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Determination of Phosphate by Atomic Absorption Inhibition Titration
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Chemical Laboratory, Sapporo College, Hokkaido University of Education,
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Abstract

Phosphate and certain other anions tend to form refractory compounds with alkaline earth
metals, resulting in a depression or inhibition of the atomic absorption signal. It is possible to
use these inhibition effects for the determination of anions.

The atomic absorption inhibition titration technique has been applied to phosphate deter-
mination. The method is based on the phosphate inhibition of the sensitive calcium atomic
absorption. A standard calcium solution is titrated into the sample solution with simultaneous
aspiration of the titration solution into a acetylene-air flame while monitoring the calcium
signal. The titration end-point is indicated by a distinct increase in the calcium absorption.

The atomic absorption spectrophotometer used was a Hitachi-model 508 equipped with a
pre-mix slot burner and a model 056 Hitachi-recorder for atomic absorption measurements.

The solution was aspirated directly from the titration vessel by means of a suitable length
of fluorinated polyethylene tubing. A constant delivery rate of titrant was attained using a
constant flow infusion micropump, fitted with a 50 ml burret and fluorinated polyethylene
tubing. Aspirating and titrant delivery tubes were separated and supported by a suitable
holder which was fitted with two stoppers containing short lengths of glass tubing.

The adopted titration procedure was as follows : The sample solution containing 50—950
#g phosphate was put in a 100 ml beaker (titration vessel) and diluted to 50 ml. The titration
vessel was placed on a magnetic stirrer while aspirating and titrant delivery tubes were
inserted. After the solution had begun aspirating into the flame, titrant flow and recording
were initiated simultaneously via a common switch. Aspiration and titrant flow rate were 3 -
4 ml/min and calcium concentration was 50 uzg/ml. Titration was carried out past the end
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point to an absorbance of one (full scale). To obtain the titration blank 50 ml of deionized
water was titrated by the above procedure.

Instrumental parameters were wavelength, 422.7 nm ; slit width, 0.18 mm ; lamp current, 8
mA : fuel (C,H,)2.5¢/min ; oxidant (air),15 ¢/min and beam position, 1 mm above burner head.

The calibration curve of end points vs phosphate concentration showed liniarity over the
range of 50 to 950 xg/ £ of phosphate. The composition of the refractory compounds formed
is obtained from titration curves, which indicated a mole ratio of two phosphate to three
calcium. Using this method, sulfate, silicate, aluminum and calcium ions interfere with
phosphate determination. To remove cations, the sample solution was treated with a cation
exchange resin. The proposed method was applicable for determination of the range of (0.5 -
10)x10°® mol/ £ of phosphate with the error of 5 per cent.
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Fig. 1 Apparatus of Atomic Absorption Titration

100mee —AH—iz, ) YBEA A 50 ug b 950 ug T TS L HICENImMLr L ), =7 %
Fu A —F—THHET S, E—h—DfPlo—F—DX 5 T ) — 28T 5, BEFRERE
BWEICBWTUL, E—A—ADME Y —EICT 720, 7V—bLF~DRETREBEROH TR
EEL(ROUBEND L, 20, Fig. 1ok jivA 7uFa—7TKy7TR#AWT, Anyva
50mg/L BMEBRENDHTEZ X +»EF ) —RnETFREFL(C L H9FHL 2L » 2 5E
MO ER A I EMR 2 W), AL 2RERNELZ 2L v FOHEDP bTARS, F 2 —
TrEFpET =3 E—A—NICBWTHWIHEML WL BEET 5,

MESEMEZRDBEN TH B,

WS R B i e 422.7 nm
7 7R 8§ mA
TEFL o EH 0.5 Kg/cm?®
" e 2.5 £ /min
BEES 1.8 Kg/cm?
noRE 15. £ /min
Hab 1 mm
AN B 0.18 mm
Fr—FRAE—F: 60 mm/min

