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(57) ABSTRACT
A co-polymer comprising a repeat unit of formula (I):

W
—tArl—
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AP N Ar

wherein Ar', Ar* and Ar’ each independently represent an
aryl or heteroaryl group that may be unsubstituted or substi-
tuted with one or more substituents, the copolymer further
comprising a conjugation-breaking repeat unit that does not
provide any conjugation path between repeat units adjacent to
the conjugation-breaking repeat unit. The copolymer may be

used as a host material of a phosphorescent material in a
light-emitting layer of an organic light-emitting device.
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POLYMER AND ORGANIC
LIGHT-EMITTING DEVICE

RELATED APPLICATIONS

[0001] This application claims foreign priority benefits
under 35 U.S.C. §119(a)-(d) or 35 U.S.C. §365(b) of British
application number 1411485.4, filed Jun. 27, 2014, the
entirety of which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Electronic devices containing active organic mate-
rials are attracting increasing attention for use in devices such
as organic light emitting diodes (OLEDs), organic photore-
sponsive devices (in particular organic photovoltaic devices
and organic photosensors), organic transistors and memory
array devices. Devices containing active organic materials
offer benefits such as low weight, low power consumption
and flexibility. Moreover, use of soluble organic materials
allows use of solution processing in device manufacture, for
example inkjet printing or spin-coating.

[0003] An OLED may comprise a substrate carrying an
anode, a cathode and one or more organic light-emitting
layers between the anode and cathode.

[0004] Holes are injected into the device through the anode
and electrons are injected through the cathode during opera-
tion of the device. Holes in the highest occupied molecular
orbital (HOMO) and electrons in the lowest unoccupied
molecular orbital (LUMO) of a light-emitting material com-
bine to form an exciton that releases its energy as light.

[0005] A light emitting layer may comprise a semiconduct-
ing host material and a light-emitting dopant wherein energy
is transferred from the host material to the light-emitting
dopant. For example, J. Appl. Phys. 65, 3610, 1989 discloses
ahost material doped with a fluorescent light-emitting dopant
(that is, a light-emitting material in which light is emitted via
decay of a singlet exciton).

[0006] Phosphorescent dopants are also known (that is, a
light-emitting dopant in which light is emitted via decay of a
triplet exciton).

[0007] A hole-transporting layer may be provided between
the anode and light-emitting layer of an OLED.

[0008] Suitable light-emitting materials include small mol-
ecule, polymeric and dendrimeric materials. Suitable light-
emitting polymers include poly(arylene vinylenes) such as
poly(p-phenylene vinylenes) and polymers containing
arylene repeat units, such as fluorene repeat units. Blue light-

emitting fluorene homopolymer is disclosed in WO
97/05184.

[0009] WO 2010/085676 discloses host materials for elec-
trophosphorescent devices. A copolymer formed by copoly-
merization of 1,6-bis(3-(4,4,5,5-tetramethyl-[1,3,2]-diox-
aborolan-2-yl)phenoxyl)hexane and 2-(4-(3-(3,6-
dibromocarbazol-9-yl)propyl)phenyl)-4,6-di(3-
methylphenyl)-1,3,5-triazine is disclosed.
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[0010] WO 2008/025997 discloses the following monomer
for use in preparation of a polymeric host:

Br. Br

CeHi3

[0011] JP 2006/096803 discloses arylene ether polymers
having formula (I) that may be used with phosphorescent
compounds:

)

[0012] Inwhich R'-R* may be H, F or an organic group.

[0013] Group A of formula (I) may have the following
structure:

A

R9 Rlo
I
12
11 )\ )\ R
t Q N ' N O
RIO R?
Rl Rll

2

in which R®-R'? may be H, F or an organic group.
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[0014] EP 2594607 discloses a composition comprising a
polymer compound and a phosphorescent light-emitting
compound where the polymer consists of units selected from
units (1)-1, (1)-2, (2)-1 and (2)-2:
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R R
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wherein R4 may be a group represented by Formula (3)
and/or a group represented by formula (4):

&)

@

AN
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SUMMARY OF THE INVENTION

[0015] 1Ina first aspect the invention provides a co-polymer
comprising a repeat unit of formula (I):

0
—t Al

x
AP \N)\Aﬁ

wherein Ar', Ar* and Ar’ each independently represent an
aryl or heteroaryl group that may be unsubstituted or substi-
tuted with one or more substituents, the copolymer further
comprising a conjugation-breaking repeat unit that does not
provide any conjugation path between repeat units adjacent to
the conjugation-breaking repeat unit.

[0016] In asecond aspect the invention provides a compo-
sition comprising a polymer according to the first aspect and
a light-emitting material.

[0017] In a third aspect the invention provides a formula-
tion comprising a polymer according to the first aspect or a
composition according to the second aspect and at least one
solvent.

[0018] In afourth aspect the invention provides an organic
light-emitting device comprising an anode, a cathode and a
light-emitting layer between the anode and cathode wherein
the light-emitting layer comprises a composition according to
the second aspect.

[0019] In a fifth aspect the invention provides a method of
forming a polymer according to the first aspect comprising
the step of polymerising a monomer of formula (IV):

)
LG—A/—ILG

NZ |N
AN

wherein LG is a leaving group capable of leaving in a cou-
pling reaction to form a carbon-carbon bond with an aromatic
or heteroaromatic group; Ar', AZ and Ar’ are as described
with reference to the first aspect; and wherein the monomer of
formula (IV) is copolymerized with a monomer for forming
the conjugation-breaking repeat unit.

DESCRIPTION OF THE DRAWINGS

[0020] The invention will now be described in more detail
with reference to the drawings in which:

[0021] FIG. 1illustrates schematically an OLED according
to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] FIG. 1 illustrates an OLED 100 according to an
embodiment of the invention comprising an anode 101, a
cathode 105 and a light-emitting layer 103 between the anode
and cathode. The device 100 is supported on a substrate 107,
for example a glass or plastic substrate.

[0023] One or more further layers may be provided
between the anode 101 and cathode 105, for example hole-
transporting layers, electron transporting layers, hole block-
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ing layers and electron blocking layers. The device may con-
tain more than one light-emitting layer.

[0024] Preferred device structures include:

[0025] Anode/Hole-injection layer/Light-emitting layer/
Cathode

[0026] Anode/Hole transporting layer/Light-emitting
layer/Cathode

[0027] Anode/Hole-injection layer/Hole-transporting

layer/Light-emitting layer/Cathode

[0028] Anode/Hole-injection layer/Hole-transporting
layer/Light-emitting layer/Electron-transporting layer/Cath-
ode.

[0029] Preferably, at least one of a hole-transporting layer
and hole injection layer is present.

[0030] Preferably, both a hole injection layer and hole-
transporting layer are present.

[0031] Light-emitting materials include red, green and blue
light-emitting materials.

