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Summary 
The objective of the present work is to prepare Poly (2-vinyl pyridine)-I2 complex in 
nano fine state. The compounds were characterized by IR, UV, SEM and TGA 
techniques. Conductivities were determined from 30 to 150°C in solid state within  
a frequency range 42Hz to 500kHz. Conductivity of the complex formed in nano fine 
state is more stable and shows dramatic improvement compared to the bulky one. 

Introduction 
Poly (2-vinylpyridine), P2VP and its derivatives like salts and complexes, hold  
a unique position in the field of solid state batteries [1-4]. Specifically, P2VP–I2 is 
used to prevent the degradation of lithium electrodes in solid state batteries[5].  From 
the literature it is found that batteries with metallic electrodes like Li have a limited 
life-cycle due to the degradation of outer surface of the electrode. The formation of 
high surface area lithium powder is undesirable because it reacts violently with 
moisture and air, resulting in downgraded cell performance.  Composite anode 
alternatives have been suggested to overcome such problems, but they are prone to  
a large loss of capacity as compared to metallic lithium. Lithium alloy active materials 
have a relatively short cycle life due to mechanical degradation of the electrode. 
The lithium/iodine battery used for implantable devices exhibits high internal 
impedance that increases as the cell is discharged, due to the increasing thickness of 
the solid electrolyte and the decreasing electronic conductivity of the cathode material. 
Therefore it is not capable of delivering high power. 
In lithium-ion batteries energy is stored through the movement of lithium ions 
whereas in lithium-iodine batteries it is through the iodide ion. As lithium ion is 
smaller so the lithium-ion batteries give high current density than that of lithium-
iodine batteries. However, in both cases the batteries are sensitive to temperature and 
they become inactive above 60°C [6, 7]. 
Therefore what is needed is a cell construction with a suitable method of operation, 
which overcomes the problems of passivation in order of the cell. This problem can be 
addressed by the synthesis of a suitable material which is stable above 60°C. 
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To increase its conductivity, the method of preparation of the P2VP-I2 complex needs 
to be improved. Assuming that if the P2VP-I2 complex is formed in a nano fine state, 
the problem might be solved. It is also important that to prepare P2VP-I2 complex in 
nano fine state the starting material P2VP must be in nano fine state. The main object 
of this paper is to synthesis P2VP in nano fine state by electrolysis of P2VP-HCl salt. 
Then, P2VP-I2(N) complex is synthesized by the interaction of, P2VP(N) with iodine 
in vapor state. The polymer so formed is characterized by IR, UV, SEM, TGA and 
conductivity studies. 

Experimental 

Materials 

Preparation of Poly (2-vinylpyridine), P2VP and P2VP-HCl salt 

2VP (Acros Organics) was purified by distillation under vacuum. Acetone (Ranbaxy) 
and hydrochloric acid (Ranbaxy) were used without further purification. Benzene 
(Ranbaxy) was purified as reported in the literature [8]. P2VP and P2VP-HCl salt 
were prepared as reported earlier [9]. 

Preparation of P2VP-I2 from P2VP 

P2VP prepared from 2VP is dissolved in chloroform, treated with iodine solution in 
ethanol and kept over night in the dark. After precipitation in acetone, it was washed 
with chloroform to remove last traces of P-2VP and then was stored in a desiccator. 

Preparation of Poly (2-vinylpyridine) nano, P2VP(N) thin film by electrolysis 
Pure P2VP(N) was deposited on copper plate (thickness: 150μm) by electrolysis of  
P-2VP-HCl salt[10]. Both anode and cathode are made of copper plate were inserted 
in to a 20% (w/v) P2VP-HCl solution in distilled water. A 3volt DC power supply was 
used along with a 22k ohms current limiting resistance in series to limit the current 
around 100μA. A very low current is applied to facilitate a slow reaction for the 
formation of the compound in nano state. The deposition time was 6h and a thin film 
of P-2VP with a thickness of 0.1μm was deposited on the cathode after the completion 
of the electrolysis. After the deposition of P2VP(N) thin film, the copper plate was 
washed with distilled water repeatedly to remove the last traces of P-2VP-HCl salt and 
then it was stored over P2O5 in a desiccator. 

