 

groups are usually halides or RS~ groups. 

In order to maintain a four-coordinate planar con

figuration, the complexes with dehydrodithizone are most 

probably bridged. They could be either chloride-bridged 

(4.6a) or sulfur-bridged complexes (4.6b). The sulfur-

bridging was found in the mercuric chloride adduct with 

dehydrodithizone. The relative stability constants are 

consistent with general trends for Pt(II) and Pd(II) 

complexes (log = 4.04, log K£d = 3.78) with the 

platinum complex being the more stable. 

L \  / C ' \  / C '  C \  / C '  
M M M M 

/ \ / \  /  \  /  \  
CI CI SL CI S CI 

a b (4.6) 
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Far infrared studies might distinguish between 

chloride- and sulfur-bridging and in the case of chloride-

bridging, between cis- and trans-isomers. 

The gold adduct with dehydrodithizone has the 

empirical formula The most common 

coordination number for Au(III) is four, but six-coordinate 

octahedral complexes are known (64). The logical structure 

for the gold(III) dehydrodithizone adduct would be octahe

dral (4.7) 
SL 

Ls^-^crci (4.7) 

SL 

The Ag(I) adduct with dehydrodithizone has the very 

unusual stoichiometry of 2:3 metal-ligand. Ag(I) shows a 

strong tendency to exhibit linear two-fold coordination and 

most Ag(I) complexes are of the type: L-Ag-L. For ligands 

with dTT-bonding potential, especially with S, Se, P, and As 

ligands, the three and four coordinate species can pre

dominate (64). Ag(I) reacts with olefins and acetylenes to 

form fT-complexes. 

A postulated structure is shown (4.8) which shows 

unusual bridging for a silver compound. Yet the bridging 

may be characteristic of solid dehydrodithizone complexes. 
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Table 50. Summary of metal complex formations. 

Metal Stoich. 
compound ' Ligand M:L log K* Ref. 

Hg(N03)2 DDz 1:2 9.38 

Hg(C104)2 DDz 1:2 8.55 

HgCl2 DDZ 1:1 4.77 

HgBr2 DDZ 1:1 3.80 

CH3HgCl DDz 1:1 3.61 

PdCl2 DDz 1:1 3.78 

ptci2 DDz 1:1 4.04 

AUC13 DDz 1:3 12.48 

AgN03 DDz 2:3 23.30 

HG^ H2DZ 1:2 40.34* 62 

HgCl+ H2DZ 1:1 24.54* 63 

PdCl2 H2DZ 1:2 

Ptci2 H2DZ 1:2 

AUC13 H2DZ 1:3 

Ag+ H2DZ 1:1 

DDz = dehydrodithizone. 

H2Dz = d ithi zone. 

K• = conditional constant. 

+ = thermodynamic constant. 



CHAPTER 5 

SUGGESTIONS FOR FUTURE RESEARCH 

The bonding of the metal to the ligand is believed 

to be through the sulfur of the dehydrodithizone. In the 

case of mercury (II) chloride, this was proven to be true 

and the model was extended to the other metal complexes. 

If dehydrodithizone was S-methylated according to the reac

tion (1.2) no reaction should be observed if the sulfur atom 

is the site of coordination. 

The other experiments which could be performed to 

yield structural information would be far infrared 

spectrophotometry and X-ray photoelectron spectroscopy. 

Both methods would reveal information about the metal to 

ligand and metal-metal bonding. X-ray crystallography is 

much more time consuming, but could reveal some very 

interesting structures especially in the case of the gold 

(III) and Ag(I) adducts. 

The biological studies show great promise and will 

be continued in an effort to develop a treatment for methyl 

mercury poisoning. 

Substituted compounds of dehydrodithizone and its 

derivatives could alter the chemistry considerably, 

especially if the sulfur atom is replaced with a selenium 
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atom. The synthesis of such a compound could be attempted 

in a manner analogous to that of dehydrodithizone using 

selenazone as the starting material. The selectivity and 

the metal-binding characteristics could be investigated in 

a manner similar to the work involving dehydrodithizone. 

The phenyl rings could be substituted with various functional 

groups, e.g., a sulfonic acid group could be used to 

increase the solubility in water. 

The following extraction system is proposed as a 

possible method of determining mercury and eliminating 

interferences. Extract mercury (II) from an aqueous system 

with dehydrodithizone in chloroform. Remove the chloroform 

layer and add dithizone to this solution. The dithizone 

will replace the dehydrodithizone and the mercury 

dithizonate has a much higher molar absorbtivity than the 

dehydrodithizone complex. In this manner mercury could be 

determined without separation from most metal ions that 

interfere with dithizone complexes. The only interferences 

known to date are Pt(II), Pd(II), Au(III), and Ag(I). The 

distribution coefficients would have to be determined as 

well as the completeness of displacement of the dehydrodi-

thizone by dithizone. 

A final suggestion involves the use of ion selective 

electrodes. Dehydrodithizone could be dissolved in 

nitrobenzene and used as a liquid exchanger in an ion 

selective electrode. It might show some specificity toward 



those ions that complex with dehydrodithizone. A single 

crystal of dehydrodithizone was used as a solid state 

electrode but the electrode showed no specificity. 
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