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Conducting polymers



Multifunctional Polymers

e - chromophore = conjugated bonds + polar group
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Chromophore form the polymer

backbone without spacer units

2. -*-R-¢-R-*-R-
Chromophore are part of backbone
and are linked with spacer units

P

Chromophore are side chains to the

polymer backbone

4. Chromophore molecularly doped

polymers (guest-host polymers)
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Aromatic polyimides,

poly(hydroxyaminoesthers)
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PMMA, PVAc, PC...

and Chromophore:

No~<(O)—c—c —~O)—H,
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Applications in laser printers Eng_fogie(s
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semi-transparent metal electrode
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light flash
337 nm e
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A schematic diagram of the time-of-flight (TOF) apparatus. The illustration
shows the usual sample configuration for measuring transit time 7y via direct

photoexcitation.
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Oscillogram of the hole transient current in the PS+DEH(30 wt.%) film of 3 pm at 4x10* V/cm
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Major experimental dependencies:
1. Concentration dependence:
In u O -a/ay, a is the mean distance between transport sites.

Natural explanation: transport occurs as a series of hops between
localized states.

2. Temperature dependence:

Inuld s /(kT)2 - indicates the Gaussian distribution of energies
0=0.05-0.1eV

3. Field dependence:

InuO-yE"  10* Viem < E < 10° V/em
(Poole-Frenkel dependence)

For E = 10* V/cm and room temperature eaE/kT = 0.04

1) Strong field dependence may be attributed to the existence of some
length / >> a, so elE/kT = 1. What is the nature of this length?

2) PF dependence spans a wider field range in highly polar materials
(dipole moment of molecules = 3-4 D)



Dipolar glass on the lattice
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Energy variance:

<U>=55epiea’,

p - dipole moment, a - lattice scale, € - dielectric constant.

Strong spatial correlation:

<U(r)U(0)>0 1/r



Distribution of sites’ energies in a simple cubic lattice with the basic sample size of 50x50x
50 lattice sites. Black and white spheres represent the sites with positive and negative values
of e¢, correspondingly, while the radius of a sphere is proportional to the absolute value of

e¢. Sites with small absolute values of e¢ (less than 3 ep/ea?) are not shown for the sake of

clarity.
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Cluster distribution on size (squares - non-correlated Gaussian distribution of the potential,
triangles - a dipolar matrix with the same variance). Here N is the cluster size (number of

sites in a cluster), N; 1s the number of clusters and Ny is the total number of sites. The

straight line has a slope of 1.85.



Spatial correlation means that deeper traps are wider. For this reason at
any particular strength of electric field traps of some particular depth are
most important. Analysis shows that r; [ 1/E"2 , so the simple
estimation

log U O e 1 E
gives

log u OE"



Computer simulation of the mobility field dependence
in dipolar glass
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O/kT 1in the range from 2.3 to 5.7 (from the top curve downwards). The lowest
curve is the mobility for the Gaussian non-correlated matrix for o/kT = 5.1 (the
same value as for the second lowest curve in the dipolar set). If 0= 0.1 eV and a
=10 A, then eaE/0 =1 for E = 10° V/cm. Simulation data suggest the following

formula for the mobility field and temperature dependence
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kT T &

with Cp=0.78 and [ = 2.



CxeMa u3mMepeHus reHepali BTOPOU FTApMOHHKH JIa3€PHOTO
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U - npusoeHHas K CJI0K Pa3HOCTh MIOTEHIUAIOB, d - TOJIIUHA CIIOS.

Cxema yCTaHOBKH
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&
Nd:YAG nazep (1064 um) (1), obpa3zeir (4), COCTOAIINMN U3 TOJTUMEPHOTO CJIOS (3aTEMHEH) U

3a3eMJICHHOTO TTPO3pavyHoro 3jekTpoa u3 In,Os/SnO, Ha moaI0KKeE.

CB0001Hast TOBEPXHOCTH CJI0S 3apshKaeTcs 10 moTeHnana U mpu KOPOHHOM pas3psijie Ha
BBICOKOBOJIETHOM HTJIe (&).




YaBoeHHe 4YaCTOThI JIA3ePHOT0 U3JIyYeHU s
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DOTOXMMHUYECKOE MOTyYECHUE U300PAKEHUS C HEIIMHEHHBIMU
ONTUYECKUMH,
(GOTORNIEKTPpUUECKUMU U POTOpEPPAKTUBHBIMU CBOMCTBAMU

1. DxcnnoHupoBaHue

HO = yten -

CH2

C6H5 (Am) C6H5

(O

FHz CHz Br + CHBr3
CeHs (FM ) C6H5

R - pparmenTsi, coaeprxaniyme ruipoKCy U 3PUPHBIC TPYIIIHI
2. ®ukcuposanue (ynaiaeaue CBr, npu nporpese mpu 70°C)
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Ko3¢pPpuuneHTsl YCHICHUS CUTHAJBHOIO JIy4Ya IPU pa3sjaundHbIxX E

r647) =L m[yB/(1 + B- )]

L - ontnueckuii ITYyThb CUTHAJIBHOT'O JIy4a B CJIOC.

