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{§7) Abstract
Polysilanes of general formulae (1) and R R
(2) cexhibiting excellent  positive  hole

transporting characteristics when used in
clectrophotographic  photorcceptors, organic
electroluminescent devices, or the like.
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Background Art Generally a
resin to produce a hole transporting nateri al

etc.

rectifying devices,
with a hole drift nobility such as a | ow nol ecul ar

filmtransistors,
been di spersed in a 15 bi nder

mat eri al
usef ul

However,

for an el ectrophotographic photoreceptor or the like.
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a high hole drift nobility, a pignent or the like is formed into a film by
vacuum deposition w thout use of a binder resin. This procedure, however,
necessitates a | arge-scale -2- vacuum device and entails a | ow
productivity. Further the procedure suffers a problem of property

degradati on ovm-vrc,gg_t”gﬁg; ystal lization of a pignent. PCT/IPO7/01928
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Researches are under way to di scover a hole 5 transporting polyner materi al
which is free of the foregoi ng drawbacks, nanely which is capabl e of
m tigating the property degradation and is easy to forminto a film
Pal ysi | anes, because of their hole drift nobility, have attracted attention

as a prom sing _candi date and have been 10 i nvestigated. Ho whil e
conventi onal %8I9?/§%Pgnes such as net hyl phenyl pol ysi | ane exhi%ﬁyﬁgwl”s

excellent hole drift nobility (as high as 10[err] cnferr] /V.s), these
pdl ysi | anes have 2
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a high ionization potential which poses a problem In 15 constructing a
useful. device structure, a hole can not be properly injected froma charge
generation layer or an electrode (such as I TO el ectrode) to a pol ysilane

| ayer. The pol ysilanes which have a high hole drift nmobility at room
tenperature havg / 5I|mted to those 20 wth aryl group siihpsfiosiseny!
group at the sPRSTE n. The pol ysi | anes havi ng phenyl group or the |ike
entail problens of showi ng a poor filmformng property due to their
rigidity in formng a thin filmand creatg ng cracks
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for their low flexibility, failing to show a satisfactory 25 hol e drift
nobi li.ty. -3- In view of - the foregoing problens, t he manuf acture
of el ectrophot ographi c photoreceptors, organic el ectrolum nescent devices
and the like from pol ysilanes has not becone commercially practical.
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5 Brief Description of the Drawings FIG 1 is an IR chart of
the dichlorosilane prepared in Exanple 1. FIG 2 is a [err]H NVWR chart of
the dichlorosilane prepared in Exanple 1. 10 FIG 3 is a
[err]H NVR chart of the polysilane prepared in Exanple 1. FIG 4 is a

[err] Si-NWR chgidesREgel he POl ysilane prepared in Exanple 1. Flfermpohgioa | R
chart of the dichlorosilane

: (1)
4,
R
(R, RiZ. REHKI~20D0n-TINFNLEE2FES., Rit.
CEMENR—TH-TdH20iE2HUERBEBRE S T
bW i RilF, KEFEFEIXUETHANFNEEET, RiIT.
ThThBA—THh->THbH3IE2D2LLENBREYEY - T
10 &b ni10~200000 K EB I & 3. ) |
3. TEAR@A)TEZIhszRY v35 2

R

R (2)
)

3
15 forteh,
Ri Ro

(KX, REF. REHEI~200n-7 NV F N EEZEF. RiT.
ENENA—Th-TbhB L2 L ENHEN » <
b Riid. XKEREFHEIUCTZ7AFVELEET, R,

20 EhEAA—TH>TbHBVR2OLUENHMEN T
bE ReB LR, KEETF. TLFLE. 7 —

VWE, TLaoFovE, T/ EBIU Y LESEA



15 prepared in Exanple 5. FIG 6 is a [err]HNWR chart of the

di chl grosilane prepared in Exanple 5. FIG 7 is a [err]H NWR chart of the
polysilane prepared in Exanple 5. 20 FIG 8 is an IR chart of
the dichlorosilane prepared in Exanple 7. FIG 9 is a [err] HNWR chart of

the dichlorosilane prepared in Exanple 7. FIG 10 is a [err]H NVR chart of
~ the polysil arw097/4561?5 g w [ 1IP97/01928
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25 prepared in Exanple 7. -4- Disclosure of the Invention A primary
obj ect: of the present invention is to provide polysilanes which show a good
hol e transporting characteristic when used for el ect r ophot ogr aphi c
5_photoreceptors, organic el ectrolum nescent devices or the
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i ke. The
the faregoing prior art problens and found the foll ow ng. Wen n-al kyl

group is introduced into 10

pr esent I nvent

pal ysi | ane havi ng phenyl gr
Is given a controlled skel eton structure due to the cohesio

n of sjde chains
bet ween each Wpﬁgffm%ereby a lowionization potential is i r{’\f'%("yi"é”,l”s
resulting in enhanced 15

of- hol es

(43 ]

10

15

20

ors conducted extensive research in view of
the p-position of phenyl group in a
oup at the side chain, the main chain of silicon

opt oel ectroni c function such as proper injection
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R

froma charge generation |ayer or an el ectrode. At the sanme tine, the
flexibility of n-alkyl group serves to inprove the filmform ng property,
flexibility and other properties of the polysilane. Based on these

fi'ndi ngs, the 20 i nventors succeeded in substantially resolving or

mar kedl y al | evgﬁ&d;_lrwm%he probl ens of conventional hol e transpgéfirdgoros
mat eri als. Accor |ﬁg o the present invention, there are provided the

following novel polysilanes and hole 25 transporting material s:
. . |
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. -5- 1. a polysilane which has a structure represented by the fornmula (1)
[err] . (1) wherein Ris n-alkyl group having 3 to 20 carbon
atons, R groups nmay be the same or at least two of themnay be 5 different
from each other, Rlerr] is hydrogen atom and al kyl

WO 97/46605 PCT/JP97/01928
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group, R err] may be the sane or at least two of themmay be different from
each other, and nis in the range of 10 to 20000; 2. a hole transporting
mat eri al which has a structure 10 represented by the follow ng formula
(1) and which is excellent in filmformng property and hole transporting

characteristic:- RJ_’errL wherein Ris n-al kyl group having 3 to,,gl()”g%,lggn
atons, R
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-6- groups may be the sane or at |least two of themmay be different from
each other, Rlerr] is hydrogen atom and-al kyl group, R err] may be the sane
or at least two of themmay be different fromeach other, and nis in the
range of 10 to 5 20000; 3. a polysilane represented by the fornula (2)

Wo 97/46605 ' PCT/IP97/01928
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[err] (2) wherein Ris n-alkyl group having 3 to 20 carbon
atonms, R groups may be the sane or at |east two of them may be different
fromeach other, R err] is hydrogen atom and al kyl 10 group, R err] may be
tHe sane or at |east two of themmy be different fromeach other, R err]

and Rlerr] are-hydrogen atom al kyl group, aryl group, al koxy I NO
group and silva%%" S Rlerr], Rerr] and R err] may be the s%%%ﬂ%?hgﬁyn

| east two of themmay be different fromeach other, 1 is a positive 15
nunber, mis zero or a positive nunber, and |+mis in the
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range of 10 to 20000; 4. a hole transporting material which has a structure
represented by the following formula (2) and which is excellent in

filmformng property and hol e transporting -7- characteristic [err]
Wo 97/46605 PCT/IP97/01928
14
%o
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wherein Ris n-alkyl group having 3 to 20 carbon atons, R groups may be the
sane or at |least two of themmy be different fromeach other, Rl is
hydrogen atom and al kyl 5 group, R1L may be the sane or at |east two of
them may be different fromeach other, Rlerr] and R err] are hydrogen atom

al kyl group, aryl group, al koxy group, am no group and silyl err],
Rlerr] and R eMO974¢6%5be the same or at |east two of them mﬁ‘zﬂgﬁ?‘ erent
fromeach other, 1 is a positive 10 nunber, mis zero or a positive
nunber, and 1+mis in the range of 10 to;20000.
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Hereinafter, the inventions as defined above in itens (1) to (4) are
referred to as the first, second, third and fourth inventions,
respectively, and they are 15 collectively called nmerely "the present

i fvention". The polysilane of the first invention is represented by
the formula ((1). In the formula (1), Ris n-alkyl group having 3 to 20
car bon at ons wWO¥a46665 i s hydr ogen PCTIF97/01928
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atom and al kyl group having 1 to 10 carbon atons, and the carbon atom
adjacent to a silicon atomis the primary or secondary carbon atom I n
view of the utility of the polysilane (1), Ris nore preferably al kyl group
having 3 5 to 8 carbon atons, and nost preferably al kyl group having 3 to

5 carbon atons: Wien R err] is al kyl group, alkyl group havi
carbon atons | WOIHA®ODr ef erred, and nethyl group is the nnstqg?é?%@¥gﬁ. The

synbol n is in the range of 10 to 20000. 10 The pol ysil ane of
the formula (1) can be prepared 17 :

L SREHEELEICRE Ya~- L, D% Y —-—HKRTF
IOV BELOSDDDBESNSTT2ERMERIETI I LT L b,
EXH5.0unDBHE®RL, SR OFEBEICHEHKEX
Ry EBICIDESEBE LTS EEWMEHMEL /-,
5 BOohARBIESDOWTEREALIL -+ (EE337) B
mEEIZX 5Tine of Flightl B 2T W, BE LD & H
NESBETCH:EIIrhH B oHKBTHLEIMZHEL, £
TERBEEE KD,
.M‘M D &

