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Abstract : In this work, we report the effect on the volatole organic compounds(VOCs) sensing properties of Copper phthalocyanine(CoPc)
and Dilithium phthalocyanine(DiLiPc) thin films onto alumina substrates. Use evaporation method and the spin-coated method for sensing
device. The materials of metallophthalocyanine macrocyclic compound solutions blended with N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-
biphenyl-4,4”-diamine and/or Poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylenevinylene] solutions. The influence of the blended in with
metallophthalocyanine macrocyclic compounds on the resistance have been measured and analyzed in five different volatole organic com-
pounds. The following results were obtained: The AFM 3D image of thin films deposited on metallophthalocyanine macrocyclic compound shows
that the surfaces roughness were about CuPc 4.1~14.3 nm(7.5~8.1%), DiLiPc 10.3~22.2 nm(7.9~11.5%). The resistances decreases upon inc-
reasing the concentration of vapor organic compounds to CuPc and DiLiPc thin films. That thin films blended Copper phthalocyanine(CoPc)
and Dilithium phthalocyanine(DiLiPc) with N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-4,4”-diamine and/or Poly[2-methoxy--5-(2'-
ethylhexyloxy)-1,4-phenylenevinylene]. The resistances of blended thin films with N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-4,4"-
diamine and/or Poly[2-methoxy--5-(2'-ethylhexyloxy)-1,4-phenylenevinylene] decreases upon increasing the concentration of volatole
organic compounds(VOCs) on DiLiPc than CuPc compound thin films.

Key Words : copper phthalocyanine(CoPc), dilithium phthalocyanine(DiLiPc), evaporation method, spin-coated method, volatole organic
compounds(VOCs ) sensor, thin films
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Fig. 1. CuPc(a) and DiLiPc(b) structures,

Metallophthalocyanine 3F3HE2] $HAT} ) ALY 149
st A7) AEA A7V} thin filmsS ©]-2-3t gas sensoro]|
gt d35Y= A3 9l @1k, metallophthalocyanine T},
N’-diphenyl-N,N’-bis(1-naphthyl)-1,1-biph-enyl-4,4”’-diamine
and/or Poly[2-meth-oxy-5-(2'-ethylhexyloxy)-1,4-phen-ylenevi-
nylene] blend compounds2 ARESF thin filme] solvent
sensing®] theh A= AFSH AdEfolth

oJof] & ¢7Lof| A= metallophthalocyanine ¢! Cu phtha-
locyanine, Dilithium phthalocyanine™} N,N’-diphenyl-N,N’-bis
(1-naphthyl)-1,1-biph-enyl-4,4”-diamine and/or Poly[2-meth-oxy-
5-(2'-ethylhexyloxy)-1,4-phenylenevin-ylene] & blends}] spin-
coating, evaporation ¥I-S Wt5o] §7]84 o W=
A7) A% ks 54 Ak

=135 ]

2. MUY

o

2.1. 22

2 =wollA Aol A3 1-7]-8-Al= 1-Chloronaphtha-
lene(Fluka), Toluene(Baker Analyzed). Chloroform(Sigma). Ace-
tone(Sigma-Aldrich). Acetic acid(Dunksan pure chemical Co., Ltd.).
Ethyl alcohol(CARLO ERBA REAGENTI). Methyl alcohol(Dun-
ksan pure chemical Co., Ltd.). Methyl isobutyl ketone(MERCK).
Ammonia(Dunksan pure chemical Co, Ltd). Benzenesulfony-
Ichloride(Sigma) 2! 1,1,1-Trichloroethane(Aldrich) ©] it}

£S5 metallophthalocyanine ©. & CuPc(copper phthalocya-

uPc, 24.06.2004 19:27:08
CuPc, 9.8050 mg

(2)
Fig. 2, DTA/TGA(a) and DSC(b) curves of Cu phthalocyanine,
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nine, CMS Technologies Inc.)?} DiLiPc(dilithium phthalocya-
nine, Sigma-Aldrich)S A&3}cHFig. 1~2).
Metallophthalocyanine 2] blend &2 2+ N,N’-diphenyl-N,
N’-bis(1-naphthyl)-1,1’-biphenyl-4,4”-diamine(a-NPD,
H.W.SANDS CORP.)%} Poly[2-methoxy-5-(2'-ethylhexyloxy)-
1,4-phenylenevinylene] (MEH-PPV, Aldrich)& ARE-3}%itt.

