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COMPOSIT.ON AND INFRARED SPECTRA OF
SILVER SALTS OF SUBSTITUTED 1,2,4-TRIAZOLE-
3-THIONES AND THIAZOLIDINE-2-THIONE

A. PARENTICtH * L. H. LITTLE* and R. H. OTTEWILL*

(Received 28 August 1972)

Abstract—1. R. spectral studies of silver salts of certain substituted triazole thiones and thiazolidine-
2-thione prepared by different methods, have been carried out. As a result of these studies nitrate and
nitrato complexes of the silver organic salts were characterized. Analytical data were used to deter-
mine the composition of these salts.

INTRODUCTION

THE ADSORPTION of certain thioamides on silver halides has been studied because
of the behaviour of the compounds as photographic stabilizers[1]. Silver salts of
these materials can be formed. The spectra of the silver salts have been used by
Tamura et al.[2] and Little and Ottewill[3] to assign structures of species
adsorbed on silver halides. The work in this paper has been carried out to resolve
problems arising from the variation found [3] in the i.r. spectra of these salts.

EXPERIMENTAL
The Ag salts of the following materials were prepared and studied.

l\lllz 45 —R H2C|5'7;CH2
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I I
Substituted-1,2,4-triazole-3-thione Thiazolidine-2-thione

4-phenyl-1,2 4-triazole-3-thione (PTT) R = Ph, R’ = H (m.p. = 171°C)
4-ethyl-5-methyl-1,2 4-triazole-3-thione (EMTT) R = C,H;, R’ = CH,; (m.p. = 133°C)
4-methyl-5-ethyl-1,2 4-triazole-3-thione (METT) R = CH;, R' = C,H; (m.p. = 139°C)
4-methyl-1,2 ,4-triazole-3-thione (MTT) R = CH;, R’ = H (m.p. = 167°C)
4-phenyl-5-methyl-1,2 4-triazole-3-thione (PMTT) R = Ph, R’ = CH; (m.p. = 223°C)
thiazolidine-2-thione (TT) (m.p. = 105°C).
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The preparation of the various triazoles is given elsewhere[4]. In the preparation of the silver salts of
these compounds, it was found that the concentrations of the reactants determined the nature of the
products. The following methods were used to obtain the different products.

Method 1
Approximately equimolar quantities of AgNO, and thioamide were used. 1 ml of 1 M AgNO; was
added to 100 ml of 102 M thioamide. A gelatinous precipitate was obtained in this preparation.

Method?2

Excess silver nitrate was used. 10 ml of 1 M AgNO; were added to 50 ml of 1072 M thioamide. A
gelatinous precipitate was obtained. Silver salts of PTT were also prepared by this method using
alternatively silver acetate and silver sulphate in place of silver nitrate.

Method3

An almost saturated solution of thioamide (25 m! of between 2 X 1072 and 10! M), which had been
warmed to 85°C, was added to an excess of a concentrated solution of silver nitrate (10 ml, 5 M). A
white precipitate, which settled quickly, was obtained.

In methods 1, 2 and 3 the precipitates were divided into two parts. One part was washed and centri-
fuged several times with water to remove excess nitrate. The other was washed and centrifuged
several times with water, with sodium chloride solution, and finally with water to remove excess
sodium chloride. The samples were then allowed to dry in a vacuum desiccator for 48 hr before the
spectra were recorded.

Method 4

5ml of 1 M AgNO; in 50% aqueous ethanol were added to 5 X 1072 moles of thioamide in 50 ml of
aqueous ethanol. The gelatinous precipitate was converted to a white powder on boiling (5 min). The
suspension was cooled to room temperature and filtered. The residue was washed with 50% aqueous
ethanol and ether. The resultant material was dried in a vacuum desiccator for 48 hr before its spectrum
was recorded.

Preparation of AgPTT and AgMTT from D,0 solutions of the reactants

Silver salts of PTT and MTT were prepared from D.O solutions of the reactants in the following
manner. AgPTT was prepared by adding 2 ml of a 5 M solution of silver nitrate in D,O to 2 ml of a
2X 1072 M solution of PTT in D,0O, which had been heated at 90°C for approximately 9 days. The
precipitated AgPTT was washed and centrifuged twice with 1-5ml of D,O and dried in vacuo for 2
days before its spectrum was recorded.

