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phot oact i ve wemoogmeiagl or nanoparticles encl osed in surfageryepiiosoiRs2
The present invention relates to the field of solar cells, especially

t hat of hybrid organic 5solar cells. Such solar cells are known,

inter alia fromUS 6,878,871. This docureht describes a solar cell in
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reconbi naj i ogplanicéllsi n the solar cell. 15 It is thus an object of the
invention to provide a hybrid organic solar cell which has a higher
power efficiency with at |east insignificantly worsened, preferably

even the SangRloll BRI n 'R Hohl B8 6,839 839 30 o uhl'ahédeg&%% §%lar
a solar cell according to Carm1 of the présent |nven

provi ded. Acetiagiwhihyhe Rnﬁcdnductmaiahoﬁatiqbﬁsmp@a&dged:mnmplﬁnltoagtnaetlajree.ast
one type of sem conductor nanoparticle surrounding at |east one

phot oactive surfactant material in at |east one part of the
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bei ng surrounded by such a surfactant material, a significantly
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organic matrix, for exanple a sem conductive polynmer, within the

phot oacti ve neéwgr@wmmat@mvaﬁmt@msolarcellz - "Surfactant material" | n
the conte $<t of the present invention is understood to nmean especially
a material which consists essentially of nolecules which contain a

pol ar head It is thus an object of the invention to provide a hybrid organic solar cell which has a higher

power efficiency with at least insignificantly worsened, preferably even the same or

improved other properties.

20 To solve this problem, a solar cell according to Claim 1 of the present invention is
provided. Accordingly, a solar cell is proposed, comprising at least one type of
semiconductor nanoparticle surrounding at least one photoactive surfactant material in at

least one part of the photoactive layer.

25 By virtue of the semiconductor. nanoparticles. being surrounded by such a surfactant
material, a significantly increased rise in efficiency can be detected within a wide range of
applications of the present invention which - without being restricted to such a theory - is
attributed to the improved charge separation at the interface between nanoparticle and
semiconductive organic matrix, for example a semiconductive polymer, within the

30 photoactive layer of the solar cell.

“Photoactive” in the context of the present invention is understood to mean especially that

light is absorbed by generation of excitons.



group (for exanple - but not restricted to - a carboxyl, am ne,

t hi ol-, phospivetosos30d phate 5 group) and a nonpol ar tail l&f’ﬁﬂpmosmmzsz
" Phot oactlve surfactant material"™ in the context of the present

i ivention is understood especially to negn that the at | east one
surfactant material has a hi ghest occupi'e%l‘ nol ecul ar orbital (HOMO)
and a | owest unoccupi ed nol ecul ar orbital (LUMD) whose energetic 10
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nul ti-ar ”Ed d&dfo'irltﬁb esurroundisg -orgamc matrix, for example a semiconductive polymer, is

improved.

At the interface of a type 1] heterojunction, the matertal with the energetically lower LUMO

20 is also known as acceptor, and the matenial with the energetically higher HOMO as donor.

“Semiconductor nanoparticles” in the context of the present invention are understood to
mean, in particular, inorganic materials which have an essentially crystalline or
approximately crystalline structure, have a band gap of = 0.5 to < 3.5 €V and, on average,
25 have a characteristic size dimension in the range of > 1 nm to < 50 nm, preferably >
1.5 nm to £ 40 nm, more preferably > 2 nm to < 30 nm. Characteristic size dimension in
the context of the present invention is understood to mean the measurement of the
nanoparticles which is crucial for their physicochemical properties. This is the diameter in
the case of spherical particles, the rod diameter in the case of elongated particles, for

30  example rods, and the arm diameter in the case of multi-armed particles.

The semiconductor nanoparticles are preferably from the group of the II-VI or III-V

compound semiconductors (e.g. CdSe, CdTe, InP) and mixtures thereof.



In a preferred enbodi nent of the present invention, the at |east one
phot oact-i ve weyfoagi@nds material conprises a p- and/or n- qu@Hﬁi’idéﬁmmzsz
material. 5 In a preferred enbodi nent of the present invention,
coverage density of the sem conductor nanopartlcl e surface with at

| east one photoactive surfactant material®is > 50%to < 100% nore
preferably? 80%to < 100% nost preferably? 95%to < 100% A
coverage density of 100% neans in particular that the surroundi ng
organi ¢ nat r]h&# rrEtPerﬁQodillhEtﬁCJf tEePPbRnt mRJﬂttitoHethﬁ &0 9& %ﬂy@ active surfactant
nanoparti cl es he nol ar proportions of

materi al s mntthlealphmpwstalpvméé@matmdmtwcnmtml al may vary bet ween 0%
and 100% but preferably between 20% and 80% More preferably, the
ratio of the nolar proportions of the p- and n-conductive materials

in the 15 phat eagitfered sesﬁﬁoaﬁﬁ@mtomteebfe@éml Svbdhog! Stﬁ‘é BeopéngéOtiEﬂs@t?abf the
to the ratio of the absorption (optical density) of

n- conduct i véem@mtr@n@pamqie syiase a'mh a;dmt om:ephot@acuw b:nrfagtatlbmaltmal is >

the p- conduct{0e° ot Brh B BB BB 0.SP0leh e pieily 3 BRI 2000

material in the phot oactlve surfact ant material, correspondingly an
or pis the absorptlon of the n- p- conductlve material n of the
sol ar cel | ahEOEHES F%S‘tbfl’?él‘%%mf‘étlﬁ WlPFVICBlFI thritha surzvadise erasaigaRatie has no

phot oact {ive §iikfR 5};%%5 a ﬁﬂm the 25 factor Ais > 0.05
and < 20, pre erafa ido h'icug rm?e preferably? 0.8 to < 1. 2.
As a result, it is p055|ble I n many applications within the present

i nvention t rove the efficiency of transport of the
carriers in Heahq! erqeRogEengiof e BP&?"e‘P “SRndreS mq{eqqgselndlpqé@gqa%veosprfactant

N- conduct Or Syathl] Gy varytavddh D9FAdABORS bR PFARAHGHRAWEn 264 and 80%. More
preferably, the ratio of the molar proportions of the p- and n-conductive materials in the
15  photoactive surfactant material is inversely proportional to the ratio of the absorption
{optical density) of the p- and n-conductive components of the overall solar cell according

to the formula

n a, o
P
=422

n ap Op

n

20
wherein n,, is the molar amount of the p-conductive material, n, is the molar amount of the
n-conductive material in the photoactive surfactant material, correspondingly a, o  is the
absorption of the n- or p-conductive material n of the solar cell and o, o , is the
conductivity of the n- and p-conductive photoactive surfactant material, and where the
25 factor Ais> 0.05 and < 20, preferably > 0.5 to < 1.5 and more preferably > 0.8to < 1.2,

As a result, it is possible in many applications within the present invention to improve the
efficiency of transport of the charge carriers in the required direction (electrons in the
direction of n-conductors, holes in the direction of p-conductors).

30
In the case that, for example, the p-conductive polymer has a higher absorption, it is

desired in a preferred embodiment of the present invention that electrons are transferred to



- 4 - the n-conductive sem conductor nanoparticle to an enhanced
degree, and wahdogsres43pr oporti on of n-conductive, photoact iner/EP2008/001252
surfactant material is thus preferable. In the case that the

p- conductive polynmer has a | ower absorption than the n-conductive

sem conduct or nanoparticles, it behaves ih the reverse nmariner in a

preferred enbodi ment of the present 5 invention. The procedure shoul
be anal ogoug;?l? W'&O"@P‘étfvé’r feéﬁcg}‘flﬂfjtm rﬁ?ﬂ?pa&f"ff He é’&@ﬁ‘f&{ rﬂ?gﬁ‘f‘?’i GJPFP i % %‘E?‘Gr
the pol yner prépdtiebEihlebhdagtivd) Bhétbutis e FnERnaY flafiHaNANRRASIfbRS IRHR case
p- conducti ve, In a gr eferred enbodi nent of the present invention,

t he seni condb@ttse pearfetya politeer has & lower abssmiivadhinmthe nishodustive semiconductor
organic matrj -pho ' Lec "matrix" in the contex f, the
pr esent inveﬂr‘;’éSl ?%drﬁlh('ﬁ%’ hﬁ%@%‘}se ¥g% e%%v%%r PR & @ Ber}%e;aner?cq?gfm%{& of the present
sem condutt iixeentiogdTheCpobddard shouMi Bidharilopoid APA erdi@nd @sHRdRngt SPtHeaRk®nt
HOMO- LUMO posi tions _envel ops the nanopartides conpletely apart from
contact 15 rigtingas Bethiersiymtie it anwpdedtive| and Hhed sermiepriiictor cryinpprstieles are
char ge- di ssiﬂg%}dg&i@! ectrodes. A suitable band gap is possessed by

the materi al en the contact with the sem conductor nanoparticles
used gives rise to the type Il heterojunction known to those skilled
in the art. In a preferre enbggihrrent, the energy difference between

Q mgnrt t

the LUMD of PHePTSEEED BORSER Y REOR IR’ SCTRISANGYSIRE @angparticles are

t heoreti gal |éﬁ1@gg\gdq){§%@m£§ﬁgiof%hicmutiﬁge of the solar 20cell is as
hi gh as possible. In the case that the acceptor has a higher

absorption than the donor, in a preferred enbodi nent, the energy

di fference bgtyeen .t he HOMO, of, .t he gcceptor d the HOVD of .t he,daonor.
minus the eXbPIBREBIRATRTCIBHEY M t5cisehoL s meem miion ip lgdggjood in
this 25 energicliat fteheagehdts SRfi@nBIGHeA Nk RRlcHRERRh Q. &Rat9Y bad odp and
0.3 eV. In the case that the donor has a hi gher absorption than tﬁe

acceptor, i rfuiaile BOMPdAMRmeditipeenvelopethe naropgrtigles templately dpatt flemrrcontact
A P R
di fference isuitiBlé ®andl gdpeis okytsdes yahe thatridbwhdh aiRcontadt Witk Vhe semiconductor
nanoparticles used gives rise to the type II heterojunction known to those skilled in the art.
In a preferred embodiment, the energy difference between the LUMO of the acceptor and
the HOMO of the donor and hence the theoretically achievable terminal voltage of the solar

20  cell is as high as possible.