2.2, gy

2.2.1. M| m|=t

Spin-coated film'"™"¥-2- Au electrode pattern $Jof| Hanil micro-
125 AMgate] 719he A|2te}9] 0, evaporation film'™'”S
Au electrode pattern $]]] ELDORADO-100(OELD SYSTEM,
Unitex Co. Ltd.)& AMEsto] Zzbsl4 Tt

Spin-coated 3}SHE- Hldlof| A||Zko]| AL-8-Gl metallophtha-
locyanine macrocyclic S}gHE 8-909] &3 HHH-S solvents
(1-chloronaphthaline, chloroform, acetone) / metallophthalo-
cyanines(CuPc, DiLiPc)¥} N,N’-diphenyl-N,N-"bis(1-naphthyl)-
1,1’-biphenyl-4,4”-diamine(c-NPD), Poly[2- methoxy-5-(2'-ethyl-
hexyloxy)-1,4-phenylenevin-ylene](MEH-PPV)& Table 13}
o] Exstol AT,

Table 13} 20] £ M &S SO bland 7 o] 2
Z+o] g (macrocyclic compounds, NPD, MEH-PPV solutions)
So| waksl o] mhel E4o] et A 4 glou, of
gole LR g Age Bew stk wehd E3kE gl

Table 1. The bland method of metallophthalocyanines and macrocyclic
compounds solutions with NPD and MEH—PPV solutions for spin—
coated thin films,

Materials/Solvents Compounds(3%) | NPD(1%) | MEH-PPV(0.4%)

CuPc/Chloronaphthalene 1

DiLiPc/Acetone 1
CuPc/Chloronaphthalene 1 1

DiLiPc/Acetone 1 1
CuPc/Chloronaphthalene 1 1

DiLiPc/Acetone 1 1
CuPc/Chloronaphthalene 1 1 1

DiLiPc/Acetone 1 1 1

]
] Sample: Cu-Pc{p type0, 5.9000 mg
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So] Zizte] BAS M 4 vehd Rlow AzEl S
o 2% goloz Axstel Aol At

2.2.2. MM EM BEM

Film9] FHEA-S AFM(Nanoscope IV Dimension 3100,
Digital Instruments, USA)S. 2 F-A3}% S, Resistance=
Tektronix Multimeter2 2415} c}

BMMY 67315 acetic acid, ethyl alcohol, methyl alcohol,
ammonia and 1,1,1-TCE)9] ‘s=9] w2 metallophthalocya-
nine macrocyclic $FgHE BMHE-9] chamber W] 9] resistance
HS1= Tektronix MultimeterS- ©]-8-5Fo] 243} c}. Cham-
bert]of| volume(V)L 0.022984m’0] )1, z+zke] 3]ukba &
713FHEH(VOCs) 713} Al =5 AAFsto] chamber Wi of 4]
7|13HA 3 o, w2 AJTE Skl S 7] 3RHE(VOCs) 9
HUet FEE FXI5H7] 918l chamber W heat plate@} pan
= A&t

3.1. EM 2N

Ao| ALLSH B3} s}alE uhalo] XS ool )
25} Cu phthalocyanine-2 FT-IR(Bruker, EQUINOX 55), TGA
(Metller, TGA-SDTA 851e¢) @ DSC(Metller Toledo, DSC-
822e)5 AMgSo] EASISICH(Fig. 2). Filme| #HE/42 AFM
(Nanoscope IV Dimension 3100, Digital Instruments, USA)E
ARESEe] A SFITHFig. 3).

