
ISSN 1070-3632, Russian Journal of General Chemistry, 2015, Vol. 85, No. 1, pp. 111–115. © Pleiades Publishing, Ltd., 2015. 
Original Russian Text © T.V. Koksharova, 2015, published in Zhurnal Obshchei Khimii, 2015, Vol. 85, No. 1, pp. 119–123. 

111 

Coordination Compounds of p-Hydroxybenzoates  
and p-Aminobenzoates of 3d Metals with Thiosemicarbazide 

T. V. Koksharova 

Mechnikov Odessa National University, ul. Dvoryanskaya 2, Odessa, 65026 Ukraine  
e-mail: tanya.koksharova@gmail.com 

Received September 18, 2014 

Abstract—Complexes of p-hydroxybenzoates and p-aminobenzoates of copper(II), nickel(II), and cobalt(III) 
with thiosemicarbazide have been prepared. The products have been studied by means of elemental analysis, IR 
spectroscopy, diffuse reflection spectroscopy, and thermogravimetry.  
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Bidentate coordination via nitrogen and sulfur 
atoms occurs with thiosemicarbazide (НL) in prac-
tically all its complex compounds. The composition 
and structure of its complexes with 3d metals depends 
on the anion of the salt of the complex forming metal. 
The interaction of thiosemicarbazide with glycinates, 
glycylglycinates [1], nicotinates, isonicotinates [2], and 
salicylates [3] of certain 3d metals is accompanied with 
thiosemicarbazide deprotonation. Moreover, anions of 
the interacting salts mainly determine the geometry 
parameters of the corresponding coordination poly-
hedrons of thiosemicarbazide complexes. In the cases 
of anions of substituted arylcarboxylates, the nature 
and position of the substituent may affect the forma-
tion of the structure of the coordination node. Using 
the complexes with well known chelating ligand ethylene-
diamine (en) it has been demonstrated [4] that the    
[Cu(en)2(OH2)2](p-AB)2·3H2O, [Cu(en)2(OH2)2](o-AB)2· 
2H2O, and [Ni(en)2(OH2)2](p-AB)2 are octahedral, 
whereas the [Cu(en)2](o-OB)2·H2O is square-planar 
(АВ stands for a single-charged anion of aminobenzoic 
acid, OВ is a single-charged anion of hydroxybenzoic 
acid). 

In this work we have prepared and studied 
coordination compounds of p-hydroxybenzoates and p-
aminobenzoates of copper(II), nickel(II), and cobalt(III) 
with thiosemicarbazide. The complexes were prepared 
via interaction of aqueous solution of thiosemi-
carbazide with solid p-hydroxybenzoate or p-amino-
benzoate of the corresponding 3d metal, the metal to 

thiosemicarbazide ratio being 1 : 2 in the cases of cop-
per(II) and nickel(II) and 1 : 3 in the case of cobalt(II). 
The starting p-hydroxybenzoates and p-amino-
benzoates were prepared by addition of the 3d metal 
chloride to the separately synthesized sodium p-hyd-
roxybenzoate or p-aminobenzoate. 

The elemental analysis data (Table 1) showed that 
the metal:thiosemicarbazide : carboxylate ratio was             
1 : 1 : 1 in the case of copper(II) (the interaction was 
accompanied with thiosemicarbazide deprotonation),  
1 : 2 : 2 in the case of nickel(II), and 1 : 3 : 3 in the case 
of cobalt(II) [the metal was oxidized into Co(III) in the 
course of the interaction]. We failed to prepare the 
corresponding zinc complexes via the same procedure.  

