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2 2 : PAN film®] cyano group& o&7}A ¥rg 2 A hydroxylamine® W&-Al# amidoxime
groupl. 2 X §dtd A4 FS ZA s 29 372 amidoxime groupE #9134 ). Amido-
ximated PAN filme] F#%5& Cu o] 2% 57l FTFE B4 AHRYAT 2 1238F Cug
FHEFE T/ Cde) 3 9-o 50ppm, 100ppm& o)A 3]4=g o] A<l 100% QAT 500
ppm §A X g £2] 12W%F Cdo FHE571 228900 PAN filmd] ©¢€ Cus} Cd
©] &2 thioacetamide & o] §-5te] CuSs} CdSz A@stn X-A Aoz Flatgdh, CuSs
CdS7t =99 filme] A7IAE=E 2 10'S/cm, 107S/cmz ¥t A g ool &3t AL e e
Wow, =54 CuSs} CdS Z2Ad 28 2w ¢ A

Abstract : Cyano group of PAN film was substituted for amidoxime group by reacting with hydroxyl-
amine under various reaction conditions. Nitrogen content of amidoximated PAN film was measured
by Kjeldahl method. Recovery ratio of Amidoximated PAN film for Cu?* ion was decreased as the
concentration of Cu?* ion was increased, but absorption mole ratio per 1g PAN was increased. In the
case of Cd** ion, recovery ratio of amidoximated PAN film was 100% in 50ppm and 100ppm solution,
but recovery ratio and absorption mole ratio per 1g PAN was decreased in the case of 500ppm solu-
tion. Sulfur ion was treated with Cu®** and Cd?*-absorbed PAN film by reaction with thioacetamide
and CuS-, CdS- composite PAN films were prepared. Electrical conductivity of CuS- and CdS- compo-
site film was 10'S/cm and 107S/cm, respectively. Electrical properties of CuS- and CdS- composite
film were dependent on CuS and CdS crystal, and the conduction is mainly electronic.
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(p-phenylene poly (p-phenylenevinylene

polypyrrole, "8 polythiophene®%%} polyaniline!"'?
ol €A glen ojgd AxAHIFAES Y
¥ dopant®] FH =PP 0 M He=E W
A2 %+ Yok 2y ol @ AEARERE A
A&zl AMgEH7ole nEAE A FH7E EH
of o EF thr|Folxe Bt 7EAF
o] #AHoE T Aok wtA YE LEH
8o AxAdg Foshs EA #ME g
TF7F A Aok AR ArEol & HEA
EAE 9 BEAEH SHoMe AxA
YAE B BAF Rk PHBH 2
H#WE etchingdly F&YAE platingAl 7= Wi
of Qlovt FAe Baid FHo) Wast nEAd
29| 2719 wogo] Y™ AAE vhye] AEA
YAE Ao = % HYAo] A A3ty

H< H8AduEARQ PET9 Nylond] amide
group®]} cyano group$ graft &5 #3t| matrix
PETS} Nylonol] Cu 27} o] 2-& Sz A ¥
AlA Cu 17} 0] &8 =% ¥ 843} sulfurdzE
HEAA CuSE @] A IEAARE &
o Bl 9y,

B AT = grafting T W& AHREHA &1 ¥
2312221 Polyacrylonitrileo] ZA3}= cyano
groupg hydroxylamine®} WHEA|AA F&o| 23
A82o] & amidoxime groupo.2 X|FA|F| 1
Cds} Cug] 27} ©]&& amidoxime group?] chela-
tingdh-$-& o] &8}o Polyacrylonitrile filmoll 42
= A)Ac}t. Amidoximation¥+$-Z A3} pH @&
chelating ¥+-3-9) 34§35 HstE A &
3t 240l ©Y¥ polyacrylonitrile filmoll 43}
sulfur Y22 Y3t} Cde} Cu 27} o] &5 CdSe}
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Polyacrylonitrile(PAN)-& methylacrylate(8% ) 7}
TERE Ao FAFASAL AFS ALY
31 N,N-dimethylformamide(DMF),
droxide, hydroxylamine hydrochloride (Hayashi
Pure Chemical Ind.), thioacetamide (Aldrich
Chemical Co.), Cu?*, Cd?* 2] 1000 ppm EF 2
(Junsei Chemical Co., Ltd.), pH 4,7,10¢] &=
£ (Shinyo Pure Chemical Co.) $2¢] A]2}S 1
2 AMg3 T