In the case that the acceptor has a higher absorption than the donor, in a preferred
embodiment, the energy difference between the HOMO of the acceptor and the HOMO of
the donor minus the exciton binding energy is between > (.01 eV and < 0.6 eV; this

25  energy difference is more preferably between> 0.05 ¢V and £ 0.3 eV.

In the case that the donor has a higher absorption than the acceptor, in a preferred
embodiment, the energy difference between the LUMO of the acceptor and the LUMO of
the donor minus the exciton binding energy is between > 0.01 eV and £ 0.6 ¢V, this

30 energy difference is more preferably between> 0.05 eV and < 0.3 eV,

In a preferred embodiment of the invention, the organic matrix comprises at least one

photoactive, semiconductive organic substance. In this case, the (1) semiconductor
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vi.ce versa. In order to ensure electron flowin the cathode

direction, the LUMO of the surfactant 5 tmterial nust be at a higher
energy than that of the usually n-conducting material but |ower than
the LUMO m masopahttcl@X eiadyonsuRily dhen @-sefmedopituciive t4 vl aldadicP maeixd usialyep-
material, such that el ectrons can be discharged into the n-conductive
mat erial . ERIBEYCHYVE,(O0R E)E¥CEHR t he surfactant material nust be at a

hi gher energy than that of the usually n-conductive material but

| ower than that of the usually p-conductive material, such that hol es
can fl ow 10 Inrdrderttheensurgahécoromdlon in thedcati®de dirkctichh heaDUNE) @F HIRC fuirBiBtant

The positjon of .the LUVD of .the surfactant, materjal in the first case
(1) is prgef dPalge @F@%@tﬁgﬂﬁlﬁa@%&ﬁ ﬂ’eﬁ%‘é’rﬁﬂ??dﬁa%] DsFOEsyIsaRateral But lpyer

order that the SeriRabARimEBhE L Gon %mfg %d%}%so@thg%ualpgyy%ogﬂgﬁ%tﬁﬁeﬁal,

barrier for the transport of electrons ne partic e next
up to the cantiothet eldtirone nar hedischasgeddntatthon-codducties inblefsl. Efually, the HOMO

surfactant (the L of the.surfactani, being slightly higher) 15 d,
o Conduct | vet A BERPER oY st PR G TighE ey St e i woeupegsductive
0.3 eV and Raériddbef Ra@Ptidn that of the Visudll) pPEMIEARE mahAE 48E thidWoles can flow
di fference between the LUMOs of p-condidctive pol yner and n-conductive

nanopar t 1&| éntertheenghnrie matrix snddeneasindhe driod¢ dinedtipn.gFhearositinaof thad.(Bvi@rogyhe

di fference i ficlent . i abqut sepanatipon of .t he.hound.
el ectron- holsért%%%"rt "?%%%\t] t%g?ebgésﬂgﬁt@g 5 P eﬁ%b?%ﬁg’g? g‘i H’ép %B}frﬁemm.onducwr
Cor r espondi nghypartidle i2 @rdee $hat it supfacthitemiteNdD dofstivites & 9698w GASRetibarrier
is pref erablfy close to that of the sem conductor nanoparticle in

R

order that tfAkths transpertof elegtons rom onpaparticls oy the mext vprie thecathode sfiheicaergetic
for the tra i t !
the anode, - TRETaiontl the BB shlsilnd e BEMQ Bt el frfhy B sliBhbhighen
eV, nor elypr ahémnadohyuctive ndnophftialeds presiralily &f @6@Wb), yhore freferablf < AB3 ¢V and most
According to the jinvention, the arrangenent of the energy |evels of
t he surfact eﬂﬁ?fglﬁﬁltye?i a(%-Le‘énéP SPY 1938 TNEREr the ddtersnse at{e?‘i’/@“t e JrfgMOs of

another 1S H-&haiaReYoobthaCat-2ifebiiPhinofiRtlE! A Chulb M g@té\}eﬁfly

t B2
- LUMOJ( nano) ‘for p-co Ive surfactant materials nano HOMO( nan
- LUMX nano) @t that the energy difference is sufficient to bring about separation of the bound

electron-hole pair (exciton) generated in the absorbing material. Correspondingly, the

20 position of the HOMO in the second case (2) is preferably close to that of the
semiconductor nanoparticle in order that the surfactant material has a very low energetic
barrier for the transport of the holes from one particle to the next up to the anode. The
energetic separation of the HOMO:s is preferably < 0.6 eV, more preferably < 0.3 ¢V and
most preferably < 0.1 eV.

25
According to the invention, the arrangement of the energy levels of the surfactant materials
and of the nanoparticles relative to one another is preferably selected such that:
AE - . .
st > HOMO(nano)+ X —LUMO(nano) for p-conductive surfactant materials
AE .. HOMO( nano }+Y ~LUMO(nano)
30

and/or



-

-6- AEnufaaaa >HOMJ( nano)- X -LUMX nano) for n-conductive
surfactant neos0esd®I30AENano - HOMO( nano )-Y -LUMO(nano) pdRER2068061252
selected within a range of 0 <Y < 1.5 eV, nore preferably 0.1 <Y <
0.8 eV, and X within a range of 05 X < 16eV, nore preferably 0.1 < X

< 0.5eV. 51n a further preferred enbodinent, the surfactant

mat eri al abs%bs at t in part of the wavel ength range in which
sunl i ght hasﬂ%mﬁﬂ@%m L R AQondlctivibidrtacRnt MASHAPt | on
of s> 104 nil AZpyef eH@MIXnar0)-10-BUMPHwrohore preferably e? | 0-2nnit

and hence contributes actively to the generation of excitons in the
phot oactive | ayer of the solar 10 cell. At the sane tine, the

absor ption i whdrelyat ededid witein Unhide@sd ORI L Q4 e\sﬂ,%ﬂ&btpvefé?%lg@ 198 < 0.8 eV,
relationship OD = td. The synbol d corresponds here'to th [‘ayer

t hi ckness ofandRewihinfagengernt OrmXes ilaV, avooeprdferdbly ¢ &6 Eah@boivor
nanopartig:l es. In a preferred enbodi nent of the present invention,

the matrix conprises an organic 15 polyner. This has been found to be

advant ageouskni fuifey préfpled Gaibo@iRfent thd ARfPRASHRerihlIbRRYLE AN 1dadl ih hatt dftthe
is thus possible in a sinple manner to build up the desired solar
cel |, for exwustisicagthypngs innwhighy seigbtbas s dighripeasitye@00 @onty A000grm)pvith an

definitions: _;wtHhi apti ngd.t cl.ai s eral gr S,-
for 20 exanqugrg{?‘{ggﬁ Q%I E@i@/‘{l ’aéljﬂ%&gﬁ’cg? g(fg e%l’a?%ﬁ%@gﬁe%%r%l and
Unl ess st at ditnad dtribfuss actively foahd ganengo bDeRRomY g tiY sHotsaeideylayts 6flthe solar

within the generally described groups. in the context of the present
i nventi ol Byt thejsams timg, dhe,absamptiar isaelatssl 1g) the paitlegspptical density OD in the

relationship OD =g'd. The symbol d corresponds here to the layer thickness of the

surfactant material around the semiconductor nanoparticles.

In a preferred embodiment of the present invention, the matrix comprises an organic
15  polymer. This has been found to be advantageous in many applications of the present
invention in that it is thus possible in a simple manner to build up the desired solar cell, for

example, by printing or casting processes.

General group definitions: within the description and the claims, general groups, for
20 example alkyl, alkoxy, aryl etc., are claimed and described. Unless stated otherwise, the
following groups are preferably used within the generally described groups in the context

of the present invention:

alkyl: linear and branched C1-C8-alkyls,
25

long-chain alkyls: linear and branched C5-C20-alkyls,
alkenyl: C2-C8-alkenyl,
30 cycloalkyl: C3-C8-cycloalkyl,

alkoxy: C1-Cé6-alkoxy,



| ong-chain al kyls: |inear and branched C5-C20-al kyl s, al kenyl:

C2- C8- al kenywO B0syed3onl | cyl : C3- C8-cycl oal kyl, al koxy: CpCEHERRI0SHOY1252
- 7 - long-chain al koxy: linear and branched C5-C20-al koxy,

al’l cyl ene: selected fromthe group conpri;ing: 5net hyl ene;

1,1-ethyl ene; 1,2-ethylene; 1,1-propylidene; 1,2-propylene;
1,.3-propyl ene; 2,2- propylidene; butan-2-01-1, 4-diyl,

propan-2-0l-1, 3-diyl; 1,4-butylene; cyclohexane-1, 1-diyl,;

cycl ohexane-ibngcihiy diko:6Y Gheh exdh@andhed C3L0EE-alkdG) ohexane- 1, 4-di y1;
cycl opent ane-1, 1-di y1; cycl opentane-1, 2-diyl; and
cycl opentane-1, 3-diyl, 10 aryl: selected fromaromatics having a

nmol ecul ar V"ezij!%g%neb&lle%}'&d%po% @g?%y oﬁ{ﬂﬁ'singzel ected fromthe group

conpri si ng: phenylene; enyfFene?® 1, 4- phenyl ene;

