COMPOSITION OF AN ORGANIC PHOTOVOLTAIC CELL OF A PHOTOVOLTAIC MODULE Field of
the invention 5A subject matter of the invention is a composition for an active layer of organic
photovoltaic cells of a photovoltaic module exhibiting optimum properties for this application. The
present invention also relates to the use of such a composition in organic photovoltaic cells of a
photovoltaic module and to a photovoltaic module corfprising such photovoltaic cells. 10Global
warming, linked to the greenhouse gases given off by fossil fuels, has led to the development of
alternative energy solutiQusvWiriE T DO DFANSOGRASES Hmmg(bhejumpﬂ@tbﬂmdfas, for example,

photovoltaic modules. A photovoltaic mo l\%ﬁ Bﬁ @ ic cell", this cell being capable of
converting light energy into electricity. 15 é%%r@eri&é? %QR) ic panel structure exist.
Curently, use is predominantly made of “inorganic” photovoltaic panels, that is to say panels which

operate with a board of semjcanductors, generally of silicon, forming a photovoltaic cell for trapping the
photons. By way of s Itaic cell conventionally comprises a plurality of individual cells,

each 20 individual cell cotnpﬂ'tg‘séng aphotol ditaitsensor in cantagbibdihefectiarnncoliectors pfaced

above (upper collectors (ch)lf% Iow r c?llecﬁor L('g ghot \/E%|%a}.( c.sensor. W’RI%’IP the ghotovoltalc
cell is placed under aﬁlg % gource Gefivers 4 Eontintous lecthic currenP%N(Fﬁ D PEP S vered at

the terminals of the &eelltiiz aggiiiarido. tH&dnpreanic mhammltalmcedlaiphottm\mhaus@ejl% oichrganic 25

type, that is to say that the. hotovoltalc cell d off or n]§ter|als f?r exam
g % I’i Qreganic 1010\’0 A FC% 0 ovQ odule %
polymers, forming the " Betive ayer',Qarea nown. Fo owmgt e exampe of inorganic p Jtovoltaic

cells, these organic ghotevbiiaincdlls adnsprimmm’m@bn@,vbbamcbeélectron hole palrs (excitons) being
generated 3 d contributi tgﬁ Wap!hoto u 5fent 'I'tp1 oltalc cell compr

g% %% Rarts
(subsequently referred 30to as Matertals"), one ex Iﬁ?ﬁg AN eXcess OF & tr%ns Iec rsc’jrllrl c?onatlng

material) and the oth@rtexhébiting pdeficié nbyrimelecnony @bﬁwamvdech;dnng)mat%ad:h gags referred
to respectively as “éXH%gdt%Qx?%Se@%iBEﬁy?u%lg‘é’Eef%r example, photovoltaic modules. A photovoltaic
module comprises a "photovoltaic cell”, this cell being capable of converting light
energy into electricity.
15 Numerous types of photovoltaic panel structure exist.
Currently, use is predominantly made of "inorganic" photovoltaic panels, that
is to say panels which operate with a board of semiconductors, generally of silicon,
forming a photovoltaic cell for trapping the photons. By way of example, a
photovoltaic cell conventionally comprises a plurality of individual cells, each
20 individual cell comprising a photovoltaic sensor in contact with electron collectors
placed above (upper collectors) and below (lower collectors) the photovoltaic
sensor. When the photovoltaic cell is placed under a light source, it delivers a
continuous electric current, which can be recovered at the terminals of the cell.
In addition to the inorganic photovoltaic cell, photovoltaic cells of organic
25 type, that is to say that the photovoltaic cells are composed of organic materials, for
example polymers, forming the "active layer", are also known. Following the
example of inorganic photovoltaic cells, these organic photovoltaic cells absorb the
photons, bound electron-hole pairs {excitons) being generated and contributing to
the photocwrent. The photovoltaic cell comprises two parts (subsequently referred
30 to as "materials™), one exhibiting an excess of electrons (electron-donating material)

and the other exhibiting a deficiency in electrons (electron-accepting material),



The organic photovoltaic cell is less expensive, can be recycled and can be extended to flexible
products or various conformations (for example building tiles), giving access to markets inaccessible to
conventional technologies, in particular by 5 their incorporation in multifunctional systems.
Nevertheless, organic photovoltaic cells have suffered, to date, from a very low overall effectiveness
level since the efficiency of such photovoltaic cells remains in practice far below 5%. Furthermore,
currently, the lifetime of the photovoltaic cells is very limited. 1 OState of the art  The mediocre
performance and the:fegiosresitetimgyolsorganiaghatavoliaigeellpare directly related to a number of
physicochemical parameters which cyrrently pres tdifficulties. As has been seen above, an organic
photovoltaic cell is composed GF Al f%%f’e"@ég’r?-&gfa\fi g hiairialandta %I@&ﬁﬁlﬁ-a%%‘gﬁﬁhg%aterial.
In point of fact, a majasiéehnicid:pisbblesdisiposea-fsamtheoviewpaintaf shengoatollohthelsprphology
of mixing of the electran-donatin an%electron-ac pting materials.. . Currently, in order to overcome
this cificuly, the stAiAB) B5RSISts TR VSR R e P AA ey ML S TSGR 10 YA e desired
morphology. This anngaling&stagen whitifueorisists dipshkeaating theatattie dayearifossevesaiminutes at

temperatures of greatﬁr Ehan appro imat I%/ 11L)OC, iS a st? e which is 1yirtuall necessary in,order to
. ce % 3% ered, tol. ate, irom’ a VebrX (t%v (fvera . ef] gctlvcin 58 SYSLICE the
obtain the correct structure. The annealing stage exhibits the Tirst disadvantagé of being ime

consuming and thus#&ipensivé doulh alsoosohisiitatds etniitaiiopranithdandelofves flietbiehaubstrate (PET
type) which cannot M%psl}ﬁ\nqheﬁ%g%g%lytﬁerﬁ}o }évzéftael)é%g ure Vté)r h%%t1 tw{'&thout experiencing a
deterioration in the Mechanical properties hEFEGT everal approdches have consisted in optimizing
this stage by varying the operating conditions and it is also known, for example, from the document US

2009/02293%7, that tgteagp'gggr?f additives, such as alkanedithiols or alkyl halides, will act as
plasticizer during therarmea{‘mgwhich are capable of migrating but which 30do not make it possible to

stabilize the morphologie$hNevérthalgssiofiisdesifébetovabtain Stablecstfucimes phitomeltassary to

introduce S“r.faCta”ééeﬂé‘a?é’“ iy @r aé%e;?'e ‘S a Kﬁ‘ll%’e@ E@%‘@%&Eéﬁ%ﬁ'?a‘%&%e Lirblock gu?fe%lt ers
having a conjugated sequence of diblock copolymers but not comprising any conjugated seduence.
The document US 20e8/00ii4k4i¢s thus known but the block copolymers here act as transporter of

charges (donor/receptor) and also as surfagtant but o.notLs va th ,<'flbOV said first Stechnical
problem.  The documentpglga%io 1%%%%%%%@8 Igngwh, \ﬁmc V%%%ﬁrﬁ%ntispr%o\}}ldjggéorot %naddition,
to the activé fayer, ciersmaticantiognvataadibidckicosoiymeaceanppsedeokhnielpetmbridtunating block

and of a second coyglently grafter Blackwith electromaceaptordilisiengs), This solitign jatroduces
?engtia rfl%

improvements with 10°regard to the efficiency but the synthesis of the additive is ya
complicated and nosetidfelenrplirakiingronhtdogepdmoighadtisiiopovernimenridiodsof the

improvement in the efﬁd@fr}[e\ﬁ\ﬂ%91‘['5%%%%”5@1&%@9? dﬁﬁm@?% strategy consists in varying
the annealing condifions in order to obtain the desired morphology. This annealing

20 stage, which consists in heating the active layer for several minutes at temperatures
of greater than approximately 100°C, is a stage which is virtually necessary in order

to obtain the correct structure. The annealing stage exhibits the first disadvantage of

being time consuming and thus expensive but also constitutes a limitation on the use

of a flexible substrate (PET type) which cannot withstand excessively lengthy

25 exposure to heat without experiencing a deterioration in the mechanical properties
thereof. Several approaches have consisted in optimizing this stage by varying the
operating conditions and it is also known, for example, from the document US
2009/0229667, that the addition of additives, such as alkanedithiols or alkyl halides,

will act as plasticizer during the annealing which are capable of migrating but which

30 do not make it possible to stabilize the morphologies. Nevertheless, if it is desired to

obtain stable structures, it is necessary to introduce surfactants. In particular, it is



