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phot oact i veWSe290848430dt or nanoparticles enclosed in surfacRCHERR20084003252he
present invention relates to the field of solar cells, especially that of
hybrid organic 5 solar cells. Such solatlgells are known, inter alia from
US 6, 878,871. This docunent describes a solar «cell in which the
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a higher power efficiency with at |east insignificantly worsened,
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problem a solar cel] according to Claiml of the present invention is
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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.



WO 2008/ 104301 PCT/ EP2008/ 001252 -2 "Surfactant material"™ in the context of
t he presentWiOn20884104391i s understood to nmean especially a REBEEP2008/001252
consists essentially of nolecules which contain a polar head group (for
exanple - but not restricted to - a carboxyl, am ne, thiol, phosphate or

sul phate 5 group) and a nonpol ar tail group. "Photoactive surfactant
material”™ in the context of the present invention is understood especially
to mean that the at |east one surfactant nmaterial has a hi ghest occupied
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and/or the surrounding organic matrix, for example a semiconductive polymer, is

improved.

At the interface of a type II heterojunction, the material with the energetically lower LUMO

20 is also known as acceptor, and the material 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 eV 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.



The sem conduct or nanoparticles are preferably fromthe group of the I1-V
or I11-V cWHI8A0&dN conductors (e.g. CdSe, CdTe, |nP) arRCHER2ZQ083491252

t hereof . WO 2008/ 104301 PCT/ EP2008/ 001252 -3 In a preferred enbodi nent of
the present invention, the at |east one photoactive surfactant material
conprises a p- and/or n-conductive material. 5 In a preferred embodi ment of
the present invention, the coverage density of the sem conductor
nanoparticle surface with at | east one photoactive surfactant materi al is >
50% to < 106% preRéRd REdoaIAR: BT m&&e@&mn%&:%%hém%as%ﬁé ﬁﬁ&}ﬁéaﬁva sﬁée{eté
100% A coverage density of 100%neans in particular t e surroun ng
or gani ¢ natmateriflaompoisesiOp-dindér m-cadbctofe maeridie sem conduct or nanoparti cl es.
The nol ar proportions of the p- and/or n-conductive materials in the

phot oactive surfactant material may vary between 0% and 100% but
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nol ar anmount of the p-conductive material, n" is the nolar anount of the
n-conductive material in the photoactive surfactant materi al ,

cor r espondi AgbVerage d¥nsifly 6510096 meaRS@pRkicTar Qﬁat iesubrouRding 'o%&ﬂf&ﬁﬁt‘r&%as no
material n of the solar cell and 6" , , is the conductivity of the n- and
p- conduldt | wdireshenndast ta bhéssnwba@cmnanmaemlai, and where the 25 factor Ais >
0.05 and < 20, preferably > 0.5 to < 1.5 and nore preferably > 0.8 to :5
1.2. As aresult, it is possible in many applications within the present

i nvention t,d ARk L I in
the requl r ol actieBh Par SLieah SR ProddigiebRalerls i MORHERYEIELEEF
in the direnatend mdy yary betdeet 0%sdnd 100%, but preferably between 20% 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

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 p is the
absorption of the n- or p-conductive material n of the solar cell and oy o p is the
conductivity of the n- and p-conductive photoactive surfactant material, and where the

25 factor Ais> (.05 and < 20, preferably > 0.5 to < 1.5 and more preferably > 0.8 to < 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



30 In the case that, for exanple, the p-conductive polyner has a higher
absor pti on, Wi(x2008/104893i red in a preferred enbodi nent of theP@r/EB2008/001252

i nvention that electrons are transferred to WO 2008/ 104301 PCT/ EP2008/ 001252
-4 the n-conductive sem conductor nanoparjficle to an enhanced degree, and a
hi gher proportion of n-conductive, photoactive surfactant material is thus

preferable. I n the case that the p-conductive polyner has a | ower .
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material wiihberdioguift &Y eobang Gam-cnductbiei bidb! the HAMRdddWEoP Ogdrbp Aisleg NMe! OpS
t he nanoparticles conpletely apart fromcontact 15 regi ons between the
nanopart i clgonigtivnt act regi ons to charge-di ssipating el ectrodes. A

sui tabl e band gap is possessed by the material when the contact with the
sem conductor nanoparticles used gives rise to the type Il heterojunction

known to thgsepeiirtdi@nbdlihba @ the prdsBn@inRERIoR! R ATBQHUBRP handARiGELEAY
di fference between the LUMO of the acceptor and the HOMO of the donor and

hence tHe tdmshmedded nad photaetivevphie matrixi nal vol tage 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 enbodinent, the energy difference between

t he HOMO of 4t - an ) l—l@\@ P ' -
bi ndi ng ene‘% y%ltogggxge?é\%éw@ﬂ%%hgg e an@n&exﬁ) %2 tg‘%?%{sﬁlmslw%fogﬁgﬁégé‘%@? F efence
s nmore prefagticiddrytobataethat a semidndictbRorgakic Inadfial Iwith Asuitatsie bahdtgap had
donor has a hi gher absor R/% i on than the acceptor, in a preferred
suitable HOMO-LUMO positions envelops the nanoparticles completely apart from contact
15  regions between the nanoparticles and contact regions to charge-dissipating electrodes. A
suitable band gap is possessed by the material when the contact with the 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 > 0.01 eV and < 0.6 €V; this

25  energy difference is more preferably between > 0.05 eV 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 V.

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

photoactive, semiconductive organic substance. In this case, the (1) semiconductor



enbodi ment , WORRO08A@439Y di f f er ence between the LUMD of the RCKBPHOSARIRRhe
LUMO of the donor mnus the exciton binding energy is between > 0.01 eV and
< 0.6 eV, this 30 energy difference is mpre preferably between > 0.05 eV
and < 0.3 eV. In a preferred enbodi mrent of the invention, the organic matrix
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nanoparti cleadudivelsd) Vige bersei- sem conductive and the organic matrix usual ly

p- conductive, or (2) vice versa. In order to ensure electron flowin the
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material. Equally, the actant material nust be at a higher
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of the sem conductor nanopartic I n-order That the surfact mat eri al

const i t ut esmateniglryut loverahar that o LthbakidlBrp-comductiviematetial Ra¢H thaf helbecdnr ke
fromone particle to the next up to the cathode. The energetic separation
of the L0UMIBtoghe grganisdnatnk apd henqeumthornads dirsehiam dha pesibien afthsILIGHQ of the
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nanoparticle or surfactant nust be sufficiently great at the energy
di f f er ence fostheufanspareof cledrdns ifroqn amoparticle pa thet nexhupto theecathodedlhe energetic