PAN Film 2| M=

100ml DMFo| PAN 20g2 &3|A|AA doctor-
blade2 A2ES F 7F Q8 &ojA 40T 3YU3t
Azste] T 50 ym 2] filme A =&-ATh

PAN Film&| Amidoximation

sodiumhy-

Zza 2~

Z5F<0l hydroxylamine hydrochloride 105g}
sodium hydroxide 60g2 &3]A]# hydroxylamine
28 Az3t4ch. Methyl orangeE A Aoz
AH2-3a] hydroxylamine €9¢] %5 IN HCl &
Qo2 FAstgrt. o] FAE BZ 3o 2%,
5%, 8% 2] hydroxylamine &2 -]},

—CN/NH,0H¢| EH] &< 1/28 =4d3ta vhg2
T2 40T9 60TE §AA1719A PAN filme ¥4
AlZE BFSAIZ] F o2 Bl 23t 244352t
soxhletoll ] F&3F FFLEA amidoximated
PAN film& 40CE |-AI3PHA 48A13HE<H 23}
pil=

Amidoximated PAN Filme| EABHEIEXN

NEE Ag Serade) M Bk NaOH
LR A FZAF | FF7]E FHAAAM B HE
AR Uo}7}AE boric acid 10mlo] £33t 0.02N
kg o 2 HAYste At S ALt
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A7) A% A MS-Amidoximated PAN 23 9=

a

Amidoximated PAN Film2| 2&5&5% s =8

1000 ppm EFF 50|85 pH 4, 7, 109] ¢
8oz 3|43ty 50, 100, 500 ppme] F&o] L
£ A z3skgrh. Amidoximated PAN film 0. 1g2 10
ml 5400 25Co) A 3U7E JAAIR F i
F&0] &S atomic adsorption spectrometer (Per-
kin Elmer Model No. 80) 2 33l F4£F5&5 S
ALkt

Metal Sulfide—PAN Composite Film xf|=

#40] =94% PAN film 0.5g2 50ml9) 0.2M
thioacetamide F£4¢) H |3l 90T A 24171
HEAIA A Cu?* 9} Cd**E CuSe} CdSE XA
=

EUTEe| BE

Original PAN film, amidoximated PAN film, %
metal sulfide7} £¢€ PAN filme] EHHE)E Jeol
JSM-350CF SEM o 2 #a3slgr}.

H7INMEEe| 2EoEN

Metal sulfide’} =€ PAN filme] 7Z-$ four
probe method& AH&-3le] 420l A 180C7}A] A7)
ARz 2 oEAs F43Ath

-V &M &8

2t A2 X mechanismg 73] $13td
-V B4& 233k A7FHLE S0mVelA
500mV7HA] WA ZHSH A7Fe WsE &3 sl
ZApet o

BHEMF &5

CdSE =3 PAN composite filmol] thsle] 3

e

Ax JA-& AT Samples 9h4o A 30
b PATI A T5W G el 1683 =& A2 &
A=xg FH3Hh

Amidoximation ¥ F&50[2&Ete| &0l

Original PAN film3} amidoximated PAN film©)
&t &5 71<l amidoxime group?] £ YARE 3}
J8lar 54508 FEAIZ PAN filmel st &
Lol 29 =YAR-E 7] #3td Nicolet DX
FT-IR spectrometerZ 2z} film2] FT-IR spectrag
ARt

Metal Sulfide =2 &2l

Rigaku D/Max X-ray Diffractometer2 Ni-
filtered CuKe radiationg ©o]&3lod CuS 2 CdS
o] AAA IS #AAsPon EDAX (Energy
Diperse X-ray Analysis) & o] &3}a] CuS % CdS9]
=95 glsdrh