Analysis of IR spectra of thiosemicarbazide and the 
prepared complexes (Table 2) showed that in the cases 
of all complexes the “thioamide I” band was shifted 
towards higher frequency, the band intensity being 
simultaneously decreased. In the spectra of copper and 
nickel complexes with o-oxybenzoate anions (I and II) 
that band was not observed. The “thioamide II” band 
was shifted towards higher frequency as well, but the 
band intensity remained unchanged. The “thioamide 
III” band was substantially weakened due to the 
complex formation, and the frequency of “thioamide 
IV” band was lowered. The similar pattern of thio-
amide bands changes is known to correspond to bi-
dentate coordination of the ligand involving sulfur and 
nitrogen atoms [5], being in line with the earlier 
reported data for thiosemicarbazide complexes of 3d 
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metals with inorganic anions or carboxylate anions            
[6, 7]. 

The spectrum of complex I contained a very strong 
absorption band at 2082 cm–1, and the spectrum of 
compound IV had a doublet of very strong bands at 
2174 and 2109 cm–1. As was demonstrated earlier           
[1–3], those bands were assigned to the formation of 

four-membered cycle involving nitrogen and sulfur 
atoms of deprotonated thiosemicarbazide. 

The testing of the coordination model of carboxy-
late groups is conveniently done by using ΔΔν(COO–) 
value, the difference between the Δν(COO–) values for 
the mixed complex and the starting carboxylate                
[Δν(COO–) = νas(COO–) – νs(COO–)]. The ΔΔν(COO–) 

Complex 
Found, % 

Formula 
Calculated, % 

М N S М N S 
[CuL(X)] (I) Grey 21.6 14.3 11.1 C8H9CuN3O3S  22.0 14.4 11.0 

[Ni(HL)2]X2 (II) Grey-green 11.9 16.2 12.7 C16H20N6NiO6S2  11.5 16.3 12.4 

[Co(HL)3]X3 (III) Brown 8.3 17.2 12.8 C24H30CoN9O9S3  7.9 17.0 12.9 

[CuL(Y)] (IV) Light-grey 21.7 18.9 11.1 C8H10CuN4O2S  22.1 19.3 11.0 

[Ni(HL)2]Y2 (V) Grey-green 11.9 21.7 12.2 C16H22N8NiO4S2  11.5 21.8 12.5 

[Co(HL)3]Y3 (VI) Dark-red 8.0 22.8 13.1 C24H33CoN12O6S3  8.0 22.7 13.0 

Color 

Compound ν(NH) [ν(NCS)] νas(COO–) νs(COO–) Δν(COO–) ΔΔ 
ν(COO–) I II III IV 

HL 1530 1315 1000 800 3370, 3260, 3170       

CuX2·2H2O      1608 1385 223  

I – 1360 – 791 3408, 3303, 3262, 3085 [2082]  1607 1392 215 –8 

NiX2·2H2O      1603 1402 201  

II – 1360 – 790 3416, 3314, 3203, 3008  1597 1392 205 4 

CoX2·2H2O      1610 1400 210  

III 1595  1383а – 770 3331, 3168, 3079  1608  1383a 225 15 

CuY2·2H2O      1611 1390 221  

IV 1575 1323 1010 793 3461, 3382, 3365,  3290 [2174, 2109]  1602 1422 180 –41 

NiY2·2H2O      1605 1382 223  

V 1580  1377а – 790 3416, 3314, 3203, 3008 1602  1377a 225 2 

CoY2·2H2O      1610 1384 226  

VI 1575 1344 1010 772 3459, 3363, 3176 1602 1384 218 –8 

Thioamide bands 

Table 1. Elemental analysis data and color of coordination compounds I–VI of 3d metals p-hydroxybenzoates and p-
aminobenzoates with thiosemicarbazidea 

a Hereinafter: X is p-hydroxybenzoate, Y is p-aminobenzoate, HL is thiosemicarbazide.  

Table 2. Features of IR spectra (cm–1) of thiosemicarbazide (HL), 3d metals p-hydroxybenzoates and p-aminobenzoates and 
their complexes I–VI with thiosemicarbazide 

a Both thiosemicarbazide and carboxylate anion contribute to the absorption band.  
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values (Table 2) between the starting carboxylates and 
their complexes with thiosemicarbazide were low, 
being negative in the cases of the complexes I, IV, and 
VI . Hence, the symmetry of carboxylate anions in the 
prepared coordination compounds suffered minor 
changes as compared to that of the starting carboxy-
lates. In the complexes of cobalt(III) and nickel(II) the 
substituted benzoate ions were displaced to the outer 
sphere, and in the copper complexes they remained 
bidentate and located in the inner sphere. 