73, Hab * |x Height above the burner mBg T, N—+— Lilhih 5% F TOEM*EHT.
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WRZEHEE LW, LA LBEEORWIEBRZES 2HI0iE, A7 20UKEDL H L1EED
KEEpELALT LT, TALEABRALTFig2 L), TeF L i 2.5 /min ¢
WY L HWTL, DTFTooEsHWasZ Lic Lz, —7F, ZRREICOW T, 12~16 ¢ /min D
FTHRE L7, MEOEZWIZETHBRAEZ VY, ZOERIEYVAEL LV, BIENEHSLER
LT RIE 158 /min X422 kicL,

T, TeFLrrELGRERNLBELBLEETHRITLAY, THoRECE NI THEIE3I12
EHnDT, TL—ANEENOIZ, FNEFR, 0.5Kg/cm? 1.8Kg/em?®k EsHiz,
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78, T T LR AT LV — ARV B BB T ANMEIC L > TRBENENRLIZTTH L.
)AL A OSHTR TR S oIz, Bk S I FBORENREVIZEEREIELNL D
T, Lizhi->CTHBOBLIMNBELZFEHT L2 CRELZRETE L, TOMER, ~—F—D5
REEZCHET A LT TENE Hab & LTEDHL T, Fig.3 & Fig 4z, Tnkz
2o FiTT Hab #5577,
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Fig. 2 Effect of flow rate of acetylene Fig. 3 Effect of Height above the burner
C.H,: O 35f/min,@ 2.5¢/min Hab: O 11mm, @ 6mm, ® 1 mm
@ 2.0£ /min. Ca? : 50 mg/ 2 C,H, : 25¢ /min.
Air 15 £ /min. Hab : 1 mm Air : 15 £ /min.

Ca® : 5.0 mg/ £,
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THBEOBERLLOTHE, ZoOMLD, Hab %/ 2 (T2 L, bbb, 2 7L —LADTF
MEmEIes s FHEIFRE(HLLNAZ LbRL, 202 T, RS2 152 /min,
TxFr>ims 3.54/min, L0 258 /mink L, AL A50mg/L BEUOZIC) v
A FrEk—EEIOMEITZERICDWT, Hab & A 2 dsE 2 EH A L 7> Fig 4 55
NBRLE»% b, Thbb, Habd & Wil, ANL 7 AOBNEIZ K&, )V oBAf 4ok b
THORELRE W, T, ZoOMAIE, TEFL o fiEs 250 /min Dk XF |,
INbENZEdh, Hab e LT1 mm 58S THY, 7FLoHEL 3 - 1B~ E5122.5
L/min HEYETH LI L HFBUOHETE 5,

3—3 Zr7EFEOR

we—AY— %7 T OBRENMEIT DT, Fig. 44zR L1z Hab %k & ALy 7 20k
EBLU) vBA A OTHBOREI 2R LRABNOFETRI L. 20545 Fig. 5 ok
.

Fig 559, 7 BHA8 MADHTAHI0mMADE X LN, L™ AOWENEEZ /NS v psTF
BOBRBIIRENZ bbb, 228 MA LD LEVERTI > 72#EHETL AL L0
HELNE( LN TE, BROLERLEL L2207, WEICIZT > 7 BT 8 mA H7E Y » )k
L7z,

3—4 AN AEEROME

L EDGHRESZ RO 2T, AT LADBEEE ) B4 A > OTHBOKE X AT R
Fig.6 Th 5.

HEVHLP L2, FHOREZZANS TLABEICE - TRE(RL 2, HIEERED
DUBA A RET B EEIE, TBOKXIRANL T AORKES L BEICET 200 (i
EHROBE) AL T, Lo LIEMICERTE 2 MEHOBE® b ¢ TId7% b 7w, Fig. 6
CMES NG AN AOBNEDEL & L DVRET L IcAER, ) v BA A2 1 ~20mg/ L DBER

0.4
0.3
_E.Eﬂ 0.2 ‘g
5 =
A
=
0.1
0.0
Hab, om Hab, mm
: Fig. 5 Effect of lamp current
Fig. 4 Effect of Height above the burmer PO (mg/l): O 00,0 46, @ 9.3,
PO (mg/): O 0.0, @ 46, @ 9.3, B 14.2 C?.H : ‘5,0 mg/ £
© 14.2 Ca?:50mg/ & Air:15 £ /min. CH, : 258 /min. Air : 154 /min