AgMTT was prepared by the same method using 4 ml of 2 X 1072M MTT and 2 ml of 5 M silver
nitrate.

To record the i.r. spectra, the materials were ground with potassium chloride and pressed into
microdisks in vacuo at a pressure of 6-7 tons/in2. The samples were mounted in a potassium bromide
beam condenser and the spectra recorded on a Perkin-Elmer 521 spectrophotometer.

The potassium chloride used to prepare the pellets was purified by fusing AR material at 800°C for
2 hr to remove any organic matter. On cooling, this material was dissolved in distilled water and
filtered. The filtrate was acidified with hydrochloric acid and the precipitated potassium chloride was
filtered and dried at 450°C for 2 hr.

The spectra of the silver complexes of all the thioamides studies here were recorded as nujol
mulls as well as in KCl pellets. In other cases hexachlorobutadiene mulls were studies.

The contributions to the spectra by the nitrate and nitrato groups (only those which are removable
by sodium chloride washing) were obtained by point subtraction of the spectra of the salt washed
materials from those of the water washed materials. In this way it was possible to make the nitrato
assignments shown in Table 4.

RESULTS AND DISCUSSION

Silver salts of PTT (AgPTT) prepared by methods 1,2 and 4
The spectrum of Ag PTT prepared by method 1 shows weaker absorption in
the 1370 cm™ region than that of the material prepared by method 2 where an

4. A. Parentich and L. H. Little, To be published.
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excess of silver nitrate was used. Absorption in this region (see Fig. 1a) arises

from nitrate groups included in the silver salt.

Confirmation of this assignment was obtained by the following methods:

1. The silver salts of PTT were prepared using silver sulphate and silver acetate,
respectively, in place of silver nitrate. The nitrate band at 1370 cm™ was re-
placed by a sulphate band at 1100 cm™ (Fig. 1c¢) and an acetate band at
1550 cm™! when the respective anions were used.

2. Chloride washing removed nitrate as indicated by the disappearance of nitrate
bands [compare (a) and (b), Fig. 1] whereas repeated washing with water only
succeeded in removing very small quantities of nitrate. Chloride washing of
salts containing sulphate and acetate ions also led to their replacement by
chloride.

For the materials prepared by methods 2 and 3 where excess silver nitrate
was used, analytical data (Tables 1 and 2) show that the percentage of silver
present is in excess of the amount required for the formula Ag PTT for which the
silver percentage is 38-0%. The molar excess of silver is very nearly equal to the
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Fig. 1. Spectra of AgPTT. (a) Solid line: Prepared by method 2 (water washed) Dotted

line: Re-recording of pellet after standing for six months. (b) Prepared by method 2

(chloride washed). (c¢) Prepared by method 2 using silver sulphate in place of silver

nitrate (water washed). (d) Solid line: Prepared by method 4 using an excess of silver
nitrate. Dotted line: Re-recording of pellet after standing for 6 months.
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molar quantity of nitrate present. Silver salts of all the thioamides can be prepared
and have the composition silver organic. x silver nitrate, where the term “organic”
refers to the heterocyclic thioamide and x is the molar proportion of the two,
which for the concentration of reagents used in this work, varied between 0 and
approximately 1-5.

Actual and expected analysis figures for the silver salt complexes of the
various thioamides prepared by using method 2 are given in Table 1. The water
washed materials are shown as silver organic. x silver nitrate and the salt washed
as silver organic. x silver chloride. The value of x for the materials prepared was
determined from the carbon or sulphur analysis figures. From this, the expected
analysis figures for the other elements were calculated.

It is evident from the nitrogen and oxygen analyses for the water washed
materials and from the nitrogen and chlorine results for the salt washed materials,
that there is an approximately 1:1 replacement of nitrate by chloride after sodium
chloride washing for most of the complexes. However, for the PMTT complexes,
spectral and analytical results indicate that the replacement of nitrate by chloride
is not complete. In the spectrum of the salt washed PMTT strong adsorption in
the 1370 cm™ region of the spectrum indicates that nitrate is still present. In
addition, the high nitrogen and low chlorine percentages confirm this (Table 1).

