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Abstract :

A color former was prepared by pretreating cedar sawdust with hydrochloric acid, followed by
oxidation with potassium permanganate. The color former reacted with dihydrogen phosphate ions
dissociated from NaH.PO, to produce a reddish-brown color (Amax = 474 nm). In contrast,
Na.HPO,, KH,PO,, and NH,H.PO, did not produce any significant absorbance in the visible region.
The optimum conditions for the spectrophotometric determination of dihydrogen phosphate ions
derived from NaH2PO4 using the color former were investigated. The optimum conditions for
coloration in a reaction volume of 25 mL were the color former amount of 0.1 g, reaction time of
90 minutes, reaction temperature of 25 C, and pH less than 7. The color former was used to
determine dihydrogen phosphate ions. The calibration curves of dihydrogen phosphate ions were
found to be linear over range of 2.5-25 mmol in the batch method (r = 0.995) and 0.5-4.0 mmol in
the column method (r = 0.990). In the presence of phosphate buffer, dihydrogen phosphate ions
derived from NaH:PO, could be selectively determined in the range of 5-25 mmol (r = 0.991). Thus,
the color former can be used for the selective determination of dihydrogen phosphate ions in
phosphate solution, and the advantage of the color former is that it can be easily separated from

the solution after measurement. Therefore, it can be used for continuous column operations.

1. [FL®IC
ARENA XY 2AE =R =22 = FNIZETEIMHEOOEDTH DY, FifclF|H A vl RE 7 %

— 193 —



BThB”. TDRD, NENA X~ ZEAMERT 5 Z &ITIGERAIE IEO RS2 HERIE L O 1
W29 22T, KAMTREIKRENA G~V A TH B AXBIEELHEHM L, NaH.PO, DU
FEERIZE T 2 REAOMIEE HIEL /-

Nal.PO. % && 0 ARRKE, B, RESB KOS B AL TR EhTh5. &l
Sy CIE, pHOFRERROFHANCHIH &, RANEZ & 2 720 12 B B R K EEEL S 2
5N3Y. EESSE TR, BHEOMIEHEANICZHNSN21E207, BOFPRALAY 2 & DESE
EURITANZ R ST 5", 72, (LB EBIC B0 TR ABKICpHIRI S STl D ™ ™,
NaH,PO.13 ) A MRHEMR & U CEN 7Rl 2 B4 2. 200 AREHRIZ, NaH.PO,&
Na,HPO, ZiRA L, ThEThOREEE(LE 5 2 & TpHAMIE T 5. 65T, Kz RE Ml
ENBERIRTH 5.

NaH.PODERIZIZEY 77 v T =LY 99 25, ZOHEIETOD ARKEIZK L TRIE
T5728, DAMRERD XS 50 ABERAMIIRT2ZNEThORSOERIZTELEN. £ 2
T, AR L ZXOREHEZ D ABREEIRICNAZEZ A, FEGERLZ ZOREIE,
NaH:PO. 2> &R L 720 Al “AKRFEA X VICKDEDThH 7. D720, ZD¥EH%NaH,PO,
HROD O AR~ AKFEA A+ v OB EENGH L, #i7za@mtdE e UTomH% /L 7.

2. ABBLUERTE
2-1 HESSJUBIEHSE

22X BHAEIE, WS » SRt I N2 D EfHL. @B~y vy ) v A 3ELTA L4
HDEATHE TR ORHREAIE 2 i L 72, NaH.PO I B L AL RO ERGARE A I L 72, 2D
DA & THIRO —WEASE A A L 7=

WRSEIE DMFE SIS, HA P BRERS TT B it (UV-Vis) V-570 2 i L, 10 mm®D 7 5 2
Yz W pHOMEIZIE, HOHRER THEBHM-30VA I L 7=, Rilnhiaid, X#OLE 708
i (X-ray Photoelectron Spectroscopy, XPS) Versa Probe CU (7)WL Ny 27 - 7 7 4 #l) &
W U 72, 72, @A 4 2 OBEICEFHEELS 77 X~ RO 5 B E (Inductively
Coupled Plasma-Atomic Emission Spectrometry, ICP-AES) SPS7800(= X7 A4 74 «-F /)52 J
oY —8) 2L