[0032] A blue emitting material may have a photolumines-
cent spectrum with a peak in the range of no more than 490
nm, optionally in the range of 420-480 nm.

[0033] A green emitting material may have a photolumi-
nescent spectrum with a peak in the range of more than 490
nm up to 580 nm, optionally more than 490 nm up to 540 nm.
[0034] A red emitting material may optionally have a peak
in its photoluminescent spectrum of more than 580 nm up to
630 nm, optionally 585-625 nm.

[0035] The photoluminescence spectrum of a light-emit-
ting material as described herein may be measured by casting
5wt % of the material in a PMMA film onto a quartz substrate
to achieve transmittance values of 0.3-0.4 and measuring in a
nitrogen environment using apparatus C9920-02 supplied by
Hamamatsu.

[0036] Light-emitting layer 103 contains a polymer of the
invention and one or more phosphorescent materials, to form
a host-dopant system. The light-emitting layer 103 may con-
sist essentially of these materials or may contain one or more
further materials, for example one or more charge-transport-
ing materials or one or more further light-emitting materials.
The triplet energy level of the host polymer is preferably no
more than 0.1 eV below that of the light-emitting material,
and is more preferably about the same or higher than that of
the light-emitting material in order to avoid quenching of
phosphorescence from the light-emitting dopant. Optionally,
the lowest triplet energy level of the host polymer is at least at
least 2.4 or atleast 2.6 eV. The triplet energy level of the host
polymer may be selected according to the shortest wave-
length phosphorescent material used with the host. For
example, if a green phosphorescent material is the shortest
wavelength material then the triplet energy level of the host
material may be lower than that of a host for a blue phospho-
rescent matetial.

[0037] Inapreferred embodiment, light-emitting layer 103
contains a composition and a polymer of the invention and at
least one of green and blue phosphorescent light-emitting
materials.

[0038] Ifpresent, a charge-transporting layer adjacent to a
phosphorescent light-emitting layer preferably contains a
charge-transporting material having a T, excited state energy
level that is no more than 0.1 eV lower than, preferably the
same as or higher than, the T, excited state energy level of the
phosphorescent light-emitting material(s) of the invention in
order to avoid quenching of triplet excitons migrating from
the light-emitting layer into the charge-transporting layer.
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[0039] Triplet energy levels of a host material may be mea-
sured from the energy onset (energy at half of the peak inten-
sity on the high energy side) of the phosphorescence spectrum
measured by low temperature phosphorescence spectroscopy
(Y. V. Romaovskii et al, Physical Review Letters, 2000, 85
(5), p1027, A. van Dijken et al, Journal of the American
Chemical Society, 2004, 126, p7718).

[0040] Triplet energy level of a phosphorescent material
may be measured from its phosphorescence spectrum.
[0041] Optionally, Ar* of formula () is phenylene, as illus-
trated in formula (la):

(Ta)

AN

wherein Ar® and Ar> are as described above, R* is a substituent
andpis 0, 1,2 or 3.

[0042] Exemplary substituents R, where present, are C,_,,
alkyl wherein one or more non-adjacent C atoms of the alkyl
group may be replaced by O, S or COO, C=0, NR® or SiR?,
and one or more H atoms of the C, ,, alkyl group may be
replaced by F wherein R° is a substituent and is optionally in
eachoccurrencea C,_,, hydrocarbyl group, optionally a C; _,,
alkyl group.

[0043] Optionally, Ar' is 1,3-linked phenylene. The extent
of conjugation across the 1,3-linked phenylene group in the
polymer backbone is limited as compared to the extent of
conjugation across a 1,4-linked phenylene unit in the polymer
backbone.

[0044] Optionally, Ar* is phenyl.

[0045] Optionally, Ar’ is phenyl.

[0046] Optionally, the repeat unit of formula (I) has for-
mula (Ib):
(RY),
~
L)
I
Y
NZ |N
| NN ‘ N
[ A N
R, ®),

wherein R* and p are as described above; R’ is a substituent;
and q independently in each occurrence is 0, 1, 2, 3 or 4.
[0047] Where present, each R® may independently be a
C,_40 hydrocarbyl.
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[0048] Exemplary C,_,, hydrocarbyl groups include alkyl;
aryl, preferably phenyl; or a linear or branched chain of aryl
groups, preferably a linear or branched chain of phenyl
groups, that may be unsubstituted or substituted with one or
more substituents. Exemplary hydrocarbyl substituents
include the following:

[0049] C,_,,alkyl;

[0050] phenyl substituted with one or more C,_,, alkyl
groups; and

[0051] abranched or linear chain of two or more phenyl

rings, each of which ring may be substituted with one or
more C, 5, alkvl groups, for example biphenyl or 3,5-
diphenylbenzene.

[0052] Exemplary aromatic hydrocarbyl groups include the
following, each of which may be substituted with one or more
substituents:

[0053] One or more non-adjacent C atoms of a C,_,, alkyl
group R® may independently be replaced with O, S or COO,
C=0, NR® or SiR®, and one or more H atoms of the C,_,,
alkyl group may be replaced by F wherein R® is a substituent
and is optionally in each occurrence a C, ,, hydrocarbyl
group, optionally a C, ,, alkyl group.

[0054] Alkyl groups as described anywhere herein includes
linear, branched and cyclic alkyl groups.

[0055] Exemplary repeat units of formula (I) include the
following:
N7 NN
&
N
C5H13 C6Hl3
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-continued

CraHs CiaHas

[0056] Repeat units of formula (I) may be provided in an
amount in the range of 1-99 mol % of the copolymer, more
preferably 20-50 mol %.

[0057] The polymer may comprise one repeat unit of for-
mula (T), or two or more different repeat units of formula (T).

[0058] The polymer comprising repeat units of formula (I)
is a co-polymer comprising repeat units of formula (I) and a
conjugation-breaking repeat unit, which is a repeat unit that
does not provide any conjugation path between repeat units
adjacent to the conjugation-breaking repeat unit. The conju-
gation-breaking repeat unit is preferably provided in an
amount in the range of 1-50 mol % of the copolymer, more
preferably 20-50 mol %.

[0059] The polymer may comprise one conjugation-break-
ing repeat unit, or two or more different conjugation-breaking
repeat units.

[0060] Exemplary conjugation-breaking co-repeat units
include co-repeat units of formula (II):

NCaath

[0061] Ar*in each occurrence independently represents an
aryl or heteroaryl group that may be unsubstituted or substi-
tuted with one or more substituents; and

[0062] Sprepresents a spacer group comprising at least one
carbon or silicon atom.

[0063] Preferably, the spacer group includes at least one
sp’-hybridised carbon atom separating the Ar* groups.
[0064] Preferably Ar* is an aryl group and the Ar* groups
may be the same or different. More preferably each Ar* is
phenyl.