CuPc 2] evaporation®} spin-coated method 2] Alx] FH AFM
3D image+= Fig. 37} 2Tl AFM surfaces roughness= ©F CuPc
4.1~14.3 nm(7.5~8.1%), DiLiPc 103222 nm(7.9~11.5%)0] itk

3.2. Resistence 241

Cu phthalocyanine and DiLi phthalocyanine resistences 5-
418 acetic acid, ethyl alcohol, methyl alcohol, ammonia 2!
1,1,1-TCE®] srof w2} Tektronix MultimeterE ARE-5}o]
=4 3} tHTable2, 3).

A7) A% =

pm

e

X 0.200 pm/div
z 70.000 nm/div

(a)
Fig. 3. AFM of evaporated films Cu phthalocyanine(a) and DiLi phthalocyanine(b).
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Table 2, The percentage changes in electrical resistance of Cu phtha—
locyanines when exposed to several solvents,

Percentage change in resistance[M%]

Concent-ration

Vapour
(ppm] CuPc |CuPc+NPD|CuPc+PPV

CuPc+NPD
+PPV

Acetic acid 4,000 - - -

8,000 . . .

12,000 - - - 40.7

Ethyl alcohol 12,000 - - -

24,000 - - -

saturated
vapours

Methyl alcohol 12,000 - - -

24,000 - - -

saturated
vapours

41.1 489 443 49.0

Ammonia 2,000 - - -

4,000 . . .

8,000 - 10.2 442 48.6

1,1,1-Trichloroethane| 4,000 - - -

8,000 - - -

12,000 - - -

Z range 54.859 nm
Mean roughness (Ra) 4.136 nm

Cu phthalocyanine thin films®] ¥F-3-2 Acetic acid, Me-
thyl alcohol Ammonia oA 39 §7]3EHE(VOCs) 2]
st w8 go] 7] Aa ghol W A% By ©
st N,N’—dlphenyl-N,N’-bls(l—naphthyl)-1,1 -biphenyl4,4”-dia-
mineX[Poly[2-methoxy-5-(2’- ethylhexyloxy)-1,4-phenyleneviny-
lene] & Z9}2t thin filmso A= $1HH §-7] 3} HE(VOCs)
o S7h 27} B2 A7) AR Gol RolAle AeE

51, N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-4,
4>-diamine¥} Poly[2-metho-xy-5-(2'-ethylhexyloxy)-1,4-pheny-
lenevinyle-ne] S 2% &35t thin filmsol| A Z17] *& Fhol
o We g Aae ek

DiLi phthalocyanine 3}3= Hbuato] Wi-g-2 3jHMA] §7]
SFE(VOCs) 9] 57t S7F S5 7] A7 grol &
oA = S Kl

Z range 195.59 nm
Mean roughness (Ra) 22.223 nm

X 1.000 pm/div
Z 300.000 nm/div
pm

(b)
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Table 3. The percentage changes in electrical resistance of DiLi phtha—
locyanines when exposed to several solvents,

ASH - YYT - YBT

) Percentage change in resistance[M<]
Vapour Conc[;;;rf o T DiLiPer | DiLiPer | DiLiPer
DiliPe| “\pp PPV [NPD+PPV
Acetic acid 4,000
8,000 15.8 114 1.1 15.8
12,000 22 35 4.0 5.8
Ethyl alcohol 12,000
24,000 114 40.6 10.9 345
sawrated | g 4| 359 71 259
vapours
Methyl alcohol 12,000
24,000 14.7 19.6 72 15.2
saturated 26 64 49 43
vapours
Ammonia 2,000
4,000 22.3 213 15.6 29.1
8,000 3.7 18.1 11.1 345
1,1,1-Trichloroethane 4,000
8,000
12,000