None of these existing solutions is very satisfactory regarding the control or the stabilization of the
morphology of the mixing of electron-donating and electron-1 5 accepting materials.  Another major
problem lies in the low effectiveness of the active layers of organic photovoltaic cells, which only very
rarely exceed 5% efficiency. In point of fact, it is essentjal to increase this efficiency/effectiveness if it is
desired to viably develop the photovoltaic application§.320Furthermore, there currently exists no
additive capable of improving the efficiency or the stability of the organic solar cell and at the same
time of eliminating theoamnealihgrstads. driefldestiiptidncopthenipnention: 25dijecptasenjumeention is
intended to solve th(()ar %rg%lc ms ogltbeel%rqanlil% tph%’%01\_/iogltlai%Ig:elIs o;éﬁ]rgoc{oyoltaic nﬂ?u([les of tht_e prior art
by providing a composﬁlon of AN active ayer o ar?o?génlc%gﬂn&u dﬁrlssl% u%{l%%'po jc/m%?uﬁla?\?ing linear
architecture of a sp&EfitoFeE) 17244 i thas lheenm founbs bivtheapplicent haftercvasiousspxpearisfients and
handiing 3 Ooperations, 3,3 specific structpre. sould, alon exhibit optimum pesuts making [t possiole
to improve the compa%l%ﬁlz 0N of 8 Mixture Betwaen an electron-dona INg -4 material andan
electron-accépting medterial pr@reorganic photovoltaic/solar cell, whether in terms of performance
(energy efficiency) or in tegms, of stability. (i lifetime,of the organic photovoltaic cell). Thus, the
optimum structure of the ?&%@é’ ?3131/15}1%s%@%@?r%%ré%%@?&i and n@ﬁ%@ﬁg&}?ﬁ‘g&g’gﬁﬁ%ﬁ Stabilized 5
morphology) than foheconidention®l grecesses ligemprisingoak emmorte dhnediihestagpsBpecifically,
it has also been showI[A hat.a Ile sl f the examples of specific structur cordi the
invention makes it pcgss‘igg%dnét S%Ié %é}?(ﬁgp?o?/‘ﬁ%e%?ﬁ%iéaﬁ%y&;fl the ce IW%%%&&%@%&%O% erence
but also to do it whileithisgestgingresthtthe @nieatiery. sthgesathismaieshic po ssippie tonsatsevithe/lower
the 10 costsn the manyiRGHIInG ALACeSs: ANLIRRE ARIE Io RIRRAIE £sls.an IRble sybsiates
without constraint due to the annealingtemperature. The present inventior thus refates to the
improvement in eachéithestoliowing prapénieshcharacrernisvcshéajbiiaptiventss; an8(b) vhthsufacturing
conditions, (c) stafilty, o, oreani. RRRIRKAUIRIG RRHS PYILE. PLINE RGiRN.fla copolymer additive

acting as compatibilizer and nanostructuring ‘agent.
None of these existing solutions is very satisfactory regarding the control or

the stabilization of the morphology of the mixing of electron-donating and electron-
15 accepting materials.

Another major problem lies in the low effectiveness of the active layers of
organic photovoltaic cells, which only very rarely exceed 5% efficiency. In point of
fact, it is essential to increase this efficiency/effectiveness if it is desired to viably
develop the photovoltaic applications.

20 Furthermore, there currently exists no additive capable of improving the
efficiency or the stability of the organic solar cell and at the same time of

climinating the annealing stage.

Brief deseription of the invention

25 The present invention is intended to solve the problems of the organic
photovoltaic celis of photovoitaic modules of the prior art by providing a
composition for an active layer of an organic cell comprising a copolymer having
linear architecture of a specific type.

It has been found, by the applicant, after various experiments and handling

30 operations, that a specific structure could alone exhibit optimum results making it

possible to improve the compatibilization of a mixture between an electron-donating



Thus, the present invention relates to a composition of an active layer of an organic photovoltaic cell
comprising: 20- an electron-donating material consisting of a conjugated polymer; - an
electron-accepting material;  characterized in that the active layer comprises a copolymer having
linear architecture comprising: from two to five blocks, jncluding at least two blocks of different
25chemical nature; two consecutive blocks being of di'#férent chemical nature; each block
exhibiting a molar mass of between 500 g/mol and 50 000 g/mol; none of said blocks being bonded by
a covalent bond to thetelectroh-8:0dedeptingentteriabidivg éxpressipnithpvong a tinesul streetture” is

understood to mea%h%%‘é'%‘ch}hfatnﬁ? t(r%}egb?l%lknsla%fo ‘1' RSP E‘%ﬁ@%@&ﬂe ahovesaid conglymgy stretch
out, constituting a continuous chain ot pblymers exhibitirig only two &nds, in contrast to a
three-dimensional dinsctased Wisichexhibismtieashthredtends: T HEhexpresyitmidifienamtrehgmical
nature” s understoqdtg.izap, e (aghihal,e iNs.comRoUngs,or SmPaNeRls dangt RelpAgdp the
same chemical family within the general group of thermoplastic poi)ymers. y way of‘examples, a
person skilled in therarpHidtinguibheddan pantictieraihe fotisaingahernsical matwresopo yarvibies,

polyamideimides, S%%g%?%ﬁ@é%%%‘i%i?itpﬁalé/%‘{!?%@@:‘ie&o%ly{%'&fiﬁ?Ié%War?engf'}i}%héqgﬁgi‘éQ of
polyestercarbonates, polyetherketones, polyestercarbonates, polyitnides, 1 Opolyketones, aromatic
polyethers, and thedjkeific sBycirtuacoftdinecontrolinvestioctnadasf itheosopolpniembatirigirear

architecture accordipg gyhe inyention (Rumper, Lblosks, ahaolymerswhigharc definad angdow), one

of the blocks will become located in the electron-donating material whereas the other polymer block of
the copolymer will bBgesmrengcetbdhin a8 ehlinglsegonliscasling irznesifle (of stigutsscd et M)e Thus, the
copolymer agcording,{p the ivenipRatisias f-oadculilY AHVaNRISOPR SHEaCiRNLAHBIRIzation of
the difference in energy existing between the electron-donating material and the electron-accepting
material) by decreasiéfttiessizatisiuheeitsirais dhcedehtet thangabnm aterietsriwhicAlrenbisesithe entire

active layer more stghle.afd thys beligrd «  the improvement in each of the following

properties/characteristics:
(a) effectiveness,
i5 (b) manufacturing conditions,
(c) stability of organic photovoltaic cells by virtue of the action of a copolymer
additive acting as compatibilizer and nanostructuring agent,
Thus, the present invention relates to a composition of an active layer of an
organic photovoltaic cell comprising:
20 - an electron-donating material consisting of a conjugated polymer;
- an electron-accepting material;
characterized in that the active layer comprises a copolymer having linear
architecture comprising:
» from two to five blocks, including at least two blocks of different
25 chemical nature;
» two consecutive blocks being of different chemical nature;
»cach block exhibiting a molar mass of between 500 g/mol and
50 000 g/mol,
« none of said blocks being bonded by a covalent bond to the slectron-
30 accepting material.

The expression "having a linear structure" is understood to mean the fact that



20performance.  Other advantageous characteristics of the invention are specified subsequently:

- particularly advantageously, the abovesa d copolymer comprises a single block consisting of a
conjugated polymer; 2 5- the conjugated polymer forming the electron-donating material and/or the
abovesaid single block consisting of a conjugated polymer of the block copolymer consists of
poly(3-hexylthiophene); - advantageously, the eTe%tron-accepting material consists of at least
one fullerene, preferably methyl [6,6]-phenyl-C61-butanoate (MPCB); 30- at least one of the blocks of
the abovesaid copofyeigsdensigisiahapalysiyemne;abbyealideagiconacefthechlocks efsthampavesaid

copolymer consists of a polyalkyl acrylate, preferably. poly(n-butyl acrylate), or of a polyisoprene;

- at least one of thectgfggﬁéog?t %b%%/@gi?ﬂg%%p lé%%xéﬂgfté‘éﬁa%ﬁé scﬂ?gﬁségff g@%@%&bly of
between -120C anddib@fxictx dnteck eophiymerhisinsistsasf hedy @rkexylthiophene-b-isoprene),
poly(3-hexylthiophene-b-styrene) or. poly(styrene-b-isoprene)., . The invention relates.to the use of
the composition as descri % % 8%/3(5,(% t %%%%ﬁifglﬁlr%?g\s}%)giclsi: %@5#*30§ﬁggg%hagtg C(.l)é!gﬁ% In
addition, the inventitie alsgpratatestocanphatayeltaiotidduta @xibiting bbb dshitne/ddayertforming an

encapsulant comprisiggrﬁ hotovgl%gic cell, consisltir}l%rcs)fﬁ E]pluralit!)(z of ind'&vidual orgr?r;f(cﬂgac%t{)voltalc

cells each comprisiﬁﬁ ah actve I%yereggﬁglﬁfél% 8gﬁeratln &%t?lch%rﬁ%Fﬁy?gﬁﬁa layer o%ming a

back sheet, the comipositiodi ofrsmidhastive taysnisrasdebtitvadeabbyeickb Desceptioiyahtliesappended

fiQures polyamideimides, saturated polyesters, polycarbonates, polyolefins (low- and high-
density), polyestercarbonates, polyetherketones, polyestercarbonates, polyimides,

10 polyketones, aromatic polyethers, and the like.

By virtue of the controlled structure of the copolymer having linear
architecture according to the invention (number of blocks of polymers which are
defined and low), one of the blocks will become located in the electron-donating
material whereas the other polymer block of the copolymer will become located in

15 the electron-accepting material (cf. figures 3 and 4). Thus, the copolymer according
to the invention acts as a particularly advantageous surfactant (minimization of the
difference in energy existing between the electron-donating material and the
electron-accepting material) by decreasing the size of the domains in each of the two
materials, which renders the entire active layer more stable and thus better in

20 performance.