.10 EX100pun®dT7THhI=_LEREIC, F¥ 20740
ST /S RYVE=NTFS - N/ BB/ NVNT EE
BEHTI/1/180HATRALFA - LI NI THHRSIER
BIHEANN—I—+BIL. ERIEFEEIENIVERE
WO SunD BRHREEBERR LA, COLIT. FY VT

15 YO ML V30U BEHREN—TI—-rEHBL. 100CO B R
BMETTCTHIBENERI LI LICIVABEERL =,
ChooRBIIoDWTHOEBSR () B TEPA-8200) %
AL X574y 7 FATHEBRBABEDE LA

20 AHSRAERECITORBEBELTRBULEEREL, &
d-‘éu-'/.—.';ya) VT US5BBERERAE I - VETEHR
L, ERAEARE (1500A) 2EBHE LA, £0 LEiZ, Al



fromthe correspondi ng silane nononmer as the raw material by conventi onal
nmet hods. Specific exanples of the nethods include (a) a nmethod wherein a
dichl orosilane is subjected to dechlorination condensation polynerization
in the 15 presence of an al kali metal ("Kipping Method", J. Am Chem
Soc., 103 (1981) 7352), (b) a nethod wherein a dichlorosi- |ane S

subj ected  t¥097 | orination condensation pol yneri zat i ®¢THEE/01928

el ectrochem cal reduction (J. Chem Soc., Chem Comun., 897 (1992),
"Chem stry and I ndustry”, 20 45, 1107 (1992), Japanese Unexam ned Patent
Publ i cation Hei 18
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5- 306340),

(c) a nmethod wherein a dihydrosilane is subjected to

dehydr ogenati on condensation polynerization in the presence of a netal
catal yst (Chem Lett., 913 (1991)), and (d) a nmethod wherein a
di‘chl orosil ane is subjected to 25 reductive polynerization using a

Specific netal -in the -9- presence of a specific Li salt |
hal i de. The WO97/46605 YreiRsA
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met hods (a) to (c) are known while the chem cal polynerization nethod (d)
is novel and is disclosed in the specification of Japanese Patent
Application No. Hei 9- 5 2325. This novel chem cal polynerization nmethod is
descri bed bel ow. According to the nethod, My or My alloy is acted on at

| east one of .dihalosilanes in an aprotic solvent in the presence_ of
specific Li PP74A¥ a netal 10 halide, giving a polysilaigTB"?ﬁgng

di hal osil ane is reduced by Mg or My all oy and pol ynerized into a

pol ysil ane. The 20
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My or My alloy is consuned into hal ogenated My. Exanples of the aprotic

sol vent are pol ar solvents such as tetrahydrofuran, 1,2-dinethoxyethane, 15
propyl ene carbonate, acetonitrile, dinethylformm de,

di' met hyl sul f oxi de, bi s(2-net hoxyethyl)ether, 1, 4-di oxane and net hyl ene
chloride; and non- égéo r solvents such as toluene, xylene, benganps7o1928

n- pent ane, n- L octane, n- decane and cycl ohexane. These sol vents
can be used either 20 al one or in conmbination. Preferred solvents are a
pol ar sol vent used singly, a mixture of af |east two different
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pol ar solvents and a m xture of polar and non-pol ar solvents. The m xture
of polar and non-polar solvents is used preferably at a forner : latter
rati o of approxi mtely 25 1 : 0.01-20. Tetrahydrofuran and

1,2-di met hoxyet hane are -10- nore preferred as a polar solvent usable

ei t her al one wo(rw_},&mrg xture with ot her sol vents. The concer}}:rrw%rf”gf t he
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di hal osilane in the solvent is usually about 0.05 to about 20 nol/I,
preferably about 0.2 to about 15 nol/l, nore 5 preferably about 0.3 to
about 13 nol/Il. Exanples of the Li salt are Lid, LiNJerr],
Li'fferr]CJerr], LidJerr], etc. These Li salts can be used either alone or
i'n conbi nationg hese Li salts, Lid is the nost pre- feid e

The concentrat 81" 0{ he Li salt in the solvent is usually agf)ut g’%%sto
about 5 nol/|, preferably about 0.1 to about 3 nol/I, nore preferably about
0. 15 to about 23 :
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2 mol/1. Preferred exanples of the netal halide are Fed[err], 15
FeCl[err], FeBr[err], FeBr[err], AlC[err], AlBr[err], ZnC[err],
SnCl[err], CoCl[err], VO][err], TiCJ[err], PdC[err], SnC[err],
Sm[err], etc. O these netal halides, FeC[err] is nore preferred. The
concentration of the netal halide in the solvent is usually l1to
about 6 nol /|WOSHER% ably about 0.03 to about 4 nol /I, rmrep%%%&f)n(r}%zgerably
about 0.05 to about 3 nol/Il. The shape of My or My alloy is not limted
i.nsofar as the reaction is feasible. I§x4arrpl es include

FVIERATp-TOE-E 722 ARVEVERO 3L
HARIEEMLERRICLULTAERETUV. p-E7 2 = )b A
FNVI2700vys 8B LE. RY VS UDaREIC,
(p-n-7OENT 2= N) AFAVP 0L S L2 3380

5 AT, (p-ET7 =) 2F NP 200Y5 02 T0g
(10mmol) ZRAVEUNE. EHHA L LRAFEICLTEIRE
*T-7tc EORR, EBFHHLFEI07T000 (p-F 7 =
S AFARY VS UHRKEITE THR S Nt

x1
10 :
54 3.3 EIL 2 %t BEFrTHE®MmE BREXKF
M ¥R ELBEHE YEaXE EXHN
®E | (10~ “cm?/Vs) _qu-- sy
1 O o) 3. 2 0. 6 4 100
2 o] o] 2. 2 0. 70 889
3 0] O 2. 5 0. 68 9 2
15 4 o O 3. 0 0. 91 7 6
5 O O 2. 8 1. 02 6 3
6 @] O 2. 7 1. 25 59
7 o] O 2. 8 0. BO 108
8 A o) 2. 6 1. 57 18
9 A o 0. 9 6. 14 11
920 10 A X 0. 4 ¥RET 5
S § x X 0. 5 et 0

E(DERE®E - THREOHBERR, LUITOBHTH S



powders, granul es, ribbons, cut pieces, agglonerates, rods, flat plates and
the like. O these shapes, preferred are 25 those which are large in
specific surface area such as powder s, granul es, ribbons, cut pieces,
etc. As to the amount of My or My alloy to be used, the anbunt of My is 2

mols or nore per nol_of the dihalosilane used, and the anountpgiyphhipidds OY
is such that tWO%HHINt of My conponent
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5 Is 2 nols or nore per nol of the dihal osil ane used. When t he anount
of My.or the anobunt of My conponent in the My alloy is nore than 2 nols per
nol of the dihal osilane used, the reaction tine is shortened. Thus the use
of at least 3 nols is nore preferred and the use of at least 5 nmols is 10
the nost preferred. The chem cal polynerization nethod is conducted as
follows. FOVO&U468 e, a dihalosilane, a Li salt, a netal BRSPVEEOLE vy or

My alloy are placed, along with a solvent, into .a hernetically closable
reactor wherein 36
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15 preferably the m xture is mechanically or magnetically stirred to
carry out the reaction. The shape of the reactor is not |imted insofar
as it has a structure which assures sealing. The reaction tine is variable
dependi ng on the 20 anount of My or My alloy, Li salt and netal halide to

be used and is-usually about at |east 30 m nutes. ‘The nol e bt Of
the reaction pW&ﬂ] %an be controlled by adjustnment of the reaction
tinme. The degree of polynerization to be attained in the chem cal

pol yneri - 27
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25 zation method is preferably about 5 to about 1000. -12- The

reactjon tenperature ranges from-20[err]C to the boiling point of the

sol vent used, preferably about -10 to about 50[err]C, nore preferably about
-5 to about 30[err]C. Wen, for exanple, a dichlorosilane is used as 5 the

Si | ane rmnomg&ob?“‘tmge preparation of the polysilane of PCT/JP97/01928
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the formula (1), an alkyltrichlorosilane and p-(n- propyl)bronobenzene are
subjected to the Gignard reaction, whereby

al kyl - p- (n-propyl ) phenyl di chl orosilane can be easily prepared. On the
ot her "hand, when a di hydrosil ane 10 is used as the silane nononer, an

al kyl chl or odi h i.l.ane and p-(n-propyl)bronobenzene are subj t he
Gignard react*%%£ﬁ§ﬁ§reby aIkyl-p-(n-propyl)phenyldihydrosilgﬁghggg %
produced. The hole transporting material of the second 15 i nvention
conprises the polysilane (1) of the” il st
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i nvention. The n-al kyl group of R having a small nunber of carbon atons has
a | ow.cohesion, and | essens the decline of ionization potential. On the

ot her hand, the n-al kyl group having a | arge nunber of carbon atons softens
the filmand 20 the filmmy becone usel ess alt hough dependi ng on the

pur pose of use. Consequently, the n-alkyl group of 3 to 20 carbon atons is
proper in the Vé"l‘f“gne (1), while the n- alkyl group of 3 tBCHIEIHMI,
atons is nore preferred and the n-al kyl group of 3 to 5 carbon atons is the
nost 25 preferred in the hole transpzor/t!i r(n)g mat eri al . When t he
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- 13- pol ysilane (1) contains two or nore different R groups, it is
desirable that the group R predom nantly present have preferably 3 to 8

carbon atoms, nore preferably 3 to 5 carbon atons. 5 Rlerr] in
the polysilane (1) is nore preferably al kyl. group having 1 to 6 carbon
atoms, and mosit,PLAEsably . PCT/APSTN01928
3/10
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met hyl group. The synbol n in the polysilane (1) is in the range of 10 to
20000, nore preferably 15 to 5000, nost 10 preferably 20 to 1000. The
pol ysilane of the third invention is represented by the formula (2). The
pol ysilane of the third invention is substantially the sanme as the

pol ysil ane of the first invention except that the forner poly ét

a copol ymer f HHE@SF om a silicon unit having p-(n- alkylf enf? group
and R[err] at the side chain and ot her