[-a mnojae3Hoe ycujieHue

a(647) = 66 cm™' Kod(pULMEHT MO0 EeHUs

nubpaknroHHas 3GexTHBHOCTE N% = 100 xsin®(/"L/2)

Ey, B/MKkm Vo L n% Mem” |M-a,em”
5,2 1,05 0,10 0,42 49 -17
10,3 1,09 0,18 0,85 80 14
15,5 1,13 0,26 1 107 41
26 1,21 0,45 5 183 117

Kommnozut I1BK u stunkap6azona ¢ TpuHUTPO(IyOPEHOHOM U HETMHEHHBIM
xpomodopom 2,5- nuMeTrii-4-(n-HUTPOPEHUIIAa30 )aHU30JI0M

a(675 am) = 13 em™!

M-a=207cm’ Ey =90 B/Mkm
M<a npu Ey <35 B/mkm
Heoprannyeckue KpucTalIbl
Huo6arsr KNbO; u LiNbO; (633 Hwm) =10 cm?,
St 75Bag.2sNb,Og (488 M) [=50cm?



MULTIFUNCTIONAL POLYMERS

electroluminescent display

electron-hole injection
from electrodes

electron-hole transport

electron hole
recombination

light emission

photovoltaic cells

photogeneration of
electron-hole pairs

separation of electrons
and holes in electric field

v photorefractive materials

photogeneration of
electron-hole pairs

hole transport

electron-hole transport

hole transport

photovoltage and current
in external circuit

refractive index
modulation



CrpykTypa J-arperaTos
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LIK-1

LIK-2

LIK-3

Xumunyeckoe ctpoerue LK

(CH2)3SO3 (CH2)3SO3
CoHNH

OCH;

H;C_ _CH;

S
Olg
O ¢

? o

SOs HN(C2H5)3 SO;

(CH2)3303 (CH2)3303

C5H5NH

OKkucnnTenbHO-BOCCTaHOBUTESIbHbIE MOTEHLMaNDbI
NOMyBOJIHbI U MaKCUMyMbI cnekTpoB PJ1 n 3J1 uMaHUHOBbIX

Kpacuteneu
Kpacutenb | Eq2d B | Eq2°% B | Amakc 1, HM | Amakec PJ1, HM
LK-1 -1.32 +0.68 617 n 675 610 n 665
LIK-2 -1.24 +0.43 748 n 815 7351 780
LK-3 -1.40 +0.94 573 560
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EL operational characteristics.
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EL operational characteristics for the LEDs based on API (curve 1)
and API/ J-aggregate (curve 2) layers upon application of a rectangular
voltage pulse of 100 Us duration (curve 3).



CIE CHROMATICITY DIAGRAM

The CIE color coordinates of the EL spectra of
ITO/polymer-J-aggregates/ Mg devices:

® - red - cyanine dye with sulfur heteroatom
- green-yellow - cyanine dye with oxygen heteroatom




Top Characteristics of the Light Emission Devices

1. Colour:  red, green, blue and white

narrow lines (monochromatic 700 546, 436 nm [l microcavities, J - aggregates

2. External efficiency I] = P light/P o = 1h VeV

Pey =1V, Piight = nhV/e, n - photon flow, 7 - quantum efficiency, photon/electron

As result of electron-hole recombination 25% singlet excitons and 75% triplet excitons

are formed, 80% of light produced by the emitter is trapped inside the device due to
total internal reflection. If quantum yield of singlet exciton emission is equal to 1, A =
490 nm, V=4V

Plim = 0.2%25 % =5 %. Niim = 5%2.5/4 =3 %.

r 0 microcavities, chain orientation in EL polymer layers, singlet exciton formation in

a result of triplet-triplet exciton annihilation.

V'O low work function of cathode, multilayer structures.
3. Brightness: Bjiy, = 15000 cd/n’,

B 0O high n, high charge carrier mobility, thermostable polymers.

4. Lifetime of light emitting devices

A simple encapsulation technique increases the lifetime by a factor exceeding 100.
Tiim = 10000 A

7 O incapsulation, thermostable polymers.
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