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% dfAlel electron donor@ 4 polymer(polycation) S AH-&3} polymer-TCNQ(tetracyanoquinodimethane)
H3lo]F FAME AL F7| = mjARze] HE A%F efzlstach Polymer?| main chainoll cation 725
7}A]= 2,6-Ionene-TCNQ#} side chainell cation F&F 7}2|+= poly(1-butyl-4-vinylpyridinium-TCNQ), poly
(styrene co 1-butyl-2-vinylpyridinium-TCNQ) €- §tAdsleic). o] £ side chain & €]2] polymerSo] &&j4 =
F¥Ae] 5381 o] 5§ 7|55 S 2 polycarbonate 7138 o] Z®3tod T glAb3 R 830 nmol| X B7]E
H7l AL gslgdch 718 4% 1.2m/s, 7] power 89 mWoll 4] 12 40 dB2] CNRe] #at=gir}.

Abstract—Polymers(polycations) instead of metals were used as the electron donor, and polymer-TCNQ
(tetracyanoquinodimethane) charge transfer complexes were synthesized. These charge transfer complexes
were tested whether they can be used as the optical recording media. 2,6-Ionene-TCNQ has the cations
in the main chain of the polymers, while poly(1-butyl-4-vinylpyridinium-TCNQ) and poly(styrene co 1-butyl-
2-vinylpyridinium-TCNQ) have cations in the side chain of the polymers. The side chain polymers were
soluble in organic solvents and spin coatable. They were spin coated on the polycarbonate substrate with
the aluminium reflective layer and tested by commercial optical recording media evaluation system. The
maximum 40 dB of CNR(carrier to noise ratio) was observed with the writing power of 89 mV and writing
velocity of 1.2 m/s.
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I & wHdstgdtk #4 ElL Kamitos & TCNQ2}H
Cu =& Ags A3 AW 7 €A=& d5Fd 25
TCNQ9] 12 24 (simple salt) 7} HA =, «17)4)] &)
o] A ul-& A o} 2H Pk oA T
TCNQ7F #8l= o] vhe} 22 24| (complex salt) S 3
At A 715 §-91e] M) WHale Z1& w3l

[M*(TCNQ) 1. h% M.+ (TCNQ),
FIMUTOND) T (D

21 (DA uhg-2 7Fd o]y, ¥i3yd L5 7}
g3t Ao 2 EolriA ok oleid Az W
shol] 2 FHE T HHALE9] Alo] & o] 831,
71& 715% WORM(write once read many)3 ==
of2|¥l 7]18/47 7153 rewritable® 2] 37]5 o)
24] F8 AgTCNQ$F CuTCNQo w3t o377} =13}
=l 4-7].

o2l F48 electron donorZ 3He F4-TCNQ
FY £ 7] Solo] HE 7} o § o}, o] 5%
#3718 A8E AHE-3leld AF 53 Ew sputtering
So] z7be] FHo| B, o} f7] AE A spin
coatinge] E7beste] Az Fgo] F3 X3 dHe|
At

H Aoz o]zg F4-TCNQ A9 wys
wekslr] slal A F4 Al polymer(polycation) & A
2-3)¢3, &8l Alo] 9E 3} spin coatingsl] 2% 7)1 27}
3 A o] 7153 polymer-TCNQ 24 & §AJ3ta, o] E9
371 & v A 22 A8 754 & b3k ) Polymerd]

E 7}#]+ lonene-TCNQ2}
side chain®] cation +2& zt& pyridine#l 9] vinylpol-
ymer-TCNQ 341 & §4dslin o] 5ol gt §5 spec-
trum ¥4 % 830 nmel M) B71E Hrl AYE Y3t
arh

main chainel| cation &
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2-1. 2,6-lonene-TCNQS| £

=12 Ionene(ionic amine) polymerE& Menschutkin
reaction[8]ol <ja) Adsta o]Zm LITCNQ2}e] o]
ewg wh-gol o8 A& gHAdsidch. TCNQe o
#5715 (F) ol A ) 3kl 27, N.N,N'N'-tetrame-
thylethylenediamine # 1,6-dibromohexane-2 Aldrich
Chemicalell 41 79 3}sich LITCNQE Merby 5-2f v
[9]e.2 &Aste] AHgstglom 405 (DMF, methyl
alcohol %)2 HPLC grade®] 71-% degassingdto] 2}
&3}t

o) g% 715 A 423
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Fig. 1. Structure of the polymer-TCNQ complexes.
(a) 2,6-Ionene-TCNQ, (b) poly(1-butyl-4-vinylpyri-
dinium-TCNQ), (c) poly(styrene co 1-butyl-2-vinyl-
pyridinium-TCNQ).

