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ABSTRACT In this study, a aniline modified Bakelite-A resine was synthesised by polyme-

rizing phenol, formaldehyde and aniline. Structural properties of the polymer were examined by

IR spectroscopy, elemental analysis and vapour pressure osmometry. By visible spectroscopy, it was

found that nitrogens of amine groups in the polymer are strongly coordinated to Ni(II). Also a

nitrate ion-selective PVC membrane electrode based on the polymer-Ni(II) complex as ion carrier

was preparaed. The electrode gave a linear response with a Nernstian slope within the concentrat-

ion range 107! M~10"*M KNO;.
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A4 2MEDS 9o A L $AF 2R
o8 FAdta, AAAH e g3 FHA
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Alek, 7171 9 7|

Alef, S&A 34 ¢l &= phenol(Shinyo G.R.),
formaldehyde 37% € (Merck A.G.), aniline
(Shinyo G.R.), ethanol(95%) (Merck A.G.)%
& A48t 22, A 2o A= nickel nitrate hex-
ahydrate(Merck A.G.), tetrahydrofuran(Crown
G.R.), dimethyl phthalate(DMP) (Junsei G.R.)
poly (vinyl chloride) (PVC) (Junsei C.P.) =9
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A kL Ab83bg 7, EA}ek &3 o £ benzil(Me-
rck A.G.), N, N'-dimethylformamide(Junsei G.
RIS A8z, 49484 A& 42
2 potassium nitrate(Kanto E.P.)&, 7} A &
HEeH A A= 1,4-dioxane(Kokusan E. P.)
& Sz ARg3s e

7171 ¥ 715, H9 A ~4 E & -2 Nicolet mo-
del MX-3600 FT-IR & A-23lg 3w, A4 2
#H| E3 -2 Shimadzu uv-240 spectrophotometer
£ AH8stgieh, BAE 54 A¥d 4= KNA-
UER vapour pressure osmometer 5, A3 =
A2 Metrohm 605 pH meter 2 &3 3} on,
1% AFog Metrohm AG 310 Herisau %3
2z A3 A4,

phenol-formaldehyde-aniline =&x| 2| &4

Aniline & w2 3% phenol-formaldehyde-
aniline %384 (o] 5} Bakelite-A 2 <F3 §)9] 3t
A2 phenol 30g(0.32mole) 2 formaldehyde 37
% &9 34.1ml(1.24mole)3} 37 100m! L
ulet Zet Az Yz L8471 2 aniline 14.5
m/(0. 16mole) & 7}atx, PAHZE DA &
65°C & FA3tH A 8Az F3t = 30&w}et A
oA FHA wh-gAIZ e, wAE A ALz 65°Cof
A 5AZE H w3A g 3087 Wi 108+
o Aol FHA wEAZ F wAE AAGE 3
A7t B oAl whEAIA A9 Bakelite-A
£ 99t @49 Bakelite-A 3 9354 @
-2 phenol, aniline, 2.7 3 formaldehyde & A
As7] s 95%etE 20ml &k FF 80ml
o EF &doz 1038 Ax Axn AT L
A AZAA =349 A AA & A

(Bakelite-A)-Ni(NO;),-6H,0-DMP-PVC g9}
o M=

9o A A3 Bakelite-A 0.418g @} nickel
nitrate hexahydrate 0.152g, dimethyl phthalate
(DMP) 1ml, poly(vinyl chloride) 0.5g & tetr-
ahydrofuran 30mi o} &84 7 % petri dish(D-
9cm)el] &3, F To] £ &FuFE 3d
2 9o Ago]A 24Xz YA F 2 d
o} 1247t Az3e =g HEAT,

32| M= % ™LX &3

3o Az R A4 AL oln] wws
@ el et 4455,

HelM AHEY

43t Bakelite-A & o] 5t & +8q 02 AH
AAE2(TLCH A 22 E4< aniline 3 phe-
nol 9 spot o] #AHA & w7HA) AFLE
A4 o]E T Azdd & A9 AA A
8- KBr 3t 34 7152 9E & pellet o2 gt
o] 2 EYH S A,

