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Abstract

A new N3O, pentadentate ligand, N,N'-Bis(2-hydroxybenzyl)-ethylenetriamine(H-BHET - 3HCI) was synthesized. The
hydrochloric acid salts of Br-BHET - 3HCI, CI-BHET - 3HCI, CH;O-BHET - 3HCI and CH3;-BHET - 3HCI containing Br-,
Cl-, H-, CH;O- and CH;- groups at the para-site of the phenol group of the H-BHEP were synthesized. The structures of the
ligands were confirmed by C. H. N. atomic analysis and '"H NMR, "C NMR, UV-visible and mass spectra. The calculated
stepwise protonation constants(logK,") of the synthesized N3O, ligands showed six steps of the proton dissociation. The
orders of the overall protonation constants(logf3,) of the ligands were Br-BHET < CI-BHET < H-BHET < CH3;O-BHET <
CH3-BHET. The orders agreed well with that of para Hammett substituent constants(S,). The calculated stability
constants(logKmi) between the ligands and heavy metal ions (Co(II) , Ni(II), Cu(Il), Zn(II), Cd(II) and Pb(IIl)) agreed
well with the order of the overall proton dissociation constants of the ligands but they showed a reverse order in para

Hammestt substituent constants(6,). The order of the stability constants between the heavy metal ions with the synthesized
ligands were Co(II) <Ni(II) < Cu(Il) > Zn( ) > Cd(II) > Pb( II).

Key Words : N;O- Pentadentate ligand, Dissociation constants, Stability constants, Heavy metal ions
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(Tchobanoglous, 1998) 2 Zg|o]E Z2F(Choi 5,
1991)0] o]-§=|11 Qlek 53] A o|E F2HE =
2r|dE Al A} 22 A o] dYo]E %
£ w7 shtael ARE §AEHA o
T AES AuRoz Hele 4 gl Aol Al
(Lee 5, 2004; Suzuki?} Yokoyama, 1984; Kim 5,
2006). EF AR AGE EAe] PR A
ol we} of 2} e Tl 5 ek kA
2 384 A\ A| o) 48719} ol 5o Bak AT
& 94T ) Soleol dhet Aege oleo] 3]
shuiere] Beld et elghze] 2879 sotd
AZlof ¢ oj&AJo] th(Egawa} Takahara, 1973;
Parrish, 1977).

gt= A8719) g o= oAl AbY Aa-Aka
N;O) A Al ZF7] =0 9 FHUAL Ak
H54d 4] Fejolal, Fae o|wl7]ef datd o]
A opgl7| &= EA kL, X252 HisA A7)
thoto] @, wer 9 ahebe|R]of] HAE WolF= 1
5(NO»-, Br-, Cl-)¥} A4S 97]= J4&(H-, CH;0-,
CHsy)& 7H= thefdt FeiE9] AlZd7] eixtes
2 g E]o] i Bogggess 5, 1980 ; Coleman 5,
1979) . o5 AlZY7] Bt of 2] RS 7ML
QA A} Feof| o]97I(-C=N-)E 7}A17] Q7] wh&
of & FollA o|H717} 7hEal7t dojur] 4
AL, 7ol A= olwl71 9] sE] 7t dojut A A
717} oA YA 7] wizol] 8- Aol A A At A
oz gtel] AL sl et MolAde] a4
(ID) o] 253} 2l3leHao] QP =/t gk A gofl wzt
At ofgro] ek whEhA] ERk=o] SRl
4 slshtzo] 2 A7} glat, A 8o e
AR = e PR E A EE- of 2] Ab] A4k A
A a2] RtE S AlZE7] BREE Yae
Bufol] =of SRS ARESEe] o]RIZ|E o)A} ol
712 2HAAIA Fdgtet ofuf eHdE erte EARY
o] o]z} o]0l F/dAF A7t Bolstoi A 9]
A} A7 Mo m At sfje s 2 HolA| D a4 1D)
o] 2510 AR P T/

24 4ol 483
% 9l B3] A 48l QS g 5
o 2 A 7 B,
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FZoll= o =] 7Ad a12] A AANO) A

ic)
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=5 st dola<(1) ]9 2h=of| Higt

P IAFol wt At FPolle EEsHA| Haly
3 QJTHKim #} Jin, 2006; Kim 5, 2000) . 181} tf
A AR Aa-AAMN;00) A 2RIEE o817 Aol
) AL S 0|29 2hzofl it /=
off gt A= A9 ik

