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structure defines the folding pattern of the chain (al pha-helix,
beta-structure, beta-bend or sone- thing else), and a tertiary
structure | WQ HOEPELIHI4B5 orientati onzof the chapoy/EBpabisabs5006
rel ati onshi ps and possible interactions between different separate

sub- units of el ly ri y I S, known _as
t he quaternar@ésﬁéggt &&g%%%%%r ashtgﬁ%/gga?rls gggt?pro\é@gg%n?%arlﬁlf)yrﬁﬁgﬁgi n
assenbl i es cOpoedrst Histedenengubthers, othaiaetlary z8dnpyianl Roar

structural Rierargh esncand abedded Latgoae! iRH SIS | Xn8f rBceptor
menbrane, in order to be exactly directed and to 5 function as g

unit. It is RS r ehBF§SsEFCEC 1SS éhi%at FoRCBE LY hd '9iied sin the
arrangedsi n gtdenddcpitd eenbianervhisch iemah| eshisy stepst hAc¥EY0eto.
have the ne f_directed movenent (through-the . menbrane) of

el ectrical ?ﬁ:ﬁlﬁé} c&itF erefjslovrrsn?/ts%’leﬁnst'hetlﬁ)llredef%é)&tlﬁ’f”&ﬁﬁt efr &l s J°Bfat0Y
al so al | ows assa gy@mter dtd ontlof el eanspent porentind: di Efepehceseat Ct he

[imits of these.gnater| als and thie Wil !izabis thrﬁ%chO}égV%% a
source of electrqnotive force. 15 The subunits of each and every
protei n are &% nBCHEFdstO DEFENIRAGEBROF he pHEYIESMFT@AASGf d6pEalysts

ei ther io thedf orstiok acptaonmnovelentréofsd thapasikirke 85r the
negative ch%rr%e'{? Qr of di%)ol ar iogﬁgzwi ttEri on), wt g pr ot onat ed
am no group (FNS"“And Hepr'otordtad 260767 boxyP grotp (BBOECUnBFe t©
parti cul ar | ynothetnigl | lyerabdlamimo hemdsyexiat aasl zwyddbshons (orgeen
neutral conditi pH = ) I S ZW.t Leri nit i
parti cul ar ?oalr:rtlbricir%gftsi()dn o lzlfuﬁt grlglél?gﬁg g%;tr% %%‘IrL&e%gn%l%% ' 01,n N}S'h%
and ot hers, 2mPLont ai nPetatezeroHaiw groupsimidh an &xesspots)

this isigenefeatdlybiR@niiot 088 EEr AW RR GoouP NBLnk %&&%j Chepey-
(-; this is g%neral,l t he dep,roton%t ed carboxyl group C00-) of
charge, suclt % PEAE St OTa TEFREPOFEN | y 2REnplexy others.

functional | Exsirglless and sektepustai pidige 30s elarentridddpsipat io&@l | Yhe
separate char whi fin rrespaondi ng, el ectrical  potential

di fference %‘ﬁ%%}ect (réiqgg]l% fi %Y%t%ﬁ’eng ﬁl%vx,i t%ihﬁ [ tgigﬁgg.t Si ﬁgiaged
gener ati on &%dSraiortedamsd rof Rivedemmbranénporenouds hiadyssens t abt
for thead ultid | gRALoR! plliBsDasl e UEretl PS (Ghndrboll At embpgne
structures or ,menprane nmairices have to be. formed as nonconductive,
el ectri- caly i Hsud3di AGPSTPUcEFeLgh| retl cBeFPEANCEBNgRAEeFRAGTE1INOD
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mentioned at a wvalue which is sufficient for the
survival of halophilic bacteria under extreme condi-

25 tions, or for the generation o¢f wvisual stimuli in

animals.

The biosystems mentioned are both structurally and
spatially precisely ordered, or structured, and at
30 wvarious levels of order. A primary structure defines a
sequence of different order subunits in the chain, a
secondary structure defines the folding pattern of the
chain (alpha-helix, beta-structure, beta-bend or some-
thing else), and a tertiary structure is the spatial
35 orientation of the chains. Spatial relationships and
possible interactions between different separate sub-
units of a protein assembly are described by what is

known as the quaternary structure. Membrane systems are



a system which works owing to the separation of electrical charges by
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el ectromagnetic field pronote the disintegration of the organic

material . Since generation and maintenance of the membrane poten-
35 tial is wvital for the fulfillment of the basic func-