4/10
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silicon unit. Rerr] and Rerr] in the polysilane (2) are hydrogen atom
al kyl . group, aryl group, alkoxy group, am no group 20 and silyl group.
Rlerr], Rerr] and Rerr] in the polysilane (2) nay be different from each
other or at |east two of them my be the sane. Exanples of the al kyl group

i'nclude those having about 1 to about 10 carbon atons anong 'Egmh
having 1 to 6 O Bt ons are nore preferred. Exanpl es of t\r,:/gb RS’?&

group are phenyl, naphthyl and p-al koexyphenyl.
: 5710
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-14- Exanples of the al koxy group are those having about 1 to about 10
carbon atons. Wien Rl, R2 and R3 are al kyl, aryl, al koxy, amno and silyl,
the hydrogen atom thereof may be substituted with other functional group
such as al kyl, aryl 5 or al koxy (having the sane nunber of carbon atons
as above). In t%ﬁﬂk%gilane. of the formula (2), 1is a

PCT/IP97/01928
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positive nunber, mis zero or a positive nunber, and 1+mis in the range of
10 to .20000. 10 The hole transporting material of the fourth
invention conprises the polysilane (2) of the third invention. The n-alkyl
group of Rwith a small nunber of carbon atons has a | ow cohesion, and

| essesns the deglj f 1onization potential. But the n-al k ith
a 15 | ar ge n&ﬁggﬁﬁgg carbon atons softens a filmand the fi?ﬁpﬁégwﬁﬁﬁgne
usel ess al t hough dependi ng on the purpose of use. A suitable carbon nunber
of n-al kyl group is variable
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with the ratio (1/1+m of silicon unit having p-(n- al kyl)phenyl group. For
exanple, if the ratio is 50% the 20 nunber of carbon atons is nore

preferably 3 to 10, nost preferably 4 to 6. Rerr] in the polysilane (2) is
nore preferably al kyl group having 1 to 6 carbon atons and nethyl group is

Egﬁg(ramzlg prefeu{t)a%mgog 1+min the polysilane (2) i’érl.'lﬂwilﬁ‘fs
8/10
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about 10 to about 20000, nore preferably 15 to 5000, nost preferably 20 to
1000. . A preferred range of 1/mvaries with the nunber of carbon atons in

the R group. For exanpl e, when the nunber of carbon atons is 4, 1/mis 5
preferably 0.3 to 3.0, nore preferably 0.5 to 2.0. Effects of the Invention

According to th resent invention, the follow ng remarkable effects can be
achi eved. (a) ‘s‘fﬁ?ﬁ“ﬁ esent invention provides hole PCT/IP97/01928
9/10
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10 transporting materials which permt proper injection of holes froma
charge generation | ayer or an el ectrode. Consequently the produced

el ectrophot ographic photo- receptors have a significantly inproved
photosenS|t|V|ty and the produced organi c el ectrol um nescent devices have
an 15 enhanc emtting efficiency. (b) The polysilan

i nvention can ﬁg ga%?#y formed into a film and thus can prod%%gﬁhnh&ﬁg
transporting | ayer which has a good filmform ng property and high
flexibility.
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20 Best Mbde for Carrying Qut the Invention G ven bel ow are
Exanples to further clarify the features of the present invention. Exanple
1 Synthesis of dichlorosilane 25 The air in a 500 mM 3-necked
flask was repl aced -16- -

DESCRIPTION

POLYSILANES AND HOLE TRANSPORTING MATERIALS

Field of the Invention

The present invention relates to novel polysilane
5 compounds. The polysilane compounds of this invention are
excellent in film-forming  property, lflexibility,
optoelectronic function and the like, and are useful as an
organic hole transporting material, a photoresist matérial
and so on which are wused for electrophotdgraphic
10 photoréceptors, organic electroluminescent devices, thin

film traﬁsistors, rectifying devices, etc.

Background Art -
Generally a material with a hole drift mobility
such as a low molecular pigment has been dispersed in a
15 binder resin to produce a hole transporting material useful
for an electrophotographic photoreceptor or the like.
However, this procedure poses problems such as degradation
of properties arising due to precipitation and/or
crystallization of a pigment.

20 | Since organic electroluminescent devices require
a high hole drift mobility, a pigment or the like is formed
into a film by wvacuum déposition without use of a binder

resin. This procedure, however, necessitates a large-scale



by argon gas. Then, 13.3 g of Mgy (THF 50 m) useful for Giignard reaction
was placed into the flask to which 100 g (0.502 nol, THF 100 m) of

p- br ono- n- pr opyl benzene was added dropwi se, giving a Gignard reagent.
Thereafter 82 5 g (0.550 nmol, THF 170 m) of methyltrichlorosilane was _
pl aced into a 1000 m 3-necked flask to which the obtained Gignard reagent
was added dropw se over 30 minutes, followed by 3-hour stirring. The
reflux tenperature of THF was mai ntai ned by heat of reaction wthout
application of 10 heat . When t he heat -@F reaction was cooled to room

vacuum device and entails a low productivity. Further the
procedure suffers a problem of property degradation owing
to crystallization of a pigment.

Researches are under way to discover a hole

5 transporting polymer material which is free of the
foregoing dréwbacks, namely which is capable of mitigating
the broperty degradation and is easy to form into a film.
Polysilanes, because of their hole drift mobility, have
attracted attention as a promising candidate and have been

10 investigated.

However, while conventional polysilanes such as
methylphenylpolysilane exhibit an excellent hole drift
mobility (as high as 10"4cm2/V-s), these polysilanes have
a high ionization potential which poses a problem. In

15 constructing a useful device structure, a hole can not be
properly injected from a charge generation layer or an
electrode (such as ITO electrode) to a polysilane layer.

The polysilanes which have a high hole drift
mobility at room temperature have been limited to those

20 with aryl group such as phenyl group at the side chain.
The polysilanes having phenyl group or the like entail
problems of showing a poor film-forming property due to
their rigidity in forming a thin film and creating cracks
for their low flexibility, failing to show a satisfactory

25 hole drift mobility.



t enper at ure
precipitate i

600 m of hexane was added for salting-out, the white
s filtered off, the solvent was distilled off, 600 m of

hexane was added for salting-out again, the white precipitate was filtered
off, the solvent 15 was distilled off and the residue was purified

by distillati
wher eby 59.5
was produced.

on under reduced pressure (boiling point of 99- 101C, 2 nmHg),
g of (p-n-propyl phenyl)- nethyl dichlorosilane (yield 50.8%
An IR chart and [err]H NVR chart of the obtained

di chl orosil ane are 20 shown in FIG 1 an@-FI.G 2, respectively.

10

15

20

25

In view of the foregoing problens, the
manufacture of electrophotographic photoreceptors, organic
electroluminescent devices and the like from polysilanes
has not become commercially practical.

Brief Description of the brawings

FIG. 1 is an IR chart of the dichlorosilane

prepared in Example 1.

1

FIG. 2 is a “H-NMR chart of the dichlorosilane

prepared in Example 1.
FIG. 3 is a lH-NMR chart of the polysilane
prepared in Example 1.

29Si-NMR chart of the polysilane

FIG. 4 is a
prepared in Example 1.

FIG. 5 is an iR. chart of the dichlorosilane
prepared in Example 5.

FIG. 6 is a 1H--NMR chart of the dichloroéilane
prepared  in Example 5. |

FIG. 7 is a 1H-NMR chart of the polysilane
prepared in Example 5.

FIG. -8 is an IR chart of the dichlorosilane
prepared in Example 7.

FIG. 9 is a 1H—NMR chart of the dichlorosilane
prepared in Example 7.

FIG. 10 is a 1H-NMR, chart of the polysilane

prepared in Example 7.



