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Abstract: 
New derivatives 2,5-bis(2-amino pyrimidyl) -1,3,4-

thiadiazole (APMTD), and 2,5-bis( 1- thiacarbazino)-

1,3,4- thiadiazole(TCTD), and their complexes with 

trivalent metal ions; La
+3

,
 
Y

+3
 and Ce

+3
 were prepared 

and characterized using IR,UV-Visible, Atomic 

absorption, Molar conductivity and Dissociation 

constant. These measurements suggest an octahedral 

geometry with ionic nature for all of the prepared 

complexes. 

  

Introduction: 

Although 1,3,4-thiadiazole ring is classified as π-

excessive
1
, the presence of two nitrogen atom of pyridine 

type in the ring leave the carbon atoms with rather low 

electron density , and consequently no electrophilic 

substitution in the unsubstituted 1,3,4-thiadiazole ring 

have been recorded. Three toutomers  of the ligand ( I,II 

and III ) had been reported
2,3

 . Infra-red spectra showed 

an absorption band near 2300 cm
-1

 characteristic for SH 

group. The 2,5-dithio structure (I) is excluded by 

ultraviolet spectral evidence , while 2-mercapto-5-thion 

structure (II) had been established in CHCl3 solution and 

the dithione form (III) predominate in ethanol solution
4
 .  

 
The synthesis of these heterocyclic has received 

considerable attention in recent years
5-9

 

.Aminothiadiazole were among the first heterocyclic 

been use to prepare a diazo components for disperse dyes 
10

 . As an example 2-amino-1,3,4-thiadiazole derivatives  

were used to prepare such dyes derived from five-

membered sulphur-containing heterocyclices
11-16

 

As a part of our research aimed at developing new 

derivatives in this work we report the synthesis of 

APMTD and TCTD which they have two different sites ( 

N2N2 and N2S2) which coordinate with the metal ion( IV 

and V ). 

 

 
Physical Measurements:-  

The following physical measurements were carried out 

for the synthesis ligands and their complexes .  

1- Melting points were measured by Gallenkamp melting 

point apparatus. 

2- Elemental analysis ( C.H.N ) were carried out using 

Carlo-Erba microanalyser . 

3- Infra-red spectra were recorded in the 4000-200 cm
-1

 

region using a Pye-Unicom 200 infra-red 

spectrophotometer with KBr and CsI disc at Ibn Al-

Bitar centre laboratories. 

4- UV-Visible spectra were carried out in the region 190-

800nm at Chem. Department College of Science Al-

Mustanserya University. 

5- Molar conductivity was measured on WTW F56 using 

Platinum electrode with cell constant 1.01 cm
-1

.   
 

Experimental: 

The two new ligands and their complexes were prepared 

according to the following procedures: 

 

1- 2,5-bis(2-amino pyrimidyl)-1,3,4-thiadiazole 

(APMTD) 

To a solution of 2,5-dimetrcapto-1,3,4-thiadiazole 

(1.5g,10mmol) in 1,4-dioxane (25ml), a solution of 2-

amino pyrimidine (1.19g,20mmol) in 1,4-dioxane(25ml) 

was added. The resulting mixture was refluxed for 

30minutes and solvent was evaporated under vacuum to 

the half of the original volume. A yellow precipitate was 

obtained on cooling, filtered off and washed with 1,4-

dioxane and recrystallized  from absolute ethanol to 

afford bright yellow crystals ( 2.25g,85%), scheme 1 

2- 2,5-bis( 1-thiacarbazino)-1,3,4-thiadiazole (TCTD) 

A solution of 2,5-dimercapto-1,3,4-thiadiazole 

(1.5g,10mmol)in absolute ethanol (25ml) was added to a 

solution of thiosemicarbazide (1.8g,20mmol) in absolute 

ethanol (25ml) . The resulting mixture was refluxed for 

six hours . The volume of solvent was reduced to half of 

the original volume . On cooling a yellow precipitate was 

obtained which was left for overnight , filtered off and 

recrystallized from hot absolute ethanol to afford a pale 

yellow crystals (2.5g,90%). Scheme 2 . 
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3- Metal complexes of APMTD  ligand 

A solution of the ligand APMTD ( 0.272g,1mmol) in 

absolute ethanol  (10ml)  was added to a solution of the 

metal salt  (1mmol)  , ( YCl3.6H2O , LaCl3.6H2O and 

CeCl3.4H2O) in absolute ethanol(10ml). The mixture was 

refluxed for one hour . On cooling fine crystals were 

obtained , filtered off ,washed with distilled water and 

dried (Table 1).  

4- Metal complexes of TCTD ligand 

The complexes were prepared by mixing a solution of 

(0.264g, 1mmol) of the ligand in absolute ethanol (20ml) 

with a solution of the metal salt (1mmol), ( YCl3.6H2O, 

LaCl3.6H2O and CeCl3.4H2O) dissolved in absolute 

ethanol ( 20ml) . The resulting mixture was refluxed for 

two hours and solvent was evaporated under vacuum . 

