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2 2 N,OA A= g 7] gl7F=2Q1 N,N-bis(4-methoxysalicylidene) phenylendiamine(4-CH;O-salphen)S 3+A4 59 ot B335
T O & 4-CH;0-salphen ©]-§-310] 4289 Z-2] Fe(IDe} Fe(llo]-22] £2] FFAE S 9lste], 27t 5T 4.0x107 M,
DMF gufjel &9 H|- &2 70/30(v/v), pH= 3.4~3.8 M 9], &%= 55°Co|A] 1 At A& & FEote] 2aE AUt Al
29| du] Aks} 9 3k A 2= 5.0x10% M 5= 2] Ho0.9F NHOH'HCIS: AFg-3lo] Tl Az}t Abe o] AR5 qHE o
AHEsl It o uf Fe(I)&}: Fe(Ill) o]-22] A T2 434 nme} 456 nmoj| Al FFEE St} o]4e] HHstd Adx7
< o] gslo] ek, 24, HiGHE 9 sk A Ake] A e|=E A F5ko] Fe(I)&} Fe(lll) o] & ZHz Avf E45 Ait+=
=74 Bdgrol £E ol diste] 2.00~6.90% oA & A %] 5} 1, A ETA = Fe(I)Q] 79 27.9 ng/mLo| §) 1L,
Fe(I)-2 55.8 ng/mLo] i T}

ZFH|0]: 4-CH;0-salphen, Fe(I)$} Fe(lll)o] -2 A= A% AakA 237

ABSTRACT. A novel N>O, Schiff base ligand, N,N'-bis(4-methoxysalicylidene)phenylendiamine(4-CH3O-Salphen), has
been synthesized. It has been revealed that the compound is very useful for the spectrophotometric quantification of Fe(II)
and Fe(III) ions in aqueous solutions, such as mineral water, hot spring water, sea water, and waste water. The optimum
conditions for the quantitative analysis are the followings; [4-CH3;O-Salphen]=4.0x10* M, DMF/H,0=70/30(v/v),
pH=3.4~3.8, T= at 55 °C, and prereaction time=1.0 hr. The sample of single valence state was prepared by the preliminary
oxidation or reduction using H,O, (5.0x10* M) and NH,OH-HCI (5.0x10* M). The quantitative analyses of Fe(Il) and
Fe(I1I) ion were performed by measuring the absorbance at 434 nm and 456 nm, respectively. The estimated mean values
agreed well with the standard values within the range of 2.00~6.90%. The limit of detection was 27.9 ng/mL for Fe(Il)
and 55.8 ng/mL for Fe(III).

Keywords: 4-CH;0-salphen, quantitative analysis of Fe(Il) and Fe(IIl), limit of determination
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Fig. 1. The chemical structures of Salphen and 4-CH30-Salphen.
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A1 o] A}-8-3} o-phenylenediamine-2 Fluka(Buchs, Swit-
zerland, purum grade) A& AF&35F% 3L, 2-hydroxy-4-
methoxybenzaldehyde-2 Acros Organic(Japan, purum grade)A]|
AlokS AlE3lF o, d BEEE-LS Fe(NHy)x(S04)2:6H,0
9} FeNH4(S04) 12H,05 A}-8-31% 1L, AF3HA| Hy0,, 2+
Al NH;OH-HCI o] &]of] 2+5 4, 4tk 7], glycine, 7]
21 52 Fluka(Buchs, Switzerland, purum grade) A &2
BASHA L A= ARESERITE BFekA B4 Al o
AHEEE 717152 M4 F2 AHEHLS Shimadzu IR
440 B 7 (Shmaduz, Japan) 2 A3} 9L, §H 2
HE YL Jasco FT-6300 23333 % A|(Jasco, Japan)S A&
393, 'TH NMR 2 3C NMR A# E -2 Varian Mercury
300(Varian, USA)S- AFE5F4 T CHN 94542 Elementar
ALF€] Valio EL(Elementar, Germany)& AM8-3}3137, 7| A =2
ZotE 3 o-AZFE A 7 (GC-MS)+=  GCMSD-QP5050
(Shimadzu, Japan)2 AM8-3} %t pHEA -2 Metrohm 692
pHU| B (Metrohm, Swiss)E AH&3F L, £ &S5/ E
Millipore A}2] Milli-Q plus(Millipore, USA)E A}-&35}9]
Alzsko] AHatct

N,N'"-bis(4-methoxysalicylidene) phenylendiamine(4-CH30-
Salphen)2| g+

2] 7F= 91 4-OCHs-Salphen?] $H4d2 | EH2 50 mLoj o-
phenylenediamine(0.49 g, 90.00 mmol)i5o] ZEtA 0] W
T BREZRA ) Qe WSS 60 °CR FASHEA 2-
hydroxy-4-methoxybenzaldehyde(1.37 g, 180.00 mmol)E- A] 4]
3 7Hch o] §US HLBHE Fok A wTAS 1
A Hek. A 6417 o[4S WS AT T HHSB oL
AF310] 81 E<t WASHE wekalo] Ago] A4 HL,

o

dAACIE Zolx Azstol AgslAch 4T
Fig. 29} Zt}.