2 Aol A= Fig. 1o]] Uehd vie} o) 27t &
A Zol Al 78] ol =} obrl7|ef 5 A9 Hlim A E
7R B AR A AEa(N0) A 2IREE NON'- Bis
(2-hydroxybenzyl)-ethylenetriamine(H-BHET - 3HCI)
£ P48t 3 H-BHET - 3HCI] 9] 5-914]
o gz Fa, B wlEAl L HErE 7R 2Ri=
©] N,N'-Bis(5-bromo-2-hydroxybenzyl)-ethylenetriamine
(Br-BHET) - 3HCI, N,N'-Bis(5-chloro- 2-hydroxy-benzyl)
ethylenetriamine(CI-BHET) - 3HCI, N,N'-Bis(5-methoxy-
2-hydroxybenzyl)-ethylenetriamine (CH3;O-BHET) -
3HCI 2 N,N"-Bis(5-methyl-2-hydro-xybenzyl)- ethyl-
enetriamine(CH;-BHET) - 3HCI:= §H4J3}%ch

A oAl A A 4kaN00) A 2= H-
BHET - 3HCI, Br-BHET - 3HCI, CI-BHET - 3HCI,
CH;0-BHET - 3HCI ¥ CH3-BHET - 3HCI19] 9AJA}
Al Ak (logKa ) et Holad: ADe] a9l
Co(II), Ni(II), Cu(II), Zn(IT), Pb(II) & Cd(II) ©|-&
o] ] ebgEatilogk) FHe A 27
Bo® Hgstel 44 Fol watel pHEHS o] 43}
of AL ALbE 2IRt=Eo) TA At sl
&= A 2w (1) o] 259 AektEe] P =Y
T e AAE ol 29| A197] -Br 9 -Clet
s @71 259 2271 -H, -OCH; 4 -CH; 2
FFol wet Uehvhs Al E A= vl HESH
of #l4= 22 -8 ol TSk S5(1) ol

2w % 55 59 S8l ol gt Hl HAE

o
o,

&= FlukaAl 52 AME-SFRAAL, 2= 9ol A A
£%)= diethylentriamine2} 5-chloro-salicylaldehyde
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= Acros OrganicsA| A|oFS ARE-3}% 01, 5-methyl-
salicylaldehyde, 5-bromo-salicyl-aldehyde, 2-hydroxy-
5-methoxy-benzaldehyde, salicyaldehyde®} sodium
tetrahydroborate(NaBH4)+= Aldrich#] A|9F& A&}
Art

T 2t ko] shake B4 Asold AHgE
UV-visible 2#E L Molton Roy AF] Genesys Il
UV-visible 4 EAS A1g3tgom, 2old g4
AHEHL Bruker AF2] ALPHA FT-IR 233547
= o]83l9ck 'H-NMR % “C-NMR AmEZS
Varian Mecury 300 NMR £337|& o|-83}¢ 11, 2%
AT EH L shimadzuAke] GCMS-QP20102 0|85
it} 1831 C.HN Y4248 ElementarAF2] Vario
EL o 85}o] 4] shglck. ol AM8El Wzt
7= AldrichAF2] SK-12DE A}gatgl o, ZEsn
Z &4 25A127] Millipore AF2] Milli-Q plus&
ARt} Al2s19ic 2] T H9)AF 4 4-E Metrohm
776 Dosimat X527 7|2} Metrohm 692 pH H|ElS
ARESEEE AAI O] 2 24 Metrohm A o2
A3} Jeio Tech Co. Re-10V FLZ2E ARES}o]
25+0.1 C2 YA7] 3L AL TS Al sl