22 ZXEEBLTIREBBEDER

AR BMEIZ60~80 4 v ¥ 2 I E 72 DAL 72, 2 FBHEE A%, 100 °CT—
BIEHZIE L 72, 100 mL =Y 107 5 2 2THEEL 72 2 ¥ 215 g D HLD |, JRIEERT75 mL &4 10
AW -1%, B EC2mMIMBGER L 72, 20K, Avkk 7€ b v kidaE +oIci#EDEL T
VKR L, SERRAUE L 72 2 X &7, i, 300 mLY — 7 — ICHERRALEE L 72 2 ¥ 410 gt D HL
D, MY HVBHY) L2 g(HERIL:2) EMAL ZINDVEROKEMA, HIFT 2 EHEL
TRISHHEITT 5728, RELU AL 825 F TRKERML 235 HPEGT 2. IO T#%, KD
KTHE L7z, 2D, 1.0 mol LUEMAKAKEFAWTERMEROEBIEA A+ v &2KREL, +4C
K%, 100 °CTHAMEL A ¥ & Jifk & 4 2 F8 @l % 1472 (LU FCedar-CF £ BEEE T %)
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23 Ny FHICEIHREERE

25 mLL.x 27 7 Z21ZCedar-CF % 0.1 g D HLD, 2.5 mol LI FHHE L 72NaH.PO, % 2 mL (5
mmol) M Z, #iAKZHOTESICADYEZ. ZOBEKREIDHIEL, ABLEE, Z0OAMHEDOIIN
ZNRT ML EHEL 7=,

2:4 HI LKL DREEIRE

Cedar-CF%1 gBDHLY, #iKTHTIAH 54 (d 8§ mm X 250 mm) (ST L7z, TDH T AH
7 L% 25~80 *CIZFEE L - fEikg I A, WiES8.0 mL min' CHIKAREF L 7z, fne, v 7
JLIEAI A 50.5~4.0 mol LZFH% L 72NaH,PO, % 1mL (0.5~4.0 mmol) HEA L, 25 mL.X 27 5
23 THEHR AR L 72, Z OO % 1R 474 nm THIE L 7.

3. EERAER
31 Cedar-CFO#&

FERPEAE 231266V, NaH,PO, (pH = 4.2), Na,HPO.(pH = 9.3), KH,PO.(pH = 4.2) & &
NH.H:PO, (pH = 4.1) D% D AFERIEKET (5 mmol) N L 72Cedar-CF% 0.1 gL, ¥ T90
SBRLE. 2O%, BHEABL, WNRZXZ FLAHELZ. 2 OE4Fig. LISRT.
NaH,POZH Z 2B O A K = 2L, T OMKWINGEEIZ474 namTH - 72 (). —H,
Na;HPO,(b), KH,PO,(c) ¥ & U'NH,H,PO, (d) Tid4< FE@ AR &, AR B3 5 Mk
FHER SN E 572, %72, Na,HPOUZ DWW TR 2 W CpHA4.212 PP T ez R X &
Motz FEE L 2NaHPO, THAE L =ik~ v 7 v R & h, 7 D& IINaH,PO, DR
EHBIBERRIZ S > 72 (Fig. 2). — T, FE@L &h 5 72Na,HPO,, KH,PO.% & U'NH,H,PO, T3,
v UHVORERIEEICEHED, DABEEOHBIIR S NEr» 572 £72, NaH.PO,H LV
Na,HPO, & {EA L 72 0 ABMRERIZ DOV TS M L7z & 25, NaH.PO,D A & [H#kIZNaH.PO, D
WENEL EBIZOh, vV H Y RLBML
7z. &> T, NaH.PO.fE{E I CldCedar-CF2»
5V VA VAERIIZEN L, NaH.PO, & D
fREEL 720 A AKREBEAF VERIBTZHZ LT
HEGEERTHEELONS.