The bands position in the diffuse reflection spectra 
of the prepared compounds (Table 3) corresponded to 
pseudotetrahedral structure of copper complexes I and 
IV, tetrahedral structure of nickel complexes II and V, 
and octahedral structure of cobalt complexes ІІI and 
VI [8]. 

Thermogravigrams of all studied compounds  
(Table 4) were similar. The first effect was in all cases 
endothermic. For some of the complexes the second 
effect was endothermic as well. In all cases the highest 
mass loss corresponded to either the first or the second 
endothermic effect. One or two endo-thermic effect(s) 
were followed by one or two exo-thermic effect(s) 
corresponding to burning out of the organic part of the 
molecules. Those processes were complete at 570–
650°С. At even higher temperature, endothermic 
effects were observed (exothermic effect was observed 
in the case of complex II), accompanied by a slight 
mass increase. That possibly resulted from the 
formation of intermediate nitrides or carbides of the 

corresponding metal that were further transformed into 
oxides. 

The collected data allow ascribing the following 
structures to the prepared coordination compounds I–
VI (Scheme 1). 

The comparison of the prepared complexes with 
thiosemicarbazide complexes based on other car-
boxylates revealed that in the case of the cobalt(III) 
complex the stoichiometry and the geometry of the 
coordination node were similar to those of the sulfo-
salicylate; the copper complex showed the stoichio-
metry and coordination number identical to those of 
the glycine complex [1]; and the nickel(II) complex 
was similar to the corresponding salicylate [3] and 
sulfosalicylate [9]. However, glycine–thiosemicar-
azide complex of copper(II) and salicylate-thiosemi-
carbazide complex of nickel(II) were square-planar, 
and sulfosalicylate-thiosemicarbazide complex of 
nickel(II) existed in the form of two isomers (square-
planar and tetrahedral). The complexes of copper(II) 

Comp. no. λ, nm Assignment 
I 649  

 1680  

II 423 3T1 → 1T2 

 597 3T1 → 3T1(P) 

 2132 3T1 → 3A2 

III 540 1A1g → 1A2 

IV 1680  

V 627 3T1 → 3T1(P) 

 2215 3T1 → 3A2 

VI 900 1A1g → 1A2 

 
Exothermic effects Total 

weight 
loss, % t, °C Δm, % t, °C Δm, % 

I 200–270(240) 45.1 390–450(420) 7.2 71.3 

 610–800(700) +4.7 450–610(530) 10.9  

II 120–190(150) 6.9 440–570(550) 12.4 84.5 

 230–270(250) 52.9 570–610(600) +2.0  

 610–900(800) 6.9    

III 200–260(250) 33.5 400–460(430) 5.6 68.8 

 630–950(700) +1.7 520–630(600) 12.0  

IV 190–250(210) 31.3 400–460(420) 7.2 67.5 

 650–820(730) +3.4 460–650(570) 16.9  

V 200–250(230) 46.5 400–540(460) 7.8 77.5 

 620–820(695) +3.4 540–620(590) 13.4  

VI 90–110(100) 5.1 540–630(600) 13.8 84.0 

 190–230(220) 36.9    

 630–870(680) +1.0    

Endothermic effects 

Table 3. Parameters of diffuse reflection spectra of complexes 
I–VI 

Table 4. Derivatography studies of thermal stability of com-
plexes I–VI  

C
om

p.
  

no
. 



Scheme 1. 
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and nickel(II) prepared in this work were tetrahedral. 
Seemingly, p-substituted benzoate anions increased the 
probability of tetrahedral coordination of copper(II) 
and nickel(II).  