The spectrum of the silver salt of PTT prepared by method 4 is similar to the
spectra of the materials prepared by methods 1 and 2. The bands arising from the
organic portion of the molecule are similar, the spectra differing mainly in the
intensity of the band at 1370 cm™! due to nitrate.

There is spectral and analytical evidence to show that the material obtained
by method 4 consisted of the silver organic salt with a small quantity of parent
material and nitrate ion for which the counter ion could be silver and/or hydro-
nium ion. The presence of very weak bands at 1550 and 940 cm™ (due respec-
tively to thioamide I and V absorptions[4]) in the spectrum of the material (Fig.
2C) indicates that some parent material is present, whereas the absorption in the
1370 cm™! region is evidence of the presence of nitrate ion. The percentage of
silver in the silver salt is less than would be expected for the pure 1:1 silver
organic salt. (Found 34-4%; calculated 38-0%.) This could arise in two ways:

1. From the presence of a large proportion of parent organic material.
2. From the presence of hydronium ions in addition to silver ions as counter ions
for the nitrate.

The weak intensities of the 1550 and 940 cm™ bands in the spectrum of this
material indicate that the low silver analysis is not due entirely to the presence of
parent material. Although characteristic bands due to hydronium ions are not
apparent in the spectrum, the high hydrogen and low silver analyses suggest the
presence of these ions.

The spectrum of the thioamide component of the silver salt was unchanged
after standing for 6 months in a potassium chloride pellet. In addition to the
absorption at 1370 cm™', a weak band appears at approximately 829 cm™! in the
spectrum of the silver salt containing nitrate ions. The assignment of these are
discussed below.

On prolonged boiling (up to 30 hr) of an aqueous suspension of the PTT ob-
tained by method 4, the unreacted parent materials combined and a pure 1:1



Composition and i.r. spectra of silver salts 2277

100
80
60
40
20

100

80
60

%
B
O

3

g 3

60

Transmission ,

40
20
100
80

60
40
20

2 '
ol L. 1 1 i1 1 {8%3
4000 3200 2400 2000 800 1400 1000 600 200

Frequency , cm”

Fig. 2. Spectra of AgPTT. (a) Prepared by method 3 (water washed). (b) Re-recording

of the KCI pellet in (a) after standing for six months. (c) Prepared by method 4 (water
washed). (d) Sample in (c) boiled in water for 30 hr,

silver organic salt resulted as shown by the disappearance of the 1500 and 940
cm~! bands [compare Fig. 2(c) and (d)]. The following reaction takes place:

AgPTT.x AgNO; +xHPTT — (1+4+x) AgPTT +xH™+xNO;~.

In this equation the parent material has been shown as HPTT to emphasize the
ionizable hydrogen.

The experimental analysis results for the digested material, with expected
values shown in parenthesis, were as follows:

C 33-9%(33-8%); H 2-5% (2:1%); N 14-6% (14-8%)
S 10:9% (11-3%); and Ag 35-5% (38-0%).

Ag PTT prepared by method 3

The spectrum (Fig. 2(a)) indicates that the material obtained by method 3
differs from the materials obtained by methods 1, 2 and 4. The most significant
spectral differences occur in the region 1400-1200 cm~!. Bands appear at 1400,
1290 and 811 cm™! replacing the bands at 1370 and 829 cm™ in the spectra
discussed previously. It is considered that these differences are due to the pre-
sence of nitrato groups in the silver salt prepared by method 3 in place of nitrate
groups present when methods 1, 2 and 4 were used.
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Nitrate and nitrato groups

Several workers[5-8] have discussed the vibrational assignments of nitrate
and nitrato groups in inorganic and organic compounds assuming D3, and Cg,
symmetry, respectively. Nitrate groups give rise to i.r. absorption at approxi-
mately 1390, 830 and 720cm™! due, respectively, to the NO, asymmetric
stretching »; (E'); out-of-plane bending v, (4,"), and in-plane bending v, (E’)
vibrations. Nitrato groups, however, produce i.r. absorption bands at approxi-
mately 1500, 1270, 1000, 790 and 710 cm™! due, respectively, to the NO, asym-
metric v, (B;), and symmetric »; (4,) stretching, NO stretching v, (4,) and
NO; out-of-plane v (Bs) and-in-plane v5 (B,) bending vibrations.