el ectron-hol e pair XGi ener ated i or bi.n terial. .
Cor r espond GG s & DADb of Sy estent il & iR svicita e iy higen
preferapl y &h%@orﬁlﬁctwpﬁaﬁgéaﬁia@ is g&?&&ﬁg%"@?@&v,’}ﬁ&% Eetablye< | 313 QUARE Rt
the surfactant material has a ver ow energetic barrier for the transport
of the hol geeferabiy aheOdag\.i il any @asd)chawever, uthet diffetreacarbetiecenTthe LUMOs of
p-conductive polymer and n-conductive nanoparticle or surfactant must be sufficiently
great 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 HOMOs is preferably < 0.6 eV, more preferably < 0.3 eV 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 - . .
suiciant o, HOMO(nano)+ X ~LUMO(nano) ¢ p-conductive surfactant materials
AE,,, HOMO(nano)+Y —-LUMO(nano)
30

and/or



energetic separation of the HOMOs is preferably < 0.6 eV, nore preferably :5
0.3 eV and W2i08[3p4¥0&rably < 0.1 eV. 25 According to the RGI/ER2008/001252¢
arrangenent of the energy levels of the surfactant materials and of the
nanoparticles relative to one another is_preferably selected such that: AEu
jactani > HOMO(nano) +X - LUMJ(nano) for p-conductive surfactant materials

AE, 0 HOMJ(nano) + Y MX nanq 0,2 d/ or WD 2008/ 104301 PCT/ EP2008/ 001252
-6 AEsurfacf@iM“ HARH AR~ < LB B84 Yo rfrpgonauemnckustab st matehigigt ant
materials ABEQ..HOVEO MW @pzopAXOMYMEAGwroshvhere Y is selected within a range
of 05Y<1.5¢€V, nore preferably 0.1 5 Y <- 0.8 eV, and Xwthin a range
of 0 < X5 1 eV, nore preferably 0.1 < X< 0.5eV. 51n a further preferred
enbodi nent r e j.al S | t i rt 10
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preferred enbodi nent of the prese I nvent the matrix conprises an
organi c 15absedpyioerof £Thi 19 has', heeferdbbung 167 hm 'achmeapedeably ¢ 1 heihym™' and
applicati O:}ic,nOf the present. invention in_that it is thus possible in a
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the clains, general groups, ftor
relationship OD =¢'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-C6-alkoxy,



20 exanpl e al kyl, al koxy, aryl etc., are clainmed and described. Unless
stated ot hemgQQS/lﬂﬁi&l foll owi ng groups are preferably use®PGI/ER2008{094252
general ly described groups in the context of the present invention: alkyl:

| i near and branched C -C8-al kyls, 25 Io?g chain al kyls: linear and
branched C5-C20-al kyls, al kenyl: kenyl, 30 cycl oal kyl :

C3- C8-cycl oal kyl, al koxy: d -C6-a|koxy, WO 2008/ 104301 PCT/ EP2008/ 001252

-7 long-chain al koxy: linear and branched C5-C20-al koxy, alkylene: selected

fromthe grl@ﬂ@cﬁzﬁﬁﬁﬂcbﬁyﬂ%eaﬁmfﬂrﬁ%h@@@S éZOI-aH‘(BIZ')YI ene; 1,2-ethylene;
1, 1- propyl i dene; 2- propyl ene; 3-propyl ene; 2, 2- propylldene

butan 2-of -1, 4- d|yI propan 2-of - 1 3-diyl; 1,4- butylene

cycl ohexane hexane- 1, 2- dlyl cycl ohexane-1, 3-di yl;
cycl ohexaneal%ylﬁnedF%)/?“e‘I;% B%ﬁ’ioémé‘o‘l‘pﬁ.‘s‘&gyl cycl opent ane-1,2-diyl; and

I . I
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1, 2- phenyl eprepylidese; rliuemyl—ehE,A dlyl4pm|p&m32l-cﬂne3 -diyl;, 124-ba@lﬁnba¢}emhlem 1,1-diyl;

1, 3- napht hal enyl ene;_ 1, 4- napht hal enyl ene; 3- napht hal enyl ene;

hydr oxy- 2, y)@k% re2-gi Wﬁ@!@gfxa@ei! %ﬁ@hﬁ@ﬁbﬁxﬁnwdI-éWIA-CZClSP%@WyI &éyland
15 1 -hydro 1 n I ected fromthe group conpri sing:
pyri di nyl ; yr?reﬁ?%'?ny’??dlgyrg%% ny(I @rBIIaéo(fyI pyridazinyl; 1,3,5-triazinyl;
qui nolinyl; isoquinolinyl; qU|noxaI|nyI |n1dazolyl pyrazolyl

benzi m dazol yl ; thiazolyl; oxazolidinyl; pyrrolyl; th| ophenyl ; carbazol yl;

i ndol yl 10 aretyl2ecleated fnqmlmmatméwmgraenﬁeuéarmghtbwmo Bended to the
corrpound via any atomin the ring of the selected heteroaryl,

het eroaryl ene: selected fromthe group conprising: pyridinediyl;

qui nol i nedi y{jenP%ERERE 6k 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-C6-heterocycloalkyl
selected from the group 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-



pyrazol ediyl; triazolediyl; pyrazinediyl, thiophenediyl; and im dazol ediyl,
where the WO HWBAPEW Y| ene functions as a bridge in the cAGHERA08/0N1252y
atomin the ring of the selected heteroaryl; especially preferred are:
pyridine-2,3-diyl; pyridine-2,4-diyl; pyrédlne- 2,5-diyl; pyridine-2,6-diyl;
pyridine-3,4-diyl; pyridine-3,5-diyl; quinoline-2,3-diyl;

qui nol i ne- 2, 4; di QU ol i 8-di i ol i ne-|

i soqui nol | &’ }Onﬁx?ﬂ' Ala 2 %agycllo@%aﬁﬁ?l fagufr(ggzg%zagycgo@%ﬂ\!ane 1,4-dioxane;
triazol e- 3, badinithi -

i dasol eo o a0 ﬁﬁt/ ) ?éyElﬁﬁélgc{ngngﬁolgdlg% arf,i’ly {eﬁﬁgﬂﬁognyr% dde{%-c tRO h@(époaryl may be

d - C6- het erlmmylcdl teethk ¢11-Ceelkgt viednf atom inthe gnguﬁthecsnhecﬂeé ihatgroapylperl di nyl ;

pi peridine; 1,4-piperazine, tetrahydrothiophene; tetrahydrofuran;
1,4,7-triazacycl ononane; 1,4,8,11- tetraazacycl otetradecane;

I%’Cfll' / EP% 8}0%/3h 38&%}%%@%{? g%ér%%g%gﬂr&% %%8? az a&%ﬁné ftlcée l'Ti‘lono zéﬁgr% 1)%%58&1
1, 4,7, 10- t e2,6 3enagpiptridindet alidne;ll 4-pif epacimne,4-yldnet 1 A-piberabind; y§lepsonane;

pyrrol i di ne;. and tetrahydropyran, where the heter an%‘ may be bonded to the
C 1- 06- al kyPiP&TRANZAY Y kenerh,4-Rinerin-2, Ag/lerre; { Hepipahzintletiylene; elr,4:arp,erazu51 3-

h | o L€

b1 por 1 n- D191 | Eaberifindid Sfepe SR AR, £8TRReh lfhcrprpipphe-3 4-vienc:

1, 4- pi per athﬂa}%'»dPothﬁH&) -2,3. el REGRErHfufan3? slyim; te@raljélydr<15>ﬂupa°ntz;lley'r\csn%é5 yl ene;
, I

1, 4- pi perazi n- | ene; 1, 4- pi pera2|n 1, 2-yI'ene: - erazin-1 yl ene;
1, 4- pi pdY aztetrahydno aafie?;-vl@nc,ammﬂldmhz 6pfﬂm1n erﬁllgdhreaé ylene pyrrohdm 2,3-ylene;

E g: : ZE%: SEMH bgﬁlg%!egfrgql}dgﬁf}:ﬁ dr Ot cﬁgl}fgﬁlédeni tn'azacyclonon-l 4-
S g R ) )

pyrrol i di n-thaZacytlonemnsd 8-yenk; T4l T-irizagyononai-lideneyl 881 tetraazacyclotetradec-
1,4,7-triazacycl onon- 2, 3- ylene 1,4,7-triazacycl onon-2,9-ylene; 1,4, 7-
triazacycl ohfwleaeglg8diete rqamcwlqtetraéfqd;&ylémd 48,3 1y¢trageasyclotetradec-2,3-

1,4,8,11-tet t d
a8 15 | RS A Bl BB R reaestd s Sy 1.4.84 1 otrpazpeselosetradend 2vientioc . 5
15 ylene; 1 488 11tétra4z@éycﬁﬂé@dawb@tﬂtdea@le104 2,,15 t&ﬂrﬁ%@cyclbdéd&-ﬂl-y]ene

-tetraazacycl otetradec- 1, 2-ylene;” 1,4, 8,1
-tetraaz acyhﬂﬂtl@tthQC}Z @oged-3rndene] 1 4,771 Olteﬁa@myd@{kdcydl%ﬂom%d 4,1,10~ y| ene;

i j ; ig E gt%&%%g%%i}@r)g g,gcylgpeQlé,fﬂgtetrja_az&w)fclﬁq?deca 2-ylidene; 1,4,7,10,13-
pentaazacyclopentadec-1,4-ylene; 1,4,7,10,13-pentaazacyclopentadec-1,7-ylene;

20  1,4,7,10,13-pentaazacyclopentadec-2,3-ylene; 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-thiacyclonon-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-



tetraazacycl ododec- 2, 3-yl ene; 1,4,7,10-tetraazacycl ododec-2, 2-yli dene;
1,4,7,10, 13Wa0848430dycl| opent adec- 1, 4-yl ene; PCT/EP2008/001252
1,4,7,10, 13- pent aazacycl opent adec-1, 7-yl ene; 20
1,4,7,10,13-pentaazacyc|opentadec-2,3-ylggg;

1,4,7,10, 13- pent aazacycl opent adec- 1, 2- erne;

1, 4,
1, 4-
1,4-
1

7,10, 13 ent aa ta i dene; .

R e @ﬁQﬁé “pelbtastagy Sopensadermnaly bt 9HGATL, 2- y1 ene:
, 4-di aza- 7fhie¢&5ré183{&la9910@ 42d1§za¥’y %Q@ cy&orfbn%ygz f477,10- Qir@ﬁée*&meédn% Ml gne;
, 4-di aza- 7-t hi acycl onon- 2, 2-yl i deng; i aza- 7- oxacycl onon- 1, ene;

1, 4- di aza- 7dioxaxyy;cll, @mant-hia,cgelyhmmyl htﬁhyﬂramaﬂylpambgmlzdrdmylZwBemltﬁe 1,4 25
di aza- 7- oxacyclon?n 6, 8-yl ene; i aza-7- oxac cl onon- 2, 2-yl i dene;

1, 4- di oxan-Beterocygloateyl nlay&edaoasi%wé BegNRGHRd via mymt@%am@ rz_n%nf thesrlected
tetrahy o] ene; tetrahydropyran-2, 6-yl ene;

t et rahydr og%%gﬁcgﬂég%hene tetrahydropyran-2,2-ylidene; 1,4,7-
trithiacyclonon-2,3-ylene; 1,4,7-trithiacyclonon-2,9-ylene; and
l,4,7-trithia- cyclonon 2,2- ylidene, 30 heterocycloalkyl selected fromthe
group conprhaloges: seisatecoiiomythe groyp comprising!IF; ClnBr aiddl i nyl ; pi peri di nyl :

pi per azi nyl ; hexanet hyl enei m ne; 1, 4-pi perazinyl; tetrahydrothiophenyl;
tetrahydrofuranyl 1,4,7-triazacycl ononanyl; 1,4,8,11 WO 2008/ 104301

PCT/ EP2008/ RdARA: sciéttddehéATUALBED %rﬁf)ﬁﬁﬁﬁﬁl%ﬂbﬂ di-, tri-, poly- and perhalogenated

1, 4,7, 10, 13- pentaazacycl opent adecanyl : 1, 4-di aza- 7- thiacycl ononanyl ;

1, 4- di ax- 7limeen and/blanched £11yC8-alkyy, 7, 10- tetraazacyclododecanyl 1, 4-

di oxanyl ; 1,4,7-trithiacyclononanyl; t et rahydr opyranyl ; and oxazolidinyl,
where the heterocycloalkyl may be bonded to the conpound via any atomin

o oup conpr %Pﬁ%ﬁ?@ﬁé% R AT Snilme SNORT PRSNRC G0

conprising 1ge@®¥., di-, tri-, poly- and perhal ogenated 10 |inear and
branched C -C8-al kyl, pseudohal ogen: selected fromthe group conprising -CN,
-SCN, -OCN, N3, -CNO - SeCN

15 Unless stated otherwise, the following groups are more preferred groups within the general

group definitions:

alkyl: linear and branched C1-C6-alkyl,
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-ol-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 Unl ess sWx2088/3904381 wi se, the fol l owi ng groups are nore FIEEP2MWE/0§133ps
within the general group definitions: alkyl: linear and branched

Cl1- C6-al kyl, 20 long-chain alkyls: |ineangand branched C5-Cl0-al kyl,
preferably C6-C8-al kyls, alkenyl: C3-C6-al kenyl, cycl oal kyl:

500 e R o PRoObip Gt AL SR bRRG IRl XX?%CC '

sel ected frghwhddtiregylpup conpri si ng: nethyl ene; 1, 2-ethyl ene, propylene;
but an-2-of -1, 4-diyl; 1, 4-butyl ene; cyclohexane 1,1-diyl;
cycl ohexane- 1 2-diyl; cyclohexane- 1, 4-diyl; cyclopentane- 1, 1 -diyl; and

cycl opent an 008/ 104301 P P2008/ 00 | ect ed
cyel opent angolaZsiiia pHR & ﬁaor\*ywmwrlﬁwgnﬁ»? L s AT R
phenant hy e“Ni-naﬁHtHAl@rB%nes?h%bﬁmafehgl%é hes -Hahthal&ylnk lafd Mhydrox -nhe nyI ene

1, 3- phenyl ene; 1, 4- phenyl ene; napht hal enyl éne; 1, 4- napht hal enyl ene;
2, 3- napht haphsn)ﬂbmme and 1-hydroxy-2,6- phenyl ene, heteroaryl ene: thiophene,
pyrrol e, pyridine, pyridazine, pyri m di ne, indole, thienothiophene, 10

hal ogen: sel ected fromthe group corrpri sing: F and CI In a preferred

enbodi nent .es j hyent i th es ni
pol yner of }%E%&s re ﬁ%:t U?QBRWR] ﬁmeér gg@hé %enag&nﬁ{/&gel g}:dtotlaed
from t he grthighothivphenesi ng unsubstituted, al kyl -

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

M
']

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

Ry Ry

[

25



substituted and/ or al koxy-substituted aryl enes and al kyl -substituted and/ or
al koxy- 20 W@h200B10438d het er oaryl enes, and n > 2, prefer ablRCHEB2008{0§1252400.
In a preferred enbodi nent of the present invention, the matrix conprises an
organic polyner of the structure R R ~( X), - 25 R WD 2008/104301
PCT/ EP2008/ 001252 -11 where each X for each unit is independently select ed
fromthe gr

, , h
i ndependent‘% %pklﬁ%r eﬁ?%%lt P&HS?R"’BF%‘Y}?&@%S%‘“ R’rﬁlg%ﬁ:p COSIP I tWSNa(ﬁdﬁ f# is >
4 to < 500, Rpmf RS 8¢ ¥ach kit {sOsefecfdd0indBfin@emIyefr8maik Yordup? BorhpPrising B0&ogen,! N a

preferred enbodi nent of the present invention, the matri'x conprisesS an
organi ¢ poilkylealkexy, apdnds 2 Uk touf 08 poeferably >| 15t <r1400RtnorprreRra1R2> 20tonkser e
each X for ch unit is independently selected fromthe group conprising N,
0, P, S ,rand R2 for each unit are selected independently fromthe group
conprisiqng hydrogen, alkyl, alkoxy, and nis > 4 to < 300, preferably? 15
to < 250, nore preferably? 20 to <

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

polymer of the structure

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



15 150. In a preferred enbodi nent of the present invention, the matrix
conpri ses aWQ@2i8ri04301pol yner of the structure WO 2008/ 1043PGT/EP2008/001252
PCT/ EP2008/ 001252 -12 R, Rz R R X XX X1 / \ ft, Rz RR where each
X for each unit is independently selected fromthe group conprising N, 0, P,
S, 5 Rl and R2 for each unit are sel ected independently fromthe group
conprising hydrogen, alkyl, alkoxy, and nis > 4 to <.300, preferably > 15
to < 250, nore prgferably > 20 to < 150. In a preferred ¢nbodi nent of the
present invention, the volume ratio VA of sen conducto 0 nanoparti cl es,

pl us the surroundijng, surfactant material to fofmthe pactive |ayer, is:
VA Vaasa +V:"rfaermmi ’ fhat VAis ? 0.1,
preferably > 0.2 t 4 { ¢< 0. 6. The
proportion by volu ) A of t he sem conduct or nanoppg $ plus the
surroundi ng surfgcfant material in the phqgtoact} Is, in a preferred
enbodi nent, high € X \

R3

Ry

where each X for each unit is independently selected from the group comprising N, O, P, S,
5 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 <
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. _+V

VA = nano surfactant

14

active layer

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



ensure sufficient percolation paths to the correspondi ng el ectrode for

di schar ge oW@RE21M4801ect r ons t hrough the n-conductive nat ePCRIEP2008/06125he
hol es through the p-conductive material. In a preferred enbodi nent of the
present invention, the proportion by vol y{se of the sem conduct or
nanoparticles plus the surrounding surfactant material is at |east

sufficientl i t hat ,t he mean di.stance fromthe site of formation of an
el ectron- ho Oe{?lﬁ%ﬁ](?se 0%]%2%01§ﬁﬁ%%gpb§f2@2thanlthe flkfgisﬁ’é‘ lenggh of the

pol yner - nangRakdd-RoIE phit WHidHAE Gphrox OL 3@mG@t er _than the diffusion |ength of
the electron-hole pair which Ps approx. 5 - 30 nm The optimal proportion

by vol une depends in many applications especially also on the 5 norphol ogy

of the sem i_gnduct of nanoparticles. The greater the exciton diffusion |ength
is, and thePfoOPEMBLPIOPETtN boyplime depsnds Hemapy applications ssnsciatlialsooiethe t

Is. For spheyl L ' mbodi nment . .1t .5 between > 0.2
and < 0.5 angiStozy b ffifondubof nllchficlS TRl BeS fRg xcilapdifruga RS
particles hawd dg moraphsicledtdedfatedfroft tHeegeridil loshiape, the 10WeH &r BOFYr BserREN >
0.15 and < 0.65 and nore preferably between > 0.25 and < 0.6, 10 the | ower

limt of theapeleponta prefasipd\embediment, 1 ipbetwger>00253ndosi g ahdvwere péferably t he
case of a rger hs ratio(g 5:1). For polypodal -shaped particles jt.
shoul d pref é%g%m,zﬁﬁl-‘ angW@&ﬁ E.mbr_o 'SQPIBF%@ 1%%’ l%%a’ﬁf &tgpé’éla&leﬂ@t%% >
0.2 and < Oisg)re@fh@lytﬁhf?w@éii? 0.25 laRd 506.6t5fﬁﬁd%cﬁ'9§%f§ra91;¥ dehPedd® YPLA5R1 Shwel d
be at least 3:1. At" an axis ratio of at least 5:1, the lower Iimt of the
propor t l@n the lowenlimeit iof tegproportitn by ¢oluthe 1>t @25t0< 4).45) Meing/ favourhtsds én the mhdes,

in a nmulti tuge of applications within the present invention, the abaqve

requi r ement OF 8gHRFEFT A¥iS ﬁ%“opz?gbll)af Pbﬁog’&?ﬂ%l'sihépe&ll peytigles it should; prsfosably be
ti : . e

bt opor t1 on SYELY TEH o4 <P A MUELRIABNIRRLIGS 2 BN CIER B .

range. Ther ef e ®ranchesofthe belypedesatibadiveemleadt 3.1 NAt 29 aik @HRNGT AtNYANEi10he t he
proportion by volunme of nanoparticles should be at nost < 60% The total

absor pti on bwer hmikefithe proppriionpyaohime istfadmraiie Gp Ol toat 0hs within the
pr esent 15i nvention wll overall, in all probability and w thout being fixed
be determ ned by

t her et o,
With these limits, in a multitude 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 2 cm?/Vs.