PAN Filme| Amidoximation 2l

dutx o2 PAN filmS amidoximation A
hydroxylamines] iz A wvigrgl8 o)} g20g
A ety Qlesd 2 ddMe 2F X2 hydro-
xylamine €& #2317 41 WL 2w Fo] &
d £ e B& AHg3ch

8-z A o] o} E amidoxime group?] £Y-& FA}
3}7] %18t hydroxylamined] ¥%, ¥13L2E 2
WA 7He WA A do]Z amidoximated PAN

Table 1. Nitrogen Content of Amidoximated PAN Film (%)

Reaction Temp.(C) 40 60
NH,OH Reaction time(hr)
conc. (%) 1 2 3 4 6 1 2 3 4 5
2. 2046 20.74 2157 2252 2246 2285 2231 2266 2447 2431 °
5. 20.12 2048 2251 2480 2446 2457 24,11 b b — -
8. 2134 2268 2409 2532 2578 2537 — — — — -

3Bad condition of film *Destruction of film
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filme] AA#FE 23319 Table 19) Yeh AT
k22 & 40T A hydroxylamine ®%7} 27153

& ¥REAIZE A dolR] amidoximated PAN film
9] AL ¥Fo] IR B FrAE Bk
Alte] AojAA AsgaFo] 714t

22} NaOH 8% Fx ol ¥hg-A|7ko] 5~64]
to] = filmo] MA 3] Ssj=AAN a5 7) Az
8.2 60Co A= PAN filmo] F23] 5350
A3shA 3

o]9} 7+e PANC] amidoximation& PAN2] &
71¢] cyano groupo] hydroxylamine® uhg-3loj
amidoxime groupl 2 X|& == oz AR} F
Atk

—CHz-—C|H—CHz— + NH,O0H —
C=N
—CH;—CH—CH,—

oly3t wh3-& #IE} 7] 938t Fig.1o] PAN
film3} amidoximated PAN film2] FT-IR SpectraZ
LIETAS 5+ 4=

Transmittance (arbitrary)

4 1 1 4 3

3800 3000 2200180014001000 800 600

Wavenumber (cm~—T)

Fig. 1. IR spectra of original dense PAN film (—)
and amidoximated PAN film (—-—).
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PAN filme] IREAE HW PAN9 Al
—C=N- band?} 2245cm'o| A, FZg 9
A%2) methylacrylatee] £4¢1 —C=0 band7}
1730cm?el] Yehdtz glel. €l amidoximated
PAN film¢] IR-Spetrumolji= 3400cm™ H-2oj A
—OH groups} —NH, group?] band”} YA A
Holgla amidoxime group®] —C=N-— band%}
N—O band”} 242} 1660cm! 2} 920cm™el] Lleh} <)
© B 2 amidoxime groupo| PAN filmol =98 AL
& & A

Amidoximated PAN filme] IR-spectrum oA
2245cm™ ]| nitrile group®) £4 band7} o] 74
HAA, dol 2l=A & amidoximation ¥Hg-o] &
Y32 2 hydroxylaminee] PAN film Y52 2}
%38 AF&A %3}7] ghiol,

Amidoximated PAN Filme| 2& Bt

PAN film®] amidoxime groupdl] &|8jA] F&o|&
o] chelating® = ¥-& 233}7) 9&iA pH 4, 7, 10
o2 2Ad F4899 amidoximated PAN film<
AR A,

Table 2] #A18 Cu® o] &2 A7E BH 5%,
8% hydroxylamine & & ¥F2-A|# A& amidoxima-
ted PAN filme] pH 73} pH 102) 500ppm &4 A
100% 34&S JYelioy o557l F7153 3§
T&o] ZhHoE £ 1g G FH3le B F= F
7Ft et 8% hydroxylamine, ¥H2A)7F2~3A]7F,
P32 % 40Tl A 42 PAN filme] &&%50] 713
F3ith

Table 39] Cd**o]-& FAA#E ¥ amidoxima-
tion ¥h-5-2 7 B rh= pHoll 9J3l A Cde}e] chelating
Whgol B2 9% vk pH 73 pH 10%] 50
ppm, 100 ppm §Ho| A FFgo] Hef 100% o] X
7 500 ppm&-Ho M= FFgo] F43) FAHPn
4 & 5 g4asiqh.