1, 2- naphthal metiylens 1,11stBlarp hpetlydong] §DpiopdlidensandiphupyRAy. 1633propylene; 2,2-
2, 3- napht hal enyl ene; = 1- hydroxy- 2, 3- phenyl ene; ]
1- hydr oxy- 2, PFOPHERRS; Eﬁté?'zﬁlﬂ)ﬁjglbikwol’%‘zp%é Rydigh &4-tadene; cyclohexane-1,1-diyl;
151- hydr oxy- lhene, Y34 L] 2 h -1,1-diyl:
compr ] si ng: o PERRS200, cHRRLARIV S S AGREC | 2B R itkhe 1 1-dis
pyri dazi nyl ; cytloBerBarter li, 2diylyyand cyplopeatanery3:diylsoqui nol i nyl ;

qui noxal i nyl ; im dazolyl; pyrazolyl; benzimdazolyl; thiazolyl;

oxazol idinyl; pyrrolyl; thiophenyl; carbazolyl; indolyl; and 20

i soi ndol yj , ahesdectddi e hBhRAEN aviBY rgﬁe&%g‘f‘eg%htt BelbW06 pEpound vi a

any atomin the ring of the sel ectéd heteroar

arylene: selected from the group comprising: 1,2-phenylene; 1,3-phenylene; 1,4-phenylene;
1,2-naphthalenylene; 1,3-naphthalenylene; 1,4-naphthalenylene; 2,3-naphthalenylene; 1-
hydroxy-2,3-phenylene; 1-hydroxy-2,4-phenylene; 1-hydroxy-2,5-phenylene; and

15 1-hydroxy-2,6-phenylene,

heteroaryl: selected from the group comprising: pyridinyl; pyrimidinyl; pyrazinyl; triazolyl;
pyridazinyl; 1,3,5-triazinyl; quinolinyl; isoquinolinyl; quinoxalinyl; imidazolyl; pyrazolyl;
benzimidazolyl; thiazolyl; oxazolidinyl; pyrrolyl; thiophenyl; carbazolyl; indolyl; and

20  isoindolyl, where the heteroaryl may be bonded to the compound via any atom in the ring

of the selected heteroaryl,

heteroarylene: selected from the group comprising: pyridinediyl; quinolinediyl; pyrazodiyl;
pyrazolediyl; triazolediyl, pyrazinediyl, thiophenediyl, and imidazolediyl, where the
25  heteroarylene functions as a bridge in the compound via any atom in the ring of the
selected heteroaryl; especially preferred are: pyridine-2,3-diyl; pyridine-2,4-diyl; pyridine-
2,5-diyl; pyridine-2,6-diyl; pyridine-3,4-diyl; pyridine-3,5-diyl; quinoline-2,3-diyl;
quinoline-2,4-diyl;  quinoline-2,8-diyl; isoquinoline-1,3-diyl; isoquinoline-1,4-diyl;
pyrazole-1,3-diyl; pyrazole-3,5-diyl; triazole-3,5-diyl; triazole-1,3-diyl; pyrazine-2,5-diyl;
30  and imidazole-2,4-diyl, thiophene-2,5-diyl, thiophene-3,5-diyl; a C1-Cé-heterocycloalkyl
selected from the pgroup comprising: piperidinyl; piperidine; 1,4-piperazine,
tetrahydrothiophene; tetrahydrofuran; 1,4,7-triazacyclononane; 1,4,8,11-

tetraazacyclotetradecane; 1,4,7,10,13-pentaazacyclopentadecane; 1,4-diaza-7-thia-



het er oéryl ene: selected fromthe group conprising: pyridi nedi yl;

qui nol i nedi yWo0 1098/a0430i+y| ; pyrazol ediyl; triazolediyl;, pyrezi/mesiogloo12s:2
t hi ophenedi yl; and i m dazol ediyl, where the 25 heteroaryl ene

functions as a bridge in the conmpound via any atomin the ring of the
sel ected heteroaryl; especially preferred are: pyridine-2,3-diyl;

ridine-2,4-djyl; ridi.ne2, 5-diyl; ridine-2, 6-di ; )
B%’I di ne- 3, 43’81053’5‘&“% '46‘#1 a O’Sacﬁéi%n%' ﬂ%,ﬁﬁﬂéetgaagacéijﬂggodecane; 1,4-dioxane;
qui nol i ne- 2, 144 dltﬂrluacgabmbwq;y%oﬁdlﬁe Vand kﬁgg/afdwahne«h&&hélh%mam may be
diyl

|squ|noI|ne razol e- 1, 3-'di iyl, pyrazole-3,5

triazol e-3, 5bqatr19dﬂo tﬁqf ChEStalkyl vip-amyptom pythemngef the S‘-lwaﬁireter@yland
I m dazol e-2, 4-diyl, thiophene-2,5-diyl, thiophene-3,5-diyl; a
Cl- C6- heterocycloalkyl selected fromthe group conpri sing:

pi peri di nyl hdwr@@biodlkgllene beldetpd fRE6MARd sioup &cﬁﬁﬂrﬁhﬁgdﬁ@&ﬁulﬂ-ﬂ@ﬂ%c piperidin-
tetrahydrofuran; 1,4, 7-triazacycl ononane; 1,4,8,

t et raazacycl %@'éf{eflfézd’él?%ﬁ@“l“ﬂl@e@ol i@mlfabﬂ'af@!’él b@@ﬂﬁ%@c&hﬁlwemﬁl
7-thi a- 30LP 1
L i ava. 7 PR A AP B R Pl Sy RN Biperazin-1 3

1, 4- di oxane;yldned ] 4-iperdzi- a,dwdmﬂteﬁétr}drotlnw}reﬁlﬁﬁyleﬁe tﬁﬁﬁydrothlophené A4-ylene;
tetrahydropyra% %er%tg? r\eteroar may be bonded to

Cl- C6- al kyl tFapy %y P‘FFetf}tliahlgirﬁﬁUfaPr?é g'ev‘éé%t@mfﬂfefllé%%\f‘wene5

het er ocygj o 3o I d }

D1 por i £ 1 e it 2 S R YR SRS YRR, pyolifinc2.3-vlne;
1, 4- pi per azipyrblidinyl,2flene, b ynelpdlpdrbylene-, gyrelidine@:ylident; 1,4,7- tnazacyclonon—l 4-

D et o N 2 ekt SO et BB a0 Yoy plapgr2.9vtenes 14,7

1, 4- pi per az'tﬂaﬂacﬂcld(ﬂo%% P{feﬁé nagyy. ﬂff@ﬁé}bﬁﬁ&ﬁ@fz%ﬁllﬁed@‘ ‘?Q% llutetraazacyclotetradec-
tetrahydrothlophen- ene; tetrahydrot hi ophen- 2

t et r ahydr of ulr,’érmleze,&% éhéetra@@tcy@tﬂmd@wﬁaﬁer& h,4;81,1drtetraazacyclotetradec -2,3-
10tetrah rofura 4§ 13“ | ene

S rol Ll Sy RieRiaghs §1Yeeﬂ%51 AR F M maanyclotgraeqs | 2:viene:

pyrrolidi n 1 38Mﬂ&ét&azd@¥élbt@irﬁdﬂ:b&-22ylﬂieﬁé ll 7\80-tetraazacyclododec-1 4-ylene
1,4,7-triazacyclonon-1,4- ylene; 1,4,7-t azacyclonon 2,3-y

1, 4, 7- t ri azabddilBrerazacyclgdodae1,71ylency 1 4t7sloatzlaw@q3félﬁ€9des-182 ylre@qaé“ 10-
It | az ?8%&%9@%%@&2% ggﬁé“? 4,71 (e %g%z@k@%@&@%ﬁh&%ﬁf 5398G3-

1,4
1, 4-yl ene; raazacycélotétra

1, 4, 8, 11-t etpeanzacydbmnadeat dglene3t 4, 1591léq;entaazacyclopentadec-l 7-ylene;
1,4,8

1,4,8

1 : : iiét{ gt {,;iéﬁgg%egégaggg%@ntgﬂe}%% gd(r%:ge 1,4,7,10,13-pentaazacyclopentadec-1,2-
ylene; 1,4,7,10,13-pentaazacyclopentadec-2,2-ylidene; 1,4-diaza-7-thia-cyclonon-1,4-
ylene; 1,4-diaza-7-thiacyclonon-1,2-ylene; 1,4-diaza-7-thiacyclonon-2,3-ylene; 1,4-diaza-7-
thiacyclonon-6,8-ylene; 1,4-diaza-7-thiacycionon-2,2-ylidene; 1,4-diaza-7-oxacyclonon-
1,4-ylene; 1,4-diaza-7-oxacyclonon-1,2-ylene; 1,4-diaza-7-oxacyclonon-2,3-ylene; 1,4-

25 diaza-7-oxacyclonon-6,8-ylene; 1,4-diaza-7-oxacyclonon-2,2-ylidene; 1,4-dioxan-2,3-
ylene; 1,4-dioxan-2,6-ylene; 1,4-dioxan-2,2-ylidene; tetrahydropyran-2,3-ylene;
tetrahydropyran-2,6-ylene; tetrahydropyran-2,5-ylene; tetrahydropyran-2,2-ylidene; 1,4,7-
trithiacyclonon-2,3-ylene; 1,4,7-trithiacyclonon-2,9-ylene; and 1,4,7-trithia-cyclonon-2,2-
ylidene,

30
heterocycloalkyl: selected from the group comprising: pyrrolinyl; pyrrolidinyl;
morpholinyl; piperidinyl; piperazinyl; hexamethyleneimine; 1,4-piperazinyl;

tetrahydrothiophenyl; tetrahydrofuranyl; 1,4,7-triazacyclononanyl; 1,4,8,11-



,4,8,11-fetraazacyc|otetradec-2,2-y|idene;

4,7, 10- t et wepsdg/Ne430godec- 1, 4-yl ene; PCT/EP2008/001252
4,7,10-tetraazacycl ododec-1, 7-yl ene;
4,7,10-tetraazacycl ododec-1, 2-ylene; 1,4,7, 10-
traazacycl ododec- 2, 3-yl ene; 1,4,7,10-té3?macyclododec-2,2-y|idene;
;4,7,10, 13- pentaazacycl opent adec- 1, 4-yl ene; .

