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Metal ions are utilized as architectural materials, metal alloys, and clinical instruments. Further, they play
an important function related to nutrition. On the other hand, they aid in the manifestation of toxicity and induce
symptoms of systemic toxicity. Since the various roles of metal ions are not clear in a lot of cases, the high
sensitivity, high selectivity, and simple determination of metal ions are needed.

In this report, five photometric methods-four spectrophotometric methods and one spectrofluorometric
method-are introduced. The spectrophotometry target for three metal ions (iron, titanium, and cobalt ions) is a
metal-related substance (ascorbic acid). Each measurement range obeyed Beer’s law with an effective molar
absorptivity and a relative standard deviation of 20-670 ng mL™", 1.3x10° L mol™ e¢m™, and 0.77% (n=8) for
iron; 24-340 ng mL™', 2.24x10° L mol™' cm™" and 0.64% (n=38) for titanium; 20-470 ng mL™", 1.35x10” L mol™'
cm™, and 0.66% (n=5) for cobalt; and 20-120 ng mL™", 2.1x10° L mol™' cm™, and 2.2% (n=35) for ascorbic
acid. Their sensitivity were higher than those of conventional methods, and good reproducibility was achieved.
On the other hand, the spectrofluorometry target for one metal ion (aluminum). The measurement range of
this method was found to be 0.03-1.50 ng mL™', which is over 10 times higher than that for spectrophotometry
measurements that were previously performed in our laboratory. In addition, we considered the composition of

colored complexes, performed characterizations, and analyzed the crystal structures of xanthene dyes.
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Fig. 1 Absorption spectra.
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Fe (11), Fe (I1):5.0% 10 *mol L™', PVP: 0.4%, pH: 9.0, KCN: 1.0X 10 mol L™', OCPF: 1.0 X 10~* mol L™, Curve
A: Fe (11)-OCPF and Fe (III)-OCPF solutions in the absence of KCN, Curve B: OCPF solution and Fe (II )-OCPF solution
in the presence of KCN, Curve C: Curve A minus Curve B, Reference: water.
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Table 1 Total iron and iron (III) in pharmaceutical preparations.

Amount of total iron (mg) ¥ Amount of iron (II) (mg)®

Sample ) Found® (Recovery (%)) Found® (Recovery (%) )

Nominal - - 3
This method Phen method This method Phen method

A 50 50.1  (102.3) 49.7 (101.5) 9.6 (102.1) 8.6

B 100 99.3  (101.2) 99.0 (100.3) 145 (101.6) 9.7

C 50 49.0 (99.0) 50.8  (101.2) 10.6 (103.1) 8.1

D 105 1054 ( 96.2) 1044 (100.3) 2.7 (101.1) 2.7
E 100 102.6  (100.5) 103.2  (100.6) 54 (101.5) 7.0

F 40 419 (99.3) 404 (101.4) 41.6 (102.1) 37.8

G 2 1.7 (102.8) 1.7 (102.2) 1.6 (99.6) 1.5

Sample A: Sodium Ferrous Citrate (tablet), Sample B: Sodium Ferrous Citrate (granule), Sample C: Sodium

Ferrous Citrate (tablet), Sample D: Ferrous Sulfate (tablet), Sample E: Ferrous Fumarate (capsule), Sample F:

Chondroitin Sulfate-Iron Colloid (ampule), Sample G: Iron (I1I) Pyrophosphate (tablet, food) . a) mg for 1 tablet,

1 package, lcapsule, and 1 ampule, b) The average of 5 determinations, ¢)Iron taken, 16.7 pg, d) Total iron

minus iron (II) by phen method.
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Fig. 2 ESR spectrum.

OCPF:Fe=20:1 (Fe 100 u M), Temperature: 77 K, Power: 5 mW, Field: 150+ 100 mT, Sweep time: 8 min/200 mT,
Mod.: 0.63 mT, Receiver gain: 5 X 100, Time constant: 0.1 s.
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Fig. 3 Absorption Spectra.

OCPF: 5.0x10 *mol L™", Ti (IV): 2.5%10 *mol L', CTAC: 20X 10 *mol L ™", pH 0.8
Curve A, Ti (IV)-OCPF solution; Curve B, OCPF solution; Curve C, Curve A minus Curve B.

Table 2 Recovery tests of titanium spiked in biological and water sample.

Sample Recovery (%) RSD (%)
Urine 1.5(n=4)
Calf serum 6.0(n=4)
Wastewater* 1.3(n=4)

*not pretreated

Ti(IV): 120 ng mL ™', CTAC: 2.0 10 > mol L', pH 0.8, OCPF: 5.0 X 10 * mol L', Reference: OCPF solution.
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The pH values of solutions are given on the peaks. The final concentration is 1.0 X 10™* mol L™, The wavelength of the

absorption maxima are A ma =460 nm.
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Fig. 5 Determination of the pK,; of OCPF.
Ti (IV):2.5%10 *mol L ', CTAC: 20X 10 "mol L .
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Fig. 6 Absorption spectra obtained by standard procedure.

Co (I1):80X10 “mol L', VF: 5.0X10 mol L™, Zep: 0.1 %, pH: 9.2, Reference: water, 1: VF solution against
water, 2: VF-Co (II) solution against water, 3: VF-Co (II) solution against VF solution.

Table 3. Recovery tests on tap water and rain water.

Sample Recovery (%)
Tap water 99.5
Rain water 98.2

Co(IDtaken: 240 ng mL ™', VF: 50X 10 > mol L™, Zep: 0.1% , pH: 9.2, Reference: reagent solution.