[0065] Each Ar* may independently be unsubstituted or
may be substituted with 1, 2, 3 or 4 sub stituents. The one or
more sub stituents may be selected from sub stituents R’

n

wherein:
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described above, optionally with one or more C, ,, alkyl
groups, which may be the same or different in each occur-
rence.

[0066] Exemplary groups Sp include a C,_,, alkyl chain
wherein one or more non-adjacent C atoms of the chain may
be replaced with O, S, —NR°—, —SiR®,—, —C(=0)—or
—COO— and wherein R® in each occurrence is as described
above.

[0067] Exemplary repeat units of formula (IT) include the
following, wherein R in each occurrence is H or C,_5 alkyl:
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[0068] The polymer may further comprise arylene co-re-
peat units that may be unsubstituted or substituted with one or
more substituents.

[0069] Exemplary arylene co-repeat units include 1,2-, 1,3-
and 1,4-phenylene repeat units, 3,6- and 2,7-linked fluorene
repeat units, indenofluorene, naphthalene, anthracene and
phenanthrene repeat units, each of which may be unsubsti-
tuted or substituted with one or more substitutents, for
example one or more C,_,, hydrocarbyl substituents.
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[0070] One preferred class of arylene repeat units is phe-
nylene repeat units, such as phenylene repeat units of formula

VI):

VD

wherein w in each occurrence is independently 0, 1, 2, 3 or 4,
optionally 1 or 2; nis 1,2 or 3; and R” independently in each
occurrence is a substituent.

[0071] Where present, each R’ may independently be
selected from the group consisting of:

[0072] alkyl, optionally C, ,, alkyl, wherein one or more
non-adjacent C atoms may be replaced with optionally
substituted aryl or heteroaryl, O, S, substituted N, C—0
or —COO—, and one or more H atoms may be replaced
with F;

[0073] aryl and heteroaryl groups that may be unsubsti-
tuted or substituted with one or more substituents, pref-
erably phenyl substituted with one or more C,_,, alkyl
groups;

[0074] a linear or branched chain of aryl or heteroaryl
groups, each of which groups may independently be
substituted, for example a group of formula —(Ar”),
wherein each Ar” is independently an aryl or heteroaryl
group and r is at least 2, preferably a branched or linear
chain of phenyl groups each of which may be unsubsti-
tuted or substituted with one or more C, ,, alkyl groups;
and

[0075] acrosslinkable-group, for example a group com-
prising a double bond such and a vinyl or acrylate group,
or a benzocyclobutane group.

[0076] Inthe case where R” comprises an aryl or heteroaryl
group, or a linear or branched chain of aryl or heteroaryl
groups, the or each aryl or heteroaryl group may be substi-
tuted with one or more substituents R® selected from the
group consisting of:

[0077] alkyl, for example C, ,, alkyl, wherein one or
more non-adjacent C atoms may be replaced with O, S,
substituted N, C=0 and —COO— and one or more H
atoms of the alkyl group may be replaced with F;

[0078] NR?,, OR®, SR?, SiR®, and fluorine, nitro and
cyano;

wherein each R® is independently selected from the group
consisting of alkyl, preferably C,_,, alkyl; and aryl or het-
eroaryl, preferably phenyl, optionally substituted with one or
more C,_,, alkyl groups.

[0079] Substituted N, where present, may be —NR°—
wherein R® is as described above.

[0080] Preferably,eachR’, where present, is independently
selected from C, ., hydrocarbyl, and is more preferably
selected from C, _,, alkyl; unusubstituted phenyl; phenyl sub-
stituted with one or more C,_,, alkyl groups; a linear or
branched chain of phenyl groups, wherein each phenyl may
be unsubstituted or substituted with one or more substituents;
and a crosslinkable group.
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[0081] Ifnis 1then exemplary repeat units of formula (V1)
include the following:

[0082] A particularly preferred repeat unit of formula (V1)
has formula (Vla):

(VIa)
R7

R7

[0083] Substituents R’ of formula (VIa) are adjacent to
linking positions of the repeat unit, which may cause steric
hindrance between the repeat unit of formula (V1a) and adja-
cent repeat units, resulting in the repeat unit of formula (Vla)
twisting out of plane relative to one or both adjacent repeat
units.

[0084] Exemplary repeat units where nis 2 or 3 include the
following:

[0085] A preferred repeat unit has formula (VIb):
(VIb)
R7

R7

[0086] The two R groups of formula (VIb) may cause
steric hindrance between the phenyl rings they are bound to,
resulting in twisting of the two phenyl rings relative to one
another.
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[0087] A further class of arylene repeat units are optionally
substituted fluorene repeat units, such as repeat units of for-
mula (VII):

(VID)

R7 R’

wherein R” in each occurrence is the same or different and is
a substituent as described with reference to formula (V1), and
wherein the two groups R” may be linked to form aring; R® is
a substituent; and d is 0, 1, 2 or 3.

[0088] The aromatic carbon atoms of the fluorene repeat
unit may be unsubstituted, or may be substituted with one or
more substituents R®, Exemplary substituents R® are alkyl,
for example C, _,, alkyl, wherein one or more non-adjacent C
atoms may be replaced with O, S, NH or substituted N, C—0O
and —COO—, optionally substituted aryl, optionally substi-
tuted heteroaryl, alkoxy, alkylthio, fluorine, cyano and aryla-
lkyl. Particularly preferred substituents include C, ,, alkyl
and substituted or unsubstituted aryl, for example phenyl.
Optional substituents for the aryl include one or more C, _,,
alkyl groups.

[0089] Substituted N, where present, may be —NR°—
wherein R® is as described above.

[0090] The extent of conjugation of repeat units of formula
(VID) to aryl or heteroaryl groups of adjacent repeat units in
the polymer backbone may be controlled by (a) linking the
repeatunit through the 3- and/or 6-positions to limit the extent
of conjugation across the repeat unit, and/or (b) substituting
the repeat unit with one or more substituents R® in or more
positions adjacent to the linking positions in order to create a
twist with the adjacent repeat unit or units, for example a
2,7-linked fluorene carryinga C, _,, alkyl substituent in one or
both of the 3- and 6-positions.

[0091] The repeat unit of formula (VII) may be an option-
ally substituted 2,7-linked repeat unit of formula (VIla):

i)

R” R’

(VIIa)

[0092] Optionally, the repeat unit of formula (VIIa) is not
substituted in a position adjacent to the 2- or 7-position.
Linkage through the 2- and 7-positions and absence of sub-
stituents adjacent to these linking positions provides a repeat
unit that is capable of providing a relatively high degree of
conjugation across the repeat unit.

[0093] The repeat unit of formula (VII) may be an option-
ally substituted 3,6-linked repeat unit of formula (VIIb)

i)

R? R’

(VIIb)
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[0094] The extent of conjugation across a repeat unit of
formula (VIIb) may be relatively low as compared to a repeat
unit of formula (V1Ia).

