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(57) ABSTRACT 

A process for the preparation of dispersions or solutions 
comprising polythiophene" An ion complexes in anhydrous 
or low-water-content organic solvents, characterized in that at 
least one water-miscible organic solvent or a water-miscible 
Solvent mixture is added to an aqueous dispersion or Solution 
comprising optionally Substituted polythiophenes, all or 
Some of the water is removed, and the resultant dispersion or 
Solution is, if desired, diluted with organic solvents. 
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NOVEL POLYTHOPHENE DISPERSIONS 

BACKGROUND 

0001. The invention relates to the preparation and use of 
dispersions or solutions comprising optionally Substituted 
polythiophenes in anhydrous or low-water-content organic 
Solvents. 
0002 Conductive polymers based on substituted 
thiophenes are increasingly being used in industry, e.g., in the 
through-plating of circuit boards (EP-A 553671), the anti 
static finishing of photographic films and plastic moldings 
(EP-A 440957) or for electrodes in solid-electrolyte capaci 
tors (EP-A 340512). For uses of this type, dispersions of 
TL-conjugated, polymeric compounds of this type are prefer 
ably employed. 
0003 Aqueous dispersions or solutions of polythiophene" 
An ion complexes have proven to be particularly suitable for 
Such purposes since they have both high stability and result in 
coatings having excellent conductivity. 
0004. These polythiophene" An ion complexes may con 
sist of t-conjugated polythiophenes, whose positive charges 
are delocalized over the entire molecule, and anions of, for 
example, organic polyacids, which compensate for these 
positive charges. 
0005. In the oxidative polymerization of substituted 3,4- 
alkylenedioxythiophenes using potassium peroxodisulfate as 
an oxidant in the presence of polystyrenesulfonic acid, EP-A 
440957 states that polythiophene" An ion complexes are 
formed as aqueous dispersions which consist of 3,4-polyalky 
lenedioxythiophenes and anions of polystyrenesulfonic acid. 
These dispersions can be employed directly for the above 
mentioned purposes. 
0006. The oxidative polymerization of substituted 3,4- 
alkylenedioxythiophenes which are substituted in the alky 
lene unit by radicals carrying acid groups likewise results in 
the formation of dispersions or solutions of polythiophene" 
An ion complexes, but in which the positive charges of the 
conjugated t-system are compensated by the acid anions 
likewise already present in the molecule. 
0007 An improved variant for the preparation of aqueous 
dispersions or Solutions of this type is the use of ion exchang 
ers for removing he inorganic salt content, or part thereof, 
originating predominantly from the chemical oxidation 
(DE-A 19 627 071). This desalination step prevents the for 
mation of cloudiness and inhomogeneities (for example in the 
production of thin antistatic layers) and helps form highly 
transparent, clear layers. 
0008. However, it has been found that, in spite of the good 
properties of aqueous dispersions or solutions, the different 
wetting ability compared with water and the differentiated 
drying behavior of organic solvents is advantageous for some 
applications, e.g., for the application of conductive layers to 
the Support material. 
0009 Simple drying or removal of the water from the 
above-mentioned dispersions or Solutions by distillation 
gives powders which cannot be redispersed in a simple man 
ner by addition of organic solvents. 
0010 EP-A 203 438 discloses polymers of substituted 
thiophenes which are dispersed in organic solvents. However, 
the disadvantage of the process described therein is the prepa 
ration of the polythiophenes from substituted 2,5-dihal 
othiophenes with the aid of magnesium in the presence of a 
nickel catalyst. It is not practicable to carry out the reaction in 
this way on a relatively large scale, and the content of carci 

Mar. 7, 2013 

nogenic and allergenic nickel prevents the use of the Solution 
without prior, complex work-up steps. 
0011 EP-A 253 994 likewise describes a method for the 
preparation of solutions or dispersions of polythiophene'An 
ion complexes consisting of polythiophenes and anions of the 
conductive salts used therein, in organic Solvents. In these 
cases, the polymerization of the monomeric thiophenes takes 
place through chemical. Oxidation in the organic Solvent 
itself. In this process, however, the desired product precipi 
tates out of the reaction solution and therefore cannot be used, 
for example, for the production of transparent films. 
0012. According to EP-A 440957, dispersions compris 
ing 3.4-polyalkylenedioxythiophenes can be prepared 
directly in organic solvents, but the inorganic salt content, 
predominantly originating from the chemical oxidation, 
remains in Solution in Such cases, which may lead to the 
above-mentioned undesired effects in the production of coat 
1ngS. 
0013 There was therefore a need to find a method of 
combining the excellent conductivity and coating properties 
of the fully or partially desalinated, aqueous dispersions or 
solutions of the polythiophene" An ion complexes with the 
widely variable wetting and drying properties of organic Sol 
VentS. 