L BM U BXY &3

Bakelite-A 9] 9] 4 242 Perkin Elmer Mo-
del 240 94 #4975 AHg3tqieh. @6 FHA
9 YT EAF FHAE 71 E FA 2 benzil
<, &9 =4 N, N'-dimethylformamide & A}-&
3l benzil # Bakelite-A 2tztel] )& 20g/kg,
40g/kg, 80g/kg &4 L& GtEo] A4 AME 14
Zt Ax AAFHe, ol FA HEH £HYL
KNAUER vapour pressure osmometer 5 A}-§3}
o] 58°Col| 4] sensitivity & 1622 3} A =

£ & ¥ osmotic pressure(dt) & =435},
ojgl gt 4L FL FxAH HEH AT Fx9
A2 34ge, o 8 234 o £ A
thermistor probe & &3] A H3gHon +0.1
mV e A" g A3

THAMH AHIEY

Bakelite-A 9} nickel nitrate = acetone 3} 1,
t-dioxane o §37 gt B ATl
o] 83t w4 g o] 350nm o] o] = Z acetone
5} 1, 4-diioxane 5 E4 2% Loz4 A48
T AR 01} acetone & 3¢ Bakelite-A & &
=2 @ Ni(D) A% Azl Aol @} &
AstF 499 800nm F-ZoA Aotz F47
o} 7HAA GG A9 FFa st s PA =
AL Jeiaz v F49 1,4-dioxane & £
ol 2 A"t A8 &7]E Perkin Elmer A}
2] 10mm pyrex square cell & 4t}

'®HIY

Eul ol AHEE A 28YL 5X1072M 9 Ni
(I) 9 9 2 Fx9 Bakelite-A 894 & gt
Eo] Ni(Il) &9 2.5mio] Ni(Il) 1973 Ba-
kelite-A & A 49 YAFH 7} 1.7, 3.4, 5.0,
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6.7, 8.4 % 10.0 54 4 =& 1.4-dioxane
S E A4 25.00m/ 2 F8 oS A4RA =
587t AlFx 7247 2RF ~dEedg o
At

#3 8 o

Phenol-formaldehyde-aniline =32l 3
ZEQI

Phenol 3 formaldelyde ¢}9] S3§ut-2-2 ¢tm
Yoh} +A3hiES 59 Eoel o3 Bgol
Y= ol PAH resole 729 2 EH
QAo AHA = ol BT vk Qi FH
of AA % Be ATl JHHE Furo}
&) 2 &} Bakelite-A 9] +2& » 134 3F
gor %3 of Fzol NH7b &4 9¢
st A AF F¥A Aol £l 7} amine 7]
A3tz & B v e
2 AgoA= F4F phenol-formaldehyd-
aniline (Bakelite-A) 34 Fz2& 4 &3tz
amine 719) ZA1E Helsts] A3 @A et
Z2 2o A44< A9 AEdS

& Bakelite-A 33 2710 w2} phenol (0. 319
mole) 3} formaldelyde(1. 24mole) & uH-$-2171 A
st A8 gl AP=A ohisgeh, zert
aniline & &7} 2 AL4g A yhgo] AFHR
or 44" A FEYE Sz 3
< A9 AL 22 AR Az, A =94
ojglen], THF ¥ acetone gufjo] &= A L3 =]
'} ethanol o= £HHA ohiakgT ol 49
AY A= H¥ anilineo] A 4 A4
A4 FzA F85e eE ¢ 4 Ak 2
2] 32 aniline, phenol ¥ formaldehyde A}o] 2]
2EF 1S o FE FA Ao GeH pe
ARERE B9 F 2o AY2AAA anil
ine (0. 16mole)#} formaldehyde (1. 24mole) 5}H-&-
WA, 2 A 349 Ao YAIH 2
o] A& THF ol A 73t obqt S8 & + Y=
acetone 3} ethanol o] &= 723t & L35 35FA o}
Jaisiet,

ol de] AAH AY Aol FAHo} &
o AolAH F o2 v]Fo] xo} aniline-form-

e o =
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Fig.1. Infrared spectrum of a phenol-formaldehyde-

aniline polymer.
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Fig.2. Infrared spectrum of an aniline-formaldehyde
polymer.
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Table 1. Elemental analysis of Bakelite-A (phenol-
formaldehyde-aniline polymer)