Fig.2& Cu*"0]&& =417l PAN filme] FT-IR
spectrum .2 N-O-Mzo] 347 widZdES 31y
% o Yehe band7h 1150cmel] glat, 620cm’e]]
Cu-02] &4 band7} Ao e Aoz Ho}

Jm
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AT - =
Cu’* 7} chelating 5oJ30&& ¢ & ANh

Metal Sulfide PAN Composite Film

PAN filmd]] =92 Cu®* 9} Cd** o] 22 thioace-
tamideZ o]-&3le 2}t CuS9} CdS=Z X33l th.

Fig.3-& CuS-PAN composite film3} CuS pow-
derd) X-ray 3AZHo =2 17° BTdA2] PAN]
E4] peak’} YEto™ 29.8°, 31.7°9 48.3°9]
peak7} CuS ZA 9| 54 peaks} dAdh= Aoz
Hol PAN filmo] CuS7t £94%8 RE & F Il

CdS-PAN composite film3} CdS powder9] X-ray
3] d34E Fig.4o] Jepdon 17°%-teA4 PAN

Transmittance (arbitrary)

3800 3000 2200 18001400 1000 800 600

Fig. 2. IR spectra of Amidoximated PAN film (—)
and Cu-PAN composite film (---).

298 N7

Intensity (arbitrary)

1 " 1 i 1 I 1

10 20 30 40 50 60

24

Fig. 3. X-ray diffraction intensity curves of CuS
powder (A) and CuS-PAN composite film (B).
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A - e - A

57 peaks} 26.8°, 43.8° @ 52.4°2] peak”} CdS
A9} 54 peak7} 42302 PAN filmeo CdS7H
=39 AL I F gk

=3 Fig. 5,6 22} CuS 2 CdS7F =¥ PAN
filme] EDAX spectrumo]t}, spectrumol JeRd v}
¢} o] CuS ¥ CdS7} gulzA =9 I98S &
A& FARNeH, e BeEo] ¥R Gue S
¢ 5 AR

FHFZol nE

Fig. 72 amidoximated PAN filme] SEM A}z o
E filme] A cracke] FAE S 2 - AU
o] 31 & PANol| methylmethacrylate7} 2% A&

268

438
524

®

Intensity (arbitrary)

10 20 30 40 50 60
26

Fig. 4. X-ray diffraction intensity curves of CdS

powder (A) and CdS-PAN composite film (B).

S C
D

Fig. 5. Graphical X-ray microanalysis data for CdS-
amidoximated PAN film (pH=6).
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A 7] A=A MS-Amidoximated PAN 2% 3=

AHgEte] A2 RAow, MMAS ester7]7} 23 TR FERFHOE CuS Ao ¥ 9o
719 Aoz Azt Fig.8e CdS7t w94 B 4 30tk A metal sulfide’t =€ H9ox
SEM Apdo @ CdS7} 258 Bdd shA Bx 9y amidoximationol| 5 A7) cracke] &8-S o 4= ¢)
=& & F ¥ e, Fig.99] CuS A$= uy ATt

Metal Sulfide Composite Film2| X7 | EA
Fig. 102 CuS7F =4 ¥ film¢Y) A7|HE T &%

S C
U
Fig. 6. Graphical X-ray microanalysis data for CuS-
amidoximated PAN film (pH=6).

Fig. 7. SEM of amidoximated PAN film (8% NH,OH, (B)
80, 40 min.). Fig. 9. SEM of CuS-amidoximated PAN film
(A) pH=4 (B) pH=6.