SUMMARY 

0014. The invention relates to a process for preparing a 
dispersion or a solution containing an optionally Substituted 
polythiophene in an organic solvent, comprising a) adding a 
water-miscible organic solvent or a water-miscible solvent 
mixture to an aqueous dispersion or Solution comprising 
optionally Substituted polythiophenes, and b) removing at 
least some of the water from the mixture resulting from step 
a). 
0015. In one embodiment, the invention relates to a pro 
cess for preparing a dispersion or a solution containing poly 
thiophene'An ion complexes in organic solvents, compris 
ing 
0016 a) adding a water-miscible organic solvent or a 
water-miscible organic solvent mixture to an aqueous disper 
sion or solution of polythiophene'An ion complexes, 
wherein polythiophene" is a polymer which comprises recur 
ring units of the formula (I) 

(I) 
Y 

1. No. 

at least some of which are positively charged and wherein 
I0017. Y is —(CH), CRR (CH), or an option 

ally substituted 1,2-C-C-:cycloalkylene radical, and 
I0018) R' and R, independently of one another, are 
hydrogen, hydroxymethyl, an optionally Substituted 
C-Co-alkyl radical or an optionally substituted 
C-C-aryl radical, 

0.019 and 
0020 m and n are identical or different and are an inte 
ger from 0 to 3, 
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0021 and wherein 
0022. An is an anion of an organic polyacid, 
0023 or wherein 
0024 polythiophene" An is a polymer which com 
prises recurring units of the formula (II) 

(II) 

in which at least some of the thiophene rings carry a positive 
charge and wherein 

0025 Z is -(CH), CRR (CH), , 
0026 R is hydrogen or -(CH2). O-(CH2). SOs 
M", 

0027 R is -(CH2), O (CH), SOM", 
0028 m and n are an integer from 0 to 3, 
0029 M" is a cation, 
0030 s is an integer from 0 to 10, and 
0031 p is an integer from 1 to 18, 

and b) removing water from the mixture resulting in Step a). 
0032. These and other features, aspects, and advantages of 
the present invention will become better understood with 
reference to the following description and appended claims. 

DESCRIPTION 

0033. A process has now been found for the preparation of 
dispersions or solutions comprising optionally Substituted 
polythiophenes in organic solvents, which is characterized in 
that 
1) a water-miscible organic solvent or a water-miscible sol 
vent mixture is added to an aqueous dispersion or Solution 
comprising optionally Substituted polythiophenes, and 
2) at least some of the water is removed from the resultant 
mixtures, and 
3) the mixtures are, if desired, diluted with organic solvents. 
0034) For step 1), preference is given to dispersions or 
solutions comprising polythiophene'An ion complexes, 
where polythiophene" is a polymer which comprises recur 
ring units of the formula (I) 

(I) 
Y 

1. No 

at least some of which are positively charged and in which 
Y is —(CH), CRR (CH), or an optionally substi 
tuted 1.2-C-C-cycloalkylene radical, and 
R" and R, independently of one another, are hydrogen, 
hydroxymethyl, an optionally substituted C-Co-alkyl radi 
cal or an optionally Substituted C-C-aryl radical, 
and 
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m and n are identical or different and are an integer from 0 to 
3, 
and where 
0035 An is an anion of an organic polyacid, or where 
polythiophene" An is a polymer which comprises recurring 
units of the formula (II) 