On the basis of these investigations assignments for the nitrate ion (D) and
nitrato group (C,,) have been made for the silver salt complexes of the various
thioamide studied here. For the nitrate complexes, the v; (E') NO, asymmetric
stretching vibration occurs at 1370-1350cm™! and the v, (A4,") out-of-plane
bending vibration at 830-824 cm™. The nitrato band assignments are given in
Tables 3 and 4. Methods 1, 2 and 4 produce predominantly nitrate and method
3 produces nitrato complexes.

Analytical data show that the composition of the nitrato complex is Ag
organic.x AgNQO; where x, calculated on the carbon analysis, is approximately 1
(see Table 2). For PTT, a small quantity of nitrate (less than 10%) was detected in
the nitrato complex prepared by method 3. This was replaced by chloride washing
as shown by the disappearance of a weak band due to the v, out-of-plane bending
vibration (829 cm™') and by the chloride analysis of 1-22% for the sodium chloride
washed material (Table 2).

It is interesting to note that on washing and centrifugation of the nitrato com-
plex prepared by method 3 with sodium chloride solution, there is no spectral
evidence of the replacement of nitrato groups by chloride. There was spectral
evidence to show that approximately 30% nitrato was converted to nitrate when
the material was allowed to stand in the KCI pellet for 6 months [compare
spectra (a) and (b), Fig. 2]. A decrease in the intensity of the nitrato bands (1400,
1290, 811 cm™) and a corresponding increase in the intensity of the nitrate
bands (1370, 829 cm™!) were observed. Although chloride ion does not im-
mediately replace the nitrato group in the complex, there is a slow replacement
of this group by the chloride ion of the KCl pellet.

Confirmation of the assignments for nitrate and nitrato is provided by the
frequencies of the combination and overtone bands:

nitrate 2295cm™ (v, +v,) [9], 1768 cm™! (v, +v,) [10]

nitrato 1735 cm™' (v, + ;) [10-12] or (v, +v35)[12]

B. M. Gatehouse, S. I. Livingstone and R. S. Nyhélm, J. chem. Soc. 4222 (1957).
B. O. Field and C. . Hardy, Rev. chem. Soc. 18, 384 (1964).
G. Topping, Spectrochim. Acta 21, 1743 (1965).

P. S. Gentile, L. S. Campisi and P. Cartagno, J. inorg. nucl. Chem. 18, 1147 (1966).
. B. M. Gatehouse and A. E. Comyns, J. chem. Soc. 3965 (1958).
. C. C. Addison and B. M. Gatehouse, J. chem. Soc. 614 (1960).
. G.
. R.B
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Koch, Radiochem. Acta4, 128 (1965).
ac, J. inorg. nucl. Chem. 18, 2335 (1966).
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The assignments were checked by noting the replacement of the 1735 cm™'
band by bands at 2295 and 1768 cm™' on the conversion of nitrato to nitrate
when the material was allowed to stand in the KCl pellet.

Small amounts of nitrato with bands at 1420, 1330~-1290 and 815 cm™! can
be present in the nitrate complex. This nitrato, unlike the nitrato present in the
silver salts prepared by method 3, is replaced by chloride on sodium chloride
washing. This nitrato was also converted to nitrate on standing in the KCl pellet.
The graphs in Fig. 3 were obtained by a point subtraction of the 1500-1200 cm™!
region of the spectrum of sodium chloride washed Ag PTT (Fig. 1(b)) from the
corresponding portions of the spectra of the water washed materials (Fig. 1(a)).
These clearly indicate that nitrato as well as nitrate groups are present in the
water washed material. It is also evident that the nitrato bands (1420 and 1330-
1290 cm™') are weaker and the nitrate band (1370 cm™) is stronger in the spec-
trum of the KCI pellet after it had been standing for 6 months, than the corre-
sponding bands in the spectrum of the freshly prepared pellet. This indicates that
nitrato to nitrate conversion had occurred during standing. Small changes in-
dicating nitrato to nitrate conversion occurred in the 830 cm™! region but these
cannot be clearly seen from Fig. 1(a).
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Fig. 3. Difference spectra showing nitrate and nitrato groups in AgPTT. Solid line:
Fig. 1(b) subtracted from the solid spectrum in Fig. 1(a). Dotted line: Fig. 1(b) Sub-
tracted from the dotted spectrum in Fig. 1(a).
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For the nitrate complex no assignment has been made for the v, NO; in-plane
bending mode which is normally weak. The intensity of absorption in the 1030
cm™! region decreased on sodium chloride washing due probably to the removal
of nitrate. Absorption in this region is due to either the v, vibration of a small
amount of nitrato present in the nitrate complex or to the v, (4,;) NO; symmetric
stretching vibration of the nitrate ion which, although i.r. inactive in the isolated
ion, could appear due to the distortion of the ion in the field of the crystal.