EXPERIMENTAL 

IR spectra (KBr pellets) were recorded using a 
FTIR-8400S (Shimadzu) instrument. Diffuse reflection 
spectra were obtained using a Lambda-9 spectrophoto-
meter (Perkin Elmer) with MgO as reference (βMgO 

100%). Thermograms of mass loss were recorded 
using a Paulik–Paulik–Erdey derivatograph in air at 
heating rate of 10 deg/min. Elemental analysis of the 
isolated complexes was performed as follows: the 
metals content by complexonometry [10], nitrogen 
content by the Dumas method [11], and sulfur content 
by the Schoeniger method [11]. 

Cobalt(II), nickel(II), and copper(II) chlorides, p-
hydroxybenzoic and p-aminobenzoic acids, and 
thiosemicarbazide (all of “analytically pure” grade) 
were used as received. 
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Complexes I, II, IV, and V. Thiosemicarbazide 
(1.365 g, 15 mmol) was dissolved in 150 mL of water 
at heating. The solution was cooled to ambient 
temperature, and 7.5 mmol of crystalline copper(II) or 
nickel(II) p-hydroxybenzoate or p-aminobenzoate was 
added by portions. The mixture was stirred till 
complete homogenization. The formed precipitate was 
filtered off, washed with small amount of water, and 
dried to constant mass at 60°С. 

Complexes III and VI. Thiosemicarbazide (2.05 g, 
22.5 mmol) was dissolved in 200 mL of water at 
heating. The solution was cooled down to ambient 
temperature, and 7.5 mmol of crystalline cobalt(II) p-
hydroxybenzoate or p-aminobenzoate was added by 
portions. The mixture was stirred till complete 
dissolution. The solution was evaporated to form a 
precipitate that was filtered off, washed with small 
amount of water, and dried to constant mass at 60°С. 

REFERENCES 

 1.  Koksharova, T.V., Russ. J. Gen. Chem., 2004, vol. 74, 
 no. 10, p. 1524. DOI: 10.1007/s11176-005-0048-x. 
 2. Koksharova, T.V., Russ. J. Gen. Chem., 2011, vol. 81, 

 no. 2, p. 385. DOI: 10.1134/S1070363211020174. 
 3.  Koksharova, T.V., Kurando, S.V., and Stoyanova, I.V., 
 Russ. J. Gen. Chem., 2012, vol. 82, no. 9, p. 1481. DOI: 
 10.1134/S1070363212090046. 
 4.  Miminoshvili, K.É., Sobolev, A.N., Miminoshvili, É.B., 
 Beridze, L.A., and Kutelia, É.R., J. Struct. Chem., 2005, 
 vol. 46, no. 3, p. 560. DOI: 10.1007/s10947-006-0140-z. 
 5.  Singh, B., Singh, R., Chaudhary, R.V., and Thakur, K.P., 
 Ind. J. Chem., 1973, vol. 11, no. 2, p. 174. 
 6.  Campbell, M.J.M., Coord. Chem. Rev., 1975, vol. 15, 
 nos. 2–3, p. 279. 
 7.  Koksharova, T.V. and Prisyazhnyuk, A.I., Ukr. Khim. 
 Zh., 1989, vol. 55, no. 12, p. 1244. 
 8.  Lever, A.B.P., Inorganic Electronic Spectroscopy. 
 Amsterdam; Oxford; New York; Tokyo: Elsevier Sci. 
 Publ. B.V., 1984, p. 250. 
 9.  Koksharova, T.V., Kurando, S.V., and Stoyanova, I.V., 
 Russ. J. Gen. Chem., 2013, vol. 83, no. 1, p. 54. DOI: 
 10.1134/S107036321301009X.  
10.  Schwarzenbach, G. and Flaschka, H., Die kom-
 plexometrische Titration, Stuttgart: Ferdinand Enke 
 Verlag, 1965.  
11. Klimova, V.А., Osnovnye mikrometody analiza orga-
 nicheskikh soedinenii (Basic Micromethods Analysis of 
 Organic Compounds), Мoscow: Khimiya, 1975, p. 76. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