(II) 

in which at least some of the thiophene rings carry a positive 
charge and in which 
Z is —(CH), CRR (CH), , 
R is hydrogen or -(CH), O (CH), SO, M", 
R is (CH), O (CH2). SOM", 
M" is a cation, 
s is an integer from 0 to 10, and 
p is an integer from 1 to 18. 
0036. The polythiophenes of the formulae (I) and (II) are 
in polycationic form. The positive charges are delocalized 
over the entire molecule and are therefore not shown in the 
formulae. 
0037 M" in the formula (II) may be not only, for example, 
a metalion, proton or optionally Substituted ammonium ion, 
but is preferably also, for example, a cationic unit of the 
polythiophene. Preference is likewise given to alkali metal 
ions and ammonium ions as well as protons. 
0038. For step 1), particular preference is given to disper 
sions or Solutions of polythiophene'An ion complexes 
where polythiophene" is a polymer which comprises recur 
ring units of the formula (I), at least Some of which are 
positively charged and in which 
0039 Y is —(CH), CRR (CH), or a 12-cyclo 
hexylene radical, 
R" and R, independently of one another, are hydrogen, 
hydroxymethyl, 
C-C-alkyl or phenyl, 
m and n are identical or different and are 0 or 1, 
and where 
0040. An is an anion of a polyacrylic acid, polysulfonic 
acid, polystyrenesulfonic acid, a mixture thereofor a copoly 
mer of the parent monomers or copolymers with acid-free 
monomers, 
0041 or where polythiophene" An is a polymer which 
comprises recurring units of the formula (II), in which at least 
Some of the thiophene rings carry a positive charge and in 
which 
0042 Z is —(CH), CRR (CH2)n , 
0043 R is hydrogen, 
0044) R' is —(CH.) O-(CH.) SO, M", 
m and n are identical or different and are an integer from 0 to 
3 

(0.045 M" is a cation, 
004.6 s is 0, 1 or 2, 
0047 p is 4 or 5. 
0048 Very particular preference is given to dispersions or 
solutions of polythiophene" An ion complexes where poly 
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thiophene" is a polymer which comprises recurring units of 
the formula (I), at least Some of which are positively charged 
and in which 

0049. Y is a 12-ethylene radical, and where 
0050. An is an anion of a polystyrenesulfonic acid, 
0051 or where polythiophene" An is a polymer which 
comprises recurring units of the formula (II), in which at least 
Some of the thiophene rings carry a positive charge and in 
which 

0.052 Z is —(CH), CRR (CH), , 
0053 R is hydrogen, 
0054 R is —(CH), O (CH), SOM", p m is 0 or 
1. 
0055 n is 0 or 1, 
0056 M" is a cation, 
0057 s is 0 or 1, and 
0058 p is 4. 
0059. In this first step, the amount of the water-miscible 
Solvent or water-miscible organic solvent mixture added is, 
for example, from about 5 to about 1000% by weight, based 
on the aqueous ion complex dispersions or Solutions that are 
employed. Suitable solvents here include but are not limited 
to: amidic solvents, such as formamide, N-methylacetamide, 
N,N-dimethylacetamide, N-methylpyrrolidone, N-methylca 
prolactam and N-methylformamide. Alcohols and ethers, 
Such as ethylene glycol, glycerol, ethylene glycol dimethyl 
ether, ethylene glycol monomethyl ether, ethylene glycol 
monobutyl ether or dioxane. Water-soluble solvent mixtures 
consisting of solvents which are water-miscible per se and 
solvents which are not water-miscible per se are likewise 
included. 