4,7, 10, 13%&?&%@’2@&}@3@5&%& h&é’eﬁﬂ?-ﬁcy%@@éydopmtadecanﬂ: 1,4-diaza-7-
1,4,7,10, 11%-39?&&%% YCA 8RSNY RALE s Forom¥kyE 4,7, 10-tet ! 1,4~
4,7,10, 13- plen aaza?f}g’l dpent adec- 1?%?1%9?(&3%&’ +7:10-tetraazacyclododecanyl; 1,4

4,7, 10, 13- gexanyia dci tritipeyloadenyl? frabydropgmenyl; and oxazolidinyl, where the

j: g: :; Z: ;:lﬁqqérg@%{q%ﬁgﬁg , &ézlfcgpfl%ci]tgq}?e compound via any atom in the ring of the selected
, 4- di azas 7- fdidraGMakRRN- 2, 3-yl ene; 1, 4-di aza- 7-
hi acycl onon- 6, 8-yl ene; 1, 4-di aza-7-thi acycl onon-2, 2-yli dene;

, 4-di aza- 7- oxacycl onon- 1, 4-yl ene;

, 4-di aza- 7- oxacycl onon-.1. 2=yl ene: 1.4-di azas: 7 oxacycl onon- 2, 3-yl ene;
1 4 20 ar O lFER ot kY Ry apypprsie: ¥ €% BraAd
1, 4-di aza- 7- oxacycl onon- 2, 2-yl i dene; 1, 4-di oxan-2, 3- yl ene;

1, 4-di oxan-2, 6-yl ene; 1, 4-di oxan-2, 2-ylidene;

t et r ahydr opykaleplkyl:seleptee fomthe eranp eerapnsingmoNs, dit, éirepoly- and perhalogenated
t et rahydropyt.an- - ~ bel ydropyran-2, 2-ylidene; 1,4,7-
trithiac@@loﬁgﬁ{%wgy%k§%§?1§€hggﬂtrithiacyclonon-2,9-y|ene; and
1,4,7-trithia-cyclonon-2,2- ylidene, 30 heterocycloal kyl: sel ected

fromthe group ¢ rising: rrolinyl; pyrrolidinyl . nmorpholinyl:;

pi peri di nyl ;psawglg'gg?wa?ﬂ RGBT PEHRImATISIRg f}\krﬁlﬁeﬁéﬁim "N,
tetrahydroth@geﬂgnyl; tetrahydrofuranyl; 1,4,7-triazacycl ononanyl;
1,4,8,11- - - tetraazacycl ot etradecanyl ;

1,4,7,10, 13- pent aa7acycl opent adecanyl ; 1, 4-di aza-7- thiacycl ononanyl ;
1, 4-di aza- 7- oxa- cycl onpnanyl ; 1,4, 7, 10-tetraazacyc] ododecanyl; 1, 4-

i oxany| 15 1. Bp e AR e FllAe ol Al AP YA R ot e general
oxazol i di nyl grouhigdiitidds: heterocycloal l cyl may be bonded to the
conpound via any atomin the ring of the sel ected 5heterocycl oal |l cyl,
hal ogen, selected fromthe group conprising: F, C; Br and |

hal oal | cyl : l,ected fr.omith r-ou onprising nono-, di-, tri-,
pol y- and peaﬁgﬁﬁﬁéﬁQFQﬁmE%af?E&%FRSﬁﬁ branched d - C8-al kyl ,
pseudohal ogen: selected fromthe group conprising -CN, -SCN, -QCN,

N3, -CNO, - SeCN. )
20  long-chain alkyls: linear and branched C5-C10-alkyl, preferably C6-C8-alkyls,

alkenyl: C3-Cé6-alkenyl,

cycloalkyl: C6-C8-cycloalkyl,
25
alkoxy: Cl-C4-alkoxy,

long-chain alkoxy: linear and branched C5-C10-alkoxy, preferably linear C6-C8-alkoxy,
30 alkylene: selected from the group comprising: methylene; 1,2-ethylene; 1,3-propylene;

butan-2-o0l-1,4-diyl; 1,4-butylene; cyclohexane-1,1-diyl; cyclohexane-1,2-diyl;
cyclohexane-1,4-diyl; cyclopentane-1,1-diyl; and cyclopentane-1,2-diyl,



15 Unless stated otherw se, the follow ng groups are nore preferred
groups wit hiWOr2488/H3lr al group definitions: alkyl: |inearPGIifBP2008/001252
branched d -C6-al kyl, 20 |ong-chain al kyls: |inear and branched

C5- C10- al kyl preferably C6- C8-al kyl s, ahkenyl: C3-C6-al kenyl,
cycl oal kyl : C6-C8-cycl oal kyl, 25 al koxy: Cl-C4-al koxy, |ong-chain

al koxy: lin f a

- B al Koy 3 Al et e e G e S e Rl hracenyl; and
met hyl ene; Iphenasthigriybne; 1, 3- propyl ene; but an-2-01-1, 4-diy1;

1, 4-butyl ene; cycl ohexane-1, 1-diyl; cycl ohexane-1, 2-diy1;

cycl ohexane-1, 4-diyl; cycl opentane-1,1-diyl; and

cycl opent anehrﬂlez%' shilocted ﬁdﬁﬂh%%ﬁ:bk@ﬂr%ﬁéﬁ’gl/ £B?éﬁ9ﬁﬁ@q132§1?eny1eﬁ9 1 4 ﬁr{e}s&lene

sel ected fromthe group rising: phenyl;  bi phenyl; naphth

ant br aceryl 1a2an@hﬁﬁlﬁﬂhlﬁtlh r1 phthaleaylynee aé*naﬁbﬂlelen)é@efané m}wﬁ@ng
conpri si ng: m§9 Qenylene 1, 3- phenyl ene; 1, 4-phenyl ene;

51, 2- naphth ehe; 1, 4- naphthalenylene 2,3-naphthaleny|ene and
1- hydroxy- 2, 6- phenyl ene,

heteroarylene:  thiophene, pyrrole, pyridine, pyridazine, pyrimidine, indole,

thienothiophene,
10
halogen: selected from the group comprising: F and Cl.
In a preferred embodiment of the present invention, the matrix comprises an organic
polymer of the structure
15

[
L]

n

where each R is independently selected from the group comprising unsubstituted, alkyl-
substituted and/or alkoxy-substituted arylenes and alkyl-substituted and/or alkoxy-
20  substituted heteroarylenes, and n > 2, preferably n> 4 to < 400.

In a preferred embodiment of the present invention, the matrix comprises an organic

polymer of the structure

) R,

[

25



het er oaryl ene: thi ophene, pyrrole, pyridine, pyridazine, pyrimdine,

i ndol e, thi ewotdoo®pjagme, hal ogen: selected fromthe & np GRAPEPRIHTI1252
Fand . In a preferred enbodi nent of the present invention, the
matri x conprises an organic polymer of the structure where each R
is independently selected fromthe gr ouplkbrrpri si ng unsubsti tuted,

al kyl - substi tut ed or al koxy-substituted aryl enes and ..

al kyl - subst iY‘EFE%BaCE%DBF“gl%k 13 e@&%@ﬂ?? ?Cé‘if{ P &roEPYR wrEisingly GhP. S,
2, preferably, i RAdQach 48P is ddlecRdPh&ipRhdEHy SHRP tHe "B Qc;mﬁllfk‘?n%]hydrogen,
present invention, the matrix conprises an organic pol r of the

structure 253kylvileoxy, andahis X #tr <cWOhpreferably 3 1i5rtd ot erore prefsdbdy e to <
fromthe gr conprising N, 0, P, S, Rl and R2 for each unit is
selected in endently fromthe group conprising hydrogen, alkyl,

al koxy, and nis > 4 to < 500, preferably? 15 to < 400, nore
preferably? 20 to < 300. S In a preferred enbodi ment of the present

i nvention, tlRes Resfaried erobpdimens ofthe Presanti wvesiopnthe watrixheomeprises ay rosganic
10 where eap&l%efr%hhggﬁ%tﬁ%it is independently selected fromthe

group conpri‘sing

10
where each X for each unit is independently selected from the group comprising N, O, P, S,
R, and R, for each unit are selected independently from the group comprising hydrogen,
alkyl, alkoxy, and n is > 4 to < 300, preferably > 15 to < 250, more preferably > 20 to <
15 150.

In a preferred embodiment of the present invention, the matrix comprises an organic

polymer of the structure



Rl and R2 for each unit are selected independently fromthe group
conpri si ng hwas s@eieastd Kyl , al koxy,- and nis > 4 to < 300,

preferably? 15 ?g < 520 nore preferably? 20 to < 15150. I%FTﬂanmmousz
preferred enbodi nent of the present invention, the matrix conprises

an organi ¢ polymer of the structure - 122 mhere each X for each

unit is independently selected fromthe group conpr|5|ng N, O, P, S

5 Rl and R2 for ea¢h unit are selected independently fff ofp t he group
conpri si ng hydroge al kyl, alkoxy, and nis > 4 to <{300
preferably? 15 to x50, mor @ preferably? 20 t In a
preferred enbodi nept of thepresent invention, g R rati o VA of
sem conductor 10 nang i /

'R

material to formthe/phot [ , 18 nanosur f act ant
" active |ayer at VAAs > 0.1| preferably?
0.2 to < 0.74, and)nohg .32 to 7§ 0.6. The|proportion

by vol une VA of thg¢ sem condud anoparticleg plus thejsurroundi ng

L

Ry

Ry

where each X for each unit is independently selected from the group comprising N, O, P, S,

5 Ry and R; for each unit are selected independently from the group comprising hydrogen,
alkyl, alkoxy, and nis > 4 to < 300, preferably > 15 to < 250, more preferably > 20 to <
150.