tions of a cell, the membrane structures or membrane

matrices have t£o be formed as nonconductive, electri-

cally insulating structures. In electrical engineering,



WO 2009/ 1330406PCT/ EP2009/ 055006 After the production of the
advant ageous cellulose material, it is arranged in an inventive
device in the necessary form for exanple as a thin | ayer between the

two el ectrodies 2080yssquwant |y, the cellu ose nateriabrigr2odbiedsoos
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The zmﬁtter%%ng%igggpound is preferably an am no acid, especially a
natural ani "6FPCTd"  dnd preferably glycine or histidine. The
free-radical conmpound in turn is preferably a stabilized organic

radi cal, esgﬁﬁggklgfa@h%rqgg%ggg%$¥ trisubstituted nethyl radical,

and prefer- 25 ably triphenyl net or a derivative thereof. The pH

in the separating layer is preferably selected such that a maxi num
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el ectrodes dbrt heradeviicey hasdgreter @by pheer epaiathiidh. ariddse and
mat eri al sui e for cqld ectron em ssion,. preferably b
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further advantageous variant, the carrier materi al
conprisesacggggggi%iggn%%i@%pgand/orchitin- 10 containing materi al

inventl o .
The cel | ul oSe-contai ni'ng and/ or cthlﬁpContalnlng mat eri al has

preferably been conmnuted in an alternating el ectromagnetic field.

|n yet # funthel, Adyantaaeouesriodhaent «of .30 Jigvanls 41y, feyi es,
the device conprises an electrochem cal ce P..In n“ddvant ageous
process acc8PHFHg I EHRES 1 PN et IHEA ngr ctludilfgtancl averviie adeli ze

for power geeebadli Oslectrode and a separating layer arranged
between these electrodes, is improved when this
separating layer comprisegs at least one zwitterionic

25 compound and/or a free-radical compound. Such a
zwitterionic compound may be an amino acid, preferably

a natural amino acid. Glycine or histidine are particu-
larly suitable. The free-radical compound is preferably
stable, and has at least limited water solubility.

30 Especially suitable are organic free radicals, for
example free radicals of aromatic hydrocarbons.
Particularly suitable are aromatically trisubstituted
methyl radicals, for example the PhyC radical, i.e.
triphenylmethyl. Such free radicals have an advanta-

35 geous effect on the transport of electrons in the
separating layer owing to the delocalized pi-systems,

but also on the transport of prcoctons owing to the

binding of protons tc these pi-systems.



20 the conbination of the two el ectrodes and the separating |ayer is
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is placed o e ti a th i t.he
capacitanceggFggﬁgaga%ngggpgg%gﬁro:E(EHEOQ%Eﬁﬁf %gg§§?8£§%93ﬁt %%e
120 Hz). A §gParaféassdlansion 7. D8ndf Fhepiapatddnf ragm tighinpgen-
purity wateri{eopdystiyvity 4.5-6.0 RS) and crystalline, pure glycine.
The pHis adjusted to 7.0. At this value, the glycine nolecules are
present principally in the neutral zwitterionic state. A second

tri phenyl mefhybaradcocabrigl usudnabdepr epaeedaanakegouslkydutbeogonsen-
. . . 5 ° .
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the glycine s tion: _ mcro
sol ution isiapphies &t carmliiaatiareNal 1 84RY, 0&f tgre le@nB@nt of

m nut eszo 0. 2h10n3 JHQNOlid4F 8f thee5r88- padicalr solditd o) Jhe-segend
el ectrode 2 |s applied, and the deviCe is pressed onto the el ectrodes
by externaltbFeE GEERETREPHECEL 18 subsequent | y measured a vol t age

difference of AU = 120 nV. After the application of a tenporary
In the advantageous method mentioned, a suitably
prepared cellulose-containing material, for example a
25 pulp of straw fibers, i1s subjected to a strong
alternating electromagnetic field, in order to destroy
the intercellular and intracellular bonds of the
organic starting materials. The advantageous effect can
be improved further by adding ferromagnetic particles,
30 for example with a length of 3-5 mm and a diameter of
0.1 to 2.5 mm. The proportion of the ferromagnetic
particles is, for example, 1-2C percent by weight,
while the liquid content may be up to 40 percent by
weight. The ferromagnetic particles in the alternating
35 electromagnetic field promote the disintegration of the

organic material.