0060. The solvents may be added individually or in the 
form of a mixture or in the form of a mixture together with 
Sugar alcohols, such as Sorbitol or mannitol. 
0061 Preference is given to amidic solvents and solvents 
which have a boiling point of above about 100° C. at atmo 
spheric pressure and water-miscible solvents or water-mis 
cible solvent mixtures which form an azeotrope with water. 
0062 Step 2) can be carried out, for example, by mem 
brane process, such as ultrafiltration, or by distillation. Dis 
tillation is preferred here and can be carried out, for example, 
at a temperature of from about 0 to about 200°C., preferably 
from about 20 to about 100°C. The pressure selected for the 
distillation can be atmospheric pressure or reduced pressure. 
Reduced pressure downto about 0.001 mbaris preferred here. 
0063 Step 3) can be carried out if desired. The solvents 
employed for the dilution may be the solvents or solvent 
mixtures described in step 1). In addition, the following sol 
vents, for example, are Suitable: aliphatic alcohols, such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol, tert-butanol, amyl alcohol, isoamyl alcohol and 
neopentyl alcohol, aliphatic ketones, such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone and methyl tert-butyl 
ketone, ethers, such as tetrahydrofuran and methyl tert-butyl 
ether, esters of aliphatic and aromatic carboxylic acids, Such 
as ethyl acetate, butyl acetate, glycol monomethyl ether 
acetate and butyl phthalate, aliphatic and aromatic hydrocar 
bons, such as pentane, hexane, cyclohexane, octane, isooc 
tane, decane, toluene, o-Xylene, m-Xylene and p-Xylene. 
0064. For the dilution, the solvent can be employed alone 
or in the form of a mixture. 
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0065. In accordance with the invention, ion complex dis 
persions are obtained which have a water content of from 0 to 
about 20% by weight, preferably from 0 to about 5% by 
weight. 
0066. The content of the ion complexes in the dispersions 
can be from about 0.01 to about 20% by weight, preferably 
from about 0.2 to about 5% by weight. 
0067. The ion complex dispersions prepared in accor 
dance with the invention can be used, for example, for the 
production of rechargeable batteries, light-emitting diodes, 
sensors, electrochromic windows, coatings of copier drums, 
cathode ray tubes, electrically conductive and antistatic coat 
ings on plastic films, plastic moldings or on photographic 
materials. 
0068. In one embodiment, the invention is a dispersion or 
a solution having an inorganic salt that is less than about 40% 
of the amount originally employed for the preparation of the 
polythiophene" An by oxidative polymerization. In one 
embodiment the polythiophene" can be prepared in accor 
dance to the procedures described in EP-A 440957. 
0069. In one embodiment, the invention is a process for 
providing a Substrate with conductivity comprising applying 
a dispersion or a solution, made in accordance to the inven 
tion, to a Substrate. In another embodiment, the invention is a 
process for the antistatic finishing of Substrates comprising 
applying to a Substrate a dispersion or a solution comprising 
a polythiophene'An ion complex made in accordance to the 
invention. In another embodiment, the invention is a process 
for the antistatic finishing of photographic material compris 
ing applying to a photographic material a dispersion or a 
Solution made in accordance to the invention. 
0070 The dispersions or solutions according to the inven 
tion can furthermore be used for data storage, optical signal 
conversion, Suppression of electromagnetic interference 
(EMI) and conversion of solar energy. 
0071. In addition, they can be used, for example, for the 
production of Solid electrolytes in Solid-state capacitors, of 
electroluminescent displays and of transparent electrodes, 
e.g., in touch screens. 
0072 Coatings can be produced, for example, by known 
process, such as, spraying, gravure printing, offset printing, 
curtain coating, spin coating, roller coating, brushing and 
dipping. 
0073. If desired, it is furthermore possible to add binders 
and/or crosslinking agents, such as, for example, polyure 
thanes or dispersions thereof, polyacrylates, polyolefin dis 
persions and epoxysilanes, such as 3-glycidoxypropyltri 
alkoxysilanes, to the dispersions prepared in accordance with 
the invention. 
0074. In order to increase the scratch resistance of coat 
ings, it is furthermore possible to add silane hydrolysates, 
Such as those based on tetraethoxysilane, to the dispersions 
according to the invention (see, interalia, EP-A 825 219). 
(0075. The invention is further described in the following 
illustrative examples in which all parts and percentages are by 
weight unless otherwise indicated. 

EXAMPLES 

Example 1 

Preparation of an Aqueous Suspension of a poly 
thiophene An, Ion Complex 

0076 20 g of free polystyrenesulfonic acid (Mn about 
40,000), 21.4 g of potassium peroxodisulfate and 50 mg of 
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iron(III) sulfate were introduced with stirring into 2000 ml of 
water. 8.0 g of 3,4-ethylenedioxythiophene were added with 
stirring. The Solution was stirred at room temperature for 24 
hours. 100g of anion exchanger (Lewatit MP 62, commercial 
product from Bayer AG) and 100 g of cation exchanger (Le 
watitS 100, commercial product from Bayer AG), both water 
moist, were Subsequently added, and the mixture was stirred 
for 8 hours. 
0077. The ion exchangers were removed by filtration. A 
ready-to-use solution having a solids content of about 1.2% 
by weight was obtained. 