2-1-1. 2,6-Ionene-Br

N,N,N’,N’-tetramethylethylenediamine (MW =116.
21) 17.4 g€ 50 ml DMFeoj 0], 1,6-dibromohexane
(MW=1243.97) 36.6 g% 50 ml DMF9l] o] & 292
& ¥ o}A] DMF 200 mlE #7}3bed 45Tl 4 <k 70
AlZE grg A1 Zck. WA o] AHES DMF9} ether® ¢
e AelE 5 AF 28l Az=AA oF 42g9] 26-
Ionene-Br-g& d¢ic)

2-1-2. 2,6-Ionene-TCNQ

LiITCNQ 4.2 g(0.02 mol)-& 250 ml methy! alcoholsj}
o], 9ol A] A= 2,6-Ionene-Br 3.6 g(0.01 mol) &
125 m! methyl alcohol#} 125 ml E-9] &3} &0 o] 3o
e F AL 97l Ao A Zd A"
A AHEL #E F methyl alcohol ether 2 7t}
2-3x4 olE ¥ zhst AEz:A1Z ) o1& 4] DMF9
48 A17] F ethylacetateo] A A A sle] oF 4
g2} 2,6-lonene-TCNQ[Fig. 1(a)]1& ¥t

2-2. Poly(1-butyl-4-vinylpyridinium-TCNQ) &3
9o iy

4-Vinylpyridine-> Janssen Chimicaoll4] 73t &
# AAIste] At43}el 2, n-butyliodide®} benzoylper-
oxide(BPO)+ Aldrich Chemicalellx] +¢3tsich.

2-2-1. Poly-4-vinylpyridine

A= 4-vinylpyridine(MW=105.14) 20 gl 0.5 g¢}
BPOE H7}ste] A-ZA oA 40-50C 2 2-34]7} bulk
A F A AR SR BEE

2-2-2. Poly-4-vinylpyridine] 453}

9lef| 4] A= poly-4-vinylpyridine 8 g2 150 ml9]
nitromethaneo)] %1 % 7|0 54 ml¢] n-butyliodide
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£ Hristed 59U 4045CE wukste Fo) A=
g JAEE AE FHo| 482 methyl alcoholol
o] o 7-80) 9] Bof Po] wrkste] Zw colloidal sus-
pension Ae]7} =3 o 7)ol potassium iodideE A
7ksld AAEo] A7) o] & acetonitrileT 23} A
o} Fo] AZA|A 84 g2l poly(1-butyl-4-vinylpyridiniu-
miodide) & Ao}

2-2-3. Poly(1-butyl-4-vinylpyridinium-TCNQ)

LITCNQ 3g& 400 ml Eoll 3al F, $lor A=
polymer 4 g& E 200 ml¢} methyl alcohol 200 ml &
F2olel o3 42 F A ErlelA] Aoz 147}
A7k A" A JAPES HE ¥ methyl
alcohol#} ether 2 7+7}+ 2-3x}3] M2 , 7het A=A
# 2 g2 poly(1-butyl-4-vinylpyridinium-TCNQ) [Fig.
1(b)1& Ak

2-3. Poly(styrene co 1-butyl-2-vinylpyridinium-
TCNQ) #H| o] g

Styrene3} 2-vinylpyridine2 Janssen Chimica®l] 4]
azobisisobutyronitrile (AIBN) < Aldrichi Chemical®l] 4
Fdshatc.

2-3-1. Poly(styrene co 2-vinylpyridine)

73t 5738k A= styrene(MW=104.15) 3} 2-vi-
nylpyridine(MW=105.14) & z}7} 10g¥ A& 3 &
gko] AIBN-S 7}8led 60Tl 4] 2-3A)7F bulk F3HA17)
5 AF YR N BEsiedch

2-3-2. Poly(styrene co 1-butyl-2-vinylpyridinium io-
dide)

FAE S=HE 4 g2 =72 80 ml ethylacetate 2} 80
ml nitromethane &3} &l 39 % 15 ml2] n-butyl-
iodide & 7}8to] o178 Ael R refluxA] 7] A 60A]7F

o} 4} uk-g-2 Atk o 7] 40 ml nitromethane$- 7}3}ed
404] 7k o} 9 A §F &, AR 0.2 AF etherdl] A HAIL
¥ ohA] etherg 2-3xp#] MlojFaL el AzAIA o
TAY nEAE I

2-3-3. Poly(styrene co 1-butyl-2-vinylpyridinium-
TCNQ)

719l ZFE-A 2g2 250 ml ethylalcohol®} 150 ml
B9 £§ &vjol =9} LITCNQ 1g2 80 ml ethyl
alcohol®} 40 ml E2] &35 Lujd =9 & 5 LA
Ao Ax E7)6 A 2417 wbg A AR A
HES 718 Fol ethyl alcohols?} etherZ A&
7+t AzAlA copolymer[Fig 1(c)]& {4t