Table 2. Measuring effect for benzil and Bakelite-
A at sensitivity—16 and 58°C

Elements C H N Os | Ash Benzil Bakelite-A
Found 77.4) 6.3 4.84 1.0 043  Cle/k®) A Clefke) &
per cent(%) 20.45 45.2 20. 43 17.5
Atom ratio 645 635 0.345 0. 688 40.69 82.8 40.79 34.2

(% /M) 79.92 158.4 29.81 66.9
Atom ratio (per | g 71 184 1.00| 1.99

f nit
atom of nitrogen) QUs 24 Ha}  Bakelite-A 72 § A9
* By difference. ZA & 393tz ©H$] amine 7|3 phenyl 7] 9]
4% A%4oz U] AN 4& 2AE o

2} A 39 monomer  F3o| 3t TFFH
we & AAAH oz e F 4 gl

¥ Bakelite-A FIA F2& AFHoZ &
Qs 98 ohe3 e AYE AN

HoM 2osy o o Bakelite-A %
A We] amine 718 F+x% H<Q1sx, aniline
# formaldehyde &] 8F-3 A A Eo| % amine ]
o ZAe g FAs] AN A%4 29 =T
& A A} Fig.1 9 Fig.2¢ 7o

aniline & 2w 2 3 Bakelite-A S¢A 9 &
H e (Fig. 1) AsEm 3320cm™ F-Zo A
N-H 43058 §4d7 deee 24 4
2, 1240cm™! FZo]A C-N A&3 gl 333t
£ #4497 vebdt Aok =3 1560cm~1450
em o] A& WEE C=C o} FA ¥ N-H £3
AL F5aE volx givk, o4 #2 A
2 v %] mol anilined 3oz ol 4T
Z§A Fz Wol& amine 717F EAFE &
< &9l 4 gk, =2 3 aniline-formalde-
hyde w3459 ~AHEH (Fig.2)e AHE
o 3400cm™! F-Zol A shte] N-H AFAF F
&7} ofatAl etz 9lvh, AAlZ aniline
5} formaldehyde A}o]oll & imine & &4 3= A
oz dHAAS Qo A4 ~#ERY AFA
s}z vl Bo] 2ol aniline ] ortho 1} para 93
o] methylene groupo] 9% A== A amine
A% A+ AeE Adetz s, olelg 9
-2 Bakelite-A 53419 A EF oA % 3400
cm~! 2] shoulder(Fig.1 )2 AA=
At

g o], Table 19 aniline & Fo| 2 3l 4
&t Bakelite-A & 94 4o 43} atom ratio
2 e Ao

d714 N1gAte] Bja) C:H: 09 vl & &
W 18.7:18.4: 20tk o] o v Fo] Ho}
Bakeliite-A &= < 27}2] phenol group m}t} 1
719] amine group & Ttz v TE2E A
g 4 et

wabA] old F&(FZ DelA o] &4 AA
28 (N:C:H:0)E 2:41:39:42 AF%
ak71e] Apol= glAwk Hi A 2 phenol 7 aniline
o] 2:1% FA}E TEFALE ¢ F Ak

o] 2] & A}2 -2 phenol 3 aniline 8] 4] & 2:
12 3] gAY A= A dX 32 gl

2x12} &% Z BaKelite-A 5349 73
T EAge A7 $s« KNAUER vapour
pressure osmometer 2 AH&EtE T, &4 AFAE
Table 26 JEbd o™ o] & AA 4/CE
o) Col A3l plotshz Co0l 42 (F )t
o Ao 93 dP el benzil(M. W.210.
22)o] A& 2.3, Bakelite-Aoj A& 0.84 34& €
At

o] & AA d& FYTF EAFE oF 5800
glr}, o] @&LJ] & olm| Bakelite-A(resole)d] 3
#F Aol 300~70081 AxE 3™ uh
ol A & dA 3z Ut

u}2bA] Bakelite-A o] FFA< HF A
gro] 300 A ==HE A dimer el 2 A
sz A& & 5 lth

ol g9 AHE FIY o Bakelite-A F7HA|
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9 Fz2E B8 F2OF 2dn A2 4

et
oH
HN«%H,-@}CH,—NH oH

T2 (1)

o] +22 FH oA EAFE ALs
623clct, A@ @I A7 solst Yot
Aete A& A3t Bl 300 A= <
A monomer Pl 2E ZAFz & 4 Qi)