Example 2 

0078 100 g of the solution prepared in accordance with 
Example 1 were introduced into a 500 ml three-necked flask 
fitted with stirrer and internal thermometer. 200g of dimethy 
lacetamide were added over the course of 15 minutes with 
stirring, and 122 g of a mixture of water and dimethylaceta 
mide were subsequently distilled off at 40°C. and a pressure 
of 18 mbar. 

0079. The solution had a water content of 3.9% (deter 
mined by the Karl Fischer method) and a solids content of 
0.8% (determined by drying at 140°C. for 12 hours). 
0080. In order to produce coatings, in each case 10g of the 
solution were diluted with the amounts of ethanol indicated in 
the table. The solutions were subsequently applied to polyes 
ter films in a wet-film thickness of 24 pm using a spiral doctor 
blade and dried at 60° C. for 15 minutes, and the surface 
resistance values were determined. The values measured are 
shown in Table 1. In all cases, conductive, transparent, clear 
coatings were obtained. 

TABLE 1. 

Experiment No. Ethanolg Surface resistance S2. 

1 5 4200 
2 10 68*10 
3 50 895: 103 
4 100 3.6*107 

Example 3 

0081 70 g of the solution prepared in accordance with 
Example 1 were introduced into a 500 ml three-necked flask 
fitted with stirrer and internal thermometer. 130 g of N-me 
thylpyrrolidone were added over the course of 10 minutes 
with stirring, and 67 g of a mixture of water and N-methylpyr 
rolidone were subsequently distilled off at 20° C. and a pres 
sure of 8 mbar. 

0082 In order to produce coatings, the solution was 
applied to polyester films in a wet-film thickness of 24 um 
using a spiral doctor blade and dried at 40 or 100° C. for 12 
hours, and the surface resistance values were determined. The 
values measured are shown in Table 2. In both cases, conduc 
tive, transparent, clear coatings were obtained. 

TABLE 2 

Experiment No. Drying temperature C. Surface resistance S2. 

1 40 18:10 
2 1OO 7.8*103 
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I0083. Although the present invention has been described 
in detail with reference to certain preferred versions thereof, 
other variations are possible. Therefore, the spirit and scope 
of the appended claims should not be limited to the descrip 
tion of the versions contained therein. 

1-19. (canceled) 
20. A dispersion or a solution comprising: 
(a) a polythiophene'An ion complex, wherein the poly 

thiophene" is a polymer comprising recurring units rep 
resented by formula (I), 

(I) 
Y 

1. No. 

at least Some of which are positively charged and wherein, 
Y is (CH-)m CRR (CH)n oran optionally substituted 

1.2-C-C-cycloalkylene radical, and 
R" and R, independently of one another, are hydrogen, 

hydroxymethyl, an optionally substituted C-Co-alkyl 
radical or an optionally Substituted C-C-aryl, and 

m and n are identical or different and are an integer from 0 
to 3, and further wherein, 

An is an anion of an organic polyimide; and 
(b) at least one organic solvent, wherein the dispersion or 

solution has a water content from 0 to 20% by weight 
and said organic Solvent is 

a) amidic solvent; 
b) a solvent having a boiling point of above 100° C. at 

atmospheric pressure, or a water-miscible solvent form 
ing an azeotrope with water, 

c) ethylene glycol dimethyl ether, ethylene glycol monom 
ethyl ether or ethylene glycol monobutyl ether; 

d) Solvent mixed with Sugar alcohols; 
e) dioxane; 
f) tetrahydrofuran; or 
g) esters of aliphatic and aromatic carboxylic acid, 
the content of the ion complexes in the dispersion or solu 

tion being from 0.2 to about 20% by weight. 
21. The dispersion or the solution as claimed in claim 20, 

wherein the organic solvent is ethylene glycol or glycerol. 
22. The dispersion or the solution as claimed in claim 20, 

wherein the content of the ion complexes in the dispersion or 
solution being from 0.2 to 5% by weight. 

23. The dispersion or the solution as claimed in claim 20, 
wherein the dispersion or solution is obtained by 

a) adding said organic solvent to an aqueous dispersion or 
solution comprising said polythiophene" An ion com 
plex optionally Substituted polythiophenes, and 

b) removing at least some of the water from the resultant 
mixtures by distillation. 