Vol. 7 (2013)

171

IVOERETRAT. TOME, 05~11.1ug mL
ovyang I vgEGETa vk (D
LR, €=135%x10"Lmol 'cm ' DEE CTER
TLIENTET. ok, ¥Y7/ax73IveEL
TIXESE VF L IZEARIGL L5720 T, Bl
HELTHARERGLHO HFEICHERL, BiEK
EHVULENZ, 5201F%HWCHRBGR L7
%, KEBRE L CEREETo 12,

KIZ, Zep HEFT COREAFEOM LT, &
MEER TR VIETHRET LT, ZO/ER, o
N (1)t VF=1:2 W) RSB L T
—7, A A v HEFRETEMEHRTDH 5 Tween 80 3
FRITBT 3 260FKOMEE, a2V (I1):
VF=1:1,tWwOFERTHY, BA A v ERE
EHEFRITH L Zep VDL Z LITLD, EEE
ROBRALDFRD b Tz, £ 72, Tween 80 77
TIZBI 2 Zep & {2V F(I1)-VF} Sk &
DfigZENVHIETHEI L2 E 25, axvh
(I1) :VF : Zep=1:2: 4 ®=TCHHE D A4 Bl p3HE
ESNDMEREHBLILEBTET.

2-5. m-ANNEKXS T A7 NAACERND
WEZIVIZJL(D) OEXXEEE
TNI=ULIET 7 =7 8756 TREFE3
RiTH DR FIZIEE L EEINETHET, £
ORE - MIORE S Hh 5, Bis, FHHKRE, F
ARl O 28R, ERG, BRI L E, EHEED
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BWACEZ EBIREESNTEBY, 72, 7UIUN
A <= —BUBAEHIERAE & 7 Vv I =7 L O BHE M
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I 7 Vv =Y AEE O EL TV
LoFEDINTVE., BIFRETIEIMESITX
DXV VFVRBEOM-INAZY T 2= VT )V
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TW3 59, BFRMREIZBTZMET VI =Y A
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WA EETIRETREIIBVWTAT2TH D,
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VEBL & F A E IS L CREE S 2 R v Y L
DFEET 5 EHESH, TR VEEELE LE
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DHEIRIE & LT, FHEIEMIL T CHES /7K#R{b
F R YLRER E PVPEET, 7=V L
(1) o e Jk B C IR AT 70 O B B Sk & B 3
L7z (Fig. 7).
AEDERIRVE I o THRERZER LT E 2
%, 003~150ngmL ' O 7 v = 4 () BE
HPHI B W CE S %8 2 BIF CERMEE 2 R THRE
MefBs 2 LTS, REBIXLITHRE L7200t
HEFZEDON 10 EU LEORETH ), HMEMHRDOH
BIRENE r=0999, FRHFRFIL 002ngmL ' TH -
7z. i, 7u3=v2a ()035ngmL 1B
% RSD 12 2.70% (n=6) &FHIEIT b LI E
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72, Z DR, Table 4 1I2R Y & O ITOMTER
EEE S RIFTH D, EVy Y I afrite LT
TR TE 2 D TH o7, b, B
LTI, HEREO 7 VI = v AEESTIZEV
LNBNEN ) FVED O ERwT. 7, v
TGV AVEEZHWIEEE M) v 72 AR50
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Fig. 7 Fluorescence emission spectra.

MCPF: 5.0X 10 °mol L', PVP: 0.1%, pH: 9.0, Excitation wavelength: 530 nm, A: MCPF solution (blank), Sample
solutions with Al (IIl) concentration B: 0.70 ng mL ', C: 1.05 ng mL .

Table 4 Analysis of alminium in canned beverages.

Proposed method

Lumogallion method

Sample Al Found / ng mL™" Al Found /ng mL™! Recovery (%)
Beer A 68.54 60.46 97.7
Beer B 61.57 not detected 102.2
Muscat 6.39 not detected 110.4

a‘ 0.34 ng mL! A1(III) was used.
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KiEOEREE I > THRERZER LT &
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Fig. 8 Absorption spectra.

AA: 40%10 "mol L' (Curve 1); 80X 10" mol L' (Curve 2); Fe (I1): 1.5%10 *mol L™, F : 1.5X10 *mol L™/,
PCPF: 6.0 X 10 *mol L', TTAC: 2.5X10 *mol L', pH 8.5; Curves 1 and 2 : AA-Fe(IIl)-PCPF solution; Curve 3: Fe

(III)-PCPF solution; Reference: water.

Table 5 Determination of ascorbic acid in pharmaceutical preparations.

. Content (mg RSDY Recovery”
Sample Nominal Present Other ) (%) (%)
amount method method®

Powder A 50 52.1 52.5 2.3 98.6
Granule A 250 256.2 255.8 2.7 96.5
B 667 648.8 650.5 2.3 101.0

Tablet A 100 101.5 -9 2.8 103.4
B 250 248.6 -9 2.6 97.2

C 100 97.6 -9 3.2 103.5

D 200 513.4 -9 2.4 102.2

a) Drug content, mg per 1 powder, mg per 1 granule or mg per 1 tablet. b) Mean of 5 determinations.

¢) The JP XIII method. d) Undetermined.
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Fig. 9 Crystal structure of OCPF.



Vol. 7 (2013)

175

Q)

oW o)

Fig. 10 Crystal structure of MCPF.
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