2.2, O} Rj2| BA-AANO,) Al 2|7tEQ] &M

ZF e e ohal Ahe WhE Sk
51200 mLyol] W= ek-S (100 mL)S ZH2F 23]
3lo] Y1, ZFZ} diethylentriamine(1.12 mL, 10 mmol)
£ 7151 60CE SANTIEA, A2717E 247k Mz
k2 salicylaldehyde(2.16 mL, 20 mmol), 5-bromo-
salicylaldehyde(4 g, 20 mmol), 5-chloro-salicylaldehyde
(3.13 g, 20 mmol), 2-hydroxy-5-methoxy-benzaldehyde
(1.28 ml, 20 mmol) & 5-methylsalicylaldehyde(2.72
g, 20 mmol)Z 7}5ke] 24417} S0k BHE ubA| 7|
weghalo] A7) elRhest 2% Fele gaEh
Y e o] Al 7] BRh=0] S-S mE s
& golo] o], W2Emyr| ol g5te] 4Tolalo]
AehE §A5eA] B NaBHL S 234 7Htol
b A7) gojo] mE Fajo] F ulA whg
AT} BAe) HES B B8 HCIS 713 pH 6.0 %)
T2 SO S A Eo] A AEE &

mLolsP}t EES USRI ol ofPUE 20
mLE 7}t $of] 213k HCI g2 7sho] Wakalo
312 Zo} wylsld sMo] H-BHET - 3HCI, Br-
BHET - 3HCI, CI-BHET - 3HCI, CH;0-BHET - 3HCI
% CH;-BHET - 3HCI7} G4y FEjo] AdeE= ¢
ojzlth. o] BA WAEL 30% HHUTL/70% ]
diE S ARgste] AAAS 3 3 A
AlA e | A % Hksto] ARg-3FIT)
2.2.1, NN'-Bis(2-hydroxybenzyl)-ethylenetriamine

(H-BHET) - 3HCI2] §H4

Yield: 53%. Calc. for Ci3H2sN3;O, - 3HCIL: C,
50.89; H, 6.64; Cl, 25.04; N, 9.89; O, 7.53. Anal.
Found: C, 50.82; H, 6.71; N, 9.91%.

2.2.2. NN'-Bis(5-bromo-2-hydroxybenzyl)-ethylene-
triamine (Br-BHET) + 3HC12] 3+
Yield: 56%. Calc. for C;sH23BraN;O, - 3HCL: C,
37.11; H, 4.50; Br, 27.43; Cl, 18.26; N, 7.21; O, 5.49.
Anal. Found: C, 37.05; H, 4.61; N, 7.19%.

2.2.3. N,N-Bis(5-chloro-2-hydroxybenzyl)-ethylene-
triamine(CI-BHET) - 3HCI9] A

Yield: 42%. Calc. for CisHx»;CLN;O; - 3HCI: C,

43.79; H, 5.31; Cl, 3591; N, 8.51; O, 6.48. Anal.
Found: C, 43.81; H, 5.40; N, 8.41%.

2.2.4. N)N-Bis(5-methoxy-2-hydroxybenzyl)-ethylene-
triamine(CH;O0-BHET) - 3HCI 2] T4
Yield: 49%. Calc. for CyHxoN3;O4 - 3HCIL: C,
49.54; H, 6.65; Cl, 21.94; N, 8.67; O, 13.20. Anal.
Found: C, 49.48; H, 6.76; N, 8.65%.

2.2.5. N,N'-Bis(5-methyl-2-hydroxybenzyl)-ethylene-
triamine(CH;-BHET) - 3HC1S] 4]

Yield: 47%. Calc. for CyHxoN3O, - 3HCIL: C,

53.05; H, 7.12; Cl, 23.49; N, 9.28; O, 7.07. Anal.
Found: C, 53.11; H, 7.20; N, 9.26%.

2.3, TSIRIEE Hol offt 2RIE S| SAR EAEHRIA
=
A4 woll AT 2t elzkE5e) BrBHE
T - 3HCI, CI-BHET - 3HCI, H-BHET - 3HCI, CH;0-
BHET - 3HCl ¥ CH;-BHET - 3HC12] === 1.0x10°M
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R OH HO
BHE

R R

R=Br, Cl-, H-, CH;-, CH;O0-

Fig. 1. The chemical structures of N»>0, (BHE) and N30, (BHET) ligands used in this study.

o] B 5 g of] Zof ARESHITE E3HKOH ¢7]
BHL0.1M F= F3fsto] AREsITh AL e
A sj2] 4 logKa )= A A Fof Wale= 4
Lol BT [H]2 24ato] AXtelsich. 244
9] o] 2A7](z)+= 0.1IM KNO; 2 0.10] ==& x4
shln, 24899 3ol £AfsHs 0,94 C0,9]
e Bol7) Sla) AaTIRE BHAA ARk
Felkso) ebaA s grel Aske 4
ol 4% pH 7 Fortran77 2 75012 PKAS
o A1851o] AAFSF tHMotekaitis 2} Martell,
1992). ojufj 2j7+=9] F/dAF dAs el d4 #ke] Al
Abel] b 2.8k o] o FHKw)2 107 gh& AHg-5t
o] AAFSI thMartell ¥} Motekaitis, 1992). 18]

