
Introduction

The physical properties and the phase transitions from

sulfated compounds of type AxBy(SO4)z (A and B rep-

resent Li, Na, K, NH4 and H) aroused the interest of

several researchers. Thus, one finds in the bibliogra-

phy of the studies on electric conductivity [1–5],

thermoluminescence [6–8], the Raman diffusion

spectroscopy [9–11] and IR [11–13], AFM [14], just

as the properties dielectric, pyroelectric and piezo-

electric [5, 15–17]. Thermal studies on sulfates of

various cations, primarily mono- and bivalent were

largely studied (Ni, Co, ...) [10, 18–24]. However, we

did not raise any work of investigation on the com-

pound K4H2(SO4)3.

This work concerns the synthesis and the char-

acterization of the new potassium hydrogenosulfate

K4H2(SO4)3; this compound is obtained by evapora-

tion, with 25°C, starting from a mixture of K2SO4 and

H2SO4. The characterization of this solid is carried

out chemically, by X-ray diffraction, thermal ana-

lyzes (DTA and TG) and IR spectroscopy.

With an aim of a possible use of this material in

the energy field (battery), a study of ionic conductiv-

ity was also carried out at various temperatures.

Experimental

By applying the ternary diagram H2SO4–K2SO4–H2O

[25] with Janaké co-ordinates (Fig. 1), the new sulfated

compound is synthesized. Indeed, the evaporation of

the mixture P, of co-ordinates Z
H O

2

=550, YK=37.92%

and YH=62.08%, in a controlled thermostated bath at

25°C (�0.1°C) gives the title product. The drying of

this last was carried out at the ambient temperature.

The atomic absorption spectrometry

(AAS Vario-6), the gravimetric method and acido-basic

titration by pH-metry were used for the determination of

the chemical formula of the compound. Moreover,

X-rays diffraction (X’PERTPANalytical, CuK
� �

1 2

=

1.54060, 1.54443 �) IR spectrometry (Nicolet

Magna IR560), thermogravimetric analysis and differ-

ential thermal analyzis coupled (TG-ATD92, Setaram)

were used to characterize this compound.

In addition, a study of electric conductivity was

carried out. Indeed, the sample being presented in pel-

let form is obtained starting from the crushed solid,

compressed under a pressure of 7–8 t cm
–2

using a

manual hydraulic press then sintered under air. The
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Fig. 1 Part of the (K2SO4–H2SO4–H2O) diagram in Janaké

co-ordinates at 25°C
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platinum electrodes are fixed on the faces of the pellet

by a layer of silver lacquer. The measurement tech-

nique used is the spectroscopy of impedance. For all

measurements, the impedance measures (HP 4192A)

was used in a frequency band ranging between 10 and

500 KHz. Measurements of electric conductivity

were taken under air. The temperature of the furnace

is fixed and ordered by a regulation system.

Results

Chemical analysis

The chemical analyses of the elements constituting

the solid are summarized in Table 1. Except for the

experimental errors, the molar ratio r=ni/nH (i is K or

SO4) makes it possible to deduce that the chemical

formula of the compound is K4H2(SO4)3.

X-ray diffraction

The interplanar (h k l) distances and the ratio I/I0 are

summarized in Table 2. X-ray pattern of K4H2(SO4)3

is represented on Fig. 2.

In addition, a collection of X-ray intensities

(Enraf-Nonius, Mach 3 goniometer) carried out on a

K4H2(SO4)3 monocrystal made it possible to deduce that

it crystallizes in the monoclinic system. The cell param-

eters are: a=7.035(5), b=19.751(4), c=23.466(2) �,

�=95.25(1)°. The determination of the crystalline struc-

ture is in hand.

Infrared spectroscopy

The FTIR absorption spectrum of K4H2(SO4)3 is rep-

resented on Fig. 3. The frequencies vibration bands

ranging between 550 and 1250 cm
–1

correspond to

SO4 groups. It is as to announce as the frequencies lo-

cated in the vicinities of 1640 and 3500 cm
–1

are char-

acteristic of the deformation vibrations H–O–H and

valence O–H.
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Table 1 Chemical analysis

Ion K
+

H
+

SO
4

2–

n/mmol 4.63 2.29 3.34

Mass/% 35.94 0.45 63.75

r 2.02 1.00 1.46

Fig. 2 X-ray pattern of K4H2(SO4)3 at 25°C

Table 2 Examination of X-ray diffractogram of K4H2(SO4)3

d(hkl) I/I0

5.803 3

4.909 13

4.782 12

4.434 2

3.885 100

3.823 6

3.607 41

3.455 9

3.381 3

3.288 36

3.245 8

3.109 5

3.055 49

3.015 8

2.895 8

2.860 3

2.787 2

2.752 1

2.564 2

2.434 4

2.327 3

2.175 3

2.128 12

2.107 1

2.017 1

1.985 2

1.945 1

1.762 1

1.751 2

1.722 1

1.594 2

1.389 2

1.377 1

1.258 2



Thermal analysis

The thermal analysis curves obtained with a heating

rate of 10°C min
–1

, are schematized for K4H2(SO4)3

on Fig. 4. We note endothermic peaks located at tem-

peratures 165, 204, 226, 251 and 577°C. An exother-

mic peak is announced at 564°C during the cooling of

the sample. Two losses of mass (A�B, B�C) are

noted on curve TG with respective percentages 17.86

and 8.91. The residue obtained after the first 4 endo-

thermic peaks presents a pasty aspect and does not

lend itself to the analyses by X-ray diffraction and IR

study. The final residue is K2SO4 (Fig. 5). We can

then deduce that the peaks endo and exo located re-

spectively at 577 and 564°C correspond to the

reversible transition �-K2SO4��-K2SO4 and that the

total thermal transformation can be schematized by

the following equation:

K4H2(SO4)3�2K2SO4(sd)+SO3(g)+H2O(g)

This decomposition diagram is confirmed by the

value of the total percentage of loss of mass between

the points A and C which is 26.77. The theoretical

value being 27.22.