Synt hesi s of polysilane Anhydrous lithiumchloride (0.4 g ) and 0.24 g of
anhydrous ferrous chloride were placed into a 30 m 3- necked flask
(hereinafter referred to as "reactor") 25 provided with a three way

st op-cock, an anode of My (1 cm -17- (diameter) X 5 cn) and a cat hode of
stainl ess steel (SUS

-4-
isclo e of t ention
A primary object of the present invention is to
provide polysilanes which show a good hole transporting
characteristic when used for electrophotographic
5 photoreceptors, organic electroluminescent devices or the
like. |
The present inventors conducted extensive
research in view of the foregoing prior art problems and
found the following. When n-alkyl group is introduced into
10 the p-position of phenyl group in a polysilane having
phenyl group at the side chain;'the main chain of silicon
is given a controlled skeleton stfucture due to the
cohesion of side chains between each other, whereby a low
ionization potential is involved, resulting in enhanced
15 optoelectronic function such as proper injection of holes
from a charge generation layer or an electrode. At the
same time, the flexibility of n-alkyl group ‘serves to
improve the film-forming propefty, flexibility and other
properties of the polysilane. Based on these findings, the
20 inventors succeeded in substantially resolving or markedly
alleviating the problems of conventional hole transporting
materials.
According to the present invention, there are
provided the following novel polysilanes and hole

25 transporting materials:



304) (1 cmX 1 mMm X 5 cn). The m xture was heated to 50[err]C and the
pressure was reduced to 1 mmHg to dry the lithiumchloride and ferrous
chloride. Thereafter deoxidized dry 5 nitrogen was introduced into the
reactor, followed by addition of 15 m of tetrahydrofuran dried over

sodi um benzophenoneketyl . Then, 2.33 g (10 mols) of (p-n-

propyl phenyl ) net hyl di chl orosi | ane purified by distillation was added with a
syringe. The reaction m xture was stirred 10 by a nmagnetic stirrer and a
current was applied froma constant currente power source whi | e mai nt ai ni ng
t he reactor

l. a polysilane which has a structure represented by the

formula (1)

(1)

{sg-)—n |

wherein R is n-alkyl group having 3 to 20 carbon atoms, R
groups may be the same or at least two of them may be
S different from each other, R, is hydrogen atom and alkyl
group, R1 may be the same or at least two of them may'be
different from each other, and n is in the range of 10 to
20000; |
2. a hole transporting material which has a structure
10 represented by the following formula (1) and which is
excellent in film-forming property and hole transporting

characteristic

(1)

-(S.i-)-n

wherein R is n-alkyl group having 3 to 20 carbon atoms, R



at roomtenperature with a water bath. A current was passed for about
21.3 hours for the passed electricity to reach 4.0 F/nol based on

di chl orosi |l ane. 15 After conpletion of reaction, 20 m.
IN hydrochloric acid was added to the reaction m xture, followed by

addition of 80 nml of distilled water.

of

The m xture was extracted with 100

m of ether and reprecipitated by addition of 80 m of poor sol vent ethanol
20 and 4 mM of good sol vent tetrahydrofuran. The above procedure gave
(p- n-propyl phenyl) -6~

10

15

groups may be the same or at least two of them may be
different from each other, R, is hydrogen atom and alkyl
group, R1 may be the same or at least two of fhem may be
different from each other, and n is in the range of 10 to
20000;

3. a polysilane represented by the formula (2)

R
ks @
Si Si
—(Ial(ll m
Ri Ro

wherein R is n-alkyl group having 3 to 20 carbon atoms, R
groups may be the same or at least two of them may be

different from each other, R, is hydrogen atom and alkyl

1
group, R; may be the same or at least two of them may be
different froﬁ each other, R2 and R3 are hydrogen atom,
alkyl group, aryl group, alkoxy group, amino group and
silyl group, Ry, R2 and R; may be the same or at least two
of them may be different from each other, 1 is a positive
numbef, m is zero or a positive number, and l+m is in the
range of 10 to 20000;

4. a hole transporting material which has a structure

represented by the following formula (2) and which is

excellent in film-forming property and hole transporting



met hyl pol ysi | ane having a wei ght average nol ecul ar wei ght of 18600 in a
yield of 52% A [err]H NV chart and a [err]Si-NVR chart of the obtained
pol ysilane are shown in FIG 3 and 25 FIG 4, respectively. The
obt ai ned pol ysilane was evaluated as a hole transporting material in the
foll owi ng manner. The results are shown below in Table 1 together with the
results of '

-7-

characteristic

llls ( 2 )
—(sli-)-l—(sﬁm
Rz

R1

wherein R is n-alkyl group having 3 to 20 carbon atoms, R
groups may be the same or at least two of them may be
different from each other, R1 is hydrogen atom and alkyl

5 group, R, may be the same or at lgast two of them may be
different from each other, R, and R3 are hydrogen atom,
alkyl group, aryl group, alkoxy group, amino group and
silyl group, R+ R, and Ry may be the same or at least two
of them may be different from each other, 1 is-é positive

10 number, m is zero or a positive number, and l+m is in the
range of 10 to 20000..

Hereinafter, the inventions as defined above in
items (1) to (4) are referred to as the first, second,
third and fourth inventions, respectively, and they are

15 collectively called merely “"the present invention".

The polysilane of the  first invention is

represented by the formula (1). In the formula (1), R is

n-alkyl group having 3 to 20 carbon atoms, Ry is.hydrogen



eval uati on made in subsequent Exanpl es and Conparative 5 Exanples. In
Table 1, the polysilanes obtained in Exanples 1-7 are indicated as Sanpl es
1-7, respectively and the polysilanes obtained in Conparative Exanples 1-4
are indicated as Sanples 8-11, respectively. Evaluation of filmformng
property and flexibility 10 A10 % (W% w Il be hereinafter
referred to sinply as "% ) toluene solution of polysilane was cast on a 100
[err]mthick al um num substrate. The coated substrate was dried at
S5[err] C for 2 hours under pressure being _rgeduced

atom and alkyl group having 1 to 10 carbon atoms, and the
carbon atom adjacent to a silicon atom is the primary or
secondary carbon atom. In view of the utility of the
polysilane (1), R is more preferably alkyl group having 3
5 to 8 carbon atoms, and most preferably alkyl group having

"3 to 5 carbon atoms. When R, is alkyl group, alkyl group

1
having 1 to 6 carbon atoms is more preferred, and methyl
group is the most preferred. The symbol n is in the range
of 10 to 20000.

10 The polysilane of the formula (1) can be prepared

- from the corresponding silane monomer as the raw material
by conventional methods. Specific examples of the methods
include (a) a method wherein a dichlorosilane is subjected
to dechlorination condensation polymerization in the

15 presence of an alkali metal ("Kipping Method", J. Am. Chem.
Soc., 103 (1981) 7352), (b) a method wherein a dichlorosi-
lane is subjected to dechlorination condensation
polymerization due to electrochemical reduction (J. Chem,
Soc., Chem. Commun., 897 (1992), “"Chemistry and Industry",

20 45, 1107 (1992), Japanese Unexamined Patent Publication Hei
5- 306340), (c) a method wherein a dihydrosilane is
subjected to dehydrogenation condensation polymerization in
the presence of a metal catalyst (Chem. Lett., 913 (1991)),
and (d) a method wherein a dichlorosilane is.subjected to

25 reductive polymerization using a specific metal in the



by a rotary punp. The thickness of the polysilane filmwas 15 about 25
[err]m" The pol ysil ane-coated al um num substrate was bent and visually

i nspected for the occurrence or non- occurrence of cracks to evaluate the
filmformng property and the flexibility. Evaluation of hole transporting
characteristic 20 A 25% tol uene sol ution of polysilane was
spi n- coated on an al um num deposited glass substrate. The coat ed
substrate was dried at 55[err]C for 2 hours under pressure being reduced by
a rotary punp, whereby a thin -9-

presence of a specific Li salt and a metal halide. The

methods (a) to (c) are known while the chemical

polymerization method (d) is novel and is disclosed in the

specification of Japanese Patent Application No. Hei 9-
5 2325.

This novel chemical polymerizétion method is
desc;ibed below. According to the method, Mg or Mg alloy
is acted on at least one of dihalosilanes in an aprotic
solvent in the presence of a specific Li salt and a metal

10 halide, giving a polysilane. The dihalosilane is reduced-
by Mg or Mg alloy and polymerized into a polysilane. The
Mg or Mg alloy is consumed into halogenated Mg. |
Examples of the aprotic solvent are polar
solvents such as tetrahydrofurﬁn, 1,2-dimethoxyethane,
15 propylene carbonate, acetonitrile, dimethylformamide,
dimethylsulfoxide, bis(2-methoxyethyl)ether, 1,4-dioxane
and methylene chloride; and non-polar solvents such as
toluene, xylene, benzene, n—pentaﬁe, n-hexane, n-octane, n-
decane and cyclohexane. These solvents can be used either
20 alone or in combination. Preferred solvents are a polar
solvent used singly, a mixture of at least two different
polar solvents and a mi#ture of polar and non-polar
solvents. The mixture of polar and non-polar -solvents is
used preferably at a former : latter ratio of approximately

25 1 : 0.01-20. Tetrahydrofuran and 1,2-dimethoxyethane are



filmof polysilane having a thickness of about 5.0 [err]mwas 25 forned.
A semtransparent gold filmwas forned as a top -19- electrode by DC
sputtering. The tinme of flight of the obtained sanple was neasured by
direct excitation of nitrogen pul se | aser (wavel ength 337 nm to determ ne
fromthe transit pul se shape whet her transport was di spersive or

-10-
more preferred as a polar solvent usable either alone or in
mixture with other solvents. The concentration of the
dihalosilane in the solvent is usually about 0.05 to about
20 mol/1l, preferably about 0.2 to about 15 mol/l, more

5 preferably about 0.3 to about 13 mol/1l. |
Examples of the Li salt are LiCl, LiN03, LiZCO3,
LiClO4, etc. These Li salts can be used either alone or in
combination. Of these Li salts, LiCl is the most pre-
ferred.
10 The concentration of the Li salt in the solvent
is usually about 0.05 to about 5 mol/l, preferably abouf
0.1 to about 3 mol/l, more preferably about 0.15 to about
2 mol/1.
Preferred examples of the metal halide are FeClz,
AlCl AlBr

15 FeCl3, FeBrz, FeBr ZnClz, SnClz, CoClz,

3. 3’ 3’
VC13, TiCl4, PdClz, Smclz, SmIz, etc. Of these metal
halides, FeCl, is more preferred. The concentration of the
metal halide in the solvent ié usually about 0.01 to about
6 mol/l, preferably about 0.03 to about 4 mol/l, more

20 preferably about 0.05 to about 3 mol/1.