Lamp current : —— 8mA, ———-10mA.
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B OEEIC I 50mg/ Ly N T AR ARVSZ LI LT,

3—5 Fy—raAE—F, A2V v MEDRERR

Fao— F ZE— Fid, BEICET 2R L iEElRofk %% 2 60 mm/min & L7z, ) v g
B ED AV AHIEICEVS 0.18mm & L7z,

3—6 JRERhM X RER

Bk 3 COEBEERY S, 2 — 2 ICRNHEEESREINLOT, TOUMEFETHINT
LEERDEINERE R S—F =~ BT EEL S LbL )7 70 Fa -7 7T ZH
CHREIL7, 0%, 2 — 2 EERIEICHE - THELITH - 72 & 2DWEHIB OB 2 Fig. 71277,
Fig. 7+, B 1I3BiA 4>k 50me %, B2 ~ 4 32 NEN—ERBN ) Y B 4 > 2 F15HEH
50 mb FEELTCELARLOTH L. T-HoMIA N7 L0OR (mol) IZREL TH S,
BEOR AR EBWEIEIC L - Tk, WECELLZANLGTL0EEZRDEL. ZHEHICLTK
DEEEE L L ICER L e RE S Fig 8lom L7, ( DRLEBROKR, &#EMIc>WTH
HiEE+ 5 YLLHNORE TlEEETH » 72, £ 72, Hab % 1 mm A b 6 mm |oZE 2 TR EER
FiTot2 k2 A, MEROEIEEIL/NE (%205, HafiEFigs Liis ArR—DLorFs i
b, COREBBYLY, 7V —AaPTERS NGB CEMOMBERD S &, AT L5
YHENITS 2 THBEI Db S,
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Table 1 |cfiz DB A 4> DEEERT, ) vl4 A Vit L CHFEBED 2 Wiz IFRED &
AFxvamiies, AbavFIn, FrEZTA TLI=TL4 -y 2RMMNLDEREL
5%LINEERBEHEC L V) BT,

Relative absorbance
Absorbance

0.0 L L L L
0 5 10 15 20

Phosphate, mg/ ¢ '

L
0 5 10 15 20

Calcium (% 10* mole)
Fig. 7 Titratian curves of phosphate with
calcium

Fig. 6 Effect of concentraion of calcium

Ca;; :.Or 210 mg;’ ¢, . lfﬂmgﬂ 1 : Deionized distilled water 50 ml
C,H, : 2.5 £ /min. Air: 15 £/min. 9 - 943%x 10~ mole PO

Hab : 1 mm 3 : 4.78%10~° mole PO}~

4 - 7.31 x107% mole PO}~
Titrant : 50 mg/ £ Ca**!
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Table 1. Effect of diverse ions

Ion 10 mg/ £ POY~  ( %10° mole)
(Added as Chloride) Taken 2.43 Taken 4.87
Found EE’_ror (%)| Found Error (%)
Na* 2.51 3.25 5.00 2.88
K* 2,51 3.25 4.80 —1.24
NH; 2.20 —9.50 4.40 —9.50
Mg*! 2.62 3.71 4.92 1.24
Sr** 1.10 —5.50 2.40 —5.10
Ba** 2,10 —1.36 L 4,35 -1.05
Fe** 2.40 —1.24 4.65 —4.32
Cu?* 2.42 0,41 4.65 —4.,32
Zn®t 2.35 —3.25 4.65 -4,32
AP 3.05 25.5 — -
15
| 10
(o]
= 10} = s
E E
= =
X x
e [ =T
3 3
Sk - o)
(o]
o 1] 1 L L i
0 5 10
Sulfate (x10" mole)
0 1 1 ' 1
0 10
Phosphate (x10° mole) i
Fig. 9 Calibration curve of sulfate with
Fig. 8 Calibration curve of phosphate with calcium

calcium
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Fig. 10 Titration curves of mixed solutions of phosphate
and sulfate with calcium
PO3~: 4.9 gmol
S03 : —2.5 pmol, —--- 5.0 ymol,

Titrant : 50 mg/ ¢ Ca*

—-— 7.5 gmol,—--—10.0 gmol
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R E % DHEED L WEBIARRTS 5.
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