Eoox 1IN
oy

2.4, HRRIEY Yol 23 Z34(11) o2t e &

A =X

T |o
ARG Hefl gt SaE(1) o]t Hy=
¥4 27 BEST ZR 19 o] gsto] 2 b
&5 e AR P 2 Al 712 e

n

ZFE % %(mol), KOH 2] 5=(M) £} 2u)(mL),
o] Z7]%u|(mL), FA sfEeA < S
2k CO9| AIE Gl 27} ¢7]9] F-3](mL)<]
whE pHO| W3} gho] PR s, o]F ghe tilst o
s 5521 0.01 o3| AL g Aol A off 74A] ALt
th 1E]ar FFE abbe ARG ACREEH de
B 3& Aste] logkmn L logKa #E& 10x107
2 wkEsto] F7RAZIHA g B 2ASte] BEST

p s
b2

B
z

o dE 7 eRhES] HAtd A= Al

2 3},

Lz o] o Ak 2=9] Yk A(logKw)
S Atk (Motekaitis@} Martell, 1992), (Martell 2}

Motekaitis, 1992)

Table 1. UV-visible, 'H-NMR, "C-NMR, GC/Mass and IR spectral data of BHET ligand compounds

c g UV-visible 'H-NMR BC-NMR GC/Mass IR
Ompound. -\ - nm(e) 8" 1vs ppm 6" s ppm M/z P o’
3114, 1550(6N-H),
Dogision, 324 41D, 4056 2, 25143534706, 11146, 0 7
BrBHET 50000 6.67(d, 2H, J=9), 117.48, 118.89, Tatbuse) 1590, 149 11oCaC)
7.27(d, 1H, J=9). 134,14 134.39, 154.62. A
3.27(s, 4H), 4.05(s, 2H), 42.53,43.61,47.12, 117.04, . 3144, I557(N-HD,
229(14,100), « 384M),  3206(00-H),
CI-BHET 6.71(d, 1H, J=9), 118.21, 12431, 131.20 131.40, )
287(4,200) TN 21T 1o) o 73(base) 1595 , 1454(0C=C),
13(d, 2H, J=9). 03. 580-610(0C-Cl)
250000, 32605 41D, 4215, 210, 4239, 4363, 4760, 11569, 3o 3138, IS96(EN-H),
HBHET 22000000 6.0 oty 7 1oy, 11669 12071, 13189 13196, 2 4W k' 3270(00-1),
*, 76(m, 2H), 7.14(m, 2H). 155.14. ) 1596, 1456(0C=C)
CH,O-BHE 226(10,300), 3.34(m, 4H), 3.57(s, 3H), 4.08(s, . +2>%43.58,47.54,56.08, 5.5y - 3118, I587(EN-H),
" 2055300, ST, 6743 6 7 1rpy 11676, 117,04, 11722, 117,51, 80 b 3299(00-10),
(5,700) ) 6:74(m, 2H), 6.77(m, 1H). 149.26, 152.44. 3¢) 1603, 1447(0C=C)
CBHET 210800, S ekt 609, 115,58 11641, 13040, 13216 32000, 7 o I
3 283(4,400) »6.68(d, 2H, 1=8.4), 6.99(m,  115.58, 116.41, 130.40, 132.16 3¢ 0 ’

1H)

132.20, 152.71.

1609, 1460(0C=C)
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3. Zut { n¥

n

3.1. CHA Xf2| N3O A 2IZt=Q] &

ofg] 23715 7k d¥ A NOsA =
Br-BHET, CI-BHET, H-BHET, CH;0-BHET & CH-
BHET #4942 $4d3k3ich NsO. 4] ]7H=2] C. H.
N AaiA k= Agghat ALk gho] & U8
t}. 223 'H-NMR % PC-NMR E3 2 0] 5
B 9 AFEA Y ] A= Table 10 5319k

Table 10]4¢} Z2o] 4 27t=E2] A2A S
2 EY Aik= vE gio] S S 552l (Ama)
7} 215~2299} 276 ~295 nm oA F 7] B
27} LRt o] Ayl wlis 41719} obgl 7] n
-1 AR o] oF WAl o] WEEE o] F ATt %t i
T AR Aolo] o7k T4 wlio| e E-9-2]o]
thKim} Jin, 2009).