11— S
—-1.05
T -1
O
N\ —1.15
2
o —1.2
D
9 —1.25¢
-1.3 ! + ;
22 24 26 28 3 32 34
1000,/T (°K-1)
Fig. 8. SEM of CdS-amidoximated PAN film Fig. 10. Temperature dependence of conductivity for
(pH=6). CuS-amidoximated PAN film.
263
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50 -
40 yd
30 -~

'

10 yd

\

0 5 10 15 20 25
A\

Fig. 11. I—V characteristics of CuS-amidoximated
PAN film.

-7.5

|
N
~

|
o N
—_

Log (S, /cm)

1
®
w

-8.5
22 24 26 28 3 32 34

1000/T (°k-1)
Fig. 12. Temperature dependence of conductivity for
CdS-amidoximated PAN film.

&AL Y Ao 2A 120TAAE 227} 571
o m} Axest F7ishe gutARl wieAle §
A< Yehtlr} 120C ol el Me =7 7l
ot Aeert 33 Zarske 848 vEhia gl
t}. olt W FRIAMNE FIHul9) o] 1124
Ae gd0] BARY cracko] F ] ZAojFol e}
CuS ZAE0] de] "ojA Ao} CuS 3He HFo
ZAadt7) Wi dojuke d42o s Addrh

Fig.11& CuS composite film2] IV §42.2
7bzgtel wistd mE AFe syt HAd #A,
Z ohmic3t #AIE YEPH 224 electronic conduc-
tiono] $A3HA Y-S & F UNTh

Fig. 12,132 CdS composite filme] 2= &4
2 [V 2L Jeld Aoz CuSY B9 A
#4-S Jep 2 ith

264

35
34
2571 "
2t v
<
X -

15 . /

1t e
05+ e

0 + +
0 5 10 15 20 25

Fig. 13. I-V characteristics of CdS-amidoximated
PAN film.

Table 4. Conductivity Data of Amidoximated Cd**-
PAN and CdS-amidoximated PAN at Various pH

PAN-Cd®* PAN-CdS PAN-CdS PAN-CdS

PH L0 a@ AG als,
2 1.35 36.00 14.01 2.57
4 2.85 80.00 54.00 1.48
6 0.98 410 1.00 4.10
8 1.195 13.00 8.80 148

P, . dark resistivity
P, . photoresistivity

CdS Composite Film2| ZXTM

CdS AL BAERAEE 21 Qg0 gutzez
ey A 9lomn, CdS composite filmE DA FHE
o] & o2 AZEoe] AFHAQ AT Uy
o2 FHEAY EA oFg 2l dgon FHF
¢l FAL EAL dA FAEY FH7|71E 483}
o Z3F ek

Table 4= CdS composite filme] ¢+ 8}/33A 3} 2]
H| 28 ek Aoz p, /0,9 8ol pH 694
Cd* 2 =% A% 4.1022 71 Feody, BE
sampleo] ol Fx o] FALAYE Zt1 QISE &2l
g F JArh

2 £

1. Amidoximation®] HZAZ71& 40T, hydroxy-

Polymer(Korea) Vol. 14, No. 3, June 1990



A 7] A=A MS-Amidoximated PAN 3 4§

-

lamines & 8%, ¥HAIZE
=5

2. Amidoximated PAN film¢] 252 Cu o]
E57t AGFE A4S AFHAT A 1gT
Cudl F2E5+= F7skdth

3. Cd¢] 7% 50ppm, 100ppm &HlA 3
go] A9} 100% HA 3t 500ppm &Rl A 3|5g
#2) 1g% Cdo] FHEFE #adnh

4. CuS¢} CdS7F =¢J¥ PAN film¢] A7HAER
= z}z} 10°S/cm, 107S/cmz vHeAl g ol &3k
AEEHE JeERAS

5. CuSet CdS7} =9 PAN filme] =54
CuS¢} CdSe] AR} 9} #|uls]= electronic con-

duction®]& & & AJUTH

2-3A7dE ¢+ U

ZhAbe] 2 B A7E 198995 & e R
Ak App Al elaiA o]Fo WAz HUF
Atelg ®3hch

s

2

Fo
rok
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