In a preferred embodiment of the present invention, the volume ratio VA of semiconductor

10  nanoparticles, plus the surrounding surfactant material to form the photoactive layer, is:

V et Vurﬁ:ctan:
V

active lnyer

VA=

and is selected such that VA is> 0.1, preferably > 0.2 to < 0.74, and more preferably >
15 0.35t0< 0.6.

The proportion by volume VA of the semiconductor nanoparticles plus the surrounding
surfactant material in the photoactive layer is, in a preferred embodiment, high enough to
ensure sufficient percolation paths to the corresponding electrode for discharge of the
20 electrons through the n-conductive material, or of the holes through the p-conductive
material. In a preferred embodiment of the present invention, the proportion by volume of
the semiconductor nanoparticles plus the surrounding surfactant material is at least

sufficiently high that the mean distance from the site of formation of an electron-hole pair



surfactant material in the phot oactive layer is, in a preferred

enbodi ment, KW@k RAG to ensure suff.icient percolation p (ﬁ
correspondi ng el ectrode for discharge of the 20 el ectrons ?F?@f&ﬁm’% 2252
n-conductive material, or of the holes through the p-conductive
material. In a preferred enbodi ment of thé-present invention, the

pr-oportion by vol une of the sem conductor nanoparticles plus the
surroundi ng Suthe gloseshpolymernrangpartisle dnterfecgds nefigréatesithan thy diffigtontlergth of the

w0 2008/ 10438 RCRELoe B ot 507 P10 Sgeq; 01O e PR

pol ymer - nanoparticle interface is not greater than the di ffusion
length of the el ectron-hole %alr whi ch i's approx. - 30 nm The
opti mal propoRt PRHMEPIORATHR Hé’BBWEFsquﬁnqﬁalﬁanp#HP@QQtloéﬁ§SI@§'@BI§ ialgp|op the

oo 5 BTSSR TAAPUAEL R Skl oo
devi atfa f rorrartmdlesrphrerpamdlessdmmc &ohetHeosﬁemal shape, Fer lo@ﬁhe:r isCB-br spherlcal
particles, en? 0.2 _an

f t,.
and nore pr eP ! e Be r?';\efg% b??q‘ggfﬁ 4 1"0"%836%%3 éed §h%é’é}dﬁ%ﬂfﬁ Ptqf@'ébly
havi ng an axbéwééiltﬂ* QTB ald atO éﬁ@‘ﬁ o8- siaaﬁ)éd dﬂaﬁm@s%@iﬁﬁ@%ém@‘i%%%? lgas]r% 1t

and < 0.65 and nore preferably between~”
limt of t helsmrefg@blmb@hvm 2y 611§rmed (&>005 286d trmr&prefwﬂo)y bativeny ¥ a)aﬂmﬂbﬂ @.6,

inth f | i ] odal - shaped,
o 1 o1 o001 + e e B iedrh By Lolumishb of5to 2h 48T Eveivais i the case
preferably b@ﬁwel 2r Qxi2 A6 (S )5 FoR llybb@al%lpéd rfaktPesOft %B@ld?}?t@ﬁ%ﬁs be

of the pol ypodes should be at | east an axis ratio of | east
5:1, the | owestwpéng t0.lo#nd i é.Ganspoereipofernbly beiweam>i @2 ad SUP.Sling tifezaxis ratio

it 2 s A RS e o 5 BB .

percol ati on RalhimitSf tegPopifion ho@LEh@R fdopfablRqst 0.0k £Y0.4)0! ume of
sem conductor nanoparticles can reduce the proportion of the polymer
featurinddabsorption in a particular wavel ength range. Therefore, in

a preferred motﬂésrgqmnté?fm &Nfultitude of applications within the present invention, the above

requirement regarding the percolation paths is also met. Too high a proportion by volume

of semiconductor nanoparticles can reduce the proportion of the polymer featuring
absorption in a particular wavelength range. Therefore, in a preferred embodiment of the
20 present invention, the proportion by volume of nanoparticles should be at most < 60%.
The total absorption of the solar cell in a multitude of applications within the present
invention will overall, in all probability and without being fixed thereto, be determined by
the composition of the three photoactive components (organic matrix, surfactant material,
semiconductor nanoparticles), their proportions by volume relative to one another and their

25 layer thickness.

In a preferred embodiment of the present invention, the surfactant material comprises a

p-conductive material, which has a hole mobility of > 0.001 cm?/Vs to < 10 cm%*Vs,

preferably of > 0.01 cm?/Vs to < 5 cm*Vs, more preferably of > 0.05 cm*Vs to <
30 2cm?Vs.

The at least one surfactant material preferably comprises at least one p-conductive material

of the structure



20 present invention, the proportion by volunme of nanopartides should
be at nost <waP%os/Abeo§ ot al absorption of. the solar cell i?C"f‘/Eon 8/001252
mul titude of applications wthin the present invention wl overaf”,

in all probability and without being fixed thereto, be determ ned by
the conposition of the three photoactive donponents (organic matrix,
surfactant material, sem conductor nanoparticles), their proportions
by volune relative to one another and their 25l ayer thickness. In a
preferred enbodi nent of the pnesent invention, the surfactant

mat eri al conprisesha p-condyc€tive material, which has a hole nobility
of > 0.001 cn2Ns tox< 10 cpNs, preferably of > 0.01 cn2Ns to < 5
cn2Ns, nore prefer .05 cn2Ns to < 30 2 cn2Ns. WO

2008/ 104301PCT/ EP2 14 - where each X for each unit is

i ndependently sel e tthe group consisting of N, 0O, P, 5 S R
and R2 for each fed i ndependently fromthe group

conpri si ng hydrogeh, | koxy, R3 is selected fromthe group
conpri sing carboxytate, am nes, thiols, phosphate, sul phate and n is

> 3 to < 15. In a preferred enbodi nent of the present invention, the
surfactant material conprises an 10 n-conductive material, and the

mobi ity within the surfactant material is preferably > 0.00001 cn
to < 10 cneN¥herp eagheX fo5)spchumt is dndepersicatly ssleeted fronpihs grouprasnsisting of N, O, P,
preferably? @. : : I t e rf

mat eri al %r e?’elga ;P/I%(I;i]grrr‘%)a(rall1 sf,ué]g m%{’é@ ]Ilé%g‘é %ndg%e-égﬁl-t@o nogﬁ@[%ig@%{%ncgf" & Flagtn%gggen’
of the structlkyle alkoxy, Ry is selected from the group comprising carboxylate, amines, thiols,

phosphate, sulphate and nis> 3to < 15.

In a preferred embodiment of the present invention, the surfactant material comprises an

10 n-conductive material, and the mobility within the surfactant material is preferably >
0.00001 cm?*Vs to < 10 cm?/Vs, preferably > 0.001 cm%*Vs to < 5 cm?Vs, more
preferably > 0.01 cm?/Vsto < 5 cm?/Vs.

The at least one surfactant material preferably comprises at least one n-conductive material

15 of the structure

where R}, Rz, R; and Ry are selected independently from the group comprising hydrogen,
20  alkyl, alkoxy, R4 is a single bond or an alkylene unit, and R;s is selected from the group

comprising carboxylate, amines, thiols, phosphate, sulphate.



where RI, R2, R3 and R6 are selected independently fromthe group
conpri si ng hY&208%H43®0 al kyl , al koxy, R4 is a single bon®QIVER2§08/001252
al. kyl ene unit, and R5 is selected fromthe group conprising

carboxyl ate, amines, thiols, phosphate, syl phate. WO

2008/ 104301PCT/ EP2008/ 001252 - 15 - The at | east one surfactant
material pr r | : =G L\VE . OE ' foeart
The st ruct ur oo & Rt e SRicB R mlert 5 o B AR SL Ry Be Ao Rl Bke Pora
group conpr icEitheptiagtdreogen, al kyl, al koxy, R2 is a single bond and/ or
an al kyl ene unit, and R3 is selected fromthe group conprising
carboxyl ate, am nes, thiols, phosphate, sulphate. 10 In a preferred
enbodi nent of the presentrinvention, the surfactant materi al

conprises at |east one nmatlerial having a solubility of? 10 g/1 to <
400 g/1 in at |eag ¢30) value of? 30 to <

42. "ET(30) val ue' , £ polarity of a solvent
based in the contegxt oRN Qt i on oOh the val ues which
have been publishked in Rei Rt r. Chem Forsch.

5
where R, and Ry are selected independently from the group comprising hydrogen, alkyl,
alkoxy, R; is a single bond and/or an alkylene unit, and R; is selected from the group

comprising carboxylate, amines, thiols, phosphate, sulphate.

10 In a preferred embodiment of the present invention, the surfactant material comprises at
least one material having a solubility of > 10 g/l to < 400 g/l in at least one solvent having
an Ep(30) value of > 30to < 42.

“E1(30) value” is understood to mean the polarity of a solvent based in the context of the

15  present invention on the values which have been published in Reichart; Dimroth, Fortschr.
Chem, Forsch. 1969, 11, 1-73, Reichart, Angew. Chem. 1979, 91, 119-131, and cited in
March, Advanced Organic Chemistry, 4th edition, J. Wiley & Sons, /992, Table 10.13,
p-361.