2-4. Spectra 4
g3 22l 39 T4 spectra= KBR pelletj 0.3

312t23 M33A HM4S 199544 8¢

A5 -

Eiekin

Table 1. Solubility and spin coatability of the polymer-

TCNQ

2,6-lonene-TCNQ PBVT CSVT
1,1,2,2-tetrachloroethane X X A
2,2,3,3-tetrafluoro- X AlC) O0O)

1-propanol

cyclohexanone X a(a) o)
N,N-dimethylacetamide O(x) O(x) O(x)
toluene X X X
dimethylformamide O(X) O(x) O(X)

PBVT: Poly(1-butyl-4-vinylpyridinium-TCNQ)

PCVT: Copoly(Styrene/1-butyl-2-vinylpyridinium-TCNQ)
O: good

A: not bad * spin coatability in parenthesis

X: bad

ohjective lens

recording layer
reflective layer (Al)

Fig. 2. Structure of the optical memory media.

Bio-RadA}2] FTS 20/80 FTIR Spectro Photometer&
2}8-8bo] 2Asbglar, 2F2]/7 4] &4 spectrax aceto-
nitrile 840 4] ShimadzuAle] UV-2101PC UV-VIS
Scanning Photometer& A}&-3}o] 27 3}eic),

2-5. 7|%& oAl Hixt

FAG A s S %
f7] 4ol & AH8-8te] xabstolctk lonene-TCNQS 7
1= ¥ & DMF $Sofl 83 = %) »t spin coatingA] 4-of 2}
polycarbonate 7]&=}e} 3w A3 o] Fog <l
uniformdt xute] & A= x] Eateic). 512 qt side cha-
in 3 2] poly(1-butyl-4-vinylpyridinium-TCNQ) (PB-
VT) <} poly(styrene co 1-butyl-2-vinylpyridinium-TC-
NQ)(PCVT)2] #-%, spin coatinge] 7}53F 2,2,3,3-tet-
rafluoro-1-propanol{ TFP) | 3t &3 5lo} uniformdt =
g s e 4 glglck(Table 1).

Fig. 2% o) 5& ol 8-3te] Al xxl whd o4y 3715

of 4o} 48 Motk 35 inch polycarbonate 7%

23 e S ofe] 7hx)

substrate{polycarbonate)
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Function DDU-1000
Generator head(830 nm)

DDU-1000 _Driv
OscilloScope —@Uni( —1  LD-Driver

Spectrum Network
Analyzer

Fig. 3. System for testing optical memory media.

(AR A2 o 800 A2l aluminium-g 7% =

.L>,‘.',

stod
c 1mle] w]&
] 045 um filter(millipore) & Z#] 7E £4-5 7t
%-o] Integrated Technology A}¢] spin coater (P6204) &
4 ZHste] FHeigjabde] vfA S uhEr) o] o

% "HE, polymer 0.02gol] &

Ei,mrm

2-6. EJ\& HII MY

#7112 o Al 9] F 7= PulstecAH2] Optical Disk Driv-
er DDU-1000%- +}4-3}e] A +]stedc}. Fig 32 372
7} A|~Ee)] FA& BolFEr) 830 nme) laser diode
7} 718 e A S] FAo R AR HE 29 nu-
merical aperturex= 0.50]31 7|8 £ %+ 12 m/sec7}7|
w313t 4= glek. DDU-1000¢] main unitell A lasers3<]
focussing, tracking, 7]% power, 7| & 4% 5-& A<
&t A function generator(Hewlett Packard, 8116A)
2 2E 9 signale] LD-driverg 3 wjAlol] 7]5=],
7124 signal® spectrum network analyzer(Hewlett
Packard, 3589A) ¢l 2]s] #4]x]¢] CNR(Carrier to No-
ise Ratio)o] &# R}

E Al 4= 7| Z powers} CLV(constant linear
velocity) 2 712 455 wlio] 74 CNRE £3
&3t 712 signale duty=50%9] T35 AME-3}
A Fope 715 fxo| gt WA 71§ spot
size7} ¢F 0.8 uym¥ A4 s+l , A powers 0.8 mWE
Tste] &3 shgdv)

3. d% ¥ ¥

3-1. &= @oo| =Hol

Fig. 4= 43 polymer-TCNQ #AE<] UV/VIS
FF spectrag 2ojErh AVbA AE EF TCNQ™
(simple salt)2] E39) 4207 840 nm -ZolA F5
22 Holn] o]%9 intensity ratiok tHZF 0.5

2,6-lonene-TCNQ

poly(styrene co 1-buty)-2-vinylpyridinium-TCNQ)

poly(1-butyl-4-vinylpyridinium-TCNQ)

wavelength (nm)

Fig. 4. UV/VIS absorption spectra of the polymer-TCNQ.