Yield: 32%, Anal. Calc. for C22H,0N,O4: C 70.20, H 5.36,
N 7.44, O 17.00(%).

Found: C 69.98, H 5,58, N 7,51(%).
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N,N"-bis(4-methoxysalicylidene) phenylendiamineS-
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Fig. 2. Synthesis of 4-CH3;0-Salphen compound.
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Table 1. UV-visible, '"H NMR, 3C NMR, GC/Mass and IR spectral data of 4-CH;O-Salphen compound.

Compound UV-visible Amax nm(e) "HNMR 8735 ppm BCNMR &7y5 ppm GC/Mass IR Viaxcm'™
P (DMF/H,0) (CDCl3) (CDCls) m/z (KBr)
3.83(s, 6H; OCH;), 6.48(m, 55.43, 101.19, 107.27, 11321, _
4-CH;0 456nm 2H), 6.56(s,2H), 7.23(m, 6H),  119.44, 127.12, 133.53, 376(M"), 146116’ 1116(33 (CV’:E) ©,
-Salphen (432.5) 8.55(s, 2H; C=N), 13.62(s, 2H;  142.25, 162.15(C=N), 240(base). 320000, O-LD).

O-H).

164.10(0-H), 164.28(C-0).
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Fig. 3. UV-Visible Spectra of 4-CH30-Salphen and its Fe(II) and
Fe(Il) complexes. [4-CH30-Salphen]=4.0x10* M, [Fe(Il)sa]=
[Fe(I)siy]=10x10" M, [H20,]=[NH,OH-HCI]=5.0x10* M, [DMF]=
70%, pH=3.6, T=55 °C: (A)=4-CH30-Salphen; (B-1)= 4-CH;0-
Salphen-Fe(Il)qa; (B-2)=4-CH30-Salphen-Fe(ID)req; (C-1)=4-CH;30-
Salphen-Fe(I1l)sq; (C-2)=4-CH30-Salphen-Fe(I11)oxi.
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Fig. 4. Absorbances of Fe(Ill)s solutions containing various
concentrations of NH,OH-HCl at 434 nm; [4-CH3;O-Salphen]=
4.0x10* M, [Fe(Il)]=1.0x10" M, [DMF]=70%, pH=3.6; Each
spectrum was measured at 55 °C after boiling the mixture 10 min.
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Fig. 5. Absorbance of Fe(Il)sq4 solutions containing various con-
centrations of H>O, at 456 nm; [4-CH;0-Salphen]=4.0x10™ M,
[Fe(I)]=1.0x10"° M, [DMF]=70%, pH=3.6; Each spectrum was
measured at 55 °C after boiling the mixture 10 min.

Fe(Il) %7} 1.0x10°~5.0x10" M AL & HolxH =rj
SIS 434 nmof| A Fuby RO g olFshe ¥
Ueldch AR, Fe(lll)wS NH,OH-HCIZ A 7] < uF

SAZ Aol S S 456 nmof| 4] U 5HA|
A& & UEFW 7] wf ol

Fig. 5= Fe(ll) 35 Fe(NH4)x(SO4)2:6H.0 &4 9] &
T2 1.0x10°ME YA 3HA 3L, AFSHA H,0, 5= 9] W
97} 1.0x10°~ 1.0x102M & wj Fe(IS Fe(IlNE AF3}A]
7 & 53 HILE A% Aot} Fig. 59 23t & &
H AFSHA] HyO; 5 =7t Fe(I)2] 5% 1.0x10° M2} 271}
S E XstAY FE& o =2 SHE S el e
U SAE F3E e 94T a2 e A 2uth
I8 H0y %71 1.0x10%4~5.0x10° M H 9| of &35
= gkol Wisk= A9 dAsHA UErsth Fig. 49} Fig. 5
o] Aol Ao} o] A7 o] ofjH] 4k3} 9 g+ A2 1}
Aol A 4t3HA] Ho0,9} 2HdA| NH,OH-HCI9] 225 ==
A& F2] Ho] w=ro} 10~500u ¢l 1.0x10%~5.0x10° M
oo A 3= HE7F A S UG SHA UrEbith whebA
A W Hg AR ARS 9 2 A 2o ARE
3+ Hy0,¢ NH,OH-HCl 55X B % 50x10% Mo| 5 E&
25t A 55 4 ol2g @Y dAE = v
o] &4 o] AHg-5}3iTh