35 sinmulation voltage to the el ectrodes, AU in a subsequent
measurenent rose to 140 nV. Wen zinc (Zn) was used as the materi al
for the two el ectrodes, the voltage difference AU was 60 nV, and,
after the stiomzloatsi/arz3walct age had been applied, rogeryer80os¥ossod¥th
an el ectrode pair of carbon and zinc, various separating |ayers were

tested. \We |y ci | ut.i on S ed fqor_the inpregnation of
t he separ at ?&r%rélrayglr}%é t%gmvoc'téalé)él d:g?f egéﬁcea%ﬂaﬂlgggggg%lﬁe ,?%?ﬁ,
10_after th@@ﬁﬁﬂﬁﬂkﬂikﬂhi$Q@EY@DQQGOinVanWﬁMVaﬁuive device in the
LT phenyl MetindecalinGa ol 10 [hengl{Age, dl [ e eneeasla0: 280 e

nV, and, afterthe stinmulation, rose to 1050 nV. ol utions

were used, iWOcGMTHEHCIGThe SIS E: K erdic U wWhesa snareebaly is
950- 990 ®V, daned .af terditdie sl MHatdding 055 t cHA 001 ey Tabke J1 50
shows, by S%fibeiéarrpl e, the voltage and current val ues neasured on
an inventive power denera- 20 tion device for further conbinations of
el ectrodes and separating |layers. Table 1: Test results Material of

g:gg::Odes tthe ZWi [Lerk BR.ang{er Eﬂ@ez%§9k8§E0H€%S%&%%%ﬁﬁéésénd/or
' free-radical compounds of the inventive device are

10 added to the cellulose-containing material at thig
early point, or the corresponding compounds can be
applied later.

An inventive device for power generation thus comprises
15 a first electrode and a second electrode and a separat-
ing layer arranged between the two electrodes. The
separating layer comprises at least one zwitterionic

compound and/or a free-radical compound.

20 The zwitterionic compound is preferably an amino acid,
especially a natural amino acid, and preferably glycine
or histidine. The free-radical compound in turn is
preferably a stabilized organic radical, especially an
aromatically trisubstituted methyl radical, and prefer-

25 ably triphenylmethyl or a derivative thereof.

The pH in the separating layer is preferably selected
such that a maximum concentration of neutral zwitter-

ions is present.

30
The first and/or the second electrode on an inventive
device may consist, for example, of carben, tin, zinc
or of an organic conductor. One or both of the elec-
trodes of the device has preferably been coated with a
35 material suitable for cold electron emission,

preferably by sputtering, wvapor depogition oxr plasma

coating.
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In an advantageous embodiment of a device, the separat-
ing layer has a carrier material. This carrier material
may be in the form of a gel or scolid. The carrier
material is preferably a textile fabric, preferably a
woven or nonwoven made from cellulose, egpecially linen
oxr cotton.

In a further advantageous variant, the carrier material
comprises a cellulose-containing and/or chitin-
containing material. The cellulose-containing and/or
chitin-containing material has preferably been

comminuted in an alternating electromagnetic field.

In yvet a further advantageous embcdiment of an inven-
tive device, the device comprises an electrochemical
cell.

In an advantagecus processg according to the invention
for producing an inventive device for power generation,
the combination of the two electrodes and the separat-
ing layer is followed by application of an external
voltage between the two electrodes for a particular
pericd. This leads to structure formation in the
gseparating layer, which promotes the function of the

inventive device.
Performance of the invention
Example 1

An inventive device for power generation 6 1is shown
gschematically in figure 1. Between a first electrode 1
in the form of a plate and a second electrode 2 in the
form of a plate is arranged a separating layer 3 with a
carrier material. The two electrodes 1, 2 consist of
electrographite, and have a poiished surface in order
to minimize resistance. By means of contact lines, the

electrodes 1, 2 are connected to a meter 4 with which
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the wvoltage and current values can be measured. The
separating layer 3 consists of cotton material which

has been impregnated with glycine and triphenylmethyl.

In one possible variant of the production of an
inventive device, a first electrode 1 wmade Ffrom
electrographite with a cleaned surface is arranged on a
suitable nonconductive substrate 5, for example glass.
The area of the first electrode 1 is 50-100 cm®. A
separating layer 3 of thickness 0.1 to 0.5 mm in the
form of an untreated cotton-cellulose gauze is placed
therecn as carrier material. If required, the woven
material may also be present in several layers. For a
test, the second electrode 2 made from the
electrographite is placed on the separating layer 3,
and the resistance and the capacitance are measured for
control (> 20 MOhm; 0.011-0.019 nF at 120 Hz).