Preparation of P2VP-I2(N) from P2VP(N) 

Copper plate with the deposited P-2VP(N) thin film was fixed on a Petri dish (size 
94x17mm) with glue and the dish was kept inverted on a 250ml beaker as a lid. An 
excess of solid iodine pieces were kept inside the beaker so that during sublimation, 
the solid iodine slowly reacted with the P2VP(N) film on the top of the beaker. After 
about 16 hours at 25°C, the brown colored P2VP(N) had been converted to a violet 
colored film of  P2VP-I2(N). 
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Physical measurement 
IR spectra were recorded with a Bruker Vector 22 FTIR in a reflectance mode. 
Ultraviolet spectra were obtained on a Shimadzu UV-1601 spectrophotometer. The 
SEM of the polymers was carried out in a scanning electron microscope (Model: LEO 
1430VP). TGA was performed using a Perkin-Elmer thermal analyzer in nitrogen at  
a heating rate of 10°C/min using 5±1 mg samples. The bulk electrical conductivity of 
these compounds was evaluated from the complex impedance-admittance plots 
recorded at different temperatures using a HIOKI 3520, frequency response analyzer. 
The plots were recorded in the frequency range from 40 Hz to 500 kHz keeping the 
signal amplitude of 20 mV. The geometry of the cell for the measurement of 
conductivity was Pt|polymer film|Pt, where platinum plates were used as electrodes. 
The experiment was carried out under a relative humidity of 57% [11]. 

Results and Discussion 
It is proposed that the following reactions take place between P-2VP and I2 for the 
formation of P2VP-I2. 

 

The IR spectra of P2VP-I2(N), (Figure1(b)) indicates that the peak at 1550 cm-1 is due 
to the incorporation of iodide ion[12] in to the pyridine molecule which is absent in 
P2VP(N) (Fig1(a)). 
From the UV spectra (Figure 2), a blue shift is observed for P2VP(N) and P2VP-
I2(N) with respect to P2VP and P2VP-I2. The wave length is 218.8nm, 208.7nm, 
194.4nm and 191.5nm for P2VP, P2VP-I2, P2VP(N) and P2VP-I2(N) respectively. 
This indicates the formation of P2VP(N) and P2VP-I2(N) particles in nano fine 
state. The SEM photographs of P2VP(N) and P2VP-I2(N) are presented in Figure 3 
and Figure 4 respectively. SEM analysis indicates that the particle size of P2VP(N) 
is within the range of 108.6 to 125.8nm and that for P2VP-I2(N) is within 144.4nm 
to 204.2nm. 
The conductivity curves (Figure 5) for both P2VP(N) and P2VP-I2(N) show a gradual 
increase of conductivity with rise of temperature and they are stable even up to 150°C. 
The curves show that the conductivity of P2VP-I2(N) is less  than that of P2VP-I2 
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which is contrary to expectation. On thorough examination it is found that the 
presence of excess amount of Iodine associated with P2VP-I2 accounts for the higher 
conductivity than that of P2VP-I2(N)[13]. 

 
Figure 1.  IR Spectrum of  a. P2VP, b. P2VP-I2. 

 
Figure 2.  UV Spectrum of  a. P2VP, a*. P2VP(N), b. P2VP-I2 and b*. P2VP-I2(N). 
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Figure 3.  SEM photograph of P2VP(N). 

 
Figure 4.  SEM photograph of P2VP-I2 (N). 

However, the cases of P2VP and P2VP-I2 show a sudden rise of conductivity at 
around 90°C and this may be due to an annealing effect [14] at this temperature for 
these bulk films. This observation indicates that the nano compounds are uniformly 
composed and are thermally more stable. 
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Figure 5.  Log of σT vs. 1/T curves. 

The activation energies for the conduction of these compounds are as follows: 
P2VP(N) = 0.3517ev; P2VP-I2(N) = 0.9691ev; P2VP = 0.329ev and P2VP-I2 = 1.0761ev 
The activation energies for the conduction of the nano compounds are less than that of 
the bulky compounds. This is due to the orderly arrangement of the molecules in nano 
fine state whereas in the bulky case the arrangement is random. 
In the impedance vs. temperature curves (Figure 6) P2VP(N) and P2VP-I2(N) show 
very smooth curves compared to those of the bulky compounds for both low and high 
frequency. There was a sudden decrease of impedance in case of P2VP and P2VP-I2 in 
the temperature range 80-120°C induced by the applied frequency and can be termed 

 
Figure 6. Log Z vs. Temperature curves. 
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as ‘break down temperature’ of these materials. No such behaviour is seen in case of 
the nano materials and they are stable through out the temperature and frequency 
range. The TGA curves (Figure 7) of P2VP-I2 and P2VP-I2(N) complex also support 
this explanation. From the curves it is found that P2VP-I2(N) is more stable compared 
to P2VP-I2. This may be due to the nano fine structure of P2VP-I2(N). 
It appears that the nano material synthesized may be a potential candidate for the 
lithium/iodine battery. 
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Figure 7.  TGA curves of: a. P2VP-I2 (N) and b. P2VP-I2 under nitrogen at a heating rate of 
10°C/min. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