20 The present invention also relates to the use of a solar cell according to the present
invention for portable electronic applications (e.g. mobile phones, MP3 players, notebooks,
medical technology, etc.), for use in the automobile sector for generating electricity for
various electrical loads, for the use of semi-transparent solar cells in glazing for buildings,
greenhouses or automobiles, in watches, design objects, for the use of such a solar cell in

25 the form of a fully flexible and freely shapeable film, for stationary energy generation in the

form of roof and wall installations, or films for incorporation into items of clothing.



20 The present invention also relates to the use of a solar cell

accordi ng tow®eog@afpat i nvention for portable el ectroni Cpor/ppaneg/no1252
applications (e.g. nobile phones, MP3 players, notebooks, megl caP

technol ogy, etc.), for use in the autonobile sector for generating

el ectricity for various electrical |oads;l6éf-or the use of

sem -transparent solar cells in glazing for buildings, greenhouses or
aut onmobi | es, Thpaleamentiened fempgrenisisind dhase claimed: and descaibed ingthe orkimméxamples
cell in 25t r. : ibl.e and fre Shapeabl.e fi.l m .
for stati ona?tyﬁ/ %géﬁnﬁgéoé%ﬁéggl%oﬁﬁg ?ﬁr%e? {H%p’ ﬂ%?"rﬂ“&f" r%gf S‘&%d‘:%gﬂ‘ra{mn’ material
i nstal | ati onsgleation fandl echhies! dexipmr R #dti sabjettoOanyt RiiBcullr dkb&tidhilGeonditions,
16 - The afore tioned conponents and those clainmed and described in

t he worki ng é‘éﬁge t the selsptiqnaiteria ke wa inthe ield gfupe eandindwpe witheus restmiction.
terms of their size, configuration, material selection and technical
design, are not subject to any particular exceptional conditions,

such that thBurtlet detrils)featurcs end aiviatoges of the subjcki mlatkraff thsRivemivnfdré evident

use without restriction. 5 Further details, features and advantages

of the subj oEipmyihe f"é?PlaB’FS Wefrqf%{}@rﬁ’@?caﬁﬂ% E’h@I)if%@’ffS of thsaceprepanying dawiges,
and fromthe; P i 1 : %39 i s i

in which - bﬁgﬁﬁow e‘ggyn%\ﬂlq%’&?lpfsegvggg?al %’F%%S e a?r% es 1g?engi%@%lglg§ell are
i nventi ve sobtmwnchlthe drawirgsown. In the drawings: 10 Fig. 1 shows a

very sch tic sectional view through a solar cell according to a
first e di rent of the invention; Fig. 2 shows a very schematic

sectional vip | hiRueh &Y QEikm-56 TeaRRAUGER! thith %dadr%eﬁsace&g{ o a first

solar cell fromFig. 1, surrounded by surfactant material; an
Fig. 3 shows a vetmybogimentaf the inveotioronal vi ew t hrough a sol ar cell

according topa secaond _enbodi nent of. the.inyention. Fig..4 shows a_ .

i agr am of | aflyd LOPS & SPPareeh c&geha i hl R dPerdpicandfBt Pafbgptices
accordi ng to ExangfltRe dolar cell fibinGig. 5, sirsimdél i sueta@iit Ofatédial;eRd cal
current-voltage characteristic for a solar cell according 20to

Exanpl e 25 FEig.3 cshewewsvery sehamatin sestionsl aicacthiransh mi wotas gelhgerosding ta s sepond
section of a sol aém&%krhen%ia&%%‘;ggﬁ&no t he second enbodi nent of the
i nvention. '

Fig. 4 shows a diagram of a typical current-voltage characteristic for a solar cell according

to Example 1.
Fig. 5 shows a diagram of a typical current-voltage characteristic for a solar cell according

20 to Example 2.
Fig. 6 shows a transmission electron micrograph of a cross section of a solar cell

according to the second embodiment of the invention.

Fig, 1 shows a very schematic sectional view through a solar cell 1 according to a first
25 embodiment of the invention. The solar cell comprises a first electrode 50 which, in the

present embodiment, consists of a transparent material, for instance an ITO. In principle,

though, all materials known in the field are useful here, especially so-called TCO

(Transparent Conductive Oxides), but aiso functionalized SWCNTs (Single Wall Carbon

Nanotubes) applied in thin layers or functionalized MWCNTs (Muiti Wall Carbon
30 Nanotubes).

Applied to the solar cell is a layer of a first p-conductive polymer 40. The layer is about
40 nm thick and consists, in this embodiment, essentially of PEDOT:PSS. Here too,



Fig. | shows a very schematic sectional view through a solar cell 1

accordi ng towd 4 enbodi nent of the inventiaon. The s
conprises a fi rs(!t@gf)‘gé?rode 50 which, in the present enbod?bng}r’?tpgﬁish)ousz

consists of a transparent material, for instance an ITO In

principle, though, all materials known i-i7the field are useful here,
especially so-called TCO (Transparent Conductive Oxides), but also
functi onal i zddugyweNTeat¢Bilnkpraavi/il the Geldowhichhast elbesn-tHpgkingsptopertiéshand are

I f ti ] zed Mul ti WA | bon 30 Nanot . -
172" ough, PrARR: lof AR AE Ot e elenp ToRBE, Aea bR, Tor hsance. the

el ect r on- bl oPKDOT:F®SGhR&@itioh@Bordl. are transparent to light in the
rel evant wavel ength ranges are useful, for instance the PEDOT: PSS

mentioned or HHL. 5 The photoactive |layer 10 consists, in the present

enbodi nent, t i i ] t oparti.cl.es .
20 coat od wi TR Bisubit Rher (e iR i HE pREH: SPROHEHRY L AIRBRBE RGentive
into the nmatsemicondh@ér AinopAtidlies i20n@hiley P ph&tdadtive autfadalt wiledalRERh are
thickness is 10 nmor |ess)_ which consists of pure 10 nmatri x

material . ThémBbsdediginthe mapxaBatend short-circuit between the

sem conduct or nanoparticles 20 and the p-conductive polynmer 40. The
matrix material in this enbodinent is P3HT (poly-3-hexylthiophene).

Li kew se useAddititrmlle appliedtihie lagtrde(whnid thiskskspizl et s lessp which@ohsiytesf pure

t hi cknes t he product, of total absorption of the salar cell and of
the el ec?Qo @Rdﬂ@{wx'tthlénﬁfe‘(% RoP Sshbg"ncfg%'iciff"f‘ﬁ/,be%'éeﬁ’eb?e’?lﬁ‘é’du"mf

formation of nsubfhiQbert dnd t&d %—%Gﬂduﬁﬁve#yrblﬁﬁérqg! Biid PR el ﬂ{this embodiment
[ h tHe al or 01‘Q

di scharge of the electrons throug n-conducti1ve naterl
t he hol ds ofistPBETppekyridxylthiephrent)e Lilzivisei usefal haxe mmxtherabmvembntionied polymers.

fol | owed by I r of.the inventive,.senm conduct nanoparti ¢l 2

sur r ounded” bhPrEfib FuabiclEESs Y BOP! O AR apraRIon 41 e it eh ALty electron

into the matgdniudi@itglahdlthe hdle TOMMcAVIRE cABedBY MEE SorRidtior BALuIBSBRR SdNve

this section of the figure is drawn very schematically. The act ual

si ze r at i bs, pgecdasiontpathe doriisohaige nEtha etk chionsghohgly thes-gantictive magarial or of the

di fferent accrdi to the.specjifhc | ication. Finally, a

second el ecf}}og‘?fedz%R’gonélﬁﬁtf‘feéﬁaq%rhal’tlﬁgtpaﬁ'ﬂ%x%‘g@ti ve layer 10, which, in

the present 25 enbodi nent, consists essentially of alumnium Fig. 2

shows a very schematic sectional view through several sem conductor

nanoparti cl ekhis is followed by a layer of the inventive semiconductor nanoparticles 20 surrounded by
photoactive surfactant material, which are embedded into the matrix material. It should be

20 pointed out that especially this section of the figure is drawn very schematically. The actual

size ratios, proportions by volume and morphologies will be very different according to the

specific application.

Finally, a second electrode 60 is applied on the photoactive layer 10, which, in the present

25 embodiment, consists essentially of aluminium.

Fig. 2 shows a very schematic sectional view through several semiconductor nanoparticles
20 of the solar cell from Fig. 1 surrounded by surfactant material. In this drawing, it can be
seen (very schematically) that the semiconductor nanoparticles consist of semiconductor
30 material 21 surrounded by photoactive surfactant material 22. When excitons are generated
by incidence of light through absorption of photons and the bound electron-hole pairs

diffuse to the nanoparticle/polymer interface it is now possible (as indicated by the arrow in



20 of the solar cell fromFig. 1 surrounded by surfactant material .