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

of the structure



the conposition of the three photoactive conponents (organic matrix,
surfactant MO @0084104301sem conduct or nanoparticles), their pPOPMEPR0AGI1RS2
volume relative to one another and their 25 |ayer thickness. In a preferred
enbodi ment of the present invention, the_Purfactant material conprises a

p- conductive material, which has a hole nﬁkility of > 0.001 cn2/Vs to < 10
cn2/Vs, preferably of > 0.01 cn2/Vs to < 5 cn2/Vs, nore preferably of >
0.05 cn2/Vs to < 30 2 cnR/Vs. The at |east one surfactant materi al
preferably conprirses at | eastr. one p-conductive material of the structure WO
2008/ 104301 PCT/ ERR008/ 0012 -14- Ro R HR~ n where each X for each
unit is independent\y selegted fromthe group consisting of N, 0O, P, 5 S R
and R2 for each uni cted independently fromthe group conprising
hydr ogen, al kyl, is selected fromthe group conprising
carboxylate, amn phosphate, sulphate and nis >3 to < 15. In a
preferred enbodi gresent invention, the surfactant materia
conprises an 10 material, and the nobility within the
surfactant materi i s "pref ably 0.00001 cn®2/Vs to < 10 cn®/Vs, preferably
? 0.001 cn2/Vs to 5 5 cn2/Vs, nore preferably? 0.01 cnR/Vs to < 5 cn/Vs.
The at | east one surfactant material preferably conprises at |east one
n-conductive material 15 of the structure ROii R-R5 R2, R3 and R6 are

sel ect ed i ndhperdenXl fisr E4chranite itlepeticfOV b BolHE 98RP consisting of N, O, P,
5 S, R;and R; for each unit are selected independently from the group comprising hydrogen,

alkyl, alkoxy, Rj3 is selected from the group comprising carboxylate, amines, thiols,

phosphate, sulphate and nis> 3 to < 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?/Vs to < 5 cm?/Vs.

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

15  of the structure

Rg
(o] —— o}
R, \\ Ry
>-N N——<
R Re—Rs
o} o}

where R, Ry, R3 and Ry are selected independently from the group comprising hydrogen,
20 alkyl, alkoxy, R4 is a single bond or an alkylene unit, and Rs is selected from the group

comprising carboxylate, amines, thiols, phosphate, sulphate.



where R, 20300104381 koxy, R4 is a single bond or an al ky|RGREB08/001353 R5
is selected fromthe group conprising carboxylate, am nes, thiols,
phosphate, sul phate. WO 2008/ 104301 PCT/ ER2008/ 001252 -15 The at |east one
surfactant material preferably conprises at Ieast one n-conductive materi al
‘of the str R4 are eI ecte

i ndependent f%?eél% %ﬁrfragt%p{\%étﬁgfgl i psr?f%ba ogésﬁs atalﬁad&lone QT(i?B q%naé

si ngl e bondfamgdtaictame® al kyl ene unit, and R3 is sel ected fromthe group
conpri sing carboxylate, am nes, thi oI s, phosphate, sul phate. 10 In a
preferred enbodi nent of the present invention, the surfactant materi al
conprises at |east one ngterial having a solubility of > 10 gll to S 400
g/l in at |east one solvept having an ET(30) value of? 30 to <_ 42. "ET(30)
val ue" is understood to~=s ity of m solvent based in the context
of the 15 prese i ch have been published in

Rei chart; Dinroth 1969, R1, 1-73, Reichart, Angew.
Chem 1979, 91, Advanced Organic Chem stry,
4th edition, J. § S "\ p.361. 20 The present
invention also rel\ate ceII ccoF[dl ng to the present

i nvention for po i ifatiqns (e.d. nobile phones, MP3

pl ayers, notebod} ica etcY, for use in the automobile
sector for generating eI ectricity for various electrical I|oads, for the use
of semi St ransparent sol ar ceI s in glazing for buildings, greenhouses or

aut onpbi | es,, i nywat r the use of such .a . solar cell in
b he t or e BRI e G TERE 1EPERI iy Rm SRE ARG Do oifued ok,
energy genefiiagixyOR,1i8 al difgle bond and/or an alkylene unit, and Rs 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 E1(30) value of > 30 to < 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, 71992, 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.



formof roof and wall installations, or filns for incorporation into itens
of cl ot hi ng WQR00§0BBAI04301 PCT/ EP2008/ 001252 -16 The af or BGErER2008/001252
components and those cl ained and described in the working exanples for use
in accordance with the invention, in ter of their size, configuration,
material selection and technical design, are not subject to any particul ar
exceptional conditions, .such that the selection ¢criterja known.in the field
of use can Pﬁﬁ&g’a e’%"f’ﬁ%ﬁ?mp‘&f’f’gi"@fjitg‘?ﬁec 1B %5@8&@?%4 nnstge PeRting exmples
advant ages : 1 SAHR} AV, ' - 0 Vi .

ubel o o and Fram R R e e, ot 7 (e 2, el O ARl
drawi ngs,  B¢lesttoncind- tebniva ydesigne asnpitesubjesevenay pasickilan gxexaivahieSorditichs,

i nventive sol ar_ce|l :i\re, shown. In the draw ngs: 10 Fig. 1 shows a very
schemati c &% thatdhe sqleshiop cptsmgkngwadn the ficd pf usecan dind g'se withowti restriction.
enbodi negt of the invention; Fig. 2 shows a very schematic sectional view

t hrough several sem conductor nanoparticles of the solar cell fromFig. 1,
surrounded byrthetrdetils afeatui@t #idi @vantaged fxhésbject BARNDT Fhe/ BRv¥ntis S8R Ident
sectional view through a solar cell according to a second enbodinent of the
i nvention. Hpg! thg sy sand ifeogt ﬁmdﬁscr@tipypﬂd% fotlows efithevascompanying drawings,
characteristic,for sol ar. cel | . accordi.n to Exanple 1. Fig..5 SE?WS a

di agram of ¥ W?H’?‘c_asy faiid roécrﬁx?WB‘etéé‘%veEﬂa‘%%E%rqxéF‘ip Sfoérandng%t‘é(fg s cell are
according  hbvhiP IFENRMAWings: Fi 9. 6 shows a transmi ssion el ectron mcrograph
of a cross section of a solar cell according to the second enbodi nent of
the invéttion. Fig. 1 shows a very schematic sectional view through a solar

cell 1 acco%di ng to a first 25 enbodi nent of the invention. The sol ar_cell
conpri ses aftgdsthaysed epychsmalif;sestionah viewe thrppgls a rolas st facseming KoAdirst s

of a transparent .t arial oftflé’fnvieﬂt?&ﬁnce an I TO In principle,

Fig. 2 shows a very schematic sectional view through several semiconductor nanoparticles
of the solar cell from Fig. 1, surrounded by surfactant material; and

15 shows a very schematic sectional view through a solar cell according to a second

F
w

embodiment of the invention.