There is spectral evidence to show that mixed nitrate and nitrato complexes of
PTT have been formed by method 4 by using, instead of equimolar quantities of
organic and silver nitrate, an excess of silver nitrate.

In the spectrum of the mixed complex prepared by this method (Fig. 1(d),
solid line) bands due to another type of nitrato group are present at 1440, 1270,
1005 and 842 cm™! in addition to weaker bands at 1400, 1290, 1040 and 811 cm™!
due to a smaller amount of the type of nitrato discussed previously. The presence
of two types of nitrato groups could arise in two ways:

1. The nitrato groups are co-ordinated to the silver atoms by bonds having
different degrees of covalent character. Ferraro[13] has used the difference
between the frequencies of the v, and »; vibrations of the nitrato groups
(Cs, symmetry) as a measure of degree of covalent character of the metal
oxygen bond. In addition, Gatehouse et al.[5], have used the frequency of the
v, vibration of the nitrato group as a measure of the covalency of this bond. On
the basis of the criteria set by these workers, it is possible that in the Ag PTT
prepared by method 4 using an excess of silver nitrate, the metal-oxygen bond
of the nitrato group giving rise to bands at 1440, 1270, 1005 and 842 cm™'has a
higher degree of covalent character. It is surprising that a group having a
greater degree of covalent character should be replaced more easily by chloride
ion than the other type of nitrato group.

2. The nitrato group giving rise to bands at 1400, 1290, 1040 and 811 cm™
(type-1) is unidentate, whereas the nitrato group giving rise to bands at 1440,
1270, 1005 and 842 cm™! (type-2) is bidentate. However, Topping[7] has
stated that it is not possible to distinguish between unidentate and bidentate
ligation on the basis of the difference between the frequencies of the v, and v,
vibrations of the nitrato group and Allpress and Hambly[14] have shown
that unidentate and bidentate nitrato groups produce similar spectra.

There is spectral evidence to show that the type-2 nitrato group is partially
replaced by chloride on washing with sodium chloride solution and is appreciably
changed to nitrate ion on standing in a KCl pellet for 6 months. This is indicated
by the weakening of the characteristic type-2 nitrato bands discussed above [Fig.
1(d)]. Such behaviour may be compared to that of the material prepared by method
3 (type-1 nitrato) for which the nitrato group was not replaced by chloride wash-
ing and was only slowly converted (30%) to nitrate ion on standing in the KC1
pellet for the same period [compare Figs. 2(a) and (b)].

The presence of more than one type of nitrato group was also found in the
silver salts of the other thioamides studied. It is interesting to note that some of

13. J. Ferraro, J. inorg. nucl. Chem. 10, 319 (1959).
14, J. G. Allpress and A. N. Hambly, Aust. J. Chem. 12, 573 (1959).
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these nitrato groups were readily removed on sodium chloride washing whereas
others were not. This contrasting behaviour was used to assign the various bands
to the vibrational modes of particular nitrato species (Table 4).

Prolonged heating of aqueous dispersions of nitrate and mixed nitrate/nitrato
complexes of Ag PTT in the presence of excess silver nitrate solution resulted in
the conversion of these materials into the more stable type-1 nitrato normally
prepared by method 3. This was evidenced by the fact that the spectrum of the
original material was similar to that shown in Fig. 1(a) (nitrate) or Fig. 1(d) (nitrate/
nitrato), whereas that of the digested material was similar to the spectrum in Fig.
2(a). In addition analysis of the digested material indicated that this had the same
composition as that obtained by method 3 (i.e. x = 1). Digesting the nitrato
material prepared by method 3 for 30 hr at 90°C in an aqueous solution containing
an excess of PTT resulted in the conversion of the complextoapure 1: 1 AgPTT
salt according to the equation

AgPTT. AgNO;+HPTT — 2 AgPTT+H+*+NO;~.