I'n this drawisgzookfi0438) be seen (very schematically) .that pEfEp2008/001252
sem conduct or nanoparticles consist of sem conductor 30 materi a? 21
surrounded by photoactive surfactant material 22. \Wen excitons are
generated by incidence of |ight through -d8sorption of photons and the
bound el ectron-hole pairs _diffuse to the nanoparticle/polyrner
interface itthe&igblier posseifirientcharse pappration thropghthphetagtive surfactantgnaterial 22

the Fig.) fo{o tgi?eé)cftic%f fu%ﬁ %ea ﬁg?l%q’{iégr?g o?h{e%gla} QJIPUgh the

phot oacti ve sur pl'ace,” whi ch i ncreases the
efficiency of the solar ceII In a speC|f|c enbodi nent, the
sem conduct oy nanoparticles caonsist essentially, of CdSe and

surrounded biR &SPRFILE GPBOYMegty the. seweuéwqr@a%qnaft&&s&ﬁfl&ﬁ&@%mladlﬂfmﬁe nd
consists of ap S 5{11{3@(?5 q‘fn%ﬁn@%ﬁ hi 13&1@ 8‘}%99 éﬂﬁc‘ﬁecgnmsts of an
ou out c¢

peryl ene rraterla I't s be pointe

al so a very &dhﬂwaphatsddaobmhw@cné mdmborsly&heqmyl&d&mmmﬁ rat ios will
differ significantly fromthose of Fig. 2, since the 10 sem conduct or
particles 21 are preferably surrounded by a nonol ayer of the

phot oactive Raheilide sntedRVERQEHY tht P%E%”léj aE@ ao%rgts%ﬁ’en%ﬁtc &rﬁ'@fng In real

al t hough the sem conductor particles 217in
been shown wiysiema, rtkmrsa;tedmmtwﬂl dafffdr elgmtﬁemﬂazbEremmhqshobﬁ)@i@sz,asmcel_ahe

Boeor i ndd { o THTRlbRs FHClan | ARy ?Sﬂ?ﬁﬁnﬁm FinStend TR pfagtve

the sem condggafens) particles consist of rods (i.e. are essentially
one-

Moreover, it should be pointed out that, although the semiconductor particles 21 in Fig. 1
and Fig. 2 have been shown with a round diameter, all conceivable morphologies are
15  possible for the semiconductor particles and may also be preferred according to the specific

application of the invention.

For instance, the semiconductor particles consist of rods (i.e. are essentially one-
dimensional) in a preferred embodiment, have a leaf-like structure (i.e. are essentially two-
20  dimensional) in a further embodiment, or have a three-dimensional shape which may be

circular, approximately ellipsoidal and/or have a tetrapodal form.

It should be pointed out that, according to the application, semiconductor particles of

different morphologies may also be present in the photoactive layer.

25
Fig. 3 shows a very schematic sectional view through a solar cell 1’ according to a second
embodiment of the invention. This version differs from that of Fig. 1 in that a further layer
70 (a so-called “hole-blocking layer”, e.g. phenyl C61 butyric acid methyl ester) has been
applied, which prevents unwanted transition of holes into the aluminium electrode.

30

Fig. 4 shows a diagram of a typical current-voltage characteristic for a solar cell according

to Example 1 under illumination conditions which correspond approximately to the



di mrensional) in a preferred enbodi nent, have a leaf-like structure
(i.e. are esg@ohdldadoft Wo- 20 dinmensional) in a further er@dkpRig001252
or have a three-di nensional shape which may be circul ar,

approximately ellipsoidal and/or have a tetrapodal form It should be
poi nted out that, according to the appli-é¢ation, seniconductor

particles of different norphol ogies may al so be present in the

phot oact i ve tedigiéon spFétgm at kHdM. Bhewchampctertienes reconded foronsalar ¢elkwpnsisting of
through a s cell 1. ac i.ng to a second enbodi ment of the

i nvention. %%ﬁ%qﬂ§@W%%”&P$?g€Z'fron1that of Fig. 1 in that a further

| ayer 70 (a so-called "hol e-blocking |ayer”, e.g. phenyl C6l butyric

acid nethyl ester) has_been applied, which prevents unwanted .
transition dfighbthewsialisgram ef afpifahrurantreltage shpsacterighiy for a solar cell according

2008/ 104301R 52 - . - ragiatign. sp I a

char aot er) sty CCYEPYy & ndrt Jipisimalon SoRBiB] PRIEPEH SR pctosiulhly 1'he
nanoparti cl eadiatich dgddizhin atii.§ AM. Bieehsracteriktia gvaa fecofded forygpdotarlcell consisting of
current-vol tage characteristic for a solar cell according 5 to

Exanpl e 2 urfdbie FRIRIFiCIE: PROFPAEBYRACFRRAY T e e pond

approximately to the radiation spectrumat 1.5 AM The characteristic
was recorded for a solar cell consisting of CdSe nanoparticl es,

phot oact i ve Bgrf showanttransmissioratleciread rki8idgraph of Fiopss €cdrooda wlar cell according
transm ssjon el ectro i croqraph af a.cross .secti of a solar cell
hcor i ni 500 08 e El 6 e BHPG ERES RS S TSl Finipasive
CdSe nanopardigdiss mael faceipe surfactant material and P3HT. - 20 -

Exanpl e: Exanple 1: Wrkup of CdSe nanoparticles in pyridine and
production of a CdSe/ P3HT sol ar cel



5 To renove the surfactant which is used in the synthesis of the CdSe
nanoparti cl 80 208/144p0bf t he CdSe nanoparticl es are redi spBCEEP2608/098252
2 m of toluene and then in 20 m of pyridine (toluene to pyridine
ratio: 1/10). Boiling (tenperature approy.. 117C for 2 h) under reflux
and inert atnosphere causes exchange of the |igands, such that
pyridine fogyilele0st part 10 replaces the surfactants present at the
surface of € nanoparticles. The subsequent precipitation of the

pyri di ne-coated nanoparticles is effected with 200 ml of n-hexane

(pyridine tg n-hexang ratio: .1 . This step, is sipmultaneously als
SYest for BxmabudliWoikam ar cCARL nporaElescin ReRl eagoTodutticn oF a
nanoparti cl egsaPeHTRORY R by centrifugation (for 1 h at an

accel eration of approx. 2200 g) fromthe excess sol vent and
surfactaht mxture. 15 For further purification, the nanopartides can

t hen be redi.spersed, agajn, i .. of .pyridine and. precgiLpitated jn 30
o of - hoxcin g i SR ERiepCuticis et Y Bielifedt Srr CASE nidordisls et me
by centri ft oDt CaSe fdndparfibledird rafispile@RRED B 8 loAiRn®indBRY 00 MEHPySdine
After the last purification step, the pyridine-coated CdSe

nanopar t i c| @elugiedopyddiap sative d/10h Beilingdternpsraten sprroknlg 78¢ farod Wyundet teflax

2 PaUT) chi opishaf? sRARBARE ERe! HRHMEE of26FPRE, Mo dalilcief Tph e i B

m xt ur e10 Thicplased tei Qurfacafitst fresenbert uhé Isuzfed bOthd Agndpadidiest ThE sabsequent
solar cells, a mass ratio of CdSe nanoparticles to P3 HT of 90/10

bei ng pr esePrecipRationeofs te rigine-copted Jgnenarticlgs| is; effected with 2B md plarchexane

follows. Th j j i i [

ol ass pi at cCYEE TS HifRRld Gk, H0L T Bt Eniiiaihy oS ATES B sidodit
Spi n- coat er ligind exclaings. | Theadedisperd CiSelz@0paiticiesnaré eem@@d by cEhmiffigakion (for
thus forned, (see Fi 6) IS then t-treated at 150C for 15 mn. The
back el ect rbgé’tia% W‘%&cﬁa@?ﬁﬁ%iaéﬂmﬁy%g&@omd&'ﬁﬂﬁsﬁ 8?11"_6‘1* agd, S'a\‘%%ﬁﬁ“ﬁi”ﬂm‘w'
layer. The pg ﬁﬁh&%ﬁﬁ%n}tﬂ@ﬂa&?@x‘&}éﬁ?@mﬂﬂ%e f2R3fkrt oSN B of pyridine
correspond approximtely to the radiation spectrumat I.5 AM 30""-

21 - To renmwepredipitatedr ih 30tmalrf nrlkexatre. Excass sdvanh ancharRytanthfesstisnsodre temwved

CdS ticl 35 f. th S ticl i d
Frrst in o b SHERigtdn Ra P FHE T S0ORAGR By PR OH v Er e st
pyri dine rapirfficatténl Gikp, BRI hyriacheldoBIFH ECEURRopRREISX arcl fedfepér9éd & B)mRture

under reflux and inert atnosphere causes exchange of the |igands,
such that psansigiingof @¥ bheolmst ofppridinedp| chinsebenmnesuplumet et ¢pprresbm)-

The pyr PO niSCoBRtar REAaRRHap i ShuiobtSo HUARS Bt B S h At e s

(pyridi ne tghntidhesaneer del @ilizéd ¥6) theThioBudios pfi H143i dellh,t anessisitic af £dSe
a test for successful |igand exchange. The sedjnented CdSe

nanopar t i cl BaopgrclesedPET ¢P0110 temgmresertdathesaluiieyr 1 h at an

accel eration of approx. 2200 g) fromthe excess sol vent and

surfactant m xture. For further purification, the nanoparticles can

t hen be rediTbpeslsreceilagahen preparedias dbllgpys: iThe nmifamd appliqatiec ofitheaCése/BIHT

el SpePSi RGN paE AR ESEL AL g FERBHERS T el by means of o

m xture Conﬁjié-kw& Pk go?%?&)ﬁ)ﬂ ségédlm 500 1/vih feH 308, THe fIRl QLOREACE e Fig. 6) is

(VO| une used appr ox. nmeans o1 evapor ative concentration
Wi th nitrogten hehetreatedt atr E508€ f8d 36 mian dparback Ekestrodsyisi tiemepplied by vapour

chl orobenzene is adjusted.to articl.e cancentrati.on .of .approx. 25..
o/ T <asresRgR PLIEHSHY BB It Folf Gl 8 thenineiGfedgin@ hilions Which
P3HT/ chl or okanZsiR applowiniadly (16 the'Tadiafon spbdrufivatAls aM.a sol ution of

phot oacti ve surfactant
30

Example 2: Workup of CdSe nanoparticles in pyridine and photoactive surfactant
material and production of a CdSe/photoactive surfactant material/P3HT solar cell