24. A process for the preparation of dispersions or solutions 
comprising optionally Substituted polythiophenes in organic 
Solvents, which comprises 

a) adding a water-miscible organic solvent or a water 
miscible solvent mixture to an aqueous dispersion or 
Solution comprising optionally Substituted poly 
thiophenes, and 
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b) removing at least some of the water from the resultant 
mixtures by distillation. 

25. A process for the preparation of dispersions or solutions 
comprising polythiophene'An ion complexes in organic Sol 
vents, which comprises 

a) adding a water-miscible organic solvent or a water 
miscible organic solvent mixture to an aqueous disper 
sion or solution of polythiophene'An ion complexes, 
where polythiophene" is a polymer which comprises 
recurring units of the formula (I) 

Y 

1. No. 

at least Some of which are positively charged and 
in which 
Y is (CH-)m CR'R' (CH)n oran optionally substituted 

1.2-C-C-cycloalkylene radical, and 
R" and R, independently of one another, are hydrogen, 

hydroxymethyl, an optionally substituted C-Co-alkyl 
radical or an optionally Substituted C-C-aryl, and 

m and n are identical or different and are an integer from 0 
to 3, 

and where 
An is an anion of an organic polyacid, 
or where 
polythiophene" An is a polymer which comprises recur 

ring units of the formula (II) 

Z 

1 No 

in which at least some of the thiophene rings carry a posi 
tive charge and 

in which 
Z is —(CH), CRR (CH), , 
R is hydrogen or -(CH.). O (CH), SO, M", 
R is (CH), O (CH), SOM", 
m and n are an integer from 0 to 3. 
M" is a cation, 
s is an integer from 0 to 10, and 
p is an integer from 1 to 18, and 
b) removing water from the resultant mixtures by distilla 

tion. 
26. The process according to claim 24, wherein the process 

further comprises diluting the resultant dispersion or Solution 
with an organic solvent or a mixture of organic solvents 
Subsequent to step b). 
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27. The process according to claim 25, wherein the process 
further comprises diluting the resultant dispersion or Solution 
with an organic solvent or a mixture of organic solvents 
Subsequent to step b). 

28. The process according to claim 25, wherein the aque 
ous dispersions or Solutions employed for step a) comprise 
polythiophene--An-ion complexes where polythiophene-- is 
a polymer which comprises recurring units of the formula (I), 
at least some of which are positively charged and in which 
Y is —(CH), CR'R' (CH), or a 12-cyclohexylene 

radical, and 
R" and R, independently of one another, are hydrogen, 

hydroxymethyl, C-C-alkyl or phenyl, and 
m and n are identical or different and are 0 or 1, 
and where 
An is an anion of a polyacrylic acid, polyvinylsulphonic 

acid, polystyrenesulphonic acid, a mixture thereof or a 
copolymer of the parent monomers or copolymers with 
acid-free monomers. 

29. The process according to claim 25, wherein the aque 
ous dispersions or Solutions employed for step a) comprise 
polythiophene" An complexes where polythiophene" An is 
a polymer which comprises recurring units of the formula (II) 
in which at least some of the thiophene rings carry a positive 
charge and in which 
Z is —(CH), CRR (CH), , 
R is hydrogen, 
Ris-(CH), O (CH), SOM", 
m and n are an integer from 0 to 3. 
M" is a cation, 
s is 0, 1 or 2, 
p is 4 or 5. 
30. The process according to claim 25, wherein the aque 

ous dispersions or solutions employed in step a) comprise 
polythiophene" An ion complexes where polythiophene" 
An is a polymer which comprises recurring units of the 
formula (I), at least Some of which are positively charged and 

in which 
Y is a 1.2-ethylene radical, 
and where 
An is an anion of a polystyrenesulphonic acid. 
31. The process according to claim 25, wherein the aque 

ous dispersions or Solutions employed for step a) comprise 
polythiophene" An complexes where polythiophene" An is 
a polymer which comprises recurring units of the formula (II) 
in which at least some of the thiophene rings carry a positive 
charge and in which 
Z is —(CH), CRR (CH), , 
R is hydrogen, 
Ris-(CH), O (CH), SOM", 
m is 1. 
n is 0 or 1, 
M" is a cation, 
s is 0 or 1, 
p is 4. 
32. The process according to claim 24, wherein the starting 

material used is an aqueous dispersion or solution of a poly 
thiophene" An ion complex which has been fully or partially 
freed from the inorganic salt content. 

k k k k k 

  