[0095]
(VIID):

Another exemplary arylene repeat unit has formula

(VIID)

wherein R7, R® and d are as described with reference to
formula (VI) and (VII) above. Any of the R” groups may be
linked to any other of the R” groups to form a ring. The ring so
formed may be unsubstituted or may be substituted with one
or more substituents, optionally one or more C, ,, alkyl
groups.

[0096] Repeat units of formula (VIII) may have formula
(VIIIa) or (VIIIb):

(VIIIa)

(VIIIb)

[0097] Further arylene co-repeat units include: phenan-
threne repeat units; naphthalene repeat units; anthracene
repeat units; and perylene repeat units. Each of these arylene
repeat units may be linked to adjacent repeat units through
any two of the aromatic carbon atoms of these units. Specific
exemplary linkages include 9,10-anthracene; 2,6-anthracene;
1,4-naphthalene; 2,6-naphthalene; 2,7-phenanthrene; and
2,5-perylene. Each of these repeat units may be substituted or
unsubstituted, for example substituted with one or more C, _,,
hydrocarbyl groups.

[0098] The polymer may contain one or more hole trans-
porting repeat units. Exemplary hole transporting repeat units
may be repeat units of materials having a electron affinity of
2.9 eV or lower and an ionisation potential of 5.8 eV or lower,
preferably 5.7 eV or lower.

[0099] Preferred hole-transporting repeat units are (hetero)
arylamine repeat units, including repeat units of formula (IX):
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)
T(MS)“TT_(M)dﬁ
Rl3 A

wherein Ar® and Ar’ in each occurrence are independently
selected from substituted or unsubstituted aryl or heteroaryl,
g is greater than or equal to 1, preferably 1 or 2, R**is Hora
substituent, preferably a substituent, and ¢ and d are each
independently 1, 2 or 3.
[0100] R'?, which may be the same or different in each
occurrence when g>1, is preferably selected from the group
consisting of alkyl, for example C,_,, alkyl, Ar'®, a branched
or linear chain of Ar'® groups, or a crosslinkable unit that is
bound directly to the N atom of formula (IX) or spaced apart
therefrom by a spacer group, wherein Ar'® in each occurrence
is independently optionally substituted aryl or heteroaryl.
Exemplary spacer groups are C,_,, alkyl, phenyl and phenyl-
C, .50 alkyl.
[0101] Any of Ar®, Ar’® and, if present, Ar'® in the repeat
unit of Formula (IX) may be linked by a direct bond or a
divalent linking atom or group to another of Ar®, Ar and Ar'°.
Preferred divalent linking atoms and groups include O, S;
substituted N; and substituted C.
[0102] Any of Ar®, Ar” and, if present, Ar'® may be substi-
tuted with one or more substituents. Exemplary substituents
are substituents R'°, wherein each R*® may independently be
selected from the group consisting of:
[0103] substituted or unsubstituted alkyl, optionally
C, 5 alkyl, wherein one or more non-adjacent C atoms
may be replaced with optionally substituted aryl or het-
eroaryl, O, S, substituted N, C—=0 or —COO—and one
or more H atoms may be replaced with F; and
[0104] a crosslinkable group attached directly to the
fluorene unit or spaced apart therefrom by a spacer
group, for example a group comprising a double bond
such and a vinyl or acrylate group, or a benzocyclobu-
tane group
[0105] Preferred repeatunits of formula (IX) have formulae
1-3:

—tA® Ar'—
N—A’—N

AIIO AIIO
—tA AT
N

AIIO

0
7\
Ar® A

AIIO

[0106] In one preferred arrangement, R™ is Ar'® and each
of Ar®, Ar’ and Ar'® are independently and optionally substi-
tuted with one or more C,_,, alkyl groups. Ar®, Ar® and Ar'®
are preferably phenyl.
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[0107] In another preferred arrangement, the central Ar®
group of formula (IX) linked to two N atoms is a polycyclic
aromatic that may be unsubstituted or substituted with one or
more substituents R'°. Exemplary polycyclic aromatic
groups are naphthalene, perylene, anthracene and fluorene.
[0108] In another preferred arrangement, Ar® and Ar® are
phenyl, each of which may be substituted with one or more
C,_,o alkyl groups, and R*? is —(Ar'®), wherein ris at least 2
and wherein the group —(Ar*°), forms a linear or branched
chain of aromatic or heteroaromatic groups, for example 3,5-
diphenylbenzene wherein each phenyl may be substituted
with one or more C,_,, alkyl groups. In another preferred
arrangement, ¢, d and g are each 1 and Ar® and Ar® are phenyl
linked by an oxygen atom to form a phenoxazine ring.
[0109] Amine repeat units may be provided in a molar
amount in the range of about 0.5 mol % up to about 50 mol %,
optionally about 1-25 mol %, optionally about 1-10 mol %.
[0110] Thepolymermay contain one, two or more different
repeat units of formula (IX).

[0111] Amine repeat units may provide hole-transporting
and/or light-emitting functionality. Preferred light-emitting
amine repeat units include a blue light-emitting repeat unit of
formula (IXa) and a green light-emitting repeat unit formula

(IXb):
N
I

Y

[0112] R of formula (IXa) is preferably a hydrocarbyl,
preferably C, ,, alkyl, phenyl that is unsubstituted or substi-
tuted with one or more C,_,, alkyl groups, or a branched or
linear chain of phenyl groups wherein each said phenyl group
is unsubstituted or substituted with one or more C,_,, alkyl
groups.

[0113] The repeat unit of formula (IXb) may be unsubsti-
tuted or one or more of the rings of the repeat unit of formula
(IXb) may be substituted with one or more substituents R*?,
preferably one or more C, _,, alkyl groups.

[0114] A polymer comprising repeat units of formula (I) is
preferably provided in a composition comprising the polymer
and a phosphorescent material. The phosphorescent material
is preferably a metal complex.

[0115] In one arrangement the phosphorescent material of
the composition according to the invention is mixed with the
polymer.

[0116] Inanotherarrangement the phosphorescent material
of the composition according to the invention is covalently
bound to the polymer. In this arrangement, the phosphores-

(IXa)

(IXb)
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cent material may be provided as a main-chain repeat unit of
the polymer backbone, an end-group of the polymer or a
side-group of the polymer that may be directly bound to the
polymer backbone or spaced apart from the polymer back-
bone by a spacer group, for example a C, _,, alkyl group.
[0117] Optionally, a photoluminescence spectrum of the
phosphorescent material has a peak at a wavelength no more
than 490 nm, optionally in the range of 420-575 nm, more
preferably 420-480 nm.

[0118] Optionally, a light-emitting layer of an OLED
according to the invention is formed by depositing a formu-
lation according to the invention comprising the composition
and at least one solvent, and evaporating the at least one
solvent.