Other advantageous characteristics of the invention are specified
subsequently:

- particularly advantageously, the abovesaid copolymer comprises a
single block consisting of a conjugated polymer;

25 - the conjugated polymer forming the electron-donating material and/or
the abovesaid single block consisting of a conjugated polymer of the block
copolymer consists of poly(3-hexylthiophene);

- advantageously, the electron-accepting material consists of at least one
fullerene, preferably methyl [6,6]-phenyl-Csi-butanoate (MPCB);

30 - at least one of the blocks of the abovesaid copolymer consists of a

polystyrene;



The description which will follow is given solely by way of illustration and without limitation with
reference to the appended figures, in which: - figure I illustrates the photovoltaic efficiency (PCE)
as a function of the mass fraction of copolymer in the active layer for two different examples of linear
20block copolymers; - figure 2 illustrates the standardized photovoltaic efficiency (standardized
PCE) as a function of the illumination time; - figure“§ is a diagrammatic representation of a solar
cell, the active layer consisting of a mixture of an electron-donating material and of an
electron-accepting 25 materialathis.diageant teprelsekisod thpelaheellitestedlinidiecoatitextofithis
invention; under no circ tances is the invention limited to this. type of cell, which is just an
embodiment, and tHe E%%gﬁt%} (l?larf Béefgﬁ%\%é) ?%%léﬁ{si%# G tIac'; ecr’rti)/p%,p @‘Yﬁ%or%%ﬂFar cells with an
inverted structure with respeetaoldhis one of thfiduloel4 is éhelialgressithtioprépresentdbionof anfinterface
betwe_en _the two SQfgsgtt«?lr@I&ng tliggfarggyeolﬁ/&r \é\él;l{cp% &tgrkg('ﬁli_ ; g(gy the bloc_k copol_ymer, this_
combination constituting the aci/e ﬁaye according tothe’invention;’ -7- - figure 5 is a graphical
representatién of the change-inithepldtevolibinaffigiesicy ag pdly@tionxgithelcantentgtaapolymer
(P3HT-b-P4VP) add%g ﬁg)_fre])e( %ﬁ?&’%é%%%::;%’%%@f%dgﬁ g@%&%—%tigherinu\é ntion  The composition of
the active layer accordi g to the invention comp iseg, i generaf)ge%n'fion: - an electron-donating
material consisting of a cOhjuigatedquotyiries;te dr electibthecacneposigamasetialgudhias;dar dxample, a
C.60 (fullerene) deri{}\éa;[lil\l/% %gtc‘ba{aai%tgélﬁedfig\ ?&t ;[]%ﬁa%:;[%/%ﬁé/er comprises a copolymer having
linear architecture comprising from two to five B oc‘l)<s, 'mcludfng at least two blocks of different nature,
each having a molar mads efltiétweére 30 gfiokand<0:800 girholoRdtregardhthexéiéoirgratdonating
o R eISts 8 SRR R R DS AR SR T ORI AR G A 00 0
a plurality of individual organic photovoltaic cells each comprising an active layer

capable of generating electrical energy, and a layer forming a back sheet, the

composition of said active layer is as described above.

15 Description of the appended figures

The description which will follow is given solely by way of illustration and
without limitation with reference to the appended figures, in which:
- figure 1 illustrates the photovoltaic efficiency (PCE) as a function of the
mass fraction of copolymer in the active layer for two different examples of linear
20 block copolymers;
- figure 2 illustrates the standardized photovoltaic efficiency (standardized
PCE) as a function of the illumination time;
- figure 3 is a diagrammatic representation of a solar cell, the active layer
consisting of a mixture of an electron-donating material and of an electron-accepting
25 material; this diagram represents a type of cell tested in the context of this invention;
under no circumstances is the invention limited to this type of cell, which is just an
embodiment, and the invention can be applied to cells of any other type, in
particular cells with an inverted structure with respect to this,
- figure 4 is a diagrammatic representation of an interface between the two
30 materials of the active layer which is stabilized by the block copolymer, this

combination constituting the active layer according to the invention;



1 5 polymers having a characteristic electronic structure referred to as "band structure”. These
polymers are marked by the presence on the backbone of an alternation between double and single
bonds.  Mention may be made, as nonlimiting examples of conjugated polymers, of polyacetylene,
polypyrrole, polythiophene, polyphenylene and polyanu}ne but, more 2 Ogenerally, the conjugated
polymers bring together three main families: poly(p-phenylene vinylene)s (PPVs), for example
poly[2-methoxy-5-(2'- ethylhexyloxy)-1,4-phenylene vinylene] (MEH-PPV) or

poly[2-methoxy5-(3',7'- dinﬁgh;&oﬁtjdox@ﬁﬂi@hmptemmﬁmﬁeuﬁ]ﬂwMePiﬁVthepp]yﬁ@iﬁmamﬂes (PTs)

resulting from the po%}tmerlzatlon @tr}uo ? es an hICh are sugpgme%eﬂgyﬁl mple

oly(3-hexylthiophene) (PSHT); gfuorenes tcc?rne%tlm fOpo et
poly yithiop poly

poly[2,7-(9,9-dioctyHlureiagdralt-5,5-(48,78- di-2-thieny1-28,18,38-benzothiadiazole)] (PFDTBT).
Among all the conjugated polymers which can be chosen to participate in the 30composition according
to the present |nvent|on the appllcant company has a preference for poly(3-hexylthiophene) (P3HT).

: dshemevertivall known to a person skilled in the art.
Mention will be made, by .9 I t [ f (3- hex Ith| hene WhICh is
copiously described in the %era{%uséa@grt (;ﬁrg%%gég};h%]}%%%ﬁ%e rﬁ%o{r}ﬁmgé\r%?aﬂ}lg\% ble: " As
regards the electrodtag@mabﬁmtEwal it consists of a molecule capable of accepting electrons.
Preferably, the electrgh-accenti emﬁé ewlji{ p&g@igggﬁ%scgs? @J gla%y%ge or a mixture of
fullerenes (C60). More prefera methyl [6,61-pheny]-Coi- 1"0Obutanoate (MPCB, a compound
known to a person swm@bbmn@@mna alsaidy serharefolaaaviiladle) Willerchdeereforthe

electron-acggpting mtr%@ized in that the active layer comprises a copolymer having linear

architecture comprising from two to five blocks, including at least two blocks of
different nature, each having a molar mass of between 500 g/mol and 50 000 g/mol.
As regards the electron-donating material, it consists of a conjugated polymer.
The expression "conmjugated polymer” is understood to mean conjugated
15 polymers having a characteristic electronic structure referred to as "band structure".
These polymers are marked by the presence on the backbone of an alternation
between double and single bonds.
Mention may be made, as nonlimiting examples of conjugated polymers, of
polyacetylene, polypyrrole, polythiophene, polyphenylene and polyaniline but, more
20 generally, the conjugated polymers bring together three main families:

- poly(p-phenylene vinylene)s (PPVs), for example poly[2-methoxy-5-(2'-
ethylhexyloxy)-1,4-phenylene vinylene] (MEH-PPV) or poly[2-methoxy-
5-(3',7"-dimethyloctyloxy)-1,4-phenylene vinylene] (MDMO-PPVY;

- polythiophenes (P'I's) resulting from the polymerization of thiophenes and

25 which are sulfur heterocycles, for example poly(3-hexylthiophene)
(P3HT);

- polyfluorenes, for example poly[2,7-(9,9-dioctylfluorene)-alt-5,5-(48,78-
di-2-thienyl-28,18,38-benzothiadiazole)] (PFDTBT).

Among all the conjugated polymers which can be chosen to participate in the
30 composition according to the present invention, the applicant company has a

preference for poly(3-hexylthiophene) (P3HT).



As regards the block copolymer, it has a linear architecture, that is to say a linking together of at least

two different blocks (or sequences). Of course, the order of the blocks indicated below is given only by
way of indication and does not 15necessarily reflect the true order of linking together, it being possible
for these blocks to be inverted at will. ~ The first bloclé!consists of a nonconjugated polymer having a
conventional structure of vinyl (and in particular styrené€, acrylic or methacrylic), saturated polyolefm or
unsaturated polyolefin type. Preferably, this first block of the 20copolymer having linear architecture

will be chosen as being piystynenati(ASY ercpojyistat enby (Rl is wellknegar tis dlpersecokid golymer block
of the copolymer hatggngtlinear architecture, it consists of a different polymer from that of the first block

vvhich can either be nonconjugated, with a conventional structure, of vinyl (and in particular 25
styrene, acrylic or methadfyhitysatulated pedyolbfinvoryunsatxratgd, pdlyiblefimtypeiorocaprhéla
semiconducting conjugated polymer. In the latter case, where the,second blo nsists of a
conjugated polymerr}'?en a}éﬁtﬁﬁ]ﬁeékwgfl% elscg%fi/ur%%rgc%ﬁr%ggsﬁs % ﬁr{% fgqé%%c%k?fggﬁ%cﬁér{%léal
conjugated golymemolymerPyeferaistyjahysaseddrid block of the copolymer having linear architecture will

30be chosen as being po i%\%ﬁaﬁ%{ﬁh@?eﬁ IW%XJ%{?@: (r'ﬁééﬁkp@'é’é s'f%{%g(?’f‘ti‘l%%‘é{fl%)cgﬁ’?%él&)- -9~

As regards the possible following blocks (third, fo and locks) of the copolymer having linear
architecture, if apprepréategthisytoosist of a different polymer from that of the first block, with an

exclusively ”O”CO”jugatePréfé}é%‘i% @eogxkgfgﬁ%%t@gemn@%%% sbyisnesAeLxie BEMENAGVIL),

saturated polyolefin or Sunsaturated poly pe. In the invention, itis particularly important for two
consecutive blocks t bedifferent fullreafsrébly). théothinrcfowitly andl.fifdthid déstdiffereritCGinom the

second blogk of the,copolymer,paying linear arahitecir el alse,bg #RASENAS pelngi Rglyiggrrene
(P1), polystyrene (PS), a polystyrene derivative, such as poly(4- 1 0 vinylpyridine) (P4VP), or a

polyalkyl acrylate. GPeosBalilevamenabibrovidesdn fahbechsiyomasecaiodiadrsdnd the addition of
a third, fourth and fifth bl%&@g‘é’f&l’é’ ﬁ@tﬁgﬁé'copolymer, it has a linear architecture, that is to say a

linking together of at least two different blocks (or sequences). Of course, the order
of the blocks indicated below is given only by way of indication and does not

15 necessarily refiect the true order of linking together, it being possible for these
blocks to be inverted at will.

The first block consists of a nonconjugated polymer having a conventional
structure of vinyl (and in particular styrene, acrylic or methacrylic), saturated
polyolefin or unsaturated polyolefin type. Preferably, this first block of the

20 copolymer having linear architecture will be chosen as being polystyrene (PS) or
polyisoprene (P1).

As regards the second polymer block of the copolymer having linear
architecture, it consists of a different polymer from that of the first block which can
either be nonconjugated, with a conventional structure, of vinyl (and in particular

25 styrene, acrylic or methacrylic) saturated polyolefin or unsaturated polyolefin type
or can be a semiconducting conjugated polymer. In the latter case, where the second
block consists of a conjugated polymer, no other block of the copolymer can consist
of an identical or nonidentical conjugated polymer.