A o)A A ER Q] Aol A= AlZH7]€] o]
R17)(-C=N-)7} %% 2H91E]0] 1650 cm™ Aol A L}
P S48 7F U] ko m g o|ql 7] o] 4F
zfotglo] o]z} ofql7| 2 A== AL & = 9L
Atk N304 2]7F=2] N-H A1=215%5-2 31063118
em’ W9JolA YA Yehgal, N-H 33 A5
1596~1550 cm™ @ jol| A LpeRdt) O-H A1&A%
2 34253445 em’ WSIef A WL 927t Uely
i, FEFFe] C=C o5 AT A7 1609~
1590 cm™ 9} 1460 ~1447 cm™ ¥ $]o] &= Lo A B~
5927} Yelytth 213718 711 Br-BHET9} CI-
BHET9] ¢ C-Br¥} C-Cl9] TE-98]= 580~
610 cm™ 1 580 ~650 cm™ HSJol| A WA Lepgch

'H-NMR 2#Eg Avke 7} e7i=so) g%
B ARSIl A 4= 3.24 ~3.34 ppm 9] ol A, HIH
I AAE = AR BEA 0] 424 4.05~4.21 ppm©]|
A bt flAle] & 7)9] S24= 6.67 ~6.76 ppm
Hef oA Yebetar, g 7)) 4245 6.77~7.27 ppm ¥
oJofA] LrERgtt}. 18]3 CH;-BHETS} CH;0-BHET
w719 Al 7]e] A= 7421 2.05 ppm 2 3.57 ppm
oA -] 7} YebTh

PC-NMR A#EY ZAabs 242 ehas Al o] &
27} 42.31~47.64 ppmol A 3712] B0z} Yehyt
3, MRS T4 B2l 111.46~154.62 ppmol| 4] 6

Mz 2 ofg 7He) B-9-27}F vebdt). E3F CHs-
BAP?} CH;0-BAP2] H|E7]e} HIEA|7]9] ghar=
19.561} 56.08 ppmof| A LFERLTE

RAdl el o] Ayl= Br-BHET, CI-BHET, H-
BHET, CH;0-BHET % CH3-BHET2] 79 Hx}o] &
(M) 5-9-2)7} Hs} of AeFul(m/e) gro] E-2lol 3
F3l=473, 384, 314, 375 2 342004 ZFZF LERGAL,
7| &2 CH;0-BHETE A9k 2|7t=9] X3}
o Al(m/e)gro]l EF 7304 YERtal, CH;O-
BHET= 440f|4] UERSIL ol& 739] 7|&8-9-dl=
diethylentriamine Ex}o|A E&% NH,CH,CH,
NHCH,"©] 2|5 gh4Al50] 5920131, CH;0-BHET
9] 75- 44.9] 7125-%-2)= NH,CH,CH; 0|t}

OloflA] 31 C, H, N Y454, 'TH-NMR 9 C-
NMR 2334, 294 235 9 Ao 2a=
HE oAl 28] N;0,4] 8]7F= Br-BHET, CI-BHET,
H-BHET, CH;0-BHET 2 CH;-BHETS] 3H4-S 391
3 2= QIQIth(Kim3} Jin, 2006), (Kim 5, 2000),
(Kim 5, 2009), (Wong 5, 1995).

Table 20}1= Br-BHET, CI-BHET, H-BHET, CH;O-
BHET % CH;-BHET 2J7t=9] H354] 417] £ 9]
PC-NMR &8H4 o g(5C-0) 3kt W skt
para Hammett E71456,) 24& @7 ek iet
(Jerry, 1968; Jaffe, 1953; Hoefnagel 5, 1978) Table 2
o] Aol 6, gte] 271249} th2A H-BHETS]
8C-O(ppm) >  #h= UEhHaL, CH;0-BHET = 2t
< e yERaL lo Z1Eu A4 0 =(8C-0)4k
o] 7% § Fhe] A7)eA AR 2L AT
Ak At o s wakE sjatEe] 3] Fals
g7 FF L Aol wek IR, HNMR o
PC-NMR 2814 o) gholl 4ke 527] ufjie]l &, 2t
o} AkAlol| iRt Ag-=o] wWol HarEal gk
(Colemani} Taylor, 1980,1981; Coleman, 1981).