[0119] Polymers as described herein suitably have a poly-
styrene-equivalent number-average molecular weight (Mn)
measured by gel permeation chromatography in the range of
about 1x10° to 1x10%, and preferably 1x10° to 5x10°. The
polystyrene-equivalent weight-average molecular weight
(Mw) of the polymers described herein may be 1x10° to
1x10® and preferably 1x10* to 1x107.

[0120] Polymers described herein are suitably amorphous
polymers.

Polymer Synthesis

[0121] One method of forming conjugated or partially con-

jugated polymers is Suzuki polymerisation, for example as
described in WO 00/53656 or U.S. Pat. No. 5,777,070 which
allows formation of C—C bonds between two aromatic or
heteroaromatic groups, and so enables formation of polymers
having conjugation extending across two or more repeat
units. Suzuki polymerisation takes place in the presence of a
palladium complex catalyst and a base.

[0122] As illustrated in Scheme 1, in the Suzuki polymeri-
sation process a monomer for forming repeat units RU1 hav-
ing leaving groups LG1 such as boronic acid or boronic ester
groups undergoes polymerisation with a monomer for form-
ing repeat units RU2 having leaving groups LG2 such as
halogen, sulfonic acid or sulfonic ester to form a carbon-
carbon bond between RU1 and RU2:

Scheme 1

nLGl—RUI—LGl + nlG2—RU2—LG2 —>
— (RU1—RU2),—

[0123] Exemplary boronic esters have formula (V):

)
ORS

*—B
ORS

wherein R® in each occurrence is independently a C,-Cy,
alkyl group, * represents the point of attachment of the
boronic ester to an aromatic ring of the monomer, and the two
groups R® may be linked to form a ring. In a preferred embodi-
ment, the two groups R® are linked to form the pinacol ester of
boronic acid:
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[0124] It will be understood by the skilled person that a
monomer LG1-RU1-LG1 will not polymerise to form a direct
carbon-carbon bond with another monomer LG1-RU1-LG1.
A monomer LG2-RU2-LG2 will not polymerise to form a
direct carbon-carbon bond with another monomer LG2-RU2-
LG2.

[0125] Preferably, one of LG1 and G2 is bromine or
iodine and the other is a boronic acid or boronic ester.

[0126] This selectivity means that the ordering of repeat
units in the polymer backbone can be controlled such that all
or substantially all RUI repeat units formed by polymerisa-
tion of LG1-RU1-LGI are adjacent, on both sides, to RU2
repeat units.

[0127] In the example of Scheme 1 above, an AB copoly-
mer is formed by copolymerisation of two monomersina 1:1
ratio, however it will be appreciated that more than two or
more than two monomers may be used in the polymerisation,
and any ratio of monomers may be used.

[0128] The base may be an organic or inorganic base.
Exemplary organic bases include tetra-alkylammonium
hydroxides, carbonates and bicarbonates. Exemplary inor-
ganic bases include metal (for example alkali or alkali earth)
hydroxides, carbonates and bicarbonates.

[0129] The palladium complex catalyst may be a palladium
(0) or palladium (II) compound.

[0130] Particularly preferred catalysts are tetrakis(triph-
enylphosphine)palladium (0) and palladium (II) acetate
mixed with a phosphine.

[0131] A phosphine may be provided, either as a ligand of
the palladium compound catalyst or as a separate compound
added to the polymerisation mixture. Exemplary phosphines
include triarylphosphines, for example triphenylphosphines
wherein each phenyl may independently be unsubstituted or
substituted with one or more substituents, for example one or
more C, 5 alkyl or C, 5 alkoxy groups.

[0132] Particularly preferred are triphenylphospine and tris
(ortho-methoxytriphenyl) phospine.

[0133] The polymerisation reaction may take place in a
single organic liquid phase in which all components of the
reaction mixture are soluble. The reaction may take placeina
two-phase aqueous-organic system, in which case a phase
transfer agent may be used. The reaction may take place in an
emulsion formed by mixing a two-phase aqueous-organic
system with an emulsifier.

[0134] The polymer may be end-capped by addition of an
endcapping reactant. Suitable end-capping reactants are aro-
matic or heteroaromatic materials substituted with only one
leaving group. The end-capping reactants may include reac-
tants substituted with a halogen for reaction with a boronic
acid or boronic ester group at a polymer chain end, and
reactants substituted with a boronic acid or boronic ester for
reaction with a halogen at a polymer chain end. Exemplary
end-capping reactants are halobenzenes, for example bro-
mobenzene, and phenylboronic acid. End-capping reactants
may be added during or at the end of the polymerisation
reaction.

12
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Light-Emitting Layers

[0135] A light-emitting layer of an OLED may be unpat-
terned, or may be patterned to form discrete pixels. Each pixel
may be further divided into subpixels. The light-emitting
layer may contain a single light-emitting material, for
example for a monochrome display or other monochrome
device, or may contain materials emitting different colours, in
particular red, green and blue light-emitting materials for a
full-colour display.

[0136] A light-emitting layer may contain a mixture of
more than one light-emitting material, for example a mixture
of light-emitting materials that together provide white light
emission. A white-emitting OLED may contain a single,
white-emitting layer or may contain two or more layers that
emit different colours which, in combination, produce white
light. White light may be produced from a combination ofred,
green and blue light-emitting materials provided in a single
light-emitting layer distributed within two or more light-
emitting layers. In a preferred arrangement, the device has a
light-emitting layer comprising a red light-emitting material
and a light-emitting layer comprising green and blue light-
emitting materials.

[0137] Thelight emitted from a white-emitting OLED may
have CIE x coordinate equivalent to that emitted by a black
body at a temperature in the range of 2500-9000K and a CIE
y coordinate within 0.05 or 0.025 of the CIE y co-ordinate of
said light emitted by a black body, optionally a CIE x coor-
dinate equivalent to that emitted by a black body at a tem-
perature in the range of 2700-4500K.

[0138] Exemplary phosphorescent light-emitting materials
include metal complexes comprising substituted or unsubsti-
tuted complexes of formula (X):

X
MLLL2LY,

wherein M is a metal; each of L', L” and L? is a coordinating
group; q is an integer; r and s are each independently 0 or an
integer; and the sum of (a. q)+(b. r)+(c.s) is equal to the
number of coordination sites available on M, wherein a is the
number of coordination sites on L', b is the number of coor-
dination sites on L* and c is the number of coordination sites
on [>. Fach of L', L? and L independently in each occur-
rence may be unsubstituted or substituted with one or more
substituents. If q, r or s is greater than 1 then each occurrence
of L', L* or L? respectively may be unsubstituted or substi-
tuted, and each occurrence of L', L* or L respectively may be
substituted with the same substituent or may be substituted
with different sub stituents.