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

F
N

to Example 1.

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

F
w

20 to Example 2.

shows a transmission electron micrograph of a cross section of a solar cell

5
@)

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 also functionalized SWCNTSs (Single Wall Carbon

Nanotubes) applied in thin layers or functionalized MWCNTs (Multi 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,



t hough, all materials known in the field are useful here, especially

so-cal | ed TWO 2Q08/1943%ar ent Conducti ve Oxi des), but al so fuPCTIEP2608/004252
SWCNTs (Single Wall Carbon Nanotubes) applied in thin |ayers or
functionalized MACNTs (Multi Wall Carbon 0 Nanotubes). Applied to the
solar cell is a layer of a first p-condubkFVe pol ymer 40. The | ayer is about

40 t hi d ists, in thi di t, tiall f PEDOT: PSS.
10 T ol ghe SRR R D R T, "eolent gl of kT o
in the fielgappheh RaVEHR! BC OB £¢ %Ml&fgﬂpg?ﬁtﬁegs?@ngseﬂle fof i %rg:%r #at to

light in the relevant wavel ength ranges are“us or 1 nstance

PEDOT: PSS nBRDOInRSS mentibred o HThe phot oactive | ayer 10 consists, in the
present enbodi nent, of a |layer of the inventive sem conductor nanoparticles
20 coated with photoactive surfactant material, which are enbedded into the

LT, Tt P ! Bl M HRA BP P PR !

AP
nm or | ess) ch consi r materral .

possi bl e shehiic@iductdt thahejanestes LhecoaRAl WA Phetcattive SuPRed: irfdt8%al2 Whidkdatehe
p- conductive polynmer 40. The matrix material in this enbodinment is P3HT

( pol y- 3- hex§mbasded e ehe matrik ewdteréalusef ul here are the abovenenti oned
polynmers. For the |ayer thickness, the product of total absorption of the
solar cell and of the electron conductivity and the hol e conductivity,

caused by tjgditiohdIBtdpphed®{s aslﬁfléri%i(%%é/thﬁfl&lén‘sgtié Y(?m:hSorQ@srsX%F:'hic‘aﬂsi%ioﬁguxfeor

di scharge of the el'ectrons through the n-conductive material or o
hol ds 0of0 t hmatpixc omedercal i Vidhingireventsl ,a ipsssitile ashoetxd¢irauin bétwesni thef etrhicordhicdyr a

| ayer of the inventi ?25 ;irp@fonductor nanoparticles 20 surrounded by
phot oact i vendgPargekes 4P and thern-eendugiyepplwper hilbe sradrix materiahin this gmbodiment

material. | i P%}I]ﬂug’g@pg};hﬁgﬂg{?&chgf‘?)s Lﬁ%%vééen?stefu?%&eecérglﬂlley %btonieﬁler?t?oCnteh 3{8'1 Oferg.he

figure is drawn v . . e actual "size ratios, propo ns by

vol ume and Fa'thé tlyediteskneds, thebod@st Wf ebithll Bs@PtioR o€ teiold cbI? ahM 8 f tieRgsdidonC

application. Finally, a second electrode 60 is applied on the photoactive

| ayer 10, wninductivity andethgrhedeponductivity, caused by the formation of sufficiently effective
15  percolation paths for discharge of the electrons through the n-conductive material or of the

holds of the p-conductive material, is at a maximum.

This 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



25 enbodi nent, consists essentially of alumnium Fig. 2 shows a very
schemati c s¥WQ 2@8AI04301ew t hr ough several sem conductor nandPGEFFEP20e8L0012%2 of
the solar cell fromFig. 1 surrounded by surfactant material. In this
drawing, it can be seen (very schematically) that the sem conductor
nanoparticl es consist of seniconductor 30 material 21 surrounded by

phot oacti ve t ant erli 22. W I t.ons ener

i nci dence off! %%ﬁ T MG W‘%aJB*FS‘? 1B, raﬁp §H8 @h@’e&’ﬁ‘atof‘%evetf ﬁﬁa’etlrg%f’?ﬂr?zhol e
pairs di ffta,stekéaaééﬂ@mnﬁaeagegmeeéfﬁab fehd{dbsf@fe it is now possible (as
i ndi cated by the arrow in WO 2008/ 104301 PCT/ EP2008/ 001252 -18 the Fig.)

for nore efficient charge separation through the photoactive surfactant

material 22 tot e whi ch [ ncreases the eff|C|ency of the sola
cell. Ina ffk f‘eﬁwg‘apﬁ%n@e S?rﬁeogé#ﬁt%mawm eﬁ&?ﬁﬁéﬁﬁﬁeﬁ‘lﬁéb’ Efrecnd

t |
gﬁ?? Q.C![ ?nt ynatselﬁjéﬁiea% cﬁ“g%ﬁes?fsj « P H&S%n%' Sﬁffggh g{’{ﬁ?ﬁ{] gt'éeot&aﬁﬁ:n q
a p- conduct endeptpsphitesolpiophei@d andld p- SMbﬁvé)pérﬂ@h@ﬁﬁQn@ut cI earl y that Fig.

2 is also a very schematic drawing. In real systens, the size ratios wll
differ significantly fromthose of Fig. 2, since the 10 sem conduct or

particles 2 efer nol er t he hotoa tiv
mat eri al 22IJt S%Bﬁlgpé |p°mi‘ftzll g“ %ghagg‘:lﬁt %ds(r)%t g‘ﬁai”m@ n Tea
sem conduct gsteRA! tthE' GES 2:1mb§1 \ﬁlug differ %%ﬂlﬂ:c‘aﬂly %&ﬁvmobée& $hpw, \Mﬁc@ the
round diameter, all conceivabl e norphol 6gies are 15 possible for th

sem contluct mnlpmdmm)r psrtiwiad Jtagregireforably purefunded Hy acmonalaysy afahe Iphotspx&mef ic
application of it | nvention. For instance, the sem conductor particles
consi st of PaKEa . are essentially one- dinensional) in a preferred
enbodi nent, have a Ieaf-l i ke structure (i.e. are essentially tw- 20
dinensional) in a further enbodi nent, or have a three-di nensi onal shape

whi ch may bBloreives; uf ﬂroulchlpepp@medmuekhat edlthopgothdaemicond actohpatticies Retin ppdal
form It should be pointed out that, according to the application,
seni conduct & Pig 2i kavesbesn shewnr withrt ravsd piameigr.call waxceivable morpholegies: aien

the phOH) aci[)ols\s{%le Y file 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



25 Fig. 3 shows a very schematic sectional view through a solar cell 1
accordi ng tW020883%4381 enbodi nent of the invention. This vaGI/BR2ZUWBINEIR
fromthat of Fig. | in that a further layer 70 (a so-called "hol e-bl ocking
| ayer”, e.g. phenyl C61 butyric acid nmethyl ester) has been applied, which
prevents unwanted transition of holes intdo the alum niumelectrode. 30 Fig.