Table 2. Pertinent data on para Hammatt substituents o
values(op) and C-NMR chemical shifts(5C-O)

Ligand - 4HCI Sp 5C-O(ppm)
Br-BHET 0.27 154.60
CI-BHET 0.24 154.34
H-BHET 0.00 154.58

CH;0-BHET -0.11 149.26
CH;-BHET -0.13 152.73
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Fig. 22 KOH #&8&H © & CI-BHETE|=S A
o1z} A AT uf] WA E= okAdR) g AA 2 L
Co(1I), Ni(II), Cu(II), Zn(IT), Cd(II) L Pb(II) o|-&
sho] 28 A IAE ER Lhehfolet. Arte} 2
o] CI-BHET %47} aflg]= 3315 (a) 3Fo] a= 594

7t REE AS 4 4 ok 283 F45( 1) o]
B CI-BHET
104 lll......'.

—m—ligand
—e—Cd(Il)
Co(ll)
—v— Cu(ll)
Ni(ll)
—4—Pb(ll)
Zn(Il)

T T T T T T T T T T T
0 1 2 3 4 5

Fig. 2. Potentiometric equilibrium curves of CI-BHET and
1:1 complexes of Co(I), Ni(Il), Cu(Il), Zn(I),
Cd(1T) and Pb(IT) in water, T, = Ty = 1.0x10° M;
ionic strength 1= 0.1(KNOs); T =298+0.1 K; KOH
=0.1M.

o8 - g

259 2= AAFA0lA Cu(ID) 9] 49 ML A&
a= 4.0 HroA] g A= 2HEo] *g*g%l S o 4= 9]
3L, Cu(I) °]2}€] Co(I), Ni(II), Zn(II), Cd(ID)
2 Pb(I0) ©]&) ML 2Hg-2 a= 1.0~1.5(pH= 4~6)
&} a= 3.5~4.0(pH= 5.5~9.0)$]ol A T SAIS 7
A AES & 4 Qlek mebd AR A Fof
2RZgHol F7ls=rt S7Fh S| pH7F S7F
Foll weh paol R EEHE Haghe s Fhole
(M)} 277} 218 AAe o) P 4
olo] ZAHolA A Hlof A& /ol 4
ARE & = 3ckLin 5, 2002).

M Zh 2Rt=g] oAt DAl ERke-S A
Igoll A A7go] x| mek WA o]z ofrlef
At FEl = A7 Al R PR S

oA Al SAIR B2 = AL, T2 pH 9 o] 2
pHOIA Hlm 4k719] P4+ 719 S|t dofut
= B dAs RS0l ofu i Ak o] A
2} &l 2]5h-2-0] pH 9 o]4te] =2 pHoj|A] oFAd#) g
7b doju= o= HlE A9 sielEE g
(PKa) ghol 2 |71%= & 7HA17] wizo|ch(Parsons
2} Rochester, 1975).

Table 304 2j7t=29] oFA=F obA sfjlejAts 3k
(logK") 2k YA} FZallel4<(loghy) w4 Fig. 2
oMol o] 1.0x10°Me] Z} 2Zt=gHS 0.1M
KOH ¢J7] ®&goz AAE u] HalEs 20|
& 5E[H] 3k o]83ko] PKAS Z2 380 2 A4k

o, r]o

Table 3. Proton dissociation constants for B--BHET, CI-BHET, H-BHET, CH3;O-BHET and CH;-BHET ligand in water at 2

5Cand z=0.1(KNOs)

logK,"!
Ligand - 3HCI logk," logKy" logKs" logK," logKs" log3,
(Ligand - 2HCI)*
Br-BHET 3.48 6.93 6.98 8.70 10.73 36.82
(Br-BHE)* (2.81) (3.57) (8.98) 9.87) (25.23)
CI-BHET 3.50 6.97 8.35 9.75 9.80 38.37
(CI-BHE)* (3.20) (3.80) 9.14) (10.17) ’ (26.31)
H-BHET 3.52 7.15 8.49 9.57 971 38.44
(H-BHE)* (3.56) (4.35) (9.52) (10,33) ’ (27.76)
CH;0-BHET 3.52 7.74 9.04 10.03 10.29 40.62
(CH;O-BHE)* (3.78) 4.65() (10.27) (11.04) (29.73)
CH;-BHET 3.55 7.78 9.08 10.09 10.39 40.89
(CH;-BHE)* (3.77) (4.63) (10.21) (11.00) ) (29.61)