[0139] The metal complex of formula (X) may be homo-
leptic or heteroleptic.

[0140] Forhomoleptic complexes, qis preferably 2 or3 and
r and s are each 0. “Homoleptic complex” as used herein
includes the case where r and s are both 0; q is at least 2; and
substitution of at least two ligands L' is different.

[0141] For heteroleptic complexes q is 1 and at least one of
rand s is at least 1. Optionally, q is 2, ris 1 and s is 0.
[0142] a,band c are preferably each independently 1, 2 or
3. Preferably, each of a, b and ¢ is 2.

[0143] Heavy elements M induce strong spin-orbit cou-
pling to allow rapid intersystem crossing and emission from
triplet or higher states. Suitable heavy metals M include
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d-block metals, in particular those in rows 2 and 3 i.e. ele-
ments 39 to 48 and 72 to 80, in particular ruthenium, rhodium,
palladium, rhenium, osmium, iridium, platinum and gold.
Iridium is particularly preferred.

[0144] Exemplary ligands L', L* and L? include carbon or
nitrogen donors such as porphyrin or bidentate ligands of
formula (XI):

XD

wherein Ar® and Ar® may be the same or different and are
independently selected from substituted or unsubstituted aryl
or heteroaryl; X* and Y* may be the same or different and are
independently selected from carbon or nitrogen; and Ar® and
Ar® may be fused together. Ligands wherein X is carbon and
Y is nitrogen are preferred, in particular ligands in which Ar®
1s asingle ring or fused heteroaromatic of N and C atoms only,
for example pyridyl or isoquinoline, and Ar® is asingle ring or
fused aromatic, for example phenyl or naphthyl.

[0145] To achieve red emission, Ar® are selected from phe-
nyl, fluorene, naphthyl. Ar°® are selected from quinoline, iso-
quinoline, thiophene, benzothiophene.

[0146] To achieve green emission, Ar® are selected from
phenyl or fluorene. Ar® are selected from pyridine.

[0147] To achieve blue emission, Ar® are selected from
phenyl. Ar® are selected from imidazole, triazole, tetrazole.

[0148] Examples of bidentate ligands are illustrated below:

N R
N~

/
13

N
ad
N
/
Rl

R

[0149] Each of Ar’ and Ar® may carry one or more substitu-
ents. Two or more of these substituents may be linked to form
a ring, for example an aromatic ring.
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[0150] Other ligands suitable for use with d-block elements
include diketonates, in particular acetylacetonate (acac); tri-
arylphosphines and pyridine, each of which may be substi-
tuted.

[0151] Exemplary substituents include groups R'’ as
described above with reference to Formula (IX). Particularly
preferred substituents include fluorine or trifluoromethyl
which may be used to blue-shift the emission ofthe complex,
for example as disclosed in WO 02/45466, WO 02/44189,US
2002-117662 and US 2002-182441; alkyl or alkoxy groups,
for example C,,, alkyl or alkoxy; charge-transporting
groups, for example carbazole which may be used to assist
hole transport to the complex when used as an emissive mate-
rial, for example as disclosed in WO 02/81448; and dendrons
which may be used to obtain or enhance solution processabil-
ity of the metal complex, for example as disclosed in WO
02/66552.

[0152] A light-emitting dendrimer typically comprises a
light-emitting core bound to one or more dendrons, wherein
each dendron comprises a branching point and two or more
dendritic branches. Preferably, the dendron is at least partially
conjugated, and at least one of the branching points and
dendritic branches comprises an aryl or heteroaryl group, for
example a phenyl group. In one arrangement, the branching
point group and the branching groups are all phenyl, and each
phenyl may independently be substituted with one or more
substituents, for example alkyl or alkoxy.

[0153] A dendron may have optionally substituted formula
(XID)
(XID)
Gy
BP
G

wherein BP represents a branching point for attachment to a
core and G, represents first generation branching groups.
[0154] The dendron may be a first, second, third or higher
generation dendron. G, may be substituted with two or more
second generation branching groups G,, and so on, as in
optionally substituted formula (XIIa):

(XIIa)

Gz/ Gy

G—1—Gr]

[

BP

[\

G——G:<]

whereinuis Qor1; visOifuis O ormaybeOor 1ifuis 1; BP

represents a branching point for attachment to a core and G,

G, and G; represent first, second and third generation den-

dron branching groups. In one preferred embodiment, each of

BPand G, G, .. .G, is phenyl, and each phenyl BP, G|, G,
.. G,_; 1sa 3,5-linked phenyl.

n
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[0155] A preferred dendron is a substituted or unsubstituted
dendron of formula (XIIb):

()
2
U

wherein * represents an attachment point of the dendron to a
core.

[0156] BP and/or any group G may be substituted with one
or more substituents, for example one or more C,_,, alkyl or
alkoxy groups.

[0157] Phosphorescent light-emitting materials may be
provided in a light-emitting layer with a host material. The
host material may be a host polymer of the invention.

[0158] The phosphorescent light-emitting material may be
physically mixed with the host polymer or may be covalently
bound thereto. The phosphorescent light-emitting material
may be provided in a side-chain, main chain or end-group of
the polymer. Where the phosphorescent material is provided
in a polymer side-chain, the phosphorescent material may be
directly bound to the backbone of the polymer or spaced apart
there from by a spacer group, for examplea C, _,, alkyl spacer
group in which one or more non-adjacent C atoms may be
replaced by O or S. It will therefore be appreciated that a
composition of the present invention may consist of or may
comprise a polymer of the invention comprising repeat units
of formula (T) with a phosphorescent light-emitting material
bound to the polymer.

[0159] Inthe case where one or more phosphorescent light-
emitting materials are mixed with a host material, the phos-
phorescent light-emitting material(s) may make up about
0.05 wt % up to about 50 wt % of a host/phosphorescent
light-emitting material composition.

[0160] Inthe case where one or more phosphorescent light-
emitting materials are bound to a host material, for example a
host polymer, the phosphorescent light-emitting material(s)
may make up about 0.01-50 mol % of the material.

[0161] If more than two phosphorescent materials of dif-
ferent colours are used with a single host material then the
emitter with the highest triplet energy level may be provided
in a greater amount than the other emitter or emitters, for
example in an amount of at least two times or at least 5 times
the weight percentage of each of the other emitter or emitters.

(XIIb)

Charge Transporting and Charge Blocking Layers

[0162] A hole transporting layer may be provided between
the anode and the light-emitting layer or layers of an OLED.
Likewise, an electron transporting layer may be provided
between the cathode and the light-emitting layer or layers.

[0163] Similarly, an electron blocking layer may be pro-
vided between the anode and the light-emitting layer and a
hole blocking layer may be provided between the cathode and

14
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the light-emitting layer. Transporting and blocking layers
may be used in combination. Depending on its HOMO and
LUMO levels, a single layer may both transport one of holes
and electrons and block the other of holes and electrons.