The shape of Mg or Mg alloy is not limited
insofar as the reaction is feasible. Examples include
powders, granules, ribbons, cut pieces, agglomerates, rods,

flat plates and the like. Of these shapes, preferred are

25 those which are large in specific surface area such as



5 non-di spersive. The hole drift nobility was al so evaluated fromthe
measurenment. Eval uati on of el ectrophotographic property A solution was
prepared by dispersing a m xture of titanyl phthal ocyanine, polyvinyl
butyral and cel |l osol ve 10 acetate at a weight ratio of 1 : 1 : 18 by a
ball mll. The solution was bar-coated on a 100 [err]mthick al um num
substrate and dried to forma charge generation |layer having a thickness of
about 0.5 [err]m A 30%toluene solution of polysilane was bar-coated on

t he charge generation ~11-

powders, granules, ribbons, cut pieces, etc. As to the
amount of Mg or Mg alloy to be used, the amount of Mg is 2
mols or more per mol of thé dihalosilane used, and the
amount of Mg alloy is such that the amount of Mg component
5 is 2 mols or more per mol of the dihalosilane used. When
the amount of Mg or the amount of Mg component in the Mg
alloy is more than 2 mols per mol of the dihalosilane used,
the reaction time is shortened. Thus the use of at least
3 mols is more preferred and the use of at least 5 mols ié
10 the most preferred.
The chemical polymerization method is conducted
as follows. For example, a dihalosilane, a Li salt, a
metal halide and Mg or Mg alloy are placed, along with a
solvent, into a hermetically closable reactor wherein
15 preferably the mixture is mechanically or magnetically
stirred to carry out the reaction. The shape of the
reactor is not limited insofar as it has a structure which
assures sealing.
The reaction time is variable depending on the
20 amount of Mg or Mg alloy, Li salt and metal halide to be
used and is usually about at 1least 30 minutes. The
molecular weight of the reéction product can be controlled
by adjustment of the reaction time. The degree of
polymerization to be'attained in the chemical polymeri-

25 zation method is preferably about 5 to about 1000.



15 | ayer. The filmwas dried in an air-circulation oven at 100[err]C for
about *1 hour. The hal f-decay exposure of the obtained sanple was neasured
by. a static-node el ectrophoto- graphic neasurenent using "EPA-8200"
manuf actured by Kawaguchi Denki Co., Ltd.. 20 Eval uati on of

el ectrol um nescent property A 1500 A-thick hole injection |layer was spin-
coated froma 5% tol uene solution of polysilane on an | TO deposited gl ass
substrat e. Al g3 {tris(8-quinolinolato)- alumnum (I11)} light emtting

| ayer (500 A) was forned by -12~

The reaction temperature ranges from -20°C to the
boiling point of the solvent used, preferably about -10 to
about 50°C, more preferably about -5 to about 30°C.

When, for example, a dichlorosilane is used as

5 the silane monomer in the preparation of the polysilane of
the formula (1), an alkyltrichlorosilane and p-(n-
propyl)bromobeniene are subjected to the Grignard reaction,
whereby alkyl-p-(n-propyl)phenyldichlorosilane can be
easily prepared. On the other hand, whén a dihydrosilane

10 is used as the silane monomer, an alkylchlorodihydrosilane
and p-(n-propyl)bromobenzene are subjected to the Grignard
reaction, whereby alkyl-p-—(n-propyl)phenyldihydrds ilane can

be produced.
The hole transporting material of the second
15 invention comprises the polysilane (1) of the first
invention. The n-alkyl group of R having a small number of
carbon atoms has a low cohesion, and lessens the decline of
ionization potential. On the other hand, the n-alkyl group
having a large number of carbon atoms softens the film and
20 the film may become useless although depénding on the
purpose of use. Consequently, the n-alkyl group of 3 to 20
carbon atoms is proper in the polysilane (1), while the n-
alkyl group of 3 to 8 carbon atoms is more preferred and
the n-alkyl group of 3 to 5 carbon atoms is the most

25 preferred in the hole transporting material. When the



25 vacuum deposition. A cathode (1500 A) was forned by vacuum - 20-
deposi‘tion using an alloy of My and Ag at a weight ratio of 10 : 1, whereby
an el ectrpol um nescent device was produced. 15 V was applied to the device.
The output of emtted |light was neasured by a PIN photodi ode. 5 Exanple 2

~13-
polysilane (1) contains two or more different R groups, it
is desirable that the group R predominantly present have
preferably 3 to 8 carbon atoms, more preferably 3 to 5
carbon atoms.

5 ‘ R, in the polysilane (1) is more preferably alkyl
grdup having 1 to 6 carbon atoms, and most preferably
methyl group.

The symbol n in the polysilane (1) is in the
range of 10 to 20000, more preferably 15 to 5000, most
10 preferably 20 to 1000.
The polysilane of" thé third invention is
represented by the formula (2). The polysilane of the
. third invention is substantially the same as the polysilane
of the first invention except that the former polysilane is
15 a copolymer formed from a silicon unit having p-(n-

alkyl)phenyl group and R, at the side chain and other

1
silicon unit.

R, and R, in the polysilane (2) are hydiogen

atom, alkyl group, aryl group, alkoxy group, amino group

20 and silyl group. R, R, and Ry in the polysilane (2) may

be diffefent from-each other or at least two of them may be

the same. Examples of the alkyl group include those having

about 1 to about 10 carbon atoms among which those having

1 to 6 carbon atoms are more preferred. Examples of the

25 aryl group are phenyl, naphthyl and p-alkoxyphenyl.



The sane procedure as in Exanple 1 mas-repeated to produce

(p- n- propyl phenyl ) met hyl di chl or osi | ane. Then, a polysilane was prepared
from the obtained conpound as the starting material by the Kipping nethod.
10 'Synthesis of polysilane A nechanical stirrer and a reflux condenser
were fitted to a three-necked flask. Then the air inside the reactor was
replaced wth argon gas. Into the reactor were placed 9.3 g of 40% sodi um

di spersi on (manufactured by 15 Al drich Chem cal Co., Ltd.),

tol uene and 24 m -14-

83 m of dry

Examples of the alkoxy group are those having about 1 to

about 10 carbon atoms. When Rl; R2 and R3 are alkyl, aryl,

alkoxy, amino and silyl, the hydrogen atom thereof may be

substituted with other functional group such as alkyl, aryl

5 or alkoxy (having the same number of carbon atoms as

above) .

In the polysilane of the formula (2), 1 is a

positive number, m is zero or a positive number, and l4m is

in the range of 10 to 20000.

10 The hole transporting material of the fourth

invention comprises the polysilane (2) of the third

invention. The n-alkyl group of R with a small number of

carbon atoms has a low cohesion, and lessesns the decline

of ionization potential. But the n-alkyl group with a

15 large number of carbon atoms softens a film and the film

may become useless although depending on the purpose of

use. A suitable carbbn number of n-alkyl group is variable

with the ratio (1/1+m) of silicon wunit having p-(n-

alkyl)phenyl group. For example, if the ratio is 50%, the

20 number of carbon atoms is more preferably 3 to 10, most

preferably 4 to 6.

Ry in the polysilane (2) is more preferably alkyl

group having 1 to 6 carbon atoms and methyl group is the

most preferred.

25 l+m in the polysilane (2) is in the range of



of diglynme. The m xture was heated in an oil bath (bath tenperature
130[err]C), followed by adding 18.6 g (80 nmol s) of

(p- n-propyl phenyl ) net hyl di chl or osi | ane. Thereafter the m xture was
continuously heated at 110[err]C for 5 hours. 20 After stopping heating,
stirring was continued overnight. Then, 25 -m of 2-propanol was added to
the reaction mxture, followed by addition of 160 m of 1N hydrochloric
acid and 640 nml of distilled water. The m xture was extracted with 800 m
of ether and reprecipitated by 25 addi ti;gn of 320 nl ~of poor sol vent

et hanol and 16 ml of

about 10 to about 20000, more preferably 15 to 5000, most
preferably 20 to 1000. A preferred range of 1/m varies
with the number of carbon atoms in the R group. For
example, when the number of carbon atoms is 4, 1/m is
5 preferably 0.3 to 3.0, more preferably 0.5 to 2.0.
Effects of the Invention

According to the present invention, the following
remarkable effects can be achieved. |

(a) The present. invention provides hole

10 transporting materials which permit propef injection of
" holes from a charge generation layer or an electrode.
Consequently the produced electrophotographic photo-
receptors have a significantly improved photosensitivity
and_the'produced organic electroluminescent devices have an

15 enhanced light emitting efficiency.

(b) The polysilanes of the invention can be
easily formed into a film, and thus can produce a hole
transporting layef which has a good film-forming property
and high flexibility.

20 Best Mode for Carrying Out the Invention
Given below are Examples to further clarify the
features of the present invention.
Example 1
Synthesis gf dichlorosilane
25 The air in a 500 ml 3-necked flask was replaced



-21- good sol vent tetrahydrofuran. The above procedure gave

(p-n-propyl phenyl ) - net hyl pol ysi | ane havi ng a wei ght average nol ecul ar

wei ght of 49700 in a yield of 21% 5 Exanple 3 6.0 g of granul ar magnesi um
1.6 g of anhydrous

" =16~

by argon gas. Then, 13.3 g of Mg (THF 50 ml) useful for
Grignard reaction was placed into the flask to which 100 g
(0.502 mol, THF 100 ml) of p-bromo-n-propylbenzene was
added dropwise, giving a Grignard reagent. Thereafter 82
5 g (0.550 mol, THF 170 ml) of methyltrichlorosilane was
placed into a 1000 ml 3-necked flask to which the obtained
Grignard reagent was added dropwise over 30 minutes,
followed by 3-hour stirring. The reflux temperature of THF
was maintained by heat of reaction without application of
10  heat. When the .heat of reaction: was cooled to room
temperature, 600 ml of hexane was added for salting-out,
the white precipitate is filtered off, the solvent was
distilled off, 600 ml of hexane was added for salting-out
again, the white precipitate was filtered off, the solvent
15 was distilled off and the residue was purified by
distillation under reduced pressure (boiling point of 99-
101°C, 2 mmHg), whereby 59.5 g of (p—n—propylphenyi)-
methyldichlorosilane (yield 50.8%) was produced. An IR
chart and 1H—NMR chart of the obtained dichlorosilane are

20 shown in FIG. 1 and FIG. 2, respectively.