Calculated by Fortran program PKAS. Motekaitis and Martell(1992), Kim and Jin (2006)* .
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Fig. 3. Relative concentrations of Br-BHET, CI-BHET, H-BHET, CH;O-BHET and CH3-BHET species formed as a

function of -Log[H'] in water.
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Fig. 30| A4 w20 *MEJL 7} 5lelgo] 59
g]59] < HsL= HsL-(OH),*", HyL= HoL-(OH),*",
H;L= HL-(OH),", HoL= L-(OH),, HL= L-(O,H) %
L= L(0y)” ZFo] Lrepd 4= Qlk

ojnff 45922 EA-2 logB k2] =Alet o]
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Br-BHET®] HL 8-9-2]7} pH 7,004 pehbl Aol
A3 o]F3to] CH;0-BHET Y CH3-BHET 9| A= pH
85 2R 28O ol il s AL 2t
& % Ik o)uf 7} Bt e o) B4
245to] 2 CH;-BHETS] 79 Br-BHET A< =
CF e 217 ofg17] el 2 pHol A A
S22} Lrehdeh, 1 ol Br-BHETS] 25
AAE 7| sfet $1219] Br-X|37] o] sl 4
A19) AACOPR] 3242 5 Sk )]
Zhasslo] ke pHellA i} 3127t dofur] o
o], CH;—BHET% gl o]f= iAo ® =& pH
202 g o] ate] slejukso] UojrrkKoseoglu
=, 1995, 1994; Kilic -5, 1994).

3.3, MR Holl gt 2izieet Z3(11) ol2nte|

Auke S 2j7kEe} Co(TT), Ni(TI),

CU(H), Zn(ID), Cd(ID) % Po(II) &0l Eotas

Table 4. Stability constants(logKmi) for Co( 1), Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II) complexes of BHET ligands in

water at 25 C and #7=0.1(KNOs)

Ligand - 3HCI

Ligand - 21iClyr BUBHET CI-BHET H-BHET CH;0-BHET CH5-BHET
Metal fon (Br-BHE)*  (CI-BHE)*  (H-BHE)*  (CH;O-BHE)*  (CHs-BHE)*

oo 21.11 21.57 17.11 17.60 17.91

(6.98)* (7.15)* (9.23)* (10.17)* (10.07)*
cu() logat 12.15 12.51 20.55 21.35 2233

(12.21)* (12.59)* (14.21)* (15.00)* (14.97)*
logfs 33.26 34.08 34.48 34.77 35.18

(19.19)* (19.74)* (23.44)* (25.17)* (25.04)*
logwiLx 19.01 19.11 17.01 17.25 17.26
Ni(I) logm 11.77 11.85 18.35 18.77 18.79
logBs 30.78 30.96 3536 36.02 36.05
logmiLu 18.55 18.77 16.32 16.55 16.58
Zn(T0) logm 11.21 11.51 18.16 18.22 18.60
logBs 29.76 30.28 34.44 34.67 35.55
logmiLu 18.11 18.25 16.11 16.35 17.00
Co(1I) logm 11.24 11.27 18.33 18.32 18.55
logBs 29.35 29.52 37.66 38.950 40.24
logwiLu 17.51 17.81 16.33 16.40 16.44
Pb(II) logm 10.23 10.55 18.18 18.90 19.20
logBs 27.74 28.36 34.4 35.23 355
logmiLu 17.24 17.33 16.24 16.35 16.50
cd(1I) logm 10.10 10.16 18.16 18.88 19.00
logBs 27.34 27.49 3451 35.3.00 35.64

Calculated by Fortran program BEST. Motekaitis and Martell(1992), Kim and Jin(2006)*
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Fig. 4. Species molar concentration relative of CI-BHET in water having a= 1:1 molar ratio of CI-BHET/Co(1I), Ni
(1), Cu(II), Zn(II), Cd(II) and Pb( II) as function of -LOG[H'].
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