[0164] A charge-transporting layer or charge-blocking
layer may be cross-linked, particularly if a layer overlying
that charge-transporting or charge-blocking layer is depos-
ited from a solution. The crosslinkable group used for this
crosslinking may be a crosslinkable group comprising a reac-
tive double bond such and a vinyl or acrylate group, or a
benzocyclobutane group.

[0165] Ifpresent, ahole transporting layer located between
the anode and the light-emitting layers preferably has a
HOMO level of less than or equal to 5.5 eV, more preferably
around 4.8-5.5 eV or 5.1-5.3 eV as measured by cyclic vol-
tammetry. The HOMO level of the hole transport layer may
be selected so as to be within 0.2 eV, optionally within 0.1 eV,
of an adjacent layer (such as a light-emitting layer) in order to
provide a small barrier to hole transport between these layers.

[0166] If present, an electron transporting layer located
between the light-emitting layers and cathode preferably has
a LUMO level of around 2.5-3.5 eV as measured by cyclic
voltammetry. For example, a layer of a silicon monoxide or
silicon dioxide or other thin dielectric layer having thickness
in the range of 0.2-2 nm may be provided between the light-
emitting layer nearest the cathode and the cathode. HOMO
and LUMO levels may be measured using cyclic voltamme-
ry.

[0167] A hole transporting layer may contain a homopoly-
mer or copolymer comprising a repeat unit of formula (IX) as
described above, for example a copolymer comprising one or
more amine repeat units of formula (IX) and one or more

arylene repeat units, for example one or more arylene repeat
units selected from formulae (V1), (VII) and (VIII).

[0168] An electron transporting layer may contain a poly-
mer comprising a chain of optionally substituted arylene
repeat units, such as a chain of fluorene repeat units.

[0169] Ifahole- orelectron-transporting layer is adjacent a
light-emitting layer containing a phosphorescent material
then the T, energy level of the material or materials of that
layer are preferably higher than that of the phosphorescent
emitter in the adjacent light-emitting layer.

Hole Injection Layers

[0170] A conductive hole injection layer, which may be
formed from a conductive organic or inorganic material, may
be provided between the anode 101 and the light-emitting
layer 103 of an OLED as illustrated in FIG. 1 to assist hole
injection from the anode into the layer or layers of semicon-
ducting polymer. Examples of doped organic hole injection
materials include optionally substituted, doped poly(ethylene
dioxythiophene) (PEDT), in particular PEDT doped with a
charge-balancing polyacid such as polystyrene sulfonate
(PSS) as disclosed in EP 0901176 and EP 0947123, poly-
acrylic acid or a fluorinated sulfonic acid, for example
Nafion®; polyaniline as disclosed in U.S. Pat. No. 5,723,873
and U.S. Pat. No. 5,798,170; and optionally substituted poly-
thiophere or poly(thienothiophene). Examples of conductive
inorganic materials include transition metal oxides such as
VOx MoOx and RuOx as disclosed in Journal of Physics D:
Applied Physics (1996), 29(11), 2750-2753.
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Cathode

[0171] Thecathode 105 is selected from materials that have
a workfunction allowing injection of electrons into the light-
emitting layer ofthe OLED. Other factors influence the selec-
tion of the cathode such as the possibility of adverse interac-
tions between the cathode and the light-emitting material.
The cathode may consist of a single material such as alayer of
aluminium. Alternatively, it may comprise a plurality of con-
ductive materials such as metals, for example a bilayer of a
low workfunction material and a high workfunction material
such as calcium and aluminium, for example as disclosed in
WO 98/10621. The cathode may comprise elemental barium,
for example as disclosed in WO 98/57381, Appl. Phys. Lett.
2002, 81(4), 634 and WO 02/84759. The cathode may com-
prise a thin (e.g. 0.5-5 nm) layer of metal compound, in
particular an oxide or fluoride of an alkali or alkali earth
metal, between the organic layers of the device and one or
more conductive cathode layers to assist electron injection,
for example lithium fluoride as disclosed in WO 00/48258;
barium fluoride as disclosed in Appl. Phys. Lett. 2001, 79(5),
2001; and barium oxide. In order to provide efficient injection
of electrons into the device, the cathode preferably has a
workfunction of less than 3.5 eV, more preferably less than
3.2 eV, most preferably less than 3 eV. Work functions of
metals can be found in, for example, Michaelson, J. Appl.
Phys. 48(11), 4729, 1977.

[0172] The cathode may be opaque or transparent. Trans-
parent cathodes are particularly advantageous for active
matrix devices because emission through a transparent anode
in such devices is at least partially blocked by drive circuitry
located underneath the emissive pixels. A transparent cathode
comprises a layer of an electron injecting material that is
sufficiently thin to be transparent. Typically, the lateral con-
ductivity of this layer will be low as a result of its thinness. In
this case, the layer of electron injecting material is used in
combination with a thicker layer of transparent conducting
material such as indium tin oxide.

[0173] It will be appreciated that a transparent cathode
device need not have a transparent anode (unless a fully
transparent device is desired), and so the transparent anode
used for bottom-emitting devices may be replaced or supple-
mented with a layer of reflective material such as a layer of

aluminium. Examples of transparent cathode devices are dis-
closed in, for example, GB 23483 16.

Encapsulation

[0174] Organic optoelectronic devices tend to be sensitive
to moisture and oxygen. Accordingly, the substrate preferably
has good barrier properties for prevention of ingress of mois-
ture and oxygen into the device. The substrate is commonly
glass, however alternative substrates may be used, in particu-
lar where flexibility of the device is desirable. For example,
the substrate may comprise one or more plastic layers, for
example a substrate of alternating plastic and dielectric bar-
rier layers or a laminate of thin glass and plastic.

[0175] The device may be encapsulated with an encapsu-
lant (not shown) to prevent ingress of moisture and oxygen.
Suitable encapsulants include a sheet of glass, films having
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suitable barrier properties such as silicon dioxide, silicon
monoxide, silicon nitride or alternating stacks of polymer and
dielectric or an airtight container. In the case of a transparent
cathode device, a transparent encapsulating layer such as
silicon monoxide or silicon dioxide may be deposited to
micron levels of thickness, although in one preferred embodi-
ment the thickness of such a layer is in the range of 20-300
nm. A getter material for absorption of any atmospheric mois-
ture and/or oxygen that may permeate through the substrate
or encapsulant may be disposed between the substrate and the
encapsulant.

Formulation Processing

[0176] A formulation suitable for forming a charge-trans-
porting or light-emitting layer may be formed from the com-
position or the polymer of the invention, any further compo-
nents of the layer such as light-emitting dopants, and one or
more suitable solvents.