Synthesis of polysilane

Anhydrous lithium chloride (0.4 g ) and 0.24 g of
anhydrous ferrous chloride were placed into a 30 ml 3-
necked flask (hereinafter referred to as ‘“reactor")

25 provided with a three way stop-cock, an anode of Mg (1 cm



lithiumchloride (Lid) and 0.96 g of anhydrous ferrous chloride
(FeClierr]) were placed into a 100 m eggplant type flask equi pped with a
t hree way stop-cock. The m xture was 10 heated to 50[err]C and the
pressure was reduced to 1 mmHg to dry the contents of the reactor.
Thereafter dry ‘argon gas was introduced into the reactor after which 60 n
of tetrahydrofuran dried over sodi umbenzophenoneketyl was added, followed
by stirring at roomtenperature for about 15 30 mnutes. Then, 9.39 g
(40 mmol s) of (p-n-propyl phenyl)- nethyl dyehl orosilane purified by
distillation was added
(diameter) X 5 cm) and a cathode of stainless steel (SUS
304) (1 cm X 1 mm X 5 cm). The mixture was heated to 50°C
and the pressure was reduced to 1 mmHg to dry the lithium
chloride and ferrous chloride. Thereafter deoxidized dry
5 nitrogen was introduced into the reactor, followed by
addition of 15 ml of tetrahydrofuran dried over sodium-
benzophenoneketyl. Then, 2.33 g (10 mmols) of (p-n-
propylphenyl)methyldichlorosilane purified by distillation
was added with a syringe. The reaction mixture was stirred

10 by a magnetic stirrer and a current was applied from a
constant current power source while maintaining the reactor
at room temperature with a water bath. A current was
passed for about 21.3 hours for the passed electricity to
reach 4.0 F/mol based on dichlorosilane.

15 After completion of reaction, 20 ml of 1N
hydrochloric acid was added to the reaction mixture,
followed by addition of 80 ml of distilled water. The
mixture was extracted with 100 ml of ether and
reprecipitated by addition of 80 ml of poor solvent ethanol

20 and 4 ml of good solvent tetrahydrofuran.

The above procedure gave (p-n-propylphenyl)
methylpolysilane having a weight average molecular weight

of 18600 in a yield of 52%. A 1 29

H-NMR chart and a ““Si-NMR
chart of the obtained polysilane are shown in FIG. 3 and

25 FIG. 4, respectively.



with a syringe, followed by stirring at roomtenperature for about 12

hour s: After conpletion of reaction, the reaction m xture was poured into
50 m of 1N hydrochloric 20 acid and was extracted with 100 m of ether.
The ether | ayer was washed twice with 50 ml of pure water and dried over

anhydr ous magnesi um sul f at e. Then the ether was distilled off, giving a
crude pol ysilane containing a | ow nol ecul ar conponent . The crude
pol ysilane was 25 reprecipitated with 20 ml of good sol vent

t et rahydr of uran ' -18-

The obtained polysilane was evaluated as a hole
- transporting material in the following manner. The results
are shown below in Table 1 together with the results of
evaluation made in subsequent Examples and Comparative
5 Examples. In Table 1, the polysilanes obtained in Examples
1-7 are indicated as Samples 1-7, respectively and the
polysilanes obtained in Comparative Examples 1-4 are
indicated as Samples 8-11, respectively.
Evaluation of film—ﬁb;ming property and flexibility
10 A 10 wt% (wt% will be hereinéfter referred to
simply as "%") toluene solution of polysilane was cast on
a 100 pm-thick aluminum substrate. The coated substrate
was dried at 55°C for 2 hours under pressure being reduced
by a rotary pump. The thickness of the polysilane film was
15 about 25 um. The polysilane-coated aluminum substrate was
bent and visually inspected for the occurfence or non-
occurrence of cracks to evaluate the film-forming property
and the flexibility.
Evaluation of hgleigranspo;ting characteristic
20 A 25% toluene solution of polysilane was spin-
coated on an aluminum-deposited glass substrate. The
coated substrate was dried at 55°C for 2 hours under
pressure being reduced by a rotary pump, whereby a thin
film of polysilane having a thickness of about 5.0 um was

25 formed. A semitransparent gold film was formed as a top



-22- and 400 m of poor solvent ethanol. The above procedure gave
(p-n-propyl phenyl)- nethyl pol ysil ane having a wei ght average nol ecul ar

wei ght of 16200 in a yield of 43% 5 Exanple 4 A reaction for synthesis
of polysilane was .carried out in the sane manner as in Exanple 1 with the

-19-~
electrode by DC spﬁttering. The time of flight of the
obtained sample was measured by direct excitation of
nitrogen pulse laser (wavelength 337 nm) to determine from
the transit pulse shape‘whether transport was dispersive or

5 non-dispe;sive. The hole drift mobility was also evaluated
from the measurement.

A soiuﬁion was prepared by dispersing a mixture

of titanyl phthalocyanine, polyvinyl butyral and cellosolve

10 acetate at a weight ratio of 1 : 1 : 18 by a ball mill.
The solution was bar-coated on a 100 pm-thick aluminum
‘substrate and dried to form a charge generation 1éyer
having a thickness of about 0.5 um. A 30% toluene solution
of polysilane was bar-coated on the charge generation

15 layer. The film was dried in an air-circulation oven at
100°C for about 1 hour. The half-decay exposure of the
obtained sample was measured by a static-mode electrophoto-
graphic measurement using " EPA-8200" manufactured by
Kawaguchi Denki Co., Ltd..

20 valuation of electro inescent pr r

A 1500 A-thick hole injection layer was spin-
coated from a 5% toluene solution of polysilane on an ITO
deposited glass substrate. Alg3 {tris(8-quinolinolato)-
aluminum (III)} light emitting layer (500 A) was formed by

25  vacuum deposition. A cathode (1500 A) was formed by vacuum



exception of using a mxture of 1.55 g (6.7 mmols) of (p-n-
pr opyl phenyl ) net hyl di chl orosi |l ane and 0.54 g (3.3 mmols) of 10
met hyl phenyl di chl orosilane in place of 2.33 g of (p-n-
propyl phenyl ) met hyl di chl orosi | ane. This procedure gave (p-
n- propyl phenyl ) met hyl - co- net hyl phenyl pol ysilane wth a wei ght average
nol ecul ar weight of 17700 in a yield of 56% Exanple 5 15 For
synt hesi s of (p- n-butyl phenyl ) met hyl - di chl orosi |l ane as di chl orosil ane,
the same procedure as in Exanple 1 was foljgwed with the exception of using
p- br ono-

deposition using an alloy of Mg and Ag at a weight ratio of

10 : 1, whereby an electroluminescent device was produced.
15 V was applied to the ‘device. The output of
emitted light was measured by a PIN photodiode.
5 Example 2
The same procedure as in Example 1 was repeated
to produce (p-n-propylphenyl)methyldichlorosilaﬁe. Then,
a polysilane was prepared from the obtained compound as the
starting material by the Kipping method.
10 Synthesis of polysilane
A mechanical stirrer and a reflux condenser were
fitted to a three-necked flask. Then the air inside the
reactor was replaced with argon gas. Into the reactor were
placed 9.3 g of 40% sodium dispersion (manufactured by
15 Aldrich Chemical Co., Ltd.), 83 ml of dry toluene and 24 ml
of diglyme. The mixture was heated in an oil bath (bath
temperature 130°C), followed by adding 18.6 g (80 mmols) of
(p~-n-propylphenyl )methyldichlorosilane. Thereafter the
mixture was continuously heated at 110°C for 5 hours.
20 After stopping heating, stirring was continﬁed overnight.
Then, 25 ml of 2-propanol was added to the reaction
mixture, followed by addition of 160 ml of 1N hydrochloric
acid and 640 ml of distilled water. The mixture was
extracted with 800 ml of ether and reprecipitated by

25 addition of 320 ml of poor solvent ethanol and 16 ml of



n- butyl benzene in place of p-brono-n-propyl benzene used in the preparation
of dichlorosilane in Exanple 1. 20 The above procedure gave
the desired (p-n- butyl phenyl)nethyldichlorosilane (b.p. 108-112[err]C (2
mrHg)) in a yield of 50.4% An IR chart and a H-NVWR chart of the obtained
di chl orosilane are shown in FIG 5 and FIG 6, respectively. 25