A T2 ool 5 g TN} 22
33 olulFzE €438 ¢+ g},

NS

TF& (2)

oldd +z¥ = NH; & &= 3 & Ba-
kelite-A 2| FHA 72 AZF T Q73472
FH A58 5 Ao, 2 3xjotw] Fzd
AAAE o Fud og Felsto ol i}, oo
AP FFEAY 4% EFF P28y
T 249 297 Eobes =8 gy
HE o $umz o] ol Ax3}A ohslgch

(Bakelite-A)-nickel nitrate 82| otH=
S

Z3HA o FEol 2 Atolo] FHEE o] 43 A
A o] &AM A =2 AT dE B A R
27t e, ol Ze] 532 PVCE AAA =
Btz A3lA| 9} F& &-Eo| plasticizer o] £33t
X lowiA o] utg F3 A4 o] 29 o] A
29 o] 2% 4L T + o HA
AN E ol & + A, 39 Hwang® 52 ligand
9 size 7} F45F FEol 2 Aol Apel9
ol 24¥ Aol AAHFAX] w ol ligand o size
7t E55F o] 2AH Aol FIEE Bw 3z gl
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Fig.3. Absorption spectra of (a) Bakelite-A (.- ),
(b) Ni(NOjg),. 6H; O(—), (c¢) (Bakelite-A)-Ni(N
03) 2. 6H,0 complex(—-—-— ).

ot ol2j 3 A E e dle o] & size 7} Z Bake-
lite-A FFAE o] 83 A4 o] A9y b4
=& xS 25 248 th

ZHIAM 23y "3 Hal Ni(NO,),-6H0
9 nickel(Il) o] &3 Z3A amine 7|9 A4
(N) Abol9] 25 g4 #Fe7] A4 23
2ol 7MAA E3e A9 g s 1, 4-dio-
xane & vl 2 §lo d-& Ni(NOy),-6H,0, Ba-
kelite-A 3 (Bakelite-A)-Ni(II) Zv} 9 2% E
M & Fig.3o VeIt Ni(NOj)e-6H,0 9
28 gL FH%) Yo} g Ni(IDe 934
o 8= AE [Ni(H0)6]*e =®lE=5 7
< HAFe A 2L BFE vz e A
2578 Ni(NOj),-6H07} 6:1¢] H=4 &
qd& A F AR

Aniline & Z7l& 39 34 g (Bakelite-A)-
Ni(ID)9 #gol Hg 29 EH(—-—-— )E A4
HE 400nm o A hept= Ni(NOs)z-6H,0 9
FH (A>T (P))= 27122 Bakelite-A
o gado g8 448 AGGA iAo
g, 28y $99 Ee2d F49 F 685nm
9] F49 (A~ E)e  AA 2 750nm 9] F
T (CAz— T1o(F))7t 675nm 2 0] 53 Ao
PEEEY

o} d A4 [Ni(en)s]?*9] ¥ EHAAE 7
< qAE A FYer FEYCLE izt
(Bakelite-A)-Ni(II) &8¢ Fo) A o]u] 1n =zt
T vlgtE A ekt
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Fig. 4. Absorption spectra of Ni(NOs),. 6HO Mixed
with Bakelite-A by mole-ratio method.

i t
800 Wave iellgth(nm)

a8z B AT c&F FEAHLE T
22 o #£357] 93 mole-ratio method & A
A 2 ~¥9Eegd & 48l (Fig.4) = A} Ni
(D) 1947 Bakelite-A % A& LAA4 ]
7t oF 1:6202 6¥iFE FA4& HA3FTh
Fig.4 % A7} 1:6 o] Al A %9 F
747t @A FelA et ol 650nm ] 3}
st A9 F5ast AAA A7 Aol #5F
=,

ol 48] AANM EFFA dTol o8 FHA
amine 7] 8] A&(N)7} =24 Ni(NOj).-
6H,0 8] H,O 9 X 8]0l nickl(ID) =} vl 24 7
T ule ARE Fz des & F %2, Ba
kelite-A A F271 £ AFAA 5T 3F
g4 F29& 9 FF T + I