[0177] The formulation may be a solution of the composi-
tion or the polymer and any other components in the one or
more solvents, or may be a dispersion in the one or more
solvents in which one or more components are not dissolved.
Preferably, the formulation is a solution.

[0178] Solvents suitable for dissolving semiconducting
polymers, particularly polymers comprising alkyl substitu-
ents, include benzenes substituted with one or more C,_|,
alkyl or C,_,, alkoxy groups, for example toluene, xylenes
and methylanisoles.

[0179] Particularly preferred solution deposition tech-
niques including printing and coating techniques such spin-
coating and inkjet printing.

[0180] Spin-coating is particularly suitable for devices
wherein patterning of the light-emitting layer is unneces-
sary—for example for lighting applications or simple mono-
chrome segmented displays.

[0181] Inkjet printing is particularly suitable for high infor-
mation content displays, in particular full colour displays. A
device may be inkjet printed by providing a patterned layer
over the first electrode and defining wells for printing of one
colour (in the case of a monochrome device) or multiple
colours (in the case of a multicolour, in particular full colour
device). The patterned layer is typically a layer of photoresist
that is patterned to define wells as described in, for example,
EP 0880303.

[0182] As an alternative to wells, the ink may be printed
into channels defined within a patterned layer. In particular,
the photoresist may be patterned to form channels which,
unlike wells, extend over a plurality of pixels and which may
be closed or open at the channel ends.

[0183] Other solution deposition techniques include dip-
coating, roll printing, screen printing and slot-die coating.

EXAMPLES

[0184] Polymers were prepared by Suzuki polymerisation
as described in WO 00/53656 of monomers illustrated below
in the amounts shown in Table 1.
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-continued
Monomer C
Monomer Example 1

Br. Br
Br Br

N/N

[0185] Lowest excited triplet state (T") energy levels of the
\N polymers were measured by time-resolved photolumines-
cence spectroscopy.
CgHyz CsHyz TABLE 1

Comparative Monomer 1

Boronic ester T, level
Polymer  monomer {mol %)  Dibromo monomer (mol % (eV)

Br Br
Comparative Monomer B (50) Comparative Monomer 1 (50)  2.55
N Polymer 1
RN Comparative Monomer B (50) Monomer Example 1 (50) 2.68
Polymer 2
N y N

[0186] The conjugated polymer Comparative Polymer 1
has a relatively low triplet energy level as compared to Com-
parative Polymer 2, demonstrating the increase in triplet
energy level achieved on replacing Comparative Monomer 1
with Monomer Example 1.

Cely3 COMPOSITION EXAMPLES

Comparative Monomer 2

[0187] Polymer Example 2 and Comparative Polymer 2

Br Br were prepared by Suzuki polymerisation as described in WO
00/53656 of monomers in the amounts set out in Table 2.

N [0188] A film of a composition of Polymer Example 2 or
= Comparative Polymer 2:Phosphorescent Blue Emitter 1(95:5
N wt %) was prepared by spin-coating a solution of the compo-

A sition.

CioHs
Monomer A

O\ /O
[es]
W,
O/ \O

Ir/
~N

Monomer B

o] o]
\ /
B B
/ \
0 [o]
Phosphorescent Blue Emitter 1
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[0189] Photoluminescent quantum yield (PLQY) of the
composition was measured using an integrating sphere,
Hamamatsu Model C9920-02.

[0190] For each sample the film was spun on a quartz sub-
strate and placed in the integrating sphere. The sample was
scanned with wavelengths 280 nm-350 nm approx and wave-
length where the emission peak is the most intense was
selected. A blank spectrum was measured at the chosen wave-
length followed by measurement of the sample.

TABLE 2

Boronic ester Dibromo monomer PLQY

Polymer monomer (mol %) (mol %) (%)
Polymer Monomer A (50}  Monomer Example 1 (25) 714
Example 2 Monomer C (25)
Comparative ~ Monomer A (50}  Comparative Monomer 2 63.1
Polymer 2 (25)
Monomer C (25)
[0191] Although the present invention has been described

in terms of specific exemplary embodiments, it will be appre-
ciated that various modifications, alterations and/or combi-
nations of features disclosed herein will be apparent to those
skilled in the art without departing from the scope of the
invention as set forth in the following claims.

1. A co-polymer comprising a repeat unit of formula (I):

U
—Arly—

A

Z,

N

wherein Ar', A> and Ar® each independently represent an
aryl or heteroaryl group that may be unsubstituted or
substituted with one or more substituents, the copolymer
further comprising a conjugation-breaking repeat unit
that does not provide any conjugation path between
repeat units adjacent to the conjugation-breaking repeat
unit.
2. A polymer according to claim 1 wherein Ar' is phe-
nylene.
3. A polymer according to claim 2 wherein Ar' is 1,3-
linked phenylene.
4. A polymer according to claim 1 wherein A” is phenyl.
5. A polymer according to claim 1 wherein Ar? is phenyl.
6. A polymer according to claim 1 wherein the conjuga-
tion-breaking repeat unit is a repeat unit of formula (II):

{0

n
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wherein:

Ar* in each occurrence independently represent an aryl or
heteroaryl group that may be unsubstituted or substi-
tuted with one or more substituents; and

Sp represents a spacer group comprising at least one car-
bon or silicon atom.

7. A composition comprising a polymer according to claim
1 and a light-emitting material.

8. A composition according to claim 7 wherein the light-
emitting material is mixed with the polymer.

9. A composition according to claim 7 wherein the light-
emitting material is covalently bound to the polymer.

10. A composition according to claim 7 wherein the light-
emitting material is a phosphorescent material.

11. A composition according to claim 10 wherein the phos-
phorescent material has a photoluminescent spectrum with a
peak in the range of 420-490 nm.

12. A formulation comprising a polymer according to
claim 1 or a composition according to claim 7 and at least one
solvent.

13. An organic light-emitting device comprising an anode,
a cathode and a light-emitting layer between the anode and
cathode wherein the light-emitting layer comprises a compo-
sition according to claim 7.

14. A method of forming a polymer according to claim 1
comprising the step of polymerising a monomer of formula
vy

)
LG—Ar—LG

NZ |N
KA

wherein LG is a leaving group capable of leaving in a
coupling reaction to form a carbon-carbon bond with an
aromatic or heteroaromatic group; Ar*, AZ and Ar3 each
independently represent an aryl or heteroaryl group that
may be unsubstituted or substituted with one or more
substituents; and wherein the monomer of formula (IV)
is copolymerized with a monomer for forming the con-
jugation-breaking repeat unit.

15. A method according to claim 14, wherein each LG is
independently selected from the group consisting of halo-
gens; boronic acids; boronic esters; sulfonic acids; and sul-
fonic esters.

16. A method according to claim 15 wherein the halogens
are selected from bromine or iodine.

17. A method according to claim 15 wherein the polymeri-
sation is carried out in the presence of a metal catalyst.
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