A saturated solution (75.08 M) is prepared from high-
purity water ({(conductivity 4.5-6.0 puS) and crystalline,
pure glycine. The pH is adjusted to 7.0. At this value,
the glycine molecules are present principally in the
neutral zwitterionic state. A second triphenylmethyl
radical solution is prepared analogously, the concen-
tration of which is between 0.01% and 0.1% of the

concentration cf the glycine solution.

Then 0.25-0.3 microliter of the glycine solution is
applied to the carrier material, and, after 1-2
minutes, 0.25-0.3 wmicroliter of the free-radical solu-
tion. The second electrode 2 is applied, and the device
is pressed onto the electrodes by external pressure.
The meter 4 subsequently measured a voltage difference
of AU = 120 mV. After the application of a temporary
simulation voltage to the electrodes, AU in a subse-

guent measurement roese to 140 mv.
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{Zn)
the voltage difference AU was 60 mV,

When =zinc was used as the material for the two

electrodes, and,
after the stimulation voltage had been applied, rose to

B0 mv.

With an electrode pair of carbon and various

zing,
separating layers were tested. When only glycine solu-
tion was used for the impregnation of the separating
layer, the voltage difference AU was 500-510 mv,
the 900 mV. With
the

after

and,

after the

stimulation, rose to

triphenylmethyl radical

difference AU

solution, voltage
750-760 mV, the

rose to 1050 mV. When both solutions were

was and,

stimulation,

uged, in contrast, the wvoltage difference AU was
already 950-950 mV, and, after the stimulation, rose to
1100 mV.

Table 1 shows, by way of example, the voltage and

current values measured on an inventive power genera-
tion device for further combinations of electrodes arnd

separating layers.

Table 1: Test results
Material of the Zwitterion Measurements
electrodes and/or free
radical
lst electr. 2nd electr. Voltage/V | Current/ma
C Zn Ph.C" 0.6 C.3
C Zn Ph,C" 0.6 0.3
¢ Zn Ph,C- 0.6 0.3
C zZn Ph,C- 0.6 0.3
C G Ph,C- 0.6 0.2
c $n Ph,C- 0.6 0.2
C Sn Gly 0.55 0.25
C Sn His 0.50 0.20
c Sn Gly, His 0.7 0.2
C Sn Gly, Hig, 0.75 0.55
Ph,C-

Sn Sn Gly, His 0.4 0.03
Sn Sn Gly 0.1 0.08
Sn Sn His, Ph,C 0.75 0.2
Sn Sn Ph,C- 0.8 0.3
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Legend: C: carbon; Zn: zinc; PhyC : triphenylmethyl; $n:
tin; Gly: glycine; His: histidine.

In general, 1t can be stated that the voltage achiev-
able depends on the type of zwitterion or free-radical
compound used, on the solvent system, on the concentra-

tions, and on the type of electrodes and the external
load.

The inventive devices for power generation are particu-
larly suitable as energy stores for loads with long run
time and low power consumption, for example for medical
implants.

Example 2

A further configuraticon of an inventive device is shown
schematically in figure 2, in a cross section. The
device 6 shown comprises a rod-shaped inner electrode
1, a separating layer 3 which completely surrounds the
latter, and an outer electrode 2. The device is further

provided with a suitable insulation layer 5a.

An experimental device according to figure 2 was
constructed from a first electrode in the form of a
rod-shaped carbon electrode 1, around which a prepared
gseparating layer 3 was wound. The separating layer 3
congisted of cotton gasuze asgs carrier wmaterial, which
had been impregnated with a solution of 1 g of
triphenylmethyl in 3 ml of water. Around this was
placed a second electrode 2 in the form of a zinc sheet
cuff, which surrounded the first electrode 1 and the
separating layer 3 in a form-fitted and force-fitted
manner. The =zinc sheet cuff had a length of 15 mm in
the longitudinal direction of the carbon electrode, and
an internal diameter of 8.8 mm. The sheet thickness was

1 mm.
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Both electrodes 1, 2 possessed electrical connections
11, 21. Finally, insulating tape 5a was wound around
the device 6. After the completion of the device, a

voltage U of 1.08 V was present between the two elec-
5 trodes.

In another preferred embodiment, the separating layer,
after the impregnation with the triphenylmethyl solu-
tion, can be dried and then wound around the first,
10 inner electrode. After the separating layer 3 has been
surrounded by the outer electrode 2, the separating
layer is finally impregnated once again with

triphenylmethyl sclution.