Preferably, this second block of the copolymer having linear architecture will

30 be chosen as being polyisoprene (PI), polystyrene (PS) or poly(3-hexylthiophene)
(P3HT).



The following copolymers may be found as nonlimiting example of the copolymer having linear
architecture according to the invention: 1 5- poly(styrene-b-methyl methacrylate) (PS-PMMA) -
poly(styrene-b-butadiene) (PS-PB) - poly(styrene-b-isoprene) (PS-PI) -
poly(styrene-b-(2-vinylpyridine)) (PS-P2VP) - pon(styrr?ne-b-(4-vinylpyridine)) (PS-P4VP) 20-
poly(ethylene-b-ethylethylene) (PE-PEE) - poly(ethylene-b-ethylpropylene) (PE-PEP) -
poly(ethylene-b-styrene) (PE-PS) - poly(ethylene-b-butadiene) (PE-PB) -
poly(styrene-b-butadieneAs-styrehah{RSsHBeRS)dREn p bly(sty (tnek Hasop reddilitstioekd)o(RE:PI-PS) -

poly(styrene-b-ethylene-b-styrene) (RS-PE-PS), - poly(styrene-b-(ethylene-co-butylene)-h-styrene)
prdeiihagaabe sl it R At ol e e

poly((2-vinylpyridingpheisogremedizisty tbn €} tPR2VR- RItR &) 80:lpoiy{ethylemgupaide - dirpropylefie

oxide-b-ethylene ox&ﬂ%)l (Ezg(? iR %9&5:1%91') styrene, acrylic or methacrylic), saturated polyolefin or

5 unsaturated polyolefin type. In the invention, if is particularly important for two
consecutive blocks to be different.

Preferably, the third, fourth and fifth blocks different from the second block
of the copolymer having linear architecture will also be chosen as being
polyisoprene (PI), polystyrene (PS), a polystyrene derivative, such as poly(4-

10 vinylpyridine) (P4VP), or a polyalkyl acrylate. Of course, the invention provides for
there only to be two blocks and the addition of a third, fourth and fifth block is only
optional.

The following copolymers may be found as nonlimiting example of the
copolymer having linear architecture according to the invention:

15 - poly(styrene-b-methyl methacrylate) (PS-PMMA)
- poly{(styrene-b-butadiene) (PS-PB)
- poly(styrene-b-isoprene) (PS-PI)
- poly(styrene-h-(2-vinylpyridine)) (PS-P2VP)
- poly(styrene-b-(4-vinylpyridine)) (PS-P4AVP)
20 - poly{ethylene-b-ethylethylene) (PE-PEE)
- poly(ethylene-b-ethylpropylene) (PE-PEP)
- poly(ethylene-b-styrene) (PE-PS)
- poly(ethylene-b-butadiene) (PE-PB)
- poly(styrene-b-butadiene-b-styrene) (PS-PB-PS)
25 - poly(styrene-b-isoprene-b-styrene) (PS-PI-PS)
- poly(styrene-b-ethylene-b-styrene) (PS-PE-PS)
- poly(styrene-b-(ethylene-co-butylene)-b-styrene) (PS-PEB-PS)
- poly(styrene-b-butadiene-b-methyl methacrylate) (PS-PB-PMMA)
- poly((2-vinylpyridine)}-h-isoprene-b-styrene) (P2VP-PI-PS)
30 - poly(ethylene oxide-b-propylene oxide-b-ethylene oxide) (PEO-PPO-PEQ)
- poly(styrene-b-acrylic acid) (PS-PAA)



- poly(styrene-b-acrylic acid) (PS-PAA) - 10 - - poly(styrene-b-ethylene oxide) (PS-PEQ) - multiblocks
of the type poly(ether-b-ester); poly(am de-h-ether); polyurethanes. Nevertheless, for the block
copolymer of the invention, the choice will 5preferably be made of the following copolymers: -
poly(3-hexylthiophene-b-isoprene) (P3HT-b-PI): exam% e No. 1 - poly(3-hexylthiophene-b-styrene)
(P3HT-b-PS): example No. 2 - poly(styrene-b-isoprene) (PS-b-Pl): example No. 3 -
poly(3-hexylthiophene-b-(4-vinylpyridine)) (P3HT-b-P4VP): example No. 4 10  According to one
possibility offered bythig(riyentionsths! mnem@héﬂ’éﬂb’ﬁ@) one of the blocks of the copolymer (the

second block) can Coﬁﬁ%ﬁ (P%u at e[b (lealch corre nds fot the preferred
S AR A et

examples | and 2) is, as wi seen ent , part dvan ageo par lcular from the
15viewpoint of the efficiency or of the effectlveness of the active Iayer of the organlc photovoltaic cell.

The manufacture of the qg@‘pl%{gggspay&rl) |IQ1%@£ stf 8 ﬁge]c lgﬁm 1011 etoCLve blg%hs is
I

carried out in a conventional manner WeI nown to a son S |II e art. Ment|on WI| e made, as
nonlimiting examplexssisfaidric2@pdlgmdériation, copnlyoliss: radlcal polymerization, or polyaddition or

condensation. As regagrgg@ﬁg{yﬁﬁ%méeﬁO%ga{gfﬁs@pgwy@gﬁ%lmx gan be obtained

according to the following processes:
- poly(3-hexylthiophene-b-styrene) (P3HT-5-PS): example No. 2

- poly(styrene-b-isoprene) (PS-5-PI): example No. 3
- poly(3-hexylthiophene-b-(4-vinylpyridine)) (P3HT-5-P4VP): example No. 4
10

According to one possibility offered by the invention, as mentioned above,
one of the blocks of the copolymer (the second block) can consist of a conjugated
polymer. This option (which corresponds to the preferred examples 1 and 2) is, as
will be seen subsequently, particularly advantageous, in particular from the

15 viewpoint of the efficiency or of the effectiveness of the active layer of the organic
photovoltaic cell.

The manufacture of the copolymer having a linear structure comprising from
two to five blocks is carried out in a conventional manner well known to a person
skilled in the art. Mention will be made, as nonlimiting examples, of anionic

20 polymerization, controlied radical polymerization, or polyaddition or condensation.

As regards the three examples of preferred copolymers, they can be obtained

according to the following processes:

Synthesis of P3HT-5-PI (example 1} :

The synthesis of P3HT-5-PI consists of the deactivation of living polyisoprene

25 (PI) synthesized by anionic polymerization, which is well known to a person skilled
in the art, on P3HT functionalized with bromine at the chain end, which is also well

known to a person skilled in the art (McCullough, Macromolecules, 2005), in the
presence of lithium methoxyethanol, which increases the reactivity of the
polyisoprenyl ion by breaking the polyisoprenyllithium aggregates. This operation is

30 carried out in an anhydrous solvent and under a controlled atmosphere (vacuum,

nitrogen or argon) according to a process well known to a person skilled in the art.



Synthesis of P3HT-b-PI (example I.) : The synthesis of P3HT-b-PI consists of the deactivation of ing
polyisoprene 25 (PI1) synthesized by anionic polymerization, which is well known to a person skilled in
the art, on P3HT functionalized with bromine at the chain end, which is also well known to a person
skilled in the art (McCullough, Macromolecules, 2005), |]n the presence of lithium methoxyethanol,
which increases the reactivity of the polyisoprenyl ion 6y breaking the polyisoprenyllithium aggregates.
This operation is 30carried out in an anhydrous solvent and under a controlled atmosphere (vacuum,

nitrogen or argon) agoohdimgatioPd ibfetdSs(emlhkiralyn to a person skilled in the art. Synthesis of
P3HT-b-PS (example 2) 5., +P35d-0-RS can he synthesized via two routes. The first is a "click
chemistry" coupling (Huigggibzgge:% ?ﬁes%% Siazgéi‘tfi%rw elt(\)/lvleees'r%ﬁ)%é-fsé?m?nlgl(e(élggllﬁﬁyand
polystyrene (PS) synthisizetHiwys geniRPiddthllama zidachddgtionalized initkynes amaadyddB¥diibed in the
literature (Chien, M, Iér u | a1 Hi R, SpVignau, L. and.Cramail, H,, . ..
Macromolecules, 2(2){888}%’%8?1 17@%%5&‘%%??&%% }Foﬂ%gl c‘ucl)ﬂné1 éﬁds% g}u%ﬁ%éoaggﬁ?vé%}g%t%ﬁf the living
PS synthesiZed by alfedicdsetyiestinationithisspérationbefrigtivelFknolvnttt &.pBisors.skilfed in the
art) on P3HT functiqnalized wi the,chain end, the hesis af\which i scribed in
the literature (lovu, Q@E@?J Iéffr%%i?— g?%gﬁzﬁ%n g%? f,%ﬁ'g%vggﬁérﬁ’s k?,é@%’a%n% SW&: u?f)gg 9?104&9 o 9.
Macromot Sci., Pars@oRlreutpphnSikiemi, 200Bz43/ ¢1i2), A08E-200Q) PBheyothesaidpyamditions are the
same as for examp 2 %%i 9}‘ tla ?1' r I?éip-P ex le 3) : 15The copolymer PS-b-PI
is synthesized by afi%t’fkﬁc plo y}neztzasﬁoﬁe?r%'g%té%‘ lg sec-gﬁéﬁiﬂfﬁﬂ%nopﬁ%%nsé%%%%ﬁ%ﬁg%glxﬁ?g%nof the
monomers (first thelStiredanatidniiendheiibopreheds as ibavellaincwh ttha perberisskilledvichtire art
(Fetters, L. Jg, LustQpyoli, QUIRKsR 1P RS , ¢ RopARionicPolymerizatign, 1984), Synthesis of
P3HT-b-P4VP (examf;lelA) : ZOTﬁeig%thesﬁjs?%’t & monomer 2,5}\éibroﬂr%%’3- "é%?ﬁvk%g‘g%%hﬁqs known
to a person skilled isnthdlattulfthelsyRtHesid dffeo-etipl-témmidautad4 o3 Hexylthiophe 36)4s 4hown to a
person skilled in th At Hhe. is of co-hydroxyl-ten-ninated poly(3-hexylthiophene) is known to a
person skilled in thg( al)t’. BB? %ﬁqﬁ]ﬁeﬂsey?ﬁﬁ%ggég ﬁ{é%}i/%tee-%tgr%%%% Oﬁgii/xgpfh%@(ylthiophene) is
carried out 25 as follows:

Svnthesis of the copolvmer PS-5-PI (example 3) ;

15 The copolymer PS-5-PI is synthesized by anionic polymerization initiated by
sec-butyllithium with sequential addition of the monomers (first the styrene and
then the isoprene), as is well known to a person skilled in the art (Fetters, L. J.,
Luston, I., Quirk, R. P., Vass, F.,N., Y. R., dnionic Polymerization, 1984).
Synthesis of P3HT-5-P4VP (example 4) :

20 The synthesis of the monomer 2,5-dibromo-3-hexylthiophene is known to a
person skilled in the art. The synthesis of w-allyl-terminated poly(3-hexylthiophene)
1s known to a person skilled in the art. The synthesis of w-hydroxyl-terminated
poly(3-hexylthiophene) is known to a person skilled in the art.

The synthesis of m-acrylate-terminated poly(3-hexylthiophene) is carried out

25 as follows:

280 mg of o-hydroxyl-terminated P3HT with a mass M, =2000 gmol"
(0.14 mmol) have to be introduced under a stream of molecular nitrogen into a two-
necked round-bottomed flask, dried beforchand with a paint burner under vacuum,
with a molecular nitrogen/vacuum outlet and surmounted by a burette of freshly

30 distilled tetrahydrofuran (THF). It 1s subsequently necessary to carry out three

vacuum/molecular nitrogen cycles, then to leave the round-bottomed flask under



280 mg of w-hydroxyl-terminated P3HT with a mass M, = 2000 g.mol-' (0.14 mmol) have to be
introduced under a stream of molecular nitrogen into a two-necked round-bottomed flask, dried
beforehand with a paint burner under vacuum, with a molecular nitrogen/vacuum outlet and
surmounted by a burette of freshly 30distilled tetrahydrqfuran (THF). It is subsequently necessary to
carry out three vacuum/molecular nitrogen cycles, thér% 0 leave the round-bottomed flask under - 12 -
vacuum and to add 50 ml of THF. Finally, the mixture has to be left to stir at 40C for at least 30 min in
order for complete dissolutiod of tidé PO pine Toitakenplhceh Subdecuient to thik&tageirtheliiXture has
to be brought back g.ampigntiemperatire apd then 22 AN risthylamine (15.5 inmeD fave to be
added under a stream of b molecular nitrogen using a purgeJlsyrlnge. 5tb equently, iths necessary
to leave stirring for £8bwiquetddriiosdéeto themicookthes tedetionuglddiorh to OahiEingliypereuscryloyl

chioride then has t0,Rg AJAO0 dORNISE AR AIYEL YNGR L5 IR0 IRSSEAN'S SRR Sjrring for

24 hours while allowing the reaction medium to return to ambient temperature. At the en the
reaction, thepolymerisqretipitaza froimg 20poadednzthiaaobB0eIne)iiAL ths endisauirallstage, it is

necessary (o fiter aghihef s e, adehHOB HACUUTAL ATIDRNLIEMAETAE fnd haurs

The synthesis of w-I3locbuilder8-terminated poly(3-hexylthiophene) is carried out as foll ws: 100 mg of
(o-acrylate-terminateaytesH Thioitid e theaskamin 2 odded. s Wis: (0103 miresl) andr@o0ling gfen

Blocbuilder(r) (0.79 ymal, 16,aguivalenis) e HAgdueaHdnNif.d REHRNK MRS WL AMelRawar

nitrogen/vacuum outlet. A graduated burette filled beforehand with’ degassed toluene is placed above
the Schlenk tube. THreaRigetigmnsiatoculal Aieregéatdche s dienctivied vueinsorgsmigibbiowghly

remove the;moleculay Pxygenpresanki, the sragtionmediumand thep.29.2,m) ofifolusne,are added.

The mixture is left stirring at 40C for 15 mm in order to dissolve. The Schlenk tube is subsequently
placed in an oil batiiprékexedddo 8 witH e haikttipaliS TR Bt M PTASIPUAL the end of the reaction,

the Schienk tube is placefhn ghiditrogenyipslie iRagtion meriim as sstumed s ampien

temperature. The product obtained is precipitated from 15 ml of cold methanol in 25 order to remove
the excess of Blochedided(utRRiEBpesation is repeated twice. The product is subsequently filtered off

and then dried under vaciyym at 40C OVel jght.in order te-remQya any. frac 3‘ solyent (folugne and
methanol). The macroinitiator tﬁus obtained is stored In a refrigerator. Finally, the synthesis of the
copolymer poly(3-hékyitmmphere)ibBsk-paly (4- Blovinyigyiditey%s candbd Gutegsifellows: 4% mg of
co-Blocbuilder0-teiminated R31T Wik A masg M 54000 §:M1ar nitrogen/vacuum outlet. A
graduated burette filled beforehand with degassed toluene is placed above the
Schlenk tube. Three vacuum/molecular nifrogen cycles are carried out in order to
thoroughly remove the molecular oxygen present in the reaction medium and then
20 2 ml of toluene are added. The mixture is left stirring at 40°C for 15 min in order to
dissolve. The Schlenk tube is subsequently placed in an oil bath preheated to 80°C
and the mixture is left stirring for 2 h. At the end of the reaction, the Schlenk tube is
placed in liquid nitrogen until the reaction medium has returned to ambient
temperature. The product obtained is precipitated from 15 ml of cold methanol in
25 order to remove the excess of Blocbuilder®. This operation is repeated twice. The
product is subsequently filtered off and then dried under vacuum at 40°C overnight
in order to remove any trace of solvent (toluene and methanol). The macroinitiator
thus obtained is stored in a refrigerator.
Finally, the synthesis of the copolymer poly(3-hexylthiophene)-block-poly(4-

30 vinylpyridine) is carried out as follows:

47 mg of o-Blocbuilder®-terminated P3HT with a mass M, = 2000 g.mol’



- 13 - (0.024 mmol) are introduced in a Schlenk tube with a molecular nitrogen/vacuum outlet. A
graduated burette filled beforehand with distilled 4-vinylpyridine is placed above the Schlenk tube and
then three vacuum/molecular nitrogen cycles are carried out in order to remove the molecular oxygen
present in the reaction medium. 2 ml of 5 4-vinylpyridi f_(z g, 800 equivalents) are added and then
the mixture is left stirring at 40C for 1 hour in order to dissolve. The Schlenk tube is subsequently
placed in an oil bath preheated to 115C and the mixture is left stirring for 5 mm. The Schlenk tube is
put in liquid nitrogeftiN B dendd heltithepalyineriz sebien nde: avidmbientctetaperatigey thercopolymer is
precipitated from 20,y pf cald it GHher nlfd3 R fisreeloff andhen drisdndstvagiym at 90
for 24 hours in order to remove the residual monomers.  An imp ementational example of the
formulation claimedabyvthéip Febbankirertiolsonidists o tuefolidevider pitogss withPBpiTasdonating

material and MPCB as: ' rial: i f. capolyme rok 0% by
weight, with respectO ?g %%%?ggnlgal?r?@%r@%@%&?ﬁ%&%é%@nﬁ%égﬁ%ﬁ %F%Pl rH}Q'T I\I}I}IID%{OB (1/1 by
weight mixtufe, ovefatiednrzediratiom.ctM0avey ahdntt) ieardHeddiot brobba reinenT relgbkitiong thus

prepared are then Igft gifring 3uR0C (dearees GEISIUS)IRL S0, NONIR I o @85&9%9%‘{( %?@Pd%e

dissolution. The solution thus obtained (filtered using a 20 polytetrafluoroethylen FE) membrane

with pores having a@iaih@@rmﬁ]@ﬁ%ﬁ) is %"L%Qéé%ﬂ%@@éﬁsﬁ@&ﬁ@?ﬁggi@?émiﬁg@m&m@k o
appropriate substrajgrand updeningt ﬁHH%%H"iﬁrgrdﬂ‘?otﬁé%ﬂ%sﬁo‘t?izﬂéﬁf’a%‘ﬁ? By Ihysgbigined is

between 80 and 100 nm (hanometers). Finally, it should be noted that the composition of the active

layer according 25 Wnprsafventiererivimeigecusiniitedpbeateiismafiinsolé clifteylviietr. diels
characterized by thejiiJowy prpleaulan WRIGBNBICh dRGS Mobexasesha iew Rersand i ofiptomic

mass. After the fashion of the conjugated polymers, these small molecules are electron acceptors or
donors, which maké%sfﬁhﬁﬁ%%’fsthe latter to also facilitate the transportation of electric charges and

to be capable of forming 3QexgiieRs Wathhthe coniygatet pIRSHANESE-SMAl fRolgeules e

generally added to the composition by dissolution” - 14 - in the mixture comprising the other
components (polymErEiior raBrskilPhabs Aol sid e apspie ot ReSE sPdlPRiGRE matserigh: and -
fullerene (Co), whickyis g campeptich formed; of 60 carbon atoms and which has a spherical shape

close to that of a soccer ball. This molecule is preferred here as additive in the composition according
to the invention: Different amounts of copolymers (from 0 to 10% by weight, with respect to

the amount of dry matter) are introduced into a solation of P3HT/MPCRB (1/1 by
weight mixture, overall concentration of 40 mg.ml™) in ortho-dichlorobenzene. The
solutions thus prepared are then left stirring at 50°C (degrees Celsius) for 16 hours
in order to have complete dissolution. The solution thus obtained (filtered using a
20 polytetrafluoroethylene (PTFE) membrane with pores having a diameter of 0.2 um)
is subsequently deposited by spin coating onto the appropriate substrate and under
inert atmosphere. The thickness of the active layer thus obtained is between 80 and
100 nm (nanometers).
Finally, it should be noted that the composition of the active layer according
25 to the invention advantageously incorporates small molecules which are
characterized by their low molecular weight which does not exceed a few thousand
units of atomic mass. After the fashion of the conjugated polymers, these small
molecules are electron acceptors or donors, which makes it possible for the latter to
also facilitate the transportation of electric charges and to be capable of forming
30 excitons with the conjugated polymers.