-4 shows a di .am of a typi rrent-voltage characteristic for a sol ar
Cel I accor APRGOR tpeesmt o SAYh e Fiuei e Vorrecaran 1 aroianei fonsingsiond
appr oxi mat etysd RinbhetiME ARP8{P4301 PCT/ EP2008/ 001252 -19 radi ati on
spectrumat 1.5 AM The characteristic was recorded for a solar cell

consisting of CdSe nanoparticles and P3HT. Fig. 1 shows a diagramof a

typi cal current-voltage characteristic for a solar cell accordin 51t0
Exanpl e 2 Ud&e} shay lagemoel © bisel reretypleas @@ﬁ%ﬁ)téﬁ@}%ﬁpﬁ%@r@mgo
the radi atjo t : : o ari St S f.or

sol ar cgi I téoﬁ’él ?n%t{g?fdglt agriggm%%&grﬁg@gﬁ%?ﬁh%&% gﬂgﬁoﬁ@ea@g‘%g%%g}ﬁttg the
mat eri al anddieBéi spebirGm 4 1ShANE Thelchaastetisthd Wik Rt@ded @t aSolur @ell aprtisting df
cross section of a solar cell according 10 to the second enbodi ment of the
i nvention, Cdesnasoparticles, photoactiversupaetentanaterial phdPdHdt i ve  surfact ant

mat eri al and P3HT. WO 2008/ 104301 PCT/ EP2008/ 001252 -20- Exanple: Exanple
1: Workup of CdSe nanoparticles in pyridine and production of a CdSe/ P3HT
sol ar cell fHg TOSHARDY Rardshssfut dletionthickpraph dfs We@dektibnl e RYdHcBRaLGH@hgt he
CdSe nanoparticles, 35 ng of the CdSe nanoparticles are redi spersed first 2
m of tid udnehasatondembpdin®dt of thefinyention comsisting bfi€d8e nangpyrtictispphotaddtive

1/10). Boilin t enper at ur rox. 117C for 2 h) under refl ux
) sur actg.nt rrq}i)teﬁz?l d?’3ﬁqp )




and inert XNOB348WAW0Icauses exchange of the |igands, such PGEERRS/IAS2 f or
.the nost part 10 replaces the surfactants present at the surface of the
nanoparticles. The subsequent precipitajon of the pyridine-coated
nanoparticles is effected with 200 ml of n-hexane (pyridine to n-hexane
‘ratio: 1/ 1$?am!m-s step is sinultaneously also a test for successful |[|igand
exchange. I mented CdSe nanoparticles are renoved by centrifugation
(for 1 h at an acceleration of approx. 2200 g) fromthe excess solvent and
surfactant m xture. 15 For further purification, the nanoparticles can then
be redi speExampleydi nWarkgpnpf (fdSe miasoperticlesd imr pyriigine aaed| proddotion of a

n- hexane. Eﬁ§e F‘@?l‘éem llz;nd surfactant fractions are renoved by
centrifugatl Fﬁ’? SOIF Hi'h at an accel eration of approx. 2200 g). After the
| ast pugrification step, the pyridine-coated CdSe nanoparticles are

redi spersed in a mxture consisting of 7% by volunme of pyridine in

chl or obenz&oeertoad thesurfsaantapipetois used iih the SAtheSO ofltheo€dSe Raidpantitless dbanpzene

solution (5 ) are then added to this mxture. This solution can then
be utiliz eafo tﬁlgﬂ(dgﬁ Sannagirdes; %ﬁreéfsp%%ﬁr%mlsqf telugresand then in Z9rmicefquridine

e Chen pr (8RehErd i il PR Bt RS b bR, I3 1O bpeliteE Pt 5!
di sper si onafdinartgitassphetedtatseoeichahgsi dfithd Tigaras dsuRERMk: JyE8irieSfof tHeaabg& halty

means of a spin-coater at a rotational speed of 1500 1/mn for 30 s. The
filmthQs feplasey the surfpgtents gyresest at Hbe ee tof ethe enpngpantisipes fTbe sbbseguant The

back electrode.is th appl.i,ed b apour .depositd an, of..a | ym ni um | ayer.
The sol ar BarPiase pRdné B e sge FBRastitleL o uecthy ore” 20l opiicrar®
appr oxi mat flyyidhfe thNeh&adt 3hi N /SPLThiLMeRts fimuidhbosd BX@ANLS Br sWQekR Of
CdSe nanoparticles in pyridine and photoactive surfactant material and
pr oduct i onligdndeexcSwephbt sedimiented LCdSeacinapdrtioles erd sinidP8dHbys@haifugation (WD

2008/ 10430i PCT/ EP2008/.001252 -2]2 go renove the surfactant q\/%yni ch is used in
the synt hesPsitdp acreleretian of apRIphr4400 2 Jroms thegrcegsy sl vrnt @RGSUHaGEN Rk IEe e s

o LTS PESE ABiod L b AAER, B0 ICTR ASelh 95 mPIEHATS,
h) and precipitated in 30 ml of n-hexane. Excess solvent and surfactant fractions are removed
by centrifugation (for 10 min at an acceleration of approx. 2200 g). After the last
purification step, the pyridine-coated CdSe nanoparticles are redispersed in a mixture
consisting of 7% by volume of pyridine in chlorobenzene (volume used approx. 1 ml).
20 180 ul of a P3HT/chlorobenzene solution (50 mg/ml) are then added to this mixture. This
solution can then be utilized for the production of solar cells, a mass ratio of CdSe

nanoparticles to P3HT of 90/10 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.