Nitrate ion 0] cHst 2t&, = 2 F=x9
o A 9e] FAE gotrr] A3 &% 2L A
#e g, A9A 943 Ni(NOy)2-H0(0.
152g)¢] 93 27t=<ql Bakelite-A A9
AS W37 94 4 gEz o] T d3
Nernst 7] &7] & o] &3 z7¢] 5+ Ni(ID) :
Bakelite-A 234 A& v & 9. 2 4
}& Fig. 5% 2+,

Fig.501 4 2 vhs} 7ko] Bakelite-A(0. 418g)
o] FAo 98 Ni(NOs.-6H;0 0.152g & 713

160

120

801

potential(mV)

40r

o}
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foga NO~

Fig.5. The effect of varing the amount of Bakelite-
A in a (Bakelite-A)-Ni(NOs)-6H,0-DMP-PVC me-
mbrane. Ni(NOj)z-6H,0O/Bakelite-A; @1 : 2.57
W13 Al:20

& 9 50mV H =2 Nernst 7| &7 714 A<
AL ¢ AR

olslre HA zANME (Bakelite-A)-Ni
(D #FE 7z23¥5 7% A9 49 AE me-
chanism & &3 o] A& + At F Ni
(NO,) 5-6H,0 (Mw-290. 81) 9} Bakelite-A (1 unit
o Mw-311.5)9 HAzANAHY FAH (Ni
(NO3)z-6H,0 0.152g/Bakelite-A 0.418g)+ ®
Z Ni(ll) 1937 R=ad F&e A&
MN)&7F 1:2.602 A4S, oA Ni(ID
1933 A 2~30e AN e A7
}x 9&g &% & gk, #EA NidD9
W47t 6012k UelA iAol 2749
NO; 8 1~24¢ H0 7} i3t AET2 <
qAE 4 A& Ao}, o F2A NiDF
ol NOjoleoz A fse A 4 WH =
g7} Qoh, o] AL Lol, 53 NO;30]29
2% A E AFH Fo =% FEHT
= membrane 8] £4¢] diffusion #4& A F3}
o] Fzt P2k, ol ol AMA F A
Z¢] 5o s Teorell® ¥ Hwang®s2 E
wol A9 st gA4zte] o] &2 $A A (donnan
potential), = W9 ol Ax ¥ A (diffusion
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potential) S o8 = A7k AyDetz ¥
= & uk gk w2k Ni() FEd £zt
NO7; o] 2& Ni(ll) o] 29 vigid ez ¥g &
A % W¥E A4 $4Q +lenz o
9 A7 AxAel g A FHAHo] ol A
o2 47dd,

ot Fig 50l A 2 NO3 0] A gdetog

$&4 Aol wrh

of £Aldl dajA= PVC Y A W3 sx
A9 F7, 7haA S FAMsE 9 Nidl), ligand
9 AA A H55ez g §& 24L& 2
S ek w0 49¢ Fa 2N maA
AE 23 Y& F29 e A e A
% mechanism & 4= & £ ox Ax =93t
Aoz 4z,

2 B

(1) Aniline & &wi2 3o ¥4 phenol-
formaldehyde-aniline %] (Bakelte-A)& &
Atz 2 72& 49 A, 249 phenol
group vt} 1719 amine 7|7} ZA 8= dimer
el T 4& ¥ Ak

(@ 74 £33 47l A8 FHA am-
ine 719 A4 (N)7} 3 7t=24 Ni(NO;),-6H,0
o] X 3t=5]e] nickel(II)9+ v] 24 73 wigld ¢
4E 34 & Fastet

(3) PVC & XA A & 33 Bakelite-A $} Ni
(1) Apolo] ZAEE o] 43t NOs; o] AYA
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FHATE dx Y 24449 Ni(l)o] &3} &
HA amine 7] ke] WA TR AR YA
7 A X mechanism 2 o) &3} )
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