% 2T, Cedar-CFHD~ Y # Y IZDWTH
N7z, Fig. SICIRRBBALBEL 72 2 ¥ I L U Cedar-
CFEEIZH 3~ v 4V ET (Mn2p) DXPS
27 ML ERT. (a) TIEMn2philkic B &
=2 3RoNT, vV v OIEEdER S h
Aot Fh, ZORBLELL 72 2 E £ L o w0 0 00 s00
THREEEEIT->TE, FEEEZRI A2 > Wavelength / nm
7= —7, (b) Ti3642.2 eVIZMn2pys: 654.1 Fig. 1 UV-Vis absorption spectra of foreign phosphates

and Cedar-CF

eVIZ Mn2p1.HIk D ¥ — 27 2 EH X ®  a Nall.PO, and Cedar-CF; b, Na,HPO, and Cedar-CF;
‘ . . ¢, KH;PO, and Cedar-CF; d, NHH.PO, and Cedar-CF;
Cedar-CEHIC~ v 77 V3 HEF E 7= 2 L HHfE e, NaH,PO, and Mn.0,(I).

Abs
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Fig. 2 Relationship between concentration of Phosphates Fig. 3 Mn2p spectra of chemical modified Cedar
and Manganese a, Cedar sawdust pretreated with hydrochloric acid;

O, Nall,PO; &, Na,HPO,; [], KH.PO;<, NH,H.HPO,; b, Cedar-CF.
@, Nall,PO, + Na,HPO,; Cedar-CF, 0.1 g; Volume,

25 mL; Reaction temperature, 25 °C; Reaction time,

90 min.

RTE . F72, fililkH L OMIEREE A IV CCedar-CFHR O & 73 L, FeICIEIR L 7214,
ZOWWHPhDO~ YA EEREL, Cedar-CFIZEHEEN D VY H ViEERD 90 ZOHEER,
Cedar-CF 1 giZzh D~ v 77 V=X, 251 mgg' THh D Z E MR TE 7=,

—77, Cedar-CFiZ& b D ik~ > 4 v LA (MnCl, - 4H,O(II), (CH;CO0).Mn- 4H,0(II),
Mn.Os(III), MnOs(IV)) & FHW TR DR EHEE T > 7. ZOMRR, MnO0s(IIDIZ W\ TRt %
BLU, ZOMKBINNEEIZ474 nmTH D, Cedar-CF & NaH,PO, TfF 5 N7z /B GO FEE & FELL L
Tz (Fig. 1(e)). ZHidCedar-CFAKERZFHW @~ v H Vg h ) o 2D 7D~ > 7V B
JEMEFE T3l F TEIL XN, TNANalLPOAAE FTERMISIEHI L, FEICEAE L72E DL HER
F%. LI, Cedar-CF %\ TNaH.POHRD D AR KFEA A+ v O ERICE T 5 7@
ST O THET &N A 72,

3:2 NaH.PO.HERDJABZKRIA > OEE

FHARAE2-31206, FEATRIE, RISRERE], D f & OREpH I DV TG L 7.
Cedar-CFOHNMNE%E0.01~0.4 gl b X E7~2 & 2 A, 5 mmol®NaH,POJIZX L, WwINEO0.1 gbh
et aitgtat L (Fig 4). i, RIBEEA5~95 CISHR L T, 155 IR
WRIZH T WO A WE L, SosRSHRE & Mal L7z (Fig. 5). ZOMR, RISEEAH25 °CO
HICBORE R S < &0, 60 CULETIIREGE RS A o7z o, KIBEE25 Clikn
TN CTHREUTFHIE L 72, T D%, 24WMNIIREEMER L 228, SHERICIZERIBRGL -
HMpHAIRIC DV T, pHA2~1212F38 L, FE@ITH T 2 A MG L 7z (Fig. 6). FEE#iFHIE
pH = 7LL T OEEED & FPEREIS TH 0, pH = 10 EOBEIEMRIR T, FEGE RS Lh 57
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Fig. 4 Effect of Cedar-CF on coloration Fig. 5 Effects of time and temperature on coloration
Volume, 25 mL; NaH,PO,, 5 mmol; Reaction O, 5°C; &, 25 °C; [1, 40 °C; O, 60 °C, @, 80 °C;
temperature, 25 °C; Reaction time, 90 min; A 95 °C; Cedar-CF, 0.1 g; Volume, 25 mL;
Wavelength, 474 nm. NaH,PO,, 5 mmol; Wavelength, 474 nm.
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Fig. 6 Effect of pH on coloration Fig. 7 Calibration curve of NaH,PO, and absorbance

Cedar-CF, 0.1 g; Volume, 25 mL; NaH,PO,, 5 mmol; on batch method
Reaction temperature, 25 °C; Reaction time, 90 min; Cedar-CF, 0.1 g; Volume, 25 mL; Reaction temperature,
Wavelength, 474 nm. 25 °C; Reaction time, 90 min; Wavelength, 474 nm.