These small molecules are generally added to the composition by dissolution



- methyl [6,6]-phenyl-C61-butanoate (MPCB), which is a fullerene derivative having a chemical
structure which has been modified in order to render it soluble; - carbon nanotubes and graphenes;
10perylene, consisting of an aromatic nucleus of hydrocarbons of chemical formula C H _20-125
diimide (PTCDI) (perylene derivative with two nitrogen gtoms, two oxygen atoms and two methyl

groups CH3), or perylene-3,4,9,10-tetracarboxylic diénﬁydride (PTCDA) (perylene derivative with six
oxygen atoms). 15In the photovoltaic modules, as UV radiation is capable of resulting in a slight
yellowing of the cormpdsitiontusednipysstabikzshsaovdnpbviats Grbrsesiich as benzotriazole,

benzophenone and the %ﬂ%ﬁiﬁ%ﬁf%g z%glfé‘,ea%’ eﬁ&(ﬂﬁ@ﬁ%&é@&g@ﬁ%@ﬁﬁ@gr&;he transparency of

the encapsulant during its lifetime. These compounds can, for examp e based on benzophenone or
on benzotriazole. They can bdigenadded imkitioimnts effeesnhaieredh o8 eighianatprsferdbly from

0.1% to 5% by weig(y;of, #s 0I5l MG QIR COMBERIEPD soccdf Wil 188 BE,RASRIRLG,oradd

antioxidants in order to limit the yellowing during the manufacture of the encapsulant,” such as
phosphorus-eompriBfig sadpbuntsiip Rowphotite seacdorzpiachp Hitesiiard hindered phenolic
compounds. 25 These a_nti%mts?ﬁ_gﬁegﬂd@g_ighmlt@ts(p{ﬁ@ﬁ’th%ia@%pyawq{g%%d
preferably from 0.1% to 5% by weight of the fotal weight of the composition.  Flame-retarding agents
can also be added. Frisgbvaduniscmaponinhyiistye nhidyaaabsa: Medificd maydsetmsaderdong
halogenated agent%gft}?épminated products. Use may also be made, as non-halogenated agent, of
phosphorus-based 30additives, such as polyphosphate, phosphinate or pyrophosphate, ammonium
phosphate, melamine cyanuf&ReIIEREEPHEHVHbE2BMIES and the mixtures of these - 15 - agents. The

composition gan comprise thasa agenisB R BPHPRS AR RIIRD 3% IR A0 WIHY SRS to the
total weight of the composition.
formula CypHyp, for example N,N'-dimethyl-3,4,9,10-perylenetetracarboxylic

diimide (PTCDI) (perylene derivative with two nifrogen atoms, two oxygen atoms
and two methyl groups CHs), or perylene-3,4,9,10-tetracarboxylic dianhydride
(PTCDA) (perylene derivative with six oxygen atoms}).

15 In the photovoltaic modules, as UV radiation is capable of resulting in a slight
vellowing of the composition used, UV stabilizers and UV absorbers, such as
benzotriazole, benzophenone and the other hindered amines, can be added in order
to ensure the transparency of the encapsulant during its lifetime. These compounds
can, for example, be based on benzophenone or on benzotriazole. They can be

20 added in amounts of less than 10% by weight and preferably from 0.1% to 5% by
weight of the total weight of the composition.

it will also be possible to add antioxidants in order to limit the yvellowing
during the manufacture of the encapsulant, such as phosphorus-comprising
compounds (phosphonites and/or phosphites) and hindered phenolic compounds.

25 These antioxidants can be added in amounts of less than 10% by weight and
preferably from 0.1% to 5% by weight of the total weight of the composition.

Flame-retarding agents can also be added. These agents may or may not be
halogenated. Mention may be made, among halogenated agents, of brominated
products. Use may also be made, as non-halogenated agent, of phosphorus-based

30 additives, such as polyphosphate, phosphinate or pyrophosphate, ammonium

phosphate, melamine cyanurate, pentaerythritol, zeolites and the mixtures of these



If this is desired in a specific application, it is also possible to add pigments, such as, for example,
coloring or brightening compounds, in proportions generally 5ranging from 5% to 15% with respect to
the total weight of the composition.  As regards the other aspects of the invention relating to the use
of the composition according to the invention in a phqt%/(_)ltaic module, a person skilled in the art may
refer, for example, to the Handbook of Photovoltaic Sciénce and Engineering, Wiley, 2003, volume 7.
10It should be noted that the composition of the active layer according to the present invention can
also be used in fieldgatisell thaatirasitbpatovoitpits, tbeseagkntcasioprthats i giotvieoayEhis used in
its first function, na%e%%o g/%ﬂ\{?ghgcqI@rtggg&gymgghegIgg&gigg&l%sgggg%n;SMaterials employed to form
the test formulations: in the following, tests on compositions according to the invention are
presented, in connectionliithstisedagipendeusfigeifesanphiciticarionsiratedisiti thesaldgngpositions are
satisfactory from the, viewpoint.of tha techp Bf%wgmaﬁg ouhB0RE, A ESReNal O1. use
of the copolymer as compatibilizer introducing an improvement to the effectiveness/efficiency of the
active layer By optirtizaiigritonits’ariorpHé v (probieinthe total wighteloheromppshener as
compatibilizer introducing, ary ijpsovementn e glfegtivensssicflisienywithout ap anpeaijng stage,
of the active layer by 25spontaneous optimization of its morphology (problem la); 3. Increase in the
lifetime of the cell byoviRoEtsitRecstdbitizationsiatendivehgjer dipihaedpolymestprobierhiz). 1.
Use of the copolymgys Qﬁvmgﬂip&a{ tehiectiyie accardingiadhiainyeplian3nar compatiajiger of the
active layer (abovementioned problem 1): Production of the test formulations and films: - 16 -
Engineering, Wiley, 2003, volume 7.

10 It should be noted that the composition of the active layer according to the
present invention can also be used in fields other than that of photovoltaics, on each
occasion that this active layer is used in its first function, namely to convert solar

energy into electrical energy.

15 Materials emploved to form the test formulations:

In the following, tests on compositions according to the invention are
presented, in connection with the appended figures, which demonstrate that these
compositions are satisfactory from the viewpoint of the technical problems set out
above, namely, essentially:

20 1. use of the copolymer as compatibilizer introducing an improvement to the
effectiveness/efficiency of the active layer by optimization of its morphology
(problem 1);

2. use of the copolymer as compatibilizer introducing an improvement in the
effectiveness/efficiency, without an annealing stage, of the active layer by

25 spontaneous optimization of its morphology (problem 1a);

3. increase in the lifetime of the cell by virtue of the stabilization of the active

layer by the copolymer (problem 2).

1. Use of the copolvmers having linear architecture accerding to the invention

30 as compatibilizer of the active laver {abevementioned problem 1):

Production of the test formulations and films:




All the cells were prepared and tested under a controlled atmosphere (absence of oxygen and of
moisture) in the following way:  Different amounts of copolymers (0% to 10% by weight, with respect
to the P3HT/MPCB amount) are introduced into a solution of PSHT/MPCB (1/1 by weight 5 mixture,
overall concentration of 40 mg.mti) in ortho-dichlorobenzene. The solutions thus prepared are then left
stirring at 50C (degrees Celsius) for 16 hours in order to have complete dissolution. Furthermore, the
ITO (indium oxide Im0O3 doped with tin) on glass substrates are washed in an ultrasonic bath. This is
carried out, in a first stepAlhtheetdneyarsepapaethandlestrd findhy dreisoptsgaitiohsPerh ROsweshing

operation lasts fiftegp&g%%e&ﬁj}%&%'}g igg'}pedf&%“%a\g‘%g,zthe substrate with UV/ozone for fifteen
minutes, a thin layer of PEDOT-PSS (poly(3,4- ethylenedioxythiophene) = PEDOT and poly(sodium

styrenesulfonate) = PSSPitisciepoowats oy ¢heokpieied&tingotd Obinkjue s krishvretoest peiden skilled
in the art at a speeof v Seou AR FeYRIUIENR. Pl RINVIS RRAQ FPATINIPRG SHRSRAYERHY 15 dried

in an oven at 110C under dynamic vacuum. The thickness of the PEDOTPSS layer is 50 nm

(nanometersy. It wakiFarsuRETHbr eonsaialiasing 49 Tephbbtéd I BuditblepbiengeVide. The
active layer, compoggghaf 8 BT MESGBcRalviiesiRinyg sissolved ReferehaliddP 16 hours

ortho-dichlorobenzene at 50C, is deposited on this substrate by spincoating on the PEDOT/PSS layer
ata 20 speed of orié ffidtisEnbrreveInmdee pepdhitone (robomaymihy. kb (hibkmeasidt tHiSkayer is

typically between 8Q.and 138 nm-AnalymipHRLAN-cthada is derasitedibydhermal gvanatation

under vacuum (-- 10-7 mbar) through a mask. The active surface area of the cell is thus 8.4 mm2. A
heat treatment at 168 2B thinasgipiiedties dnehang! st dtnirgararesatidindtion