E3F N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-4,4-
diamine ¥} Poly[2-metho-xy-5-(2'-ethylhexyloxy)-1,4-pheny-lene-
vinylene}Z £33t thin flmsol M= 351 £7]3RHE(VOCY)
o =t Z7HE 42 7] A grol Woll Aue
H o, N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1>-biphenyl-
4.4”-diamine ¥} Poly[2-metho-xy-5-(2'-ethylhexyloxy)-1,4-pheny-
lenevinylene] & 25 2§15t SigHE 2ol A o A7) A&
Zrol we whe-g veh e,

ofefal = C. Park 5| NO, 5 Wi3jo] we} Ab
Ao Aa} gro] wstat A2} Bon Won Koo 5] A7
ol| A dendrimer gas sensorof| A CO 5= ZF7}7} AF9 =
7} sl AnOg) o] 1w $712HE(VOCs) FEe] %
717} dbate] A7) 4 =k (electrical conductivity) S F71A| A
A7) A3 gho] ol 4102 AbgE|u, DiLiPc SHaHE
spuo] CuPe SHEHE el % o W A3 gle] W
S E 7 3 SRR e Rl oA A s Rt
A H713REHVOCs) Q] 274 ol ARgE]o] Wt ekt 2

Uo7 =4 W A ALgE 4 e Ao Az,

1748

Copper phthalocyanine(CuPc) and Dilithium phthalocya-
nine(DiLiPc) & ©]-&3}o] Hla-S THEo] solvent sensor®] &
ol gk A2 skl Aol ARgRE S &
713}8HE(VOCs) @] 7= Acetic acid, Ethyl alcohol, Methyl
alcohol, Ammonia 2! 1,1,1-trichloroethane®|t}. Evaporated me-
tallophthalocyanine B} 7|9h& wh=o] S f-7]3et=
(VOGCs) sf=of mhE 7] A% Hels S4sk3ich

Spin-coated Z}gHE Hhat 7)ol ARESE 3HoHE-2 metallo-
phthalocyanines(CuPc, DiLiPc)i} N,N’-diphenyl-N,N-"bis(1-

40

(il

naphthyl)-1,1’-biphenyl-4,4”-diamine(a-NPD),Poly[2- methoxy-
5-(2'-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) /
solvents(1-chloronaphthaline, chloroform, acetone)E &§}6}o]
ARSI ol vt je] diet S $718REEVOCY)
Feo| g A7) A WalE S5k

245t At o233 Zt} Evaporated metallophthalo-
cyanine ¥M2}F9] AFM surfaces roughness+= ©F CuPc 4.1~
14.3 nm(7.5~8.1%), DiLiPc 10.3~22.2 nm(7.9~11.5%)°| 1t}

Evaporated metallophthalocyanine(CuPc, DiLiPc) B} 7|
TS vhEo] A {71SHE(VOCs) w0l w2 #7]
A #skE 4% 27 3 f713RHE(VOCs) %7}
7t &5 A7) AR ghol Hokxe A HAlth

Spin-coated S}gH= HFO] A7) A§)F 412 o-NPDx} MEH-
PPVE 2213t thin filmsof A 24 -713}-E(VOCs) &
L7b ST EE A7) AR ghol Role ke Halh
o]t Ak= CuPc Xt} DiLiPe 3R vhdlolA] vIZtsA|
HESSHEE o]k 31 [718kE(VOCs) 52 57t
7} Sk 2Hae] A7) = (electrical conductivity)E S/}
AA A7) AF gho] WolAl= 0= Alw |, DiLiPe 3t
= Hfto] CuPe BRHE HiatE Tt & o Rz A3} gho
HIlE & 4 Sl IRER RO AtolA A =
Y F713E(VOCs) o] S7gof AMgE]o] K} gt
ey 574 9 iAo ARSE 5 Yl Ao R gzt
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