3-:3 BREBRDIEK

FERIRME2-312HEy, 2.5 mol L'®NaH,PO,%1~10 mL (2.5~25 mmol) N A 7z. Z Dk, AW
DS SRR AR L, B2 R L 7z, 2 O/E, NaHPO,DIRE A12.5~25 mmol
DHEIPTr = 0.995D RAF A M2 R TRER?E 6 h iz (Fig. 7). £72, 2 OBFOENLIBARE
& —EDEE 5D, Cedar-CFiZNaH.POHRD D AW —AKRFEA + v OEwikdE e LTI
TEBEDTHo72. T, FEEAE2-41266, 0.5~4.0 mol L'®DNaH,PO,% 1 mL (0.5~4.0
mmol) TEA U THIAKZ BRI L, KISHUE %225~80 “CIZZ& 2 THREMEIER L. ZOME, Kb
WIEA25 ClZB W TR E ARG < 2D, 0.5~4.0 mmol DHPH T RAF AN (- = 0.990) %
INT RRERRBS S 7z (Fig. 8).

% 72, Cedar-CFiZNaH:PO,-Na,HPOMEHE T IZ V1T 8, Nall,POHIED D A —IKFKA *
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Fig. 8 Calibration curve of NaH,PO, and absorbance Fig. 9 Calibration curve of NaH,PO,-Na,HPO, and
on column method absorbance on batch method

O, 25 °C; £, 40°C; [1, 60 °C; <, 80 °C; Cedar-CF, 1 g; Cedar-CF, 0.1 g; Volume, 25 mL; Reaction temperature,
Nal.PO,, 1 mL; Column, ® 8§ mm X 250 mm; Flow rate, 25 °C; Reaction time, 90 min; Wavelength, 474 nm.
8.0 mL min'; Wavelength, 474 nm.

VIZH L TCOAREEE RSS20, 5.0~25 mmol DHFPH TV AMIEEWR T OO A _KEA
OB EEE A (Fig. 9). ZOKHE, NaH.PO,DREIZ L TIRHEIXIFIL TH D,
NaH,PO, DA THGT U 72 Bf & [FlkkIC RAF A B E AR U722 (- = 0.991). &> T, Cedar-CF#% W
720 ARRSEIRA TR ONaHPOJSHIK$ % 0 AR~ AKFEA X+ ¥ OBINE RS ATEEE 7 - 72,

4. ¢8O

2 X BOREEFBEIL, 756 h7zCedar-CF % HWCNaHLPOHIED O A “KFEA 4 v DE
RIS 7 B A ik A 7z, Cedar-CF & NaH.PO, DR @I (A, = 474 nm) R L 72, 72,
RO LW PISIE~ v H R S, £ UENaHPO, DR & HIBAtRIZH 72, — 5T,
ZOMDOY ARG TIREE R T, vV A VORI IR LTI TR a7 5
T, NaH,POHIRD D AR~ AKFEA + VAHE FI2B W\ TidCedar-CEH D~V # Y EH T3 2 &
2k, FEGERETSEEEZONS. Cedar-CF % V) 72NaH,POHISED O Al —AKEA A+ VD
WG 7 B 6 0 B I e Fid, B ARE25 mLIZ K U CREFIRIMNE0.1 g KIGKEH9047,
OGRS 25 *CH L UpH = TLAFTH 572, %72, Cedar-CFZWTH AR AFEA + v OE
MAEMERLIZEZ A, /Ny FIETIE2.5~25 mmol DA TEMMEE R L7z, £/, HF LTI
0.5~4.0 mmolDHPH TEEMNWEETH »>72. & 512, Cedar-CFiZ D ABEEMEHIZH VT
NaH.PO KD O Ak AKFEA + VIci L GREGE R L, 5.0~25 mmol DHPHTO A KK
A4 VOB R ERNTE, foTC, KENAF Y 2EHAMGEHAL, BEBRMEEE L 2287255
GHRIDBAFIZ I L 7=,
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