(ITO/PEDOII;PSS/RBAAMBERicRRANMALA) . fora photevalla (I8 henntainedfhgglectrical

contacts with the cells are subsequently established using a "Karl Suss PM5" sampler. The

current/voltage medéiiteMEi&osfe Eqdifisenpyninif; fér Blanipiel LikBHREY #3260 ©eig®dhder an

illumination of 100 myVichadiebiaingdaia a Hbchr Selaelliestd iRraplanBasinatosjRyas
combination with AM 1.50 filters. All the procedures carried out after the deposition of the PEDOT-PSS
layer were carried SlPRYEEGIBVED SR AEMSIechrEuG Yt SRvEdRerBrBIEElr Riths g8 with an

amount of water angjaglegulink oxyaemeiiessian Qd PRMPasopereilian) .desishsaliiggeut on the
films: 5The current/voltage measurements obtained by using a "Keithley 4200 SCS" under an

illuminationof 100 iﬂﬂ%@%fﬁ%ﬁf@liﬁb&%‘iG|éuf8%&%ﬁﬁ%V&ﬁt6@re&Fsﬁ%ﬂ%ﬁﬁ%&@f&ﬁ@n‘é%@ﬁ%@ cells

produced accordingrixths @tie v pretesabrlhephateveliaie sifidiensies MEE skiler differgmactive
layer compositions (copolymer use, different compositions by weight of the active layer in P3HT,

MPCB and 1 Ocopolfifier] Are Bki4ctddaiith thi&usta. THS retiiCof Hhiste GPRBE izdtiond are

P3HT:MPCB:copolymer mixture dissolved beforehand in ortho-dichlorobenzene at
50°C, is deposited on this substrate by spincoating on the PEDOT/PSS layer at a

20 speed of one thousand revolutions per minute (1000 rev/min). The thickness of this
layer is typically between 80 and 150 nm. An aluminum (Al} cathode is deposited
by thermal evaporation under vacuum (~ 10”7 mbar) through a mask. The active
surface area of the cell is thus 8.4 mm®. A heat treatment at 165°C for 20 min is then
applied via a heating plate.

25 A standard configuration (ITO/PEDOT:PSS/P3HT:MPCB:copolymer/Al) for
a photovoltaic cell is then obtained. The electrical contacts with the cells are
subsequently established using a "Karl Suss PMS" sampler. The current/voliage
measurements are acquired by using, for example, a "Keithley 4200 SCS" under an
illumination of 100 mW/cm® obtained via a "K.H.S. Solar Celltest 575" solar

30 simulator in combination with AM 1.5G filters. All the procedures carried out after

the deposition of the PEDOT-PSS layer were carried out in a glove box under an



summarized in figure 1. Results of the tests carried out: A significant improvement in the photovoltaic
efficiencies (up to 30%) was 15 found for the addition of an optimized mass fraction of linear block
copolymers to the active layer (cf. figure 1). The best result was obtained with the addition of a mass
fraction equal to 7% of linear block copolymers of P3HT-b-PI architecture (copolymer of example No.
1) to the P3HT:MPCB active layer. A photovoltaic efficiency of 4.60.2% was obtained by using this
formulation, which is to be 20compared with the PCE (state of the art, reference sample) of 3.50.4%
obtained for the nonforinyfatedREHMNMRCRr antiipgdayevith 2) Usewfithé capolymemdiavity linear
architecture accordi the ' ilizer-and direct nanostructuring agent of the active
layer without 25oth§%ér§)%§§ég%g%ggh€%%r§%%@ r%léiﬁgr% a): Production of the test formulations and
films: The glass/ITO substrates (8.4 inm2) are successively cleaned with acetone, with ethanol and
with isopropanol in an ulasnig,bath Jof Apdliggach- A layer of a 30solution of titanium(1V)
isopropoxide stabilized with-hydrochioric acid and diluted in ethanol is subsequently deposited by spin
coating above the ITO layég. FreEEaIPisge T8atareRees ribletoftbiheshig at daidiént 4eptperature for 1
hour in order to conyertthe prechisarIe T wiRaative laysLinisubseaue i Jerasitedicrhe
solution consists of P31-1T (Plextronix), MPCB (Solaris) and a certain percentage of the
P3FIT-b-P4VP cop6hpsetcirbm 0% fdel 0dls Tedbksek eefsofingerasBy intthrs srexiaamble Bgs P3HT
and P4VP blocks witiigsnest verielaidnasses o5 2R80:aimetiRed.5000,a/moki 10 el @ho03 layer
and also the electrode (silver) are deposited by thermal evaporation. Tests carried out on the films:
10The current/voltati&:nieeisrs rsemrosbeindy bieidihglathr eittiney lazgois ESHT, MPCB and

10 copolymer) are extracted from this data. The results of these characterizations are

summarized in figure 1.

Results of the tests carried ouf:

A significant improvement in the photovoltaic efficiencies (up to 30%) was

15 found for the addition of an optimized mass fraction of lincar block copolymers to

the active layer (cf. figure 1). The best result was obtained with the addition of a

mass fraction equal to 7% of linear block copolymers of P3HT-b-PI architecture

{copolymer of example No. 1) to the P3HT:MPCB active layer. A photovoltaic

efficiency of 4.6:0.2% was obtained by using this formulation, which is to be

20 compared with the PCE (state of the art, reference sample) of 3.5+0.4% obtained for
the nonformulated P3HT:MPCRB active layer.

2) Use of the copolvmers having linear architecture according to the invention

as compatibilizer and direct nanestructuring agent of the active layer without

25 other process {abovementioned problem la):

Production of the test formulations and films:

The glass/ITO substrates (8.4 mm®) are successively cleaned with acetone,
with ethanol and with isopropanol in an ultrasonic bath for 15 min each. A layer of a
30 solution of titanium{IV) isopropoxide stabilized with hydrochloric acid and diluted

in ethanol is subsequently deposited by spin coating above the ITO layer. The cell is



under an illumination of 100 mW/cm2 make it possible to obtain the optoelectronic characteristics of
the cells produced according to the above protocol. The photovoltaic efficiencies (PCEs) for different
active layer compositions (copolymer use, different compositions by weight of the active layer in P3HT,
MPCB and 1 5copolymer) are extracted from this datglgigsults of the tests carried out: The
different compositions were measured before and after a stage of annealing for a few minutes at
160C. The results are presented in the following 20table and also in figure 5 (appended). % by weight
of P3HT-b-P4VP O(&)H i2 d06t8:-1 ¢ Effictericytvaitiioett dempatingy %oy 1.06ul 508153 GcREVE1RGe

precursor into TiO,. The active layer is subsequently deposited. The solution
consists of P3HT (Plextronix), MPCB (Solaris) and a certain percentage of the
P3HT-b-P4VP copolymer (from 0% to 10%). The block copolymer used in this
5 example has P3HT and P4VP blocks with respective molar masses of 2500 g/mol
and 5000 g/mol. Finally, an MoO; layer and also the electrode (silver) are deposited

by thermal evaporation.

Tests carried out on the films:

10 The current/voltage measurements obtained by using a "Keithley 4200 SCS”
under an illumination of 100 mW/cm® make it possible to obtain the optoelectronic
characteristics of the cells produced according to the above protocol. The
photovoltaic efficiencies (PCEs) for different active layer compositions (copolymer
use, different compositions by weight of the active layer in P3HT, MPCB and

15 copolymer) are extracted from this data.

Results of the tests carried out:

The different compositions were measured before and afier a stage of
annealing for a few minutes at 160°C. The results are presented in the following

20 table and also in figure 5 (appended).

% by weight of P3HT-5-P4VP | 0¥ |2 4 6 8 10

Efficiency without annealing (%) | 1.00 | 1.50 | 3.25 {325 {326 | 3.33

Efficiency with annealing (%) 2775 275 | 3.00 [ 3.25 430 1415

(a) reference cell comprising only the P3HT/MPCB mixture in the active layer
Tabie 1: photovoltaic efficiency as a function of the content of copolymer
added to the active layer
25 As above, an improvement in the efficiency of the cell after annealing is
clearly observed: the efficiency changes from 2.75% to 4.30% when 8% of
copolymer are added to the active layer.

However, the efficiency is also improved before the anncaling stage. Thus, an



3.33 Efficiency with annealing (%) 2.75 2.75 3.00 3.25 4.30 4.15 (a) reference cell comprising only the
P3HT/MPCB mixture in the active ayer Table 1: photovoltaic efficiency as a function of the content of
copolymer added to the active layer 25As above, an improvement in the efficiency of the cell after
annealing is clearly observed: the efficiency changes frgm 2.75% to 4.30% when 8% of copolymer are
added to the active layer. However, the efficiency is also improved before the annealing stage. Thus,
an - 19 - efficiency of 3.25% is obtained without annealing, when at least 4% of copolymer are added,
which is greater thagffaEnrefarbhdéoclt aftersdrugiong. aongHegesiies frolenshé fablecapdyirom the
appended figure 5 ¢leafly SNQWHAN TIPSO e Slciencand.mamuacturing process

conditions.
The results from the table and from the appended figure 5 clearly show an

improvement in the efficiency and manufacturing process conditions.

3) Improvement in the effectiveness/efficiency of the active laver of organic

photovoltaic cells (abovementioned problem 2):

Production of the test formulations and films:

10 Glass substrates covered with indium/tin oxide (ITQ) are washed in an
ultrasonic bath. This is carried out, in a first step, in acetone, then in ethanol and
finally in isopropanol. After drying, a UV/ozone freatment is applied to these
substrates for fifteen minutes and a thin layer of PEDOT/PSS (approximately 50
nanometers) is deposited by spin coating and then dried under vacuum at 110°C for

15 one hour. All the stages taking place after the deposition of the PEDOT/PSS layer
are carried out under an inert atmosphere in a glove box (O; and H,O < 0.1 ppm).
The active layer, composed of a P3HT:MPCB:copolymer mixture dissolved
beforehand in ortho-dichlorobenzene at 50°C, is deposited on this substrate by spin
coating on the PEDOT/PSS layer. The thickness of this layer is typically between

20 100 and 150 nm. An aluminum (Al) cathode is then deposited by thermal
evaporation under vacuum (~ 107" mbar) through a mask. The active surface area of
the cell is thus 8.4 mm®.