The precipitate filtered off, washed with cold water and 

dried. Recrystallization from hot absolute ethanol afford 

fine crystals. 
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Table(1): Physical properties of APMTD and TCTD ligands and their complexes 

 

Sequence 

 

 

 

Complex 

 

m.p. 
o
C 

 

Yield 

% 

 

Color 

Elemental analysis 

Found(calculated)% 

C H N M 

 

1 
C10H8N8S 185 85 Yellow 

44.7 

(44.2) 

2.8 

(2.9) 

40.5 

(41.0) 

- 

 

 

2 
[Y(C10H8N8S)Cl]2Cl2 199 42 Pale Yellow 

25.3 

(25.7) 

1.65 

(1.7) 

23.4 

(23.9) 

19.9 

(19.0) 

 

3 
[La(C10H8N8S)Cl]2Cl2 195 70 Yellow 

22.8 

(23.2) 

1.4 

(1.5) 

20.9 

(21.7) 

25.5 

(25.9) 

 

4 
[Ce(C10H8N8S)Cl]2Cl2 185 55 Bright yellow 

22.7 

(23.1) 

1.4 

(1.5) 

20.8 

(21.6) 

26.11 

(27.0 

 

5 
C4H8N8S3 145 90 Yellow 

18.6 

(18.2) 

2.7 

(3.0) 

42.9 

(42.4) 
_ 

 

6 
[Y(C4H8N8S3)Cl]2Cl2 161 50 Off-white 

10.1 

(10.4) 

1.6 

(1.7) 

23.9 

(24.4) 

18.6 

(19.3) 

 

7 
[La(C4H8N8S3)Cl]2Cl2 157 70 Yellow 

8.9 

(9.4) 

1.3 

(1.5) 

21.3 

(22.0) 

26.9 

(27.3) 

 

8 
[Ce(C4H8N8S3)Cl]2Cl2 153 60 Bright yellow 

9.1 

(9.4) 

1.4 

(1.6) 

21.2 

(21.9) 

26.1 

(26.4) 

 

Result and Discussion:- 
Infra- red spectra;- 

Two strong bands for the two groups of (>NH) stretching 

for the two forms of the ligand (APMTD) were located at 

3290 and 3190cm
-1

, scheme 3. The stretching band for 

the methyl group (>CH) of the pyrimidine found on 

2910cm
-1

, while two bands attributed for the two (>C=N) 

were found at 1680 and 1640cm
-1 

respectively.
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For the ligand TCTD , two medium bands for the 

terminal (NH2) stretching located on 3390 and 3330cm
-1

, 

and one band for (>NH) group found at 3300cm
-1

(VI). 

One strong band for each of (>C=N) stretching and 

(>NH2) bending was found on 1679 and 1640cm
-1

 

respectively 
17,18

. The characteristic ban for (N-C-N) and 

(HN-C=S) were located on 1550 and 460cm
-1

 

respectively 
19

 and another two bands for (C=S) 

stretching vibration were found at 1280 and 890cm
-1

. 
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Metal complexes of the ligand (APMTD) showed a 

reasonable shift to a higher frequency for the two bands 

of (C=N) stretching for about 30-75cm
-1

, which indicate 

a coordination occurrence , while the position of the 

(NH) stretching did not affected . A new coordinated 

bands were observed at the region 380-498 and 215-

265cm
-1

 for M-N and M-Cl respectively. 

A small shift (15-30cm
-1

) was observed for (C=N) 

stretching in (TCTD) complexes  with no shift for (NH2) 

band . The new coordinated bands M-S and M-N were 

located at 370-420 and 505-550cm
-1

 respectively . The 

band for M-Cl bond appeared at 220-240cm
-1

. 

 

Table(2):  Major Infra-red and Electronic spectra absorption bands(cm
-1

) and nm for ligands and complexes 

Sequence 

 
υ( C=N) υ( M-N) υ (M-S) υ( M-Cl) 1(nm) 2(nm) 

1 1680s,1640s - - - 351 275 

2 1710m,1755m 380,450 - 215 360 271 

3 1718m,1758m 400,490 - 265 365 265 

4 1715m,1745m 390,465 - 255 358 272 

5 1640s,1670s - - - 336 242 

6 1655m 505 370 220 340 240 

7 1635m 550 420 240 345 237 

8 1650m 525 380 235 338 238 

 

UV-visible spectra: 

Two bands detected on 351 and 275nm attributed to the 

ligand APMTD , the first one was the conjugated system, 

while the second was for the heterocyclic ring 

aromaticity . In the metal complexes of this ligand a great 

splitting between these two bands were obtained with 

some shifting upward for the first band and downward 

for the other . This give us an indication for the 

occurrence of the coordination 
20,21

 , Table-2. 