Ionic conductivity

Measurements of electric conductivity were given in

the temperature range 25–80°C. It should be noted that

the impedance diagrams complexes are arcs of circle

for any temperature; This type of curve characterize

the voluminal properties of the sample. An example of

these diagrams is represented on Fig. 6.

The chart (Fig. 7) in Arrhenius co-ordinates of

�T (� being the electric conductivity of material at the

absolute temperature T) highlights only one line

whose slope is the energy of activation Ea=0.47 eV.

This value is low and probably represents the energy

of migration without creation of a specific defect [26].
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Fig. 4 DTA and TG curves of K4H2(SO4)3

Fig. 3 FTIR spectrum of K4H2(SO4)3

Fig. 6 Impedance diagrams obtained at various temperatures

for K4H2(SO4)3

Fig. 5 X-ray pattern of K4H2(SO4)3 heated at 600°C
Fig. 7 Variation of �T in Arrhenius co-ordinates for K4H2(SO4)3



Acknowledgements

The authors thank Mr. Taha Guerfel for the thermal analysis.

References

1 M. A. Osman, M. A. Hefni, R. M. Mahfouz and

M. M. Ahmad, Physica, B301 (2001) 318.

2 S. Rama Rao and C. S. Sunandana, Solid State Communi-

cations, 98 (1996) 927.

3 M. A. Gaffar and A. Abu El-Fadl, Physica B: Condensed

Matter, 262 (1999) 159.

4 A. Kvist and A. Lunden, Z. Naturforsch., 20a (1965) 235.

5 A. Abu El-Fadl, M. A. Gaffar and M. H. Omar,

Physica B: Condensed Matter., 269 (1999) 395.

6 M. A. El-Kolaly, M. E. Kassem, A. A. Higazy,

L. Z. Ismail and L. I. Al-Houty, Radiat. Eff. Defects Solids,

124 (1994) 437.

7 M. A. El-Kolaly, M. E. Kassem, A. A. Higazy, L. Z. Ismail

and L. I. Al-Houty, Radiat. Phys. Chem., 44 (1994) 441.

8 N. Rabie, Nuclear Instruments and Methods in Physics

Research. Section B: Beam Interactions with Materials

and Atoms, 129 (1997) 82.

9 H. K. Liu, M. L. Hu, W. S. Tsc, D. P. Wong and S. J. Lin,

Chin. J. Phys., 36 (1998) 542.

10 M. Abul Hossain, J. P. Srivastava, P. K. Khulbe, L. Menon

and H. D. Bist, J. Phys. Chem. Solids, 55 (1994) 85.

11 J. Baran and M. K. Marchewka, J. Mol. Struct.,

614 (2002) 133.

12 Y. A. Badr and S. B. El-Guiziri, J. Phys. Chem. Solids,

51 (1990) 421.

13 S. Alam and J. P. Srivastava, Spectrochim. Acta,

Part A: Molecular Spectroscopy, 37 (1981) 183.

14 H. Shindo, M. Kaise, H. Kondoh, C. Nishihara and

H. Nozoye, Appl. Surf. Sci., 60–61 (1992) 491.

15 M. E. Kassem, Matter. Lett. N. Holand, 15 (1992) 162.

16 G. M. Loiacono, M. Delfino, W. A. Smith, M. I. Bell,

A. Shaulov and Y. H. Tsuo, Ferroelectrics, 23 (1980) 89.

17 M. E. Kassem, A. E. Ahmed, M. A. El-Hiti and

M. K. El-Nimr, J. Mater. Sci. Lett., 11 (1992) 1109.

18 M. E. Kassem, A. E. Ahmed, M. El-Osairy and A. M. Okaz,

J. Thermal Anal., 37 (1991) 341.

19 M. E. Kassem, A. M. El-Khatib, E. A. Ammar and

M. M. Deuton, J. Thermal Anal., 37 (1991) 553.

20 M. Mabdel-Kader, A. El-Shawarby, W. M. Housny,

Z. H. El-Tanahy and F. El-Kabbany, Mater. Res. Bull.,

29 (1994) 317.

21 P. E. Tomaszewski, J. Solid State Chem., 156 (2001) 253.

22 V. P. Burtseva, V. E. Vasilev and V. M. Varikash,

Solid State, 30(5) (1988) 877.

23 E. Tomaszewicz and M. Kotfica, J. Therm. Anal. Cal.,

77 (2004) 25.

24 E. Tomaszewicz and M. Kotfica, J. Therm. Anal. Cal.,

74 (2003) 583.

25 W. F. Link, Solubilities inorganic and metal-organic com-

pounds. Vol. II, 4
th

Edition, American Chemical Society,

Washington DC 1965.

26 A. Al-Rikabi, A. Hammou, J. L. Souquet and F. Gallais,

C. R. Acad. Sci. Paris, (t.288) (1979) 549.

Received: August 23, 2005

Accepted: November 19, 2005

OnlineFirst: March 20, 2006

DOI: 10.1007/s10973-005-7114-9

172 J. Therm. Anal. Cal, 86, 2006

HAMZAOUI et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Web Graphics Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /HUN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