7191

Fig. 5% 2l 59 IR §5 spectrad RoFv} TC-
NQ (simple salt)®] IR &< spectrax 42 TC-
NQo| ®l&sl -C=N &% bands} °¥3} bathochromic
shift=ic}. atela] 24 TCNQ2] ZA$oll= 9F 2222 cm™!
o4 -C=N &4 band~} vtebr}=zk TCNQ ™ '(simple
salt) ©] 7$-oll= 2F 2164 cm ™ !o| 4] -C=N F4 band7}
el o} 10]. Fig. 594 polymerS-& 25 2164 cm ™!
o4 -C=N &4 bandE H<lr} o]ike] UVAVIS, IR
F5 spectra? Mol ®% 1z} #-E(simple salt)o] =

& o F Uk

32, WiE Ay
dupgen 72 wAE AR 8 AL o
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2,6-lonene-TCNQ

poly(1-butyl4-vinylpyridinium-TCNQ)

poly(styrene co 1-butyl-2-vinylpyridinium-TCNQ)

I T T [] T T T T T 1
4000 3500 3000 2500 2000 1800 1400 1000 600 400
wave nurrbers ( ond')

Fig. 5. IR absorption spectra of the polymer-TCNQ.

CNR (dB)
&
T
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Recording Power ( mW)

Fig. 6. The effect of recording speed and power on CNR
of the PBVT/TFP derived media.
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Fig. 7. The effect of recording speed and power on CNR
of the PCVT/TFP derived media.
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|a§(errecordin§| 120 130 140 150 160 170

Erasing temperature (°C)
Fig. 8. CNR after thermal erasing, PCVT/TFP.

U¥-= yhAkgo] o} trackingo] £71s3tsdct

Fig. 6& PBVT/TFP £¢& 1500 rpmo 2 F =3t
Aol A 78 APARE HAE V& §=8
3242 g83 7| E power§ EUYTE & CNRE
AL 4 gk ol T G Z=AE oAz}
ELFE 7Zo] o A e AE HAFEY} 71§ S
1.2 m/s, 71E- power 8.9 mWeil A i 32 dB2] CNR&
& 4 sslck

Fig. 7 PCVT/TFP £9-& 500 rpmo.2 ¥ 3}e
7123k ZAslolc), PBVT/TFPY #H$AH +& 7%
459} 2 7] powerelA] ¥& CNRE 22 + 9l
At 71255 12m/s9 A% vlad ¥& 71E po-
wer2% (1.9 mW) 7)E0] 7}53l5 o 89 mWell 4] 3
340 dB2} CNRe] edoiZch o1 4e] A2 HE F5&
AHg-slx]) 923 $7) polymerst TCNQs}e] AEZE
spin coatingdte] #7115 A S HE T ASS LSk

4719 71% wAY A 2 A7E A vHE



Arbge) mEA RAE o4 F715 fA 427

ez epalaledeh Bao) 2o 718/47 w7}
Uzel mEw 7154 2Ale) Hsh} ol el FAe
TCNQ 27k A4=HA F32230 W4 8o dol
gl 7l @& shetal hAl TONQ7F A2 ol
750 el 718 o] 27 Gy, Wb A 7159 A BE
U7 LE2 sldstelz § 715898 AAstd CNR
o Wse Fsisic

Fig. 82 PCVT/TFPE Az i A& 1.2 m/sec, 59
mWE 7|28h3 7 x4 o 587k AN E shn
¢ f9] 5% CNRE MelZch dAg 43 CNRo|
2157 AT AGHE BRI Glon, A7)
A=l A 71%e] WA skek Wb 2 gl
Az=F 712 A T 715 walo) lasere] ZAts) o
%2e) FRAY spdm <A WAol @ Aolet
g2, 24 5 718 Bobselele g,

4.4 2

F4 dAlel| electron donorZ4 polymer(polyca-
tion) & AH&-3}e] polymer-TCNQ #AE A 3helw,
s ¢] 42 IR =+ UV/VIS spectra® #<13}¢ic}.
Polymer$} main chaine cation 7-%%& 7}*|+ lonene-
TCNQ #H#) 2} side chainol] cation +3E& 7}A|+<= pyri-
dine# 2] vinyl polycation-TCNQ ZAE£8 FAsIg+
dl, o] 5 side chain 32] %4 5-o] spin coating 7}5
shadch

Polycarbonate 7] $jof] o]5& o| &3l 7|&H&
T35 830 nmelfA =t iAo w Pr)E AFHS
gk A7} 3 40dBe) CNRo} #== gl 7Hduba]

L2 &7 7FeAE BHdsiglont, CNRel Abgs] 2t
Fetden A7|Ee Brbsstdc) aebA o] E poly-
mer-TCNQ A 52 WORM3 37)E vji 2429 7}
A4S RAFEa Aok
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