The other ligand TCTD showed two absorption bands 

located on 336 and 242nm for the conjugated system 

(thiadiazole ring). Again a small shift recorded for these 

two bands in the metal complexes , upward for the first 

and downward for the second. A high absorption 

intensity band for the ligand(ε:molar extension 

coefficient >14,000mole
-1

. l.cm
-1 

)
  

and higher than that 

for the complexes even a concentration of  10
-5

M  was 

used and this could be due to the presence of the 

conjugated system for the ligand and the increasing of 

electron density at the coordination atoms (N and S). For 

that reason we were not able to identify the charge 

transfer and ligand transition bands (π-π
*
) and (n-π

*
) 

because a possible overlapping of the band with the 

transition bands and a broad bands were recorded for all 

the complexes(Fig. 1). 

 
 Molar conductivity: 

A continuous variation method was used to obtain the 

molar ratio between the ligand and the metal ion with the 

concentration of 10
-3

 M using DMSO as a solvent . Data 

result were agree with 1:1 molar ratio(Fig.2) while the 

molar conductivity for the metal complexes with 10
-3

 M 

in DMSO as a solvent showed a high molar conductance 

corresponding to two chloride ions not coordinated 

directly to the metal ion
22,23  

(Table-3) . When plotting the 

values of molar conductivity against the square root of 

the concentration , a slop line for a weak electrolyte was 

determined (Fig.3). The presence of the chloride ion 

outside the coordinated sphere was approved by using 

silver nitrate solution.

 

Table (3): Variation of ΛM with the concentration using DMSO as a solvent 

complex 1x10
-3

 0.5x10
-3

 0.37x10
-3 

0.25x10
-3 

0.2x10
-3

 Kd 

La(TCTD) 101 116 135 204 287 1.5x10
-4 

Ce(TCTD) 112 140 164 206 259 1.8x10
-4 

Y(TCTD) 118 151 171 203 236 2.1x10
-4 

La(APMTD) 126 157 175 201 269 2.5x10
-4 

Ce(APMTD) 137 163 178 212 291 3.8x10
-4 

Y(APMTD) 141 168 183 210 301 4.6x10
-4 
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Dissociation constant measurements: 

Dissociation constant(Kd) for the metal complexes were 

measured by using a Cruze rearrangement which derived 

from Ostwald equation of dilution 
24

 . 

21
od

M

od KKK 


  

By using the results observed for the molar conductivity 

with the different concentration for the metal complexes , 

and when plotting specific constant (K) against (1/ ΛM) 

“molar conductivity” , a straight line was obtained 

(Fig.4). The intercept of that line with X and Y axis (1/ 

Λo) “ conductivity at infinite dilution” , - Kd Λo
2
  can be 

observed and then Kd can be calculated . The low values 

for the Kd of the metal complexes approved the good 

stability at normal condition. 

 
Conclusion: 
The data observed from physical measurements ( infra-

red, UV-visible spectra, atomic absorption , molar 

conductivity and dissociation constant) suggest an 

octahedral geometry with ionic nature for all the metal 

complexes as shown in Fig. 5 and 6. 

 

   

 
 

F.g.(2): Molar ratio of La(APMTD) complex 
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ثايادايازول -4,3,1معقدات ثلاثية التكافؤ لمشتقات   
 خليل خلف عبد

 قسم الكيمياء، كلية العلوم، الجامعة المستنصرية، بغداد، جمهورية العراق
 

 الملخص:
بممم  -5،2ثايادايممما]و  -4،3، 1ين جديمممدين ممممن م مممت ا  تممم تيرمممير ممممركب

بمممممم  -5،2  و (APMTDثايادايمممممما]و -1،4،3-امينممممممو بيريميممممممداي   -5)
  واليصمو  للمم مع مدا  TCTDثايادايما]و )-1،4،3-ثاياكاربا]ينو  -1)

Laجديممدل لهمملم الم ممت ا  مممع بعمما العناصممر الال]يممة ث ثيممة التكمما   ) 
+3

, 

Y
+3

, Ce
+3  

تممم ت ممايم المع ممدا  الميرممرل باسممتادام ؛ممرق الايممم   ا  ممعة  مموق    
البناسمممجيةوالمر ية ، ا  مممعة تيممم  اليممممراء ، الم؛يممماي الممملر  ، التوصممميلية 
المو ريمممة ويسممما  ثابممم  التاكمممت  وقمممد اقتريممم  تلمممت ال؛مممرق ان تكمممون جميمممع 

ثمانيمممممممممممممممممة السممممممممممممممممم؛و  لا  ؛بيعمممممممممممممممممة ايونيمممممممممممممممممة ا  مممممممممممممممممكا  الهندسمممممممممممممممممية 

 