30

Example 2: Workup of CdSe nanoparticles in pyridine and photoactive surfactant

material and production of a CdSe/photoactive surfactant material/P3HT solar cell



5 under refWOR08%80438krt at nosphere causes exchange of t he PGIZERRIES/06125R
that pyridine for the nost part replaces the surfactants present at the
surface of the nanoparticles. The subsegp_ent precipitation of the

pyri di ne-coated nanoparticles is effected with 200 m of n- hexane (pyridine
to n-hexane ratio: 1/10). This step is sinultaneously also a test for
successful |igand exchange. The sedi nented CdSe nanoparticles are renoved by

10 centri f ugadehre fheosurfactinbivhivh i8asal @riaé kAith@ls GPRE ©dSe3RApaicltd, omhhe
excess solvent and surfactant mxture. For further purification, the

nanopar t i clofédhe &idSe manopsetieles argpredispersedyfirsh in i2nmB ofiitoluénepgnd tienana{uml nf
precipitated .30 mi .of n-hexane. The |ast rifjcation step is I y
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approx. 3 m). By neans of evaporative concentration wth nitrogen, the

m xt ur e of nibSepantameydaces i the emirfaptanisdpreseranat diel eurddvenz ke imnaphrticleedThe a
particle concentration of approx.. 25 ny/ This is followed b
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addi ti on ofSUbssqyend pregipifatn of Hea e ostedsnoparisles Wff?&%‘yiﬂhé@ m?of nof a
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nmass rati o secefsdSle lipandpélchhideeSTh® BNt iCdSes Wahspiiadlés di@t Ririovkd abyl
P3HT of 82/9/9 bei ng(gﬂesent In the solution. The solar cell is then

prepar €@ asentoifygatien (Iond luat aweesckgppiancef ppno2206g) Gesehe3rTess2®Ivent ped si on
to a glass plate coatfed wth .| TO apd PE - PSS is.effected by ,nmeans, of .a

Spi n- coat oS FERFY. 108 Fuies BUT BratpBode FRRRIFRlr o8 IbSh aetecippined PRt
formed (segn ik ofPhrilihe aﬁ@ﬁ{‘prjééigftétte& 831G AlhckaRC for 15 nmin. The back

el ectrode is then applied by vapour deposition of an alum niumlayer. The
sol ar cell was then anal ysed under conditions which correspond
approximately to the radiation ectrymat 1.5 AM W) 2008/ 104301

PCT/ EP2008/ 10§ 11a8ippurificationy sippis: £ lowed by, thegieispersign; of &15 mndingseaatedngdSe

cur't actiant "AEREARIReE aCnfe Bl EARERE oo %oy RBRne BERYIREAAChLBbenzene
(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 pl 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.



5 2. Solar cell according to Claim1, wherein the at |east one photoactive
surfact ant W&h2098/18430donpri ses a p- and/or n-conductive nmatRCT/EP2008/0085282ar
cell according to Claim1l or 2, wherein the coverage density of the 10
sem conductor nanoparticle surface is, on,average, ? 50%to < 100% 4.

Sol ar cell according to one of Cains 1 t0 3, wherein the sem conduct or
‘nanoparti clgfa.ar,e enbedded in a photoactive matrix. 15 5. Sol ar cell
according t *of Clainms 1 to 4, wherein the volune ratio VA of

sem conduct or nanoparticles and the surroundi ng surfactant material relative
to the photoactive layer is VA= Vnano +Vsurfacmmt Vac6velayer 20 > 0. 1,
preferably > 0. Bdlar celigomprisingat leastonp sehizpadioyornagoshticle surr@uigled By aSiehsir
cell according to one of . ai Ito 5,. wherein the surfactant materi al
Comprises a p-coMETIOIPEVRAUSHAEN! BAREIE hiSBTIoPE pako HePhoRacVR IRKES ant
materialsis 25 > 0.001 en2/VS to < 10 cn2/Vs. 7. Solar cell according to
one of ains 1 to 6, wherein the surfactant material conprises an
n-conducti ve @ntSolaradellawncortiing tondhdim I, whatdimihe dt heastsonefphotoactivesairfactaal is >
0. 00001 cn2/Vs to < 10 cnR/Vs. 30 WD 2008/104301 PCT/ EP2008/ 001252 -23 8.
Sol ar cel | accor®ptggalicomprisessd pangiarg-condyctive mgteai n t he surf act ant
material conprises at |east one material having a solubility of > 10 g/l to
< 400 g/1 in at |east one solvent having an ET-value of > 30 to < 42. 5 9.
Sol ar cell acgorgilateliacestdingfto ClamnBorl, twthefoin YedoRbragé hals&rbfﬂﬁ:t ant
material conprises at |east one first p-conductive material and at | east
one seckhd semiconductor nanoparticle surface is, on average, > 50% to < 100%.

4. Solar cell according to one of Claims 1 to 3, wherein the semiconductor

nanoparticles are embedded in a photoactive matrix.

15 5. Solar cell according to one of Claims 1 to 4, wherein the volume ratio VA of
semiconductor nanoparticles and the surrounding surfactant material relative to the

photoactive layer 1s

V4= Veano +Vsurgaciant
Vactive~layer
20
> 0.1, preferably > 0.2 to < 0.74, and more preferably > 0.35 to < 0.6.
6. Solar cell according to one of Claims 1 to 5, wherein the surfactant material
comprises a p-conductive material and the mobility within the surfactant material is
25 > 0.001 cm?/Vsto < 10 cm?/Vs.

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

30



n-conductive material, and the m xing ratio of p-conductive to n-conductive
mat eri al i sWW 2008/104304: 1. 10 10. Sol ar cell according to oneCDEPZIES/0ME2L t O
9, wherein the ratio of the nolar proportions of the p- and n-conductive

materials in the photoactive surfactant graterial is inversely proportional

to the ratio of the absorption (optical nsity) of the p- and n-conductive
conponents of thg .overall solar cel ccordipg to 15 =A a"' CI' | n" aP QP
wherein nP is S hellprelac ?faﬁ’rgttOBf‘e Ptgfl ﬁ‘dzc‘ﬂt“if%mr?ﬁ? Birfagtant pgterial ¢ he nol ar

amount  of the ng Shi 145 BR flaleRhl hidd PsdMRhRARY Y6 o716 LasSARN Rt el al

correspondingly an or p Is the absorpti or “p- conducti ve
material n of thieasohasolealthaeing aa'Eronlik®fB B8td kedxonductivity of the n-
and p-conductive photoactive surfactant material, and where the factor Ais
> 0.05 and < 20. 11. Use of a solar cell according to one or nore of O ains
1 to 9 for porpt e i ' lonse for .u I n.the. aut anpbil e
sector fsgr ger?é?%lgrncgelneal%écr? ﬁllgg?to ;ﬁgg%?%% ?(t)%g’w el@ﬁﬁ%ﬁ’fac? tV’Bé?B'g},) for the
use of sem -trangp@irRes atdeAstbnE fitst f-cofdtiad atrfaPindoatilbadt HEkSseciEeENhouses or
aut onobi l es, in watches, design objects, for the use of such a solar cell
in the form of antemdugtive meicphk andthefmiguigranappabhductive tn n-tondustivg i onar y
ener gy generationt i.nlt.t ﬂé{)g nof roof and wall installations, or filns for
i ncor porati on i Nt & ot hi ng.

10 10. Solar cell according to one of Claims 1 to 9, wherein the ratio of the molar
proportions of the p- and n-conductive materials in the 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

n a g
15 L=y

n, a, o,

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 or p 1S the absorption of the n- or p-conductive material n of the solar cell and &, o
20 p is the conductivity of the n- and p-conductive photoactive surfactant material, and

where the factor A is> 0.05 and < 20.

11. 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
25 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 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.