20 material and chl orobenzene (50 nmg/m ). This solution can then be
utilized forwoOl280810a3icti on of solar cells, a mass rati o @CTAE008/001252
nanoparticles to photoactive surfactant material and P3HT of 82/9/9
being present in the solution. The solar,cell is then prepared as
follows. The uniform application of the CdSe/ P3HT 25 dispersion to a

gl ass plate coated wth I TO and PEDOT: PSS is effected by neans of a
spin-coater at a rotational speed of 1500 1/mn for 30 s. The film

t hus fornmed Tosemotd the stjfactamt tahéoh ib asdd ihrtbasygchesit oiﬁﬁ@&&&rnaih@mﬂes ﬁlﬁmg
back el ectroge i s .then appljed by vapour dep03|t|on of an alu

| ayer. The Sb6ithg Cdeg Pwmémﬁmﬁreawé}sy%rw BFHEY 2 SR 1oIGRe g iheR in 20 ml of
correspond PRERY g&ﬁ&ﬁ{; Yo @gnéhﬂ@ rﬁtﬂ)d'l?itd) OBofRES Eanl;sE?a?atre %ﬂﬁoﬂ\’i 17°C ¢ 2°h)

Cl ai ns: rising east~one sem co
nanopar t iscl emderrrefbxxrmhddndwatmbsﬂhem@ﬂusam ethhngeaﬁdtel lipands) sfcha cliah pyridine for the

he. at | easSheaaeiPRERdTEr S THEAG, BIFEFLI % 16 FFE ORdng Mgap Rl The
the surfact St or e “%@%ﬁ?ﬁf@ﬁd@&‘ﬁ‘égﬁ IS L ARR P2t Rl of
mat eri al of heremesfpyridinete ntickaR Eatio0 1/10).) This step is smultaneously also a test for
successful ligand exchange. The sedimented CdSe nanoparticles are removed by

10 centrifugation (for 1 h at an acceleration of approx. 2200 g) from the excess solvent and

surfactant mixture. For further purification, the nanoparticles can then be redispersed again

in 3 ml of pyridine and in precipitated 30 ml of n-hexane.

The last purification step is followed by the redispersion of the pyridine-coated CdSe
15 nanoparticles in a mixture consisting of 9% by volume of pyridine in chlorobenzene
(volume used approx. 3 ml). By means of evaporative concentration with nitrogen, the
mixture of CdSe nanoparticles, pyridine and chlorobenzene is adjusted to a particle
concentration of approx. 25 mg/ml. This is followed by the addition of 76 ul of a
P3HT/chlorobenzene solution (50 mg/ml) and 77 ul of a solution of photoactive surfactant
20 material and chlorobenzene (50 mg/ml). This solution can then be utilized for the
production of solar cells, a mass ratio of CdSe nanoparticles to photoactive surfactant

material and P3HT of 82/9/9 being present in the solution.

The solar cell is then prepared as follows. The uniform application of the CdSe/P3HT
25  dispersion to a glass plate coated with ITO and PEDOT:PSS is effected by means of a
spin-coater at a rotational speed of 1500 1/min for 30 s. The film thus formed (see Fig. 6) is
then heat-treated at 150°C for 15 min. The back electrode is then applied by vapour
deposition of an aluminium layer. The solar cell was then analysed under conditions which

correspond approximately to the radiation spectrum at 1.5 AM.



wherein in structure (1) RL, R2, R3 and R6 are sel ected i ndependently
fromthe group conprising hydrogen, alkyl, alkoxy, R4 is a single
bond or an alkylene unit, and R5 is seleebed fromthe group

conpri sing carboxylate, am nes, thiols, phosphate, sulphate, or 15ii)

at | east op?ﬂﬁsc_onductive material of the structure (I1) - 23 - R3
is selecte the group conprising carboxylate, am nes, thiols,
phosphat e, sul phate. 2. Solar cell according to Claiml,

wherein the coverage density of the sem conductor 5nanoparticle

surface is, on IR LIE cSRPPidiAg 10K 0Re sePRLAIduSRIr haRfRATIK ﬂﬁr&:ﬁd&ﬂ@ Sfleast
Clainms 1 or 2, wherein the sem conductor nanoparticles are enbedded

in a photoact i venemheiorctiveosirfastanbmatesial imat deadi nue pact sddhophaloasting lyer,
to 3, erein the volune ratio VA of sem conductor nanoparticles and

t he surPoundi ng "s\if4ct ant material relative to the photoactive |ayer

is VA-V | awt+ surfactant

a) the at least one semiconductor nanoparticle is from the group of the II-VI or

1II-V compound semiconductors and mixtures thereof, and

b) the surfactant material comprises
i) at least one n-conductive material of the structure (I)
R

Ry—Ffs
10 ¢y
wherein in structure (I) R;, Ry, R and R are selected independently
from the group comprising hydrogen, alkyl, alkoxy, R4 is a single
bond or an alkylene unit, and Rs is selected from the group comprising
carboxylate, amines, thiols, phosphate, sulphate, or
15 i1)  at least one n-conductive material of the structure (II)

dn
wherein in structure (II) R, and R4 are selected independently from the group

comprising hydrogen, alkyl, alkoxy, R, is a single bond and/or an alkylene unit, and



annual s:yes 15 0.1, preferably 0.2 to 0.74, and nore preferably 0.35
to 0.6. 5. Solar cell according to one of Clains 1 to 4, wherein
the surfactant material additionally conpgises a p-conductive
material and the nmobility within the 205urfactant material is 0.001

Cn2Ns to 10 cn2iNg.isQelcaldl dforf 314 gﬁ)ﬂ%otfo ce{?ﬁ'& te, ArinBS tl]noiso gﬁe)Sphate

wherein the surfactant nmateri rs n conductive rate

and the nobilityulphithi n the surfactant materl al 1s0.00001 cn®/ Vs to
10 cn2/Vs. 25 7. Solar cell according to one of Clainms 1 to 6,
wherein the surfactant materi al conprises at | east one materi al

having a sol ('“)1%) ?8 cgljégco%li‘lxgg(g) épa(?mc 43 UFE‘tuﬂhe C%Q'Ellafg? gﬁnsﬁgh\éﬂﬁsghﬁ&jnﬁgcwr

an ET-val ue ive ma

m xi ng sati o of npnaaRtike firkee i) of aCangl) CEiS0e; toekapd®. is 0.2:1 to
4:1. 9. Solar cell according to one of Clains 1 to 8, wherein the
ratio of the molar 5 proportions of the p- and n- conductive

materials in th 0 o u t eri.al ers
proporti onal %'0%9%2 %gf atC(ngln%héo a so?‘ét@gﬁ“ ( (}ptofcal rr%l} ﬁiﬁ se%m%qr%luctor
p- and n- conduchhicpaciganeBihbedded il pRYBAdIve n8@HRr cell according to
a o-
10 4. Solar cell according to one of Claims 1 to 3, wherein the volume ratio VA of

semiconductor nanoparticles and the surrounding surfactant material relative to the

photoactive layer is

V A - Vnar:a + Vsm rfaciant

V.

activedayer

15
= 0.1, preferably = 0.2 to < 0.74, and more preferably =0.35 to <0.6.

5. Solar cell according to one of Claims 1 to 4, wherein the surfactant material
additionally comprises a p-conductive material and the mobility within the

20 surfactant material is = 0.001 cm?* Vs to <10 cm?/'Vs.

6. Solar cell according to one of Claims 1 to 5, wherein the surfactant material
comprises an n-conductive material and the mobility within the surfactant material
is =0.00001 cm?* Vs to <10 cm?/Vs.

25

7. Solar cell according to one of Claims 1 to 6, wherein the surfactant material

comprises at least one material having a solubility of = 10 g/l to < 400 g/l in at

least one solvent having an Et-value of =30to <42.

30 8. Solar cell according to one of Claims 1 to 7, wherein the surfactant material

comprises at least one first p-conductive material and at least one second



n"a pp 10 wherein np is the nolar anount of the p-conductive
material, n" is the nolar anmount of the n-conductive material in the
phot oactive surfactant material, correspoadingly an or p is the
absorption of the n- or p-conductive material n of the solar cell and

On or pis the GonREHEiN Mhtd@falt B Mhe alﬂﬁn{g' canAygt %—\Sgncméﬁtlé’qgﬁ—\égnductive
surfactant material, and 15where the factor A1s 0.05 and 20. 10. Use

of a solar cell nxtegmld MP:1tto4one or nore of Clains 1 to 9 for
portabl e electronic applications, for use in the autonobile sector
for generating electricity for various electrical |oads, for the use

of sem -transpargnl & : cofifihg %o id?leg&faéi%ggfprto g%ivbgéréﬁﬁsiihgr%?% of the molar

gr eenhouses or autonp es, Inh watches i gn j ects, e use
of suchsa sol ar pegloktions dhehef of rmofn-soddukctive irhagoridd én ahel phowettive surfactant

shapeable film for stationary energy gener ation in the formof roof
and wal | i nstal MAGtEKdS nyersely| praperEpnal fe dhrtiarafdhe pbrosptiondeptigt density) of

clothi ng. the p- and n-conductive components of the overall solar cell according to

n 41 o
Id " n
_ A._._,
ap

o

n P

10
wherein n, is the molar amount of the p-conductive material, n, is the molar amount
of the n-conductive material in the photoactive surfactant material, correspondingly
an orp 15 the absorption of the n- or p-conductive material n of the solar cell and Gy o
p is the conductivity of the n- and p-conductive photoactive surfactant material, and

15 where the factor A is =0.05 and < 20.

10. Use of a solar cell according to one or more of Claims 1 to 9 for portable electronic
applications, for use in the automobile sector for generating electricity for various
electrical loads, for the use of semi-transparent solar cells in glazing for buildings,

20 greenhouses or automobiles, in watches, design objects, for the use of such a solar
cell in the form of a fully flexible and freely shapeable film, for stationary energy
generation in the form of roof and wall installations, or films for incorporation into

items of clothing.