=

MF SE2| Jg

o] Al3S 235}A| 4-CH;0-Salphen®} Fe(IN)2 Fe(I1)©]
=9 i@é}%% A8 o #7187 DMF/& 9] 2[4 H
&5 4 02 Fe(IDW Fe(ll)o]&-9] Hw 7} z+
Zt 1.0x10°M, 4—CH3O-Salphen =w b 4.0x10* Mo A
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Fig. 6. Absorbances of 4-CH30-Salphen-Fe[Il],.( ll ) at the 434
nm and 4-CH;0-Salphen-Fe(Ill)oxi( @ ) at the 456 nm in DMF
solution; [4-CH;O-Salphen]=4.0x10* M, [Fe(IT)]=[Fe(II)]=1.0
x10° M, pH=3.6, T=55 °C.
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Fig. 7. Absorbances of 4-CH30O-Salphen-Fe[ll]ieq (434 nm) and
4-CH;0-Salphen-Fe(Ill)oxi (456 nm) in different acidic condi-
tions: [4-CH;O-Salphen]=4.0x10* M, [Fe(Il)]=[Fe(lll)]=1.0x10"
M, [DMF]=70%, T=55 °C.
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Fig. 8. Absorbance of 4-CH3;0-Salphen-Fe[l].q (434 nm) and 4-

CH;0-Salphen-Fe(Ill)oxi complexes (456 nm) at various temper-

atures; [4-CH;0-Salphen]=4.0x10* M, [Fe(Il)]=[Fe(l)]=1.0x10"
M, [DMF]=70%, pH=3.6.
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o2 Z-gakgict 53] Al Fe(llo] &2 FF3 o
o, Cd(INe] &2 Fe(Io] &2 A uf chAl u) F=o]
oA e Bkl = S0l 202 Fe(Ne} Fe(lll)
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o

Table 2. Interfering levels of foreign ions on the determination of 1.0(mg/L) Fe(I) and Fe(Ill) ions®

Fe(IIl) Fe(1l)
Foreign ion specie Interfering level (mg/L) Foreign ion specie Interfering level (mg/L)
Cu* 0.8 Cu™ 1
Co™, AP 5 Cd** 5
Ni?* 10 Ni*", Co* 10
Zn** 20 SO 500
Ccd 50 AP, Mn** 750
Pb** 100 Zn*, Pb*", Mg>", Ca*" 1000
Mn*, Ba®* 500 Ba’!, Sn** 2500
SO.%, Ca** 1000 CI',NOy, COs> 5000
Mg*, Sn?* 2500
CI, NOy, COs> 5000

“The interfering ion experiments were performed by adding various concentrations of metal ions to 4.0 x 10*M 4-CH;O-Salphen.
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Fig. 9. Calibration graphs for absorption spectrophotometric
determination of 4-CH30-Salphen-Fe[Il] (434 nm) and 4-CH;O-
Salphen-Fe[I1I](456 nm); [4-CH;O-Salphen]=4.0x10* M, [DMF=
70%, pH=3.6, T=55 °C.
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Table 3. Determination of Fe(II) and Fe(IIl) ions in the synthetic mixtures in laboratory

Sample Fe(III) Sample Fe(II)

M(mol/L) Added M(mol/L) Found M(mol/L) Recovered (%)* M(mol/L)  Added M(mol/L) Found M(mol/L) Recovered (%)*

0 5.00x107 100.0 0 3.00x107 100.0

7.00x107 1.18x10° 98.3 4.00x107 6.92x107 98.8

. 6.00x107 1.12x10°¢ 101.8 . 3.00x107 5.89x107 98.1

Sl\fl‘:ft‘j;: 5.00x107 9.87x107 98.7 Sl\f[?ft‘jg 2.00x107 491x107 9822

5.00x107 4.00x107 8.76x107 97.3 3.00x107 1.00x107 3.85%x107 96.2

3.00x107 7.69%x107 96.1 9.00x10°® 3.74x107 95.8

2.00x107 6.81x107 97.2 8.00x10® 3.55%107 93.4

1.00x107 5.63x107 93.8 7.00x10°® 3.32x107 89.3

* Average of five determination.
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Table 4. Determination of Fe(Il) and Fe(III) ions in aqueous solutions.

Amount found*: mg/L

Spectrometric method

Sample Direct calibration method (SD:SE)** _ Standard addition method (SD:SE)** _ICP-AES***
Fe(IT) Fe(IIT) Fe(IT) Fe(IIT)

Sea water(1) 8.68 8.66 8.70 8.68 8747
(The East Sea Gyengbuk Pohang Songdo)  (0.032:0.018) (0.030:0.017) (0.025:0.015) (0.022:0.013)

Sea water(2) 1.96 1.96 1.98 1.96 1.99
(The East Sea Gyengbuk Pohang Bukbu) (0.015:0.009) (0.014:0.009) (0.023:0.013) (0.020:0.012)

Waste water(3) 0.69 0.74 0.72 0.70 072
(Gyeongsan waste water treatment area) (0.024:0.014) (0.022:0.016) (0.014:0.008) (0.016:0.010)

Mineral water(4) 14.43 14.42 14.44 14.41 14.46
(Gyengbuk Cheongsong-sang) (0.025:0.015) (0.033:0.019) (0.027:0.016) (0.035:0.020)

Mineral water(5) 4.77 4.75 4.78 4.76 479
(Gyengbuk Cheongsong-ha) (0.017:0.011) (0.024:0.014) (0.018:0.010) (0.028:0.016)

* Average of five determination. **SE: standard error, SD: standard deviation. ***Data were obtained from research center for instrumental

analysis at Daegu University.
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