A reaction for synthesis of polysilane was

-21-

'good solvent tetrahydrofuran.
The above procedure gave .(p-n-propylphenyl)-
methylpolysilane having a weight average molecular weight

of 49700 in a yield of 21%.
5 Example 3

6.0 g of granular magnesium, 1.6 g of anhydrous
lithium chloride (LiCl) and 0.96 g of anhydrous ferrous
chloride (FeClz) were placed into a 100 ml eggplant type
flask equipped with a three way stop-cock. The mixture was
10 heated to 50°C and the pressure was reduced to 1 mmHg to
dry the contents of the reactor. Thereafter dry argon gas
was introduced into the reactor after which 60 ml of
tetrahydrofuran dried over sodium-benzophenoneketyl was
added, followed by stirring at room temperaﬁure for about
15 30 minutes. Then, 9.39 g (40 mmols) of (p-n-propylphenyl)-
' methyldichlorosilane purified by distillation was added
with a syringe, followed by stirring at room temperature
for about 12 hours. After completion of reaction, the
reaction mixture was'poured into 50 ml of 1N hydrochloric
20 acid and was extracted with 100 ml of ether. The ether
layer was washed twice with 50 ml of pufe water and dried
over anhydrous magnesium suifate. Then the ether was:
distilled off, giving a crude polysilane containing a low
molecular component. The crude polysilane was

25 reprecipitated with 20 ml of good solvent tetrahydrofuran



-23- carried oﬁt in the sane manner as in Exanple 1 with t he exception of
using a mxture of 1.24 g (5 mmls) of (p-n-
butyl phenyl ) met hyl di chl orosilane and 0.96 g (5 nmmols) of
met hyl phenyl di chl orosilane in place of 2.33 g of (p-n- 5
propyl phenyl ) met hyl di chl orosi | ane. © Thi s procedure gave (p- .
n- but yl phenyl ) net hyl - co- net hyl phenyl pol ysi | ane wth a wei ght average
nol ecul ar wei ght of 20900 in a yield of 43% A [err]H NWVR chart of the
obt ai ned pol ysilane is -22-
and 400 ml of poor solvent ethanol.
The above procedure gave (p-n-propylphenyl)-
methylpolysilane having a weight average molecular weight
of 16200 in a yield of 43%.
5 Example ¢
A reaction for synthesis of polysilane was
carried out in the same manner as in Example 1 with the
exception of using a mixture of 1.55 g (6.7 mmols) of (p-n-
propylphenyl )methyldichlorosilane and 0.54 g (3.3 mmols) of"

10 methylphenyldichlorosilane in place of 2.33 g of (p-n-
propylphenyl )methyldichlorosilane. This proceduré gave (p-
n-propylphenyl)methyl-co-methyiphenylpolysilane with a
weight average molecular weight of 17700 in a yield of 56%.
Example 5

15 "~ For synthesis of (p-n-butylphenyl )methyl-
dichlorosilane as dichlorosilane, the same procedure as in
Example 1 was followgd,with the exception of using p-bromo-
n-butylbenzene in place of p-bromo-n-propylbenzene used in
the preparation of dichlorosilane in Example 1.

20 The above' procedure gave the desired (p-n-
butylphenyl )methyldichlorosilane (b.p. 108-112°C (2 mmHg) )
in a yield of 50.4%. An IR chart and a 'H-NMR chart of the
obtained dichlorosilane are shown in FIG. 5 and FIG. 6,

respectively.

25 A reaction for synthesis of polysilane was



shown in FIG 7. 10 Exanpl e 6 For synt hesi s of

(p- n-hexyl phenyl ) net hyl - di chl orosil ane as dichlorosilane, the sane
procedure as in Exanple 1 was followed with the exception of using p-brono-
n- hexyl benzene in place of p-brono-n-propylbenzene used in 15 the
preparation of dichlorosilane in Exanple 1. The above procedure gave

desired

mHg) )

(p- n- hexyl phenyl ) met hyl - di chl orosilane (b.p. 127-130[err]C (2

in ayield of 47. 0%

10

15

20

25

-23-

carried out in the same manner as in Example 1 with the
exception of using a mixture of 1.24 g (5 mmbls) of (p-n-
butylphenyl)methyldichlorosilane and 0.96 g (5 mmols) of
methylphenyldichlorosilane in place of 2.33 g of (p-n-
propylphenyl)methyldichlorosilane. This procedure gave (p-
n-butylphenyl)methyl-co-methylphenylpolysilane with a

weight average molecular weight of 20900 in a yield of 43%.
1

A “H-NMR bhart of the obtained polysilane is

shown in FIG. 7.
Example 6

For synthesis of (p-n-hexylphenyl)methyl-
dichlorosilane as dichlorosilane, the same procedure as in
Example 1 was followed with the exception of using p-bromo-
n-hexylbenzene in place of p-bromo-n-propylbenzene used in
the preparation of dichlorosilane in Example 1. The above
procedure gave the desired (p-n-hexylphenyl)methyl-
dichlorosilane (b.p. 127-130°C (2 mmHg)) in a yield of
47.0%.

Then, a reaction for synthesis of polysilane was
carried out in the same manner as in Example 1 with the
exception of using a mixture of 0.55 g (2 mmols) of (p-n-
hexylphenyl)methyldichlorosilane and 1.53 g (8 mmols) of
methylphenyldichlorosilane in place of 2.33 g of (p-n-
propylphenyl )methyldichlorosilane. This procedure gave (p-
n-hexylphenyl )methyl-co-methylphenylpolysilane with a

t he



Then, a reaction for synthesis of polysilane was 20 carried out in the
sane manner as in Exanple 1 with the exception of using a mxture of 0.55 g
(2 mmol s) of (p-n- hexyl phenyl) et hyl di chl orosilane and 1.53 g (8 mmols) of
met hyl phenyl di chl orosil ane in place of 2.33 g of (p-n-

propyl phenyl ) met hyl di chl orosi | ane. This procedure gave (p- 25
n- hexyl phenyl ) net hyl - co- net hyl phenyl pol ysi | ane wth a

-24-
weight average molecular weight of 21100 in a yield of 39%.
Example 7 |

For synthesis of (p-ethylphenyl)methyldichloro-

silane as dichlorosilane, the same procedure as in Example

5 1l was .followed with the exception of using p-bromo-n-
ethylbenzene in place of p-bromo-n-propylbenzene used in
the preparation of dichlorosilane in Example 1. The above
procedure gave the desired (p-ethylphenyl)methyldichloro-
silane (b.p. 80°C (2 mmHg)). An IR chart and a lH-NMR

10 chart of the obtained dichlorosilane are shown in FIG. 8
and FIG. 9, respectively.

Then, a polysilane was prepared using the (p-
ethylphenyl)methyldichlorosilane and the (p-n-butyl-
phenyl)methyldichlorosilane prepared in Example 4.

15 That is to say, a reaction for synthesis of

polysilane was carried out in the same manner as in Example

1 with the exception of using a mixture of 1.24 (5 mmols)

of (p-n-butylphenyl)methyldichlorosilane and 1.10 g (5

mmols) of (p-ethyléhenyl)methyldichlorosilane-in place of

20 2.33 g of (p-n-—propylphenyi)methyldichlorosilane. This

procedure gave (p~n-butylphenyl)methyl—co-(p—

ethylphenyl )methylpoly-silane with a weight average
molecular weight of 22700 in a yield of 56%.

A 1H-NMR chart of the obtained polysilane is

25 ~shown in FIG. 10.



-24- wei ght average nol ecul ar weight of 21100 in a yield of 39% Exanple 7.
For synthesis of (p-ethyl phenyl)nethyldichloro- silane as dichlorosilane,
the same procedure as in Exanple 5 1 was followed with the exception of
using p-brono-n- ethyl benzene in place of p-brono-n-propyl benzene used in
the preparation of dichlorosilane in Exanple 1. The above procedure gave
the desired (p-ethylphenyl)nethyldichloro- silane (b.p. 80[err]C (2 mmHg)).
An IR chart and a [err]H NWR
-25-
Comparative Exaﬁple 1
A reaction for synthesis of polysilane was
carried out in the same manner as in Example 1 with the
eiception of using 1.91 g (10 mmols) of methylphenyldi-
5 chlorosilane in place of 2.33 g of (p-n-propylphenyl)-
.methyldichlorosilane. This procedure gave methylphenyl-
polysilane with a weight average molecular weight of 17800
in a yield of 51%.
Comparative Example 2
10 The same procedure as in Example 1 was repeated
with the exception of using p-bromo-t-butylbenzene in place
of p-bromo-n-propylbenzene in the preparation of dichloro-
silane, giving (p-t-butylphenyl)methyldichlorosilane.
A reaction for synthesis of polysilane was
15 carried out in the same manner as in Example 1 with the
exception of using 2.47 g (10 mmols) of (p-t-butylphenyl)-
methyldichiorosilane in place of 2.33 g of (p-n-
propylphenyl )methyldichlorosilane. This procedure gave (p-
t-butylphenyl)methylpolysilane with a weight . average
20 molecular weight of 13700 in a yield of 18%.
Comparative Example 3 _
A reaction for synthesis of polysilane was
carried out in the same manner as in Example 1 with the

exception of using 2.05 g (10 mmols) of commercially

25 available (p-methylphenyl)methyldichlorosilane in place of



10 chart of the obtained dichlorosilane are shown in FIG 8 and FIG 9,
respectively. Then, a polysilane was prepared using the (p-

et-hyl phenyl ) net hyl di chl or osi | ane and t he (p-n-butyl - '
phenyl ) met hyl di chl orosi | ane prepared in Exanple 4. 15 That is
to say, a reaction for synthesis of polysilane was carried out in the sane
manner as in Exanple 1 with the exception of using a mxture of 1.24 (5
mol s) of (p-n-butyl phenyl)nmethyl dichlorosilane and 1.10 g (5 mmls) of
(p- et hyl phenyl ) net hyl di chl or osi | ane i n pl-€&fe- of

2.33 g of (p-n-propylphenyl)methyldichlorosilane. This
procedure gave (p-methylphenyl)methylpolysilane with a
weight average molecular weight of 19900 in a yield of 40%.
Comparative Example 4

5 The same procedure as in Example 1 was conducted
with the exéeption of using p-bromo-biphenylbenzene in
place of p-bromo-n-propylbenzene in the preparation of
dichlorosilane. ' This procedure gave (p-biphenyl)methyl-
dichlorosilane. A reaction for synthesis of polysilane was

10 carried out in the same manner as in Example 1 with the
exception of using 2.70 g (10 mmols) of (p-biphenyl)methyl-
dichlorosilane in place of 2.33 g of (p-n-propylphenyl)
methyldichlorosilane. This procedure gave (p-biphenyl)-
methylpolysilane with a weight average molecular weight of

15 10700 in a yield of 17%.



wth
A H NWR

Thi s procedure
-25-

et hyl phenyl ) net hyl pol y-si | ane

average nol ecul ar wei ght of 22700 in a yield of 56%
shown in FIG 10.