A heat treatment on a heating plate at 165°C is then applied for twenty
minutes. A standard configuration (ITO-PEDOT:PSS/P3HTMPCB:copolymer/Al)

25 for a photovoltaic cell is then obtained. The electrical contacts with the cells are
subsequently established by using, for example, a "Karl Suss PM5" sampler. The
current/voltage measurements are acquired by using a "Keithley 4200 SCS" under
an illumination of 100 mW/cm® obtained via a "K.H.S. Solar Celltest 575" solar
simulator in combination with AM 1.5G filters. The cells were characterized before

30 the beginning of the degradation cycle in order to make sure of the same level of

initial performance of the photovoltaic cells tested.



5 3) Improvement in the effectiveness/efficiency of the active layer of organic photovoltaic cells
(abovementioned problem 2): Production of the test formulations and films: 1 0Glass substrates
covered with indium/tin oxide (ITO) are washed in an ultrasonic bath. This is carried out, in a first step,
in acetone, then in ethanol and finally in isopropanol. After drying, a UV/ozone treatment is applied to
these substrates for fifteen minutes and a thin layer of PEDOT/PSS (approximately 50 nanometers) is
deposited by spin coating and then dried under vacuum at 110C for 15 one hour. All the stages taking
place after the deposition of the PEDOT/PSS layer are carried out under an inert atmosphere in a
glove box (02 and H20 <@.L.oRM:JNs, 261 daygL, composed of a P3HT:MPCB:copolymer mixture
dissolved beforehand in ortho-dichlorobenzene at 50C, is deposited on this substrate by spin coating
on the PEDOT/PSS layef PHéattikiesss adimisdsyemienty picHfigiibstwewre 20ied00 aeil the0eHm. An
aluminum (A) cathog s Uen AiepastoHNSIIOLRYA0ARHINN HFPIVAFHIN . PG AbRL:(hrough a
mask. The active surface aréa of the cell is thus 84 mm2. A heat treatment on a heating plate at
165C is then“applieéctsr igepiarsfinndes " Kaadndafpebhfigudtidymination in a glove box in an
(ITO-PEDOT:PSS/RRHT;MRCR:cOPAlMAHALL A hamRoiovelala e5'lis Hen ohtpined fhe

electrical contacts with the cells are subsequently established by using, for example, a "Karl Suss
PM5" sampler. The @fgativpieadeemanstirEimetitd Brerdigitimary Ufsibry adwerthi) apBeses” under
an illumination of 10¢,nWWiem2QRtaingd Wiaa bR Selarteliest R lanstlasinwator 45-c

combination with AM 1.5G filters. The cells were characterized before 30the beginning of the

degradation cycle irFBksdr toenhsringurd dhengladnge 16 VEF ofaftiapaldtrm dHise BFYlES HBtEYOItaic

cells tested; ¢ 20 - TegiRGIadiRULOMNE IR photbbE@takili tests egReasHenRents.at lifetime
were carried out on the cells comprising the P3HT:MPCB:copolymer system. In order to do this, the

photovoltaic 5 cells @EHIAEEH HRBEPH SamEErceHtishdoeMipirddemifhe§I SV BBIAEN inert
atmosphere. This iligginatiassiangarehisgdefingd by aaAMeRsRgaHs M felination afihe.sun of 45)

and by a light power of the order of 100 mW/cmz2. Under illumination, the solar cells are subjected to a

constant temperatuf@biBBcnakesiPaiEHedtsgoraireiidome srsa sy dresinbidtsrathde sulting in
an 10 accelerated aginghRf sheorganit pheiexattaicceriissrherditeimeafihrisalpb relsopeiating at
ambient temperature can then be estimated from these measurements. Figure 2 reports the change in
the PCE as‘a function’bt tHé Huraaiesiitmnination and thus makes it possible to evaluate the
improvement in the stability and in the lifetime of the organic photovoltaic cells for different linear block
copolymers under

Results of the tests carried out:

A significant improvement in the lifetime of the organic photovoltaic cells

(lifetime doubled in the case of the addition of PI-5-PS) was found with the addition

20 of an optimized mass fraction of linear block copolymers to the active layer (cf.
figure 2). The best result was obtained with the addition of a mass fraction equal to

5% of linear block copolymers of PI-6-PS architecture to the P3HT:MPCB active

layer, for which the lifetime of the photovoltaic cell was doubled.



15AM 1.5G illumination at 25C. Results of the tests carried out: A significant improvement in the
lifetime of the organic photovoltaic cells (lifetime doubled in the case of the addition of Pl-b-PS) was
found with the addition 2 0 of an optimized mass fraction of linear block copolymers to the active layer
(cf. figure 2). The best result was obtained with the addition of a mass fraction equal to 5% of linear
block copolymers of PI-b-PS architecture to the P3HTMPCB active layer, for which the lifetime of the
photovoltaic cell was doubled. -21- CLAIMS 1. A composition of an active layer of an organic
photovoltaic cell cobAdME§ 5- an electron-donating material consisting of a conjugated polymer; - an
electron-accepting material;  characterized in that the active layer comprises a copolymer having

linear architecture comprising: Arcmﬁg\?glggﬁlvgfbégcg&ﬁ@c[gg@gogtalgaégg%g b}ggg{g,glftggfgggnt

chemical 10nature; two consecutive blocks being of different chemical nature; each block exhibiting a
molar mass of betw&&#HP58@&j/mol and 50 000 g/mol;  none of said blocks being bonded by a

covalent bong to the e|eCBEPElé%%%RiHﬁth@Pﬁé@hal%onmstng Jhecrmpesitnarclaimed in claim 1,
characterized in that the abovesaid copolymer comprises a single block consisting of a conjugated
polymer. - an electron-accepting material;

characterized in that the active layer comprises a copolymer having linear
architecture comprising:
« from two to five blocks, including at least two blocks of different chemical
10 nature;
* two consecutive blocks being of different chemical nature;
« each block exhibiting a molar mass of between 500 g/mol and 50 000 g/mol;
«none of said blocks being bonded by a covalent bond to the electron-
accepting material.
15
2. The composition as claimed in claim 1, characterized in that the

abovesaid copolymer comprises a single block consisting of a conjugated polymer.

3. The composition as claimed in claim 2, characterized in that the
20 conjugated polymer forming the electron-donating material and/or the abovesaid
single block consisting of a conjugated polymer of the block copolymer consists of

poly(3-hexyithiophene).

4. The composition as claimed in any one of the preceding claims,
25 characterized in that the electron-accepting material consists of at least one

fullerene, preferably methyl [6,6]-phenyl-Cs;-butanoate (MPCRB).
5. The composition as claimed in any one of the preceding claims,
characterized in that at least one of the blocks of the abovesaid copolymer consists

30 of a polystyrene.

6. The composition as claimed in any one of the preceding claims,



3. The composition as claimed in claim 2, characterized in that the 20 conjugated polymer forming the
electron-donating material and/or the abovesaid single block consisting of a conjugated polymer of the
block copolymer consists of poly(3-hexylthiophene). 4. The composition as claimed in any one
of the preceding claims, 25characterized in that the el Et_ron-accepting material consists of at least one
fullerene, preferably methyl [6,6]-phenyl-C61-butanoate (MPCB). 5. The composition as
claimed in any one of the preceding claims, characterized in that at least one of the blocks of the
abovesaid copolymeraseiigisrsl 306k polgastyrane! th Plogkmpd dheribendrritharp! least omeiss the

blocks of the aboveﬂ%ggg&l%/f%gygﬁ&%gﬁgﬁfy Bgi L@G‘tﬁ‘ﬂé’%sfQﬁfgﬁ@éﬁﬁ%b@%@my' acry late),

or of a polyisoprene. . The composition as claimed in any one of the preceding claims,
5characterized in that at least one of the blocks of the abovesaid copolymer exhibits a Tg of less than

0C, preferably of between -L30Giandaison osSTHEEMRRSIIaN a5 dimecinAnkonRof he

preceding claims, characterized in that the block copt;lgmer consists of poly(3-hexylthiophene-b- 1

Oisoprene), Poly(3-bsitiBpteindlis shiwmpeyn efytsestes lidspreeesdd seppizmer exhibits a

hexylthiophene-b-(ﬁ-%i&}qlggr{gmqﬁ@, prefedb N W& Ot ereompasitign as claimed in any one of the
preceding claims in the organic photovoltaic cells of a photovoltaic module. 15 10. A photovoltaic

module exhibiting at least one layer forming an encapsulant comprising a photovoltaic cell, consisting

of a plurality of individual organieqahgiyRligiccalseash £amar i%@%ﬁ%@’%ﬁ@b@%r@%ﬂﬁs?f
generating electrical energy, and a layer forming a back sheet, the composition of said active 20layer

is as claimed in anf’@fﬁé"@ﬂ@%img [t the block™ copolymer consists of poly(3-hexylthiophene-b-
10 isoprene), poly(3-hexylthiophene-b-styrene), poly(styrene-b-isoprene) or poly(3-
hexyithiophene-b-(4-vinylpyridine)).

9. The use of the composition as claimed in any one of the preceding

claims in the organic photovoltaic cells of a photovoltaic module.

10. A photovoltaic module exhibiting at least one layer forming an
encapsulant comprising a photovoltaic cell, consisting of a plurality of individual
organic photovoltaic cells each comprising an active layer capable of generating
electrical energy, and a layer forming a back sheet, the composition of said active

20 layer is as claimed in any one of claims 1 to 8.