The resulting material has a spectrum similar to that shown in Fig. 2(d). Analytical
results further indicated that the material wasa 1:1 Ag PTT salt.

Infrared spectra of the silver salts of PTT

The spectra of the materials prepared by methods 1, 2 and 4 (nitrate salts)
have a broad double band with peaks at 3106 and 3055 cm™! (Fig. 1(a)). This
absorption could arise from the ¥NH vibration of some unreacted PTT in the
Ag PTT or from the olefinic and aromatic »CH vibrations of the Ag PTT.
As a result of the work described elsewhere [4] it is considered that these peaks
are due to the olefinic and aromatic vCH vibrations, respectively.

The assignments were made after comparing the spectra of the silver salts
prepared from mildly and drastically deuterated parent materials, the latter
treatment resulting in a deuterium exchange of the olefinic CH group. The assign-
ments were confirmed by studying the spectra of the silver salts of several tri-
azoles for which methyl and ethyl groups were substituted at the 4 and 5 positions
of the triazole ring. Deuteration studies[4] show that the olefinic hydrogen in-
plane deformation band occurs at 1155 cm™.

In the spectrum of the nitrato complex (Fig. 2(a)) the bands due to the organic
part of the complex are similar to those of the 1:1 Ag PTT salt (Fig. 2(d)) in that
they are sharp and the olefinic CH stretching band is raised in frequency to
3125-3115cm™\.

Ag salts of PMTT

The silver salts of all the thioamides studied are silver organic—silver nitrate
complexes. Only PTT and PMTT, the two triazoles having a benzene ring sub-
stituted in the 4-position, from relatively stable-nitrato complexes (stable to
sodium chloride washing) in addition to nitrate complexes.

Silver salts of PMTT were prepared by methods 4, 3 and 2. The spectra of
the resultant materials indicated that the complexes were respectively, nitrate
(containing a small quantity of nitrato), nitrato (with 10% nitrate) and approxi-
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mately equimolar nitrate-nitrato types. More than one type of nitrato group may
be present in the silver salts of PMTT. The vibrational assignments for these
groups are given in Tables 3 and 4.

The behaviour of the Ag salts of PMTT to sodium chloride washing was
similar to that of the Ag salts of PTT, the nitrato groups in salts prepared by
method 3 being unaffected. The nitrato group in salts prepared by other methods
are slowly replaced by chloride on sodium chloride washing. This was shown by
both spectroscopic and analytical data.

Although stable to sodium chloride washing, there was spectral evidence to
show that the nitrato complexes of Ag PMTT (prepared by method 3) are slowly
converted (70% in 2 months) to nitrate in the KCI pellet. It was found that the
nitrato bands at 1456-1420, 1300-1290, 1045 and 811 cm™! in the initial spectrum
were replaced by the nitrate bands at 1366 and 829 cm™.,

Other minor spectral changes indicative of the nitrato to nitrate conversion
occurred. The band at 1735 cm™! (v, +v) was replaced by a band at 1765 cm™!
(v, +v,). The change from nitrato does not occur when the bulk material is not
incorporated in the KCl pellet.

On sodium chloride solution washing of the complex prepared by methods 2
and 4 both the nitrate and nitrato groups are slowly replaced by chloride.

Ag salts of EMTT, METT and MTT

Complexes containing predominantly nitrato groups could not be prepared.
Approximately equimolar nitrate—nitrato complexes resulted from both methods
2 and 3. More than one type of nitrato group was present in the silver salts and
both the nitrate ions and nitrato groups were replaced by chloride ion on sodium
chloride washing. After standing in the KClI pellet the nitrato group was replaced
by the chloride of the KCl and converted to nitrate ion.