15 In corder to measure the internal resistance R; of the
inventive device, an electrolytic capacitor with a
capacitance of C = 470 puF, which had been fully
discharged beforehand, was connected to the two elec-
trodes of the device. The voltage U across the capaci-

20 tor was recorded as a function of time t. The results

are shown in figure 3(a).

The voltage across the capacitor is governed by the
formula U = U;(l-exp(t/RiC)) + Up. Fitting the test
25 results in figure 3(a) gives U = 0.294"(1-
exp(—0.734*t)) + 0.752, which results 1in an internal
resistance of the device of R; = 174 kOhm (+ 7%).

The device was subsequently sgsubjected to an external
30 stimulusg, and to form the degired internal structures.
For this purpose, the device was connected to a voltage
source with a voltage of 6.6 V for 20 geconds (plus
pole to the first electrode, minug pole to the second
electrode), and the current flow was limited by an
35 appropriately selected internal —resistance of the
voltage source. The wvoltage curve measured after the
gstimaulug ig shown in figure 3(b). After the stimulusg,

the result is a higher voltage across the device.
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completion of the device was U = 1.02 V.

In another preferred wvariant, the separating layer is
repeatedly impregnated with the glycine solution and
20 dried, and, after the assembly of the device, the
separating layer is impregnated again with the glycine

solution.

Analogousliy to example 2, the internal resistance R; of
25 the inventive device was again measured, by connecting
an electrelytic capacitor having a capacitance of
C = 470 uF to the twe electrodes of the device, and the
voltage U across the capacitor was recorded as a func-
tion of time t. The results are shown in figure 4(a).
30
Fitting the abovementioned formula U= U {1-
exp({t/R:C}) + Uy to the test results in figure 4 (a)
gives U = 0.132"(1-exp(-0.321"t)) + 0.874, which gives a
value of R; = 40 kChm (* 11%) for the internal resis-

35 tance of the device.

Analogously to example 2, the device was likewise

subjected to an external stimulus with a voltage source
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25 voltage source at 9.4 V, the result after 10 minutes

wag a voltage across the device of U = 1,55 V.,
Example 5

30 An inventive device was ©prepared analogously o
example 2, with a solution of 1 g of triphenylmethyl in
9 ml of water. The carbon electrode used is the
electrode of a 1light arc lamp. This results in a
voltage ¢f 1.1 V. The device was subsequently subjected

35 to an external stimulus of 8.5 V for 15 seconds. After
10 minutes, the external stimulus was repeated. After
five more minutes, the result was a voltage across the
device of 1.21 V.
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vol tage source at 9.4 V, the result after 10 m nutes was a vol tage
across the device of U= 1.55 V. Exanple 5 30 An inventive device was
prepared anal ogously to exanple 2, with a solution of 1 g of
triphenylmethyl in 9 m of water. The carbon el ectrode used is the
electrode of a light arc lanp. This results in a
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conpound is an ag Y AC d,fx%%qgcdldqlclaﬁ %o;a{%,g) we@l  amno acid, and
preferably glycine or histidine. evice as cl ai rred inclaim

1 or 2, charac-
10 2. The device as claimed in claim 1, characterized in

that the zwitterionic compound is an amino acid,
especially a natural amino acid, and preferably
glycine or histidine.

15 3. The device as claimed in ciaim 1 or 2, charac-
terized in that the free-radical compound is a
stabilized organic free radical, especially an
aromatically trisubstituted methyl radical, and
preferably triphenylmethyl or a derivative

20 thereof.

4. The device as claimed in any of the preceding
claims, characterized in that the separating layer
{3) has a carrier material.
25
5. The device as claimed in claim 4, characterized in
that the carrier material is in the form of a gel

or solid.

30 6. The device as claimed in c<cliaim 4 or 5, charac-
terized in that the carrier material comprises a
textile fabric, preferably a woven or nonwoven

made from cellulogse, egpecially linen oxr cotton.

35 7. The device as claimed in c¢laim 4 or 5, charac-
terized in that the carrier material comprises a
cellulose-containing and/oxr chitin-containing

material.
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gener atjon according to any of clainms 1 to 11, 25 characterized in
that the conbinatjon of the two el ectrodes (1, 2) and the separating
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the second (2) electrode has been coated with a
material suitable for c¢old electron emission,

20 preferably by sputtering, vapor deposition or
plasma coating.

12. A process for producing a device (6) for power
generation according to any of claims 1 to 11,
25 characterized in that the combination of the two
electrodes (1, 2) and the separating laver (3) is
followed by application of an external wvoltage
between the two electrodes (1, 2) for a particular

periocd.