-27-

(p- n- but yl phenyl ) net hyl - co- ( p-

2.33 g'of (p-n-propylphenyljnethyldichlorosilane.
a. weight

chart of the obtained polysilane is 25

20
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Conparative Exanple 1 A reaction for synthesis of polysilane was carried
out i'n the sanme nmanner as in Exanple 1 with the exception of using 1.91 g
(10 mmol s) of nethyl phenyldi- 5 chl orosilane in place of 2.33 g of

(p- n-propyl phenyl )- nethyl di chl orosil ane. This procedure gave nethyl phenyl -
pol ysilane with a wei ght average nol ecul ar weight of 17800 in a yield of
51% Conparative Exanple 2 10 The sane procedure as in Exanple
-1 was repeated

-28-
(Note)

(1) The film-forming propefty and the flexibility
were evaluated according to the following criteria: |
A...No crack occurred after bending.

5 B...No crack occurred before bending, but crack was
developed by bending.
C...Crack existed before bending.
| (2) Pulse shape:
A...non-dispersive type
10 B...dispersive type
| (3) Output of emitted light: a relative value

when the output of Sample 1 was taken as 100.



wi th the exception of using p-brono-t-butyl benzene in place of
p- br ono- n- propyl benzene in the preparation of dichloro- silane, giving
(p-t-butyl phenyl ) et hyl di chl orosil ane. A reaction for synthesis of
pol ysi |l ane was 15 carried out in the sane manner as in Exanple 1 with the
exception of using 2.47 g (10 mmols) of (p-t-butyl phenyl)-
nmet hyl dichlorosilane in place of 2.33 g of (p-n-
propyl phenyl ) met hyl di chl orosi | ane. Thi s procedure gave (p-
t-butyl phenyl) met hyl polysilane with a wgght average 20 nol ecul ar
wei ght of 13700 in a yield of 18%
CLAIMS:

1. A polysilane which has a structure represented

by the following formula (1)

R
(1)

Q)

5k
Ry

wherein R is n-alkyl group having 3 to 20 carbon atoms, R

5 groups may be the same or at least two of them may be
different from each other, R, is hydrogen atom and alkyl
group, R1 may be the same or at least two of them may be
different from each other, and n is in the range of 10 to
20000.

10 2. A hole transporting material which has a
structure represented by the following ‘formula (1) and
which is excellent in film-forming property and hole -

transporting characteristic

R
(1)
+si
l n
Ry
-

AR g



Conparative Exanple 3 A reaction for synthesis of polysilane was carried
out i the sanme manner as in Exanple 1 with the exception of using 2.05 g
(10 mmol s) of conmercially 25 avai |l abl e

(p- met hyl phenyl ) net hyl di chl orosi | ane in pl ace of -26- 2.33 g of

(p- n- propyl phenyl ) met hyl di chl orosi l ane.  This

-30~

wherein R is n-alkyl group having 3 to 20 carbon atoms, R
groups may be the same or at least two of them may be
different from each other, R1 is hydrogen atom and alkyl
group, R1 may be the same or at least two of them may be
5 different from each other, and n is in the range of 10 to

20000.

3. A polysilane represented by the following

formula (2)

R
1'23 (2)
-(ﬁr);—(ﬁf 0
R; Ro

wherein R is n-alkyl group having 3 to 20 carbon atoms, R
10 groups may be the same or at least two of them may be

different from each other, R, is hydrogen atom and alkyl

1
group, R1 may be the same or at least two of them may be
different from each other, R2 and R3 are hydrogen atom,
alkyl group, aryl group, alkoxy group, amino group and

15 silyl group, Rl’ R2 an'd..R3 may be the same or_ét least two
of them may be different from each other, 1 is a positive
number, m is zero or a positive number, and l+m is in the

range of 10 to 20000.

4. A hole transporting material which has a

* c L L] $ *



procedure gave (p-nethyl phenyl) nethyl pol ysilane with a wei ght average

nol ecul ar wei ght of 19900 in a yield of 40% Conparative Exanple 4 5

The sane procedure as in Exanple 1 was conducted with the exception of
usi ng p-brono-bi phenyl benzene in place of p-brono-n-propyl benzene in the
preparation of dichlorosilane. Thi s procedure gave (p-biphenyl)nethyl -

di chl orosilane. A reaction for synthesis of polysilane was 10 carried out
in the same manner as in Exanple 1 with the exception of using 2.70 g (10
mmol s) of (p-bi phenyl) net hyl - . 231-

structure represented by the following formula (2) and

which is excellent in film-forming property and hole

transporting characteristic

?3 (2)

-(S|iHS|i—)—m

Ri Re
wherein R is n-alkyl group having 3 to 20 carbon atoms, R

5 groups may be the same.or at least two of them may be
different from each other, R1 is hydrogen atom and alkyl
group, Rl may be the same or at least two of them may be

and R

different from each other, R 3 are hydrogen atom,

2
alkyl group, aryl group, alkoxy group, amino group and
10 silyl group,-Rl, R2 and R3 may be the same or at least two
of them may be different from each other, 1 is a positive

number, m is zero or a positive number, and 1l+m is in the

range of 10 to 20000.

* c L | H *



di chlorosilane in place of 2.33 g of (p-n-propyl phenyl)
Thi s procedure gave (p-biphenyl)-

nmet hyt di chl or osi | ane.

wi.t h a wei ght average nol ecul ar wei ght of 15

-27- [err]

-32-

ABSTRACT

This invention provides'a polysilane (1) and a

nmet hyl pol ysi | ane

10700 in a yield of 17%

a

polysilane (2) shown below which exhibit a good hole trans-

porting characteristic when used for electrophotographic

5 photoreceptors, organic electroluminescent devices or the

like:

R |
+si)-

|
Ri

R
§3 (2)
-(S.i-)l—(sli-)—m
Ri Ra



-28- (Note) (1) The filmformng property and the flexibility were

eval uated according to the following criteria: A .. No crack occurred after
bendi ng. 5 B... No crack occurred before bending, but crack was devel oped
by bending. C... Crack existed before bending.
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(2)' Pul se shape: A...non-dispersive type 10 B...
di spersive type (3) Qutput of emtted light: a relative val ue when the
out put of Sanple 1 was taken as 100. -29- CLAI Ms:
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1. A polysilane which has a structure represented by the follow ng fornul a
(1) [-err] wherein Ris n-alkyl group having 3 to 20 carbon atons, R 5
groups may be the same or at least two of themnay be different from each
other, Rl is hydrogen atom and al kyl group, Rl nmay be the same or at | east
two of themmay be different from each g}geb, and nis in the range of 10
to 20000. 10 2. Ahole trad par¥ing material which has a

or'z —

g ww an- @

< - ——————

3

FIG.
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structure represented by the following formula (1) and which is excellent
in filmformng property and hole transporting characteristic [err] - 30-
wherein Ris n-alkyl group having 3 to 20 carbon atons, R groups nmay be the
.sane or at |east two of them may be
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different fromeach other, Rl is hydrogen atom and al kyl group, R err] may
be the sane or at least two of themmay be 5 different from each other,
and nis in the range of 10 to 20000. 3. A polysilane represented by the
following formula (2) [err] wherein Ris n-alkyl group having 3 to 20
carbon atons, R 10 groups may be the sanme or at |least two of them may be
di fferent fronleach other, Rlerr] is hydrogen atom and al kyl
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group, R err] may be the sane or at least two of themmay be different from
each other, Rerr] and R err] are hydrogen atom al kyl group, aryl group,

al koxy group, am no group and 15 silyl group, Rerr], Rerr] and R err]
may be the sane or at |east two of themmy be different fromeach other, 1
IS a positive nunber, mis zero or a posi Lyqnéunber, and 1+mis in the
range of 10 to 20000. 4. A hole transportPFrg terial which has a
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-31- structure represented by the following fornmula (2) and which is
excellent in filmform ng property and hole transporting characteristic
[err] wherein Ris n-alkyl group having 3 to 20 carbon atoms, R 5 gr oups
may be the sane or at |east two of themmy be different from each other,

Rlerr] is hydrogen atom and al kyl group, R err] may be the same or at | east
two of them may be 7710

14 7481 —_—

4

FlaG.




different fromeach other, R err] and R3 are hydrogen atom al kyl group,
aryl group, al koxy group, am no group and 10 silyl group, Rerr], Rerr]
and Rlerr] may be the sanme or at least two of themmay be different from
each other, 1 is a positive nunber, mis zero or a positive nunber, and 1+m
is in the range of 10 to 20000.
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