In the spectrum of Ag MTT prepared from D,O solutions of the reactants,
bands arising from the v, and », vibrational modes of the nitrato group occur at
1500 and 1248 cm™, respectively, giving a v, minus v; value of 252 cm~! whereas
in spectrum of AgMTT prepared from H,O solutions it is 173 cm™ (1420-
1247 cm™). As discussed earlier this difference in the splitting of the v, and »,
vibrational bands could be due either to the difference in the degree of covalent
character of metal-oxygen bond of the nitrato group or to the presence in the
first case of bidentate and in the second of unidentate nitrato groups. This type
of nitrato possibly resulted because highly concentrated solutions of the reagents
were used. It is unlikely that bridging nitrato groups are present, since the
separation of the v, and v, vibrational bands is not as large as would be expected
[15] for these groups.

Agsalts of TT

Preparative methods 1 and 4 resulted in a AgTT.xAgNO, complex for which
the nitrate group was present in the form of nitrate ion (D3, symmetry). Nitrate
bands appeared at 1340 (v;) and 826 cm™! (v,) in the spectrum of the complex.
When an aqueous dispersion of this complex was digested on a steam bath for a
short time (up to 15 min) before centrifugation and washing, spectral and analy-
tical data indicated thata 1:1 AgTT salt had been obtained.
15. B. O. Field and C. J. Hardy, J. chem. Soc. 4433 (1964).
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When using methods 2 and 3 a nitrato complex resulted. However, the
nitrato group, unlike those nitrato complexes of AgPTT and AgPMTT, was not
stable to chloride washing or to standing even for a short time (up to 1 hr) in the
KCl pellet. Because of this it was necessary to record the spectra of these materials
as nujol and hexachlorobutadiene mulls. The nitrato group assignments are shown
in Table 4. In addition these complexes contain a small quantity of nitrate ion,
of the type present in the silver salt prepared by methods 1 and 4. Spectral and
analytical data indicate that this nitrate could not be completely be replaced by
chloride on sodium chloride washing.

It is interesting to note the effect that the presence of the nitrato group has on a
strong band appearing in the 1500 cm™! region of the spectra of the silver salts of
TT. In the 1:1 AgTT salt the band appears at 1525 cm™! whereas in the spectrum
of the silver salt prepared by method 2 or 3, the band broadens considerably and
appears in the region 1550-1540 cm™! for the water washed material. The corres-
ponding band appears at 1515 cm™ in the spectrum of the parent material and
has been assigned to vCN or 8NH absorption[3, 4, 16]. It is likely, therefore, that
the AgNO; of the complex AgTT.xAgNOj3 is co-ordinated in the vicinity of the
-N-C=S group. In addition this is supported by minor differences which occur
in the 1000 cm™! region, where it is considered that »CS absorption occurs[3, 4,
16].

The water washed material contains co-ordinated water. Water bands at
3520, 3440, 3380 and 1626 cm™! were present in the nujol spectra of these
materials even after the materials had been dried in vacuo for 6-7 days, whereas
drying in vacuo for 1 day was sufficient to remove moisture from the sodium
chloride washed material.

SUMMARY

The silver salts of the thioamides studied are complexes of the silver organic
salts and the silver nitrate used in their preparation, the molar proportion of
silver nitrate to silver organic (x) depending on the type of complex and the pre-
parative method used.

The following types of complexes may be prepared:

1. Complexes containing predominantly nitrate groups in the form of nitrate ions

(D, symmetry). In these complexes x varies between 0 and approximately 1-5.
2. Nitrato complexes in which the nitrate groups are covalently bonded to the

silver atom through one of the oxygen atoms. The value of x for these com-

pounds is approximately 1.
3. Mixed nitrate-nitrato complexes containing varying proportions of nitrate
ions to nitrato groups.

Whereas it was possible to prepare the first and third types of complexes for
all the thioamides, the second type could only be prepared for the materials PTT
and PMTT, the two triazoles with benzene substituted at the 4-position of the
heterocyclic ring. Both nitrate ions and nitrato groups were replaced by chloride
on sodium chloride washing and on standing in the KCl pellet in types (1) and (3)
while the nitrato groups in the second type were not replaced by chloride on
sodium chloride washing and were only slowly replaced on standing in the KCl
pellet.

16. R. Mecke and R. Mecke, Chemie 89, 343 (1956).



