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Determination of phosphate ion by adhesion of a precipitate of ammonium
phosphomolybdate onto a one-electrode-separated piezoelectric quartz
crystal in a flow system
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Utilizing the adhesion of a precipitate of ammonium phosphomolybdate onto a piezoelectric
quartz crystal (PQC), phosphate ions in water could be determined as a frequency change of the
PQC. The precipitate was formed in the tubing of the flow system by a precipitation reaction
between phosphate and hexaammonium heptamolybdate ions, and adhered onto the PQC.
The adhesion of the precipitate was largely dependent on a surface condition of the PQC. That
is, the adhesion proceeded smoothly with time on a surface pretreated by coating with the pre-
cipitate of ammonium phosphomolybdate, although not smoothly on a clean surface. In order
to obtain optimal conditions for the determination of phosphate ions, the effects of the composi-
tion, acid concentration and flow rate of the carrier solution, and the length of the reaction coil
on the frequency change were examined by using a PQC pretreated by coating with the precipi-
tate. Under the optimal conditions, the frequency change was proportional to the concentra-
tion of phosphate ions to 30 umol dm™. Phosphate ions in river and lake water samples were
actually determined by the proposed method using a PQC. Results for the determination by
the standard addition method were in fairly good agreement with those determined by spec-
trophotometry, i.e. a molybdenum-blue method. It is therefore suggested that the proposed
method is applicable to the determination of phosphate ions in natural water.

Keywords : determination of phosphate ion; piezoelectric quartz crystal; ammonium phospho-
molybdate ; adhesion of a precipitate ; flow analysis.
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Fig. 1 Exploded view of the flow cell with the one-electrode-separated PQC '

(a) a PQC, (b) a gold electrode attached to the PQC, (c) a lead wire for the
electronic contact, (d) a platinum-plate electrode, (e) epoxy cement for fix-

ing the lead wire, (f) an inner joint, (g) an outer joint.

The PQC and the

platinum-plate electrode were attached to the inner joints with silicone resin.
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Fig. 2 Experimental arrangement of the flow system
for the determination of phosphate ions by using the
one-electrode-separated PQC

(a) a flow cell with the one-electrode-separated PQC,
(b) an oscillator, (c) a power supply, (d) a frequency
counter, (e) a Y-t recorder, (f) a reagent solution
{NH.NO; + HNO; + (NH4)6M07024}, (g) deionized
water, (h) an eluent (0.1 mol dm ™% NaOH), (i) a sam-
ple solution (NH/NOs; + HNOs + KH.PO,), (j) a
blank solution (NHiNOs; + HNOs), (k) a peristaltic
pump, (1) a reaction coil, (m) and (w) a waste.
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Fig. 3 Frequency behavior of the one-electrode-sepa-
rated PQC on adhesion of a precipitate formed with
phosphate and hexaammonium heptamolybdate ions

(a) on the clean surface, (b) on the surface pretreated
by coating the precipitate. In the region of B, the
reagent solution {0.4 mol dm™* NH4NOs + 0.4 mol
dm™* HNO; + 10 mmol dm~* (NH4)sMo;0s} and the
blank solution (0.4 mol dm™® NH4;NOs + 0.4 mol dm ™*
HNOs) were supplied from two separate bottles. In
the region of S, the reagent solution and the sample
solution {0.4 moldm~™ * NH,NOs;+ 0.4 mol dm™ *
HNOs; + 2mmoldm™ * (a) or 10 umoldm™ * (b)
KHoPO,} were supplied from two separate bottles. A
total flow rate was 6 cm® min ™! and a reaction coil used
for the precipitation reaction was 50 cm long.
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Fig. 4 Effect of a concentration of the mixed nitrate
solution on the frequency change

The reagent solution {x mol dm™* NH,NO; + x mol
dm™* HNO; + 10 mmol dm™* (NH4)sMo;Os} and the
sample solution (x mol dm™® NH4NO; + x mol dm ~*
HNO; + 10 umol dm ™ KHsPO,) were supplied from
two separate bottles at a total flow rate of 6.0 cm®
min~ . A period of 5min was employed for the
adhesion of the precipitate and the reaction coil was
50 cm long.
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Fig. 5 Effect of a concentration of ammonium
nitrate in the mixed nitrate solution on the frequency
change

The reagent solution {x mol dm™* NHNO; + 0.4 mol
dm™® HNO; + 10 mmol dm~* (NH4)sMo;0s4} and the
sample solution (x mol dm~* NH,NO; + 0.4 mol dm ~*
HNO; + 10 umol dm™* KHPO,) were supplied from
two separate bottles at a total flow rate of 6.0 cm®

min~'. The other conditions are as in Fig. 4.
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Fig. 6 Effect of a concentration of hexaammonium
heptamolybdate in the mixed nitrate solution on the
frequency change

The reagent solution {0.4 mol dm™* NH,NO; + 0.4
mol dm ~® HNO; + x mmol dm™* (NH4)sM07044}-and
the sample solution (0.4 mol dm* NH4NO; + 0.4 mol
dm™® HNO; + 10 pmol dm~* KH,PO,) were supplied

from two separate bottles at a total flow rate of 6.0 cm?®
min~'. The other conditions are as in Fig. 4.
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Fig. 7 Effect of a total flow rate on the frequency
change

The reagent solution {0.4 mol dm™* NH,NO; + 0.4
mol dm~* HNO; + 10 mmol dm ™* (NH4)sM070s4} and
the sample solution (0.4 mol dm~* NH,NO; + 0.4 mol
dm ™ HNO; + 10 umol dm ~* KHsPO,) were supplied
from two separate bottles at a total flow rate of x cm’

min~'. The other conditions are as in Fig. 4.
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Y EoORETIHIESHHMELE IO TP L. 12em®
min~' LLEOER TORB ML RO, L& LV
IZEET 2 F TICAERET, KGRBTIHELEro7
rolEZONSL., ZOKEREDPSIF 10 cm’ minT BEO
HEISEHREEZ SND, TOLHITKEVHERETIEE
ABIRGEROR >~ 7 ORI O FENBEE ICHN, IREVEEAL
BOHFRAMOPE L L o/, ZOZLEFEELT, WE
ELT6em’min~' AL

3.6 REIM1ILDE

AE2mm DY) IV TLEL AT AEEZRHCT, Rt
I NVOMELERISOEEZH YV arITrEEH
FGABL TRAEICL AIBBPEMEITERIZILEA LR
DENLH ol FIT, I ABEFHOTRABEOES
DWBERMI:. ZOKRE Fig. 81IRT. IREELEAL
BUENKEIANVOEED 40 cm FTIZHEML, 40~75cm
DETIEIEF-ELRY, FhULOESTREA L. U
BHIOMETHHE SN TS L HI2?, THIBE L2k
B ARSIREI I3 L2 L, b LALROMMICH

KAGAKU Vol. 53 (2004)
1T 1T T T 1
300} oot
N e \
B Y N
[} / \
an / \
5 200 ! @ -
< 1 \
> ! \
2 L i
5 '
g 100 -
£ L
PR (N YR NUREEN W NN U A R | v
0 20 40 60 80 100

Length of the reaction coil / cm
Fig. 8 Effect of a length of the reaction coil on the

frequency change.

The reagent solution {0.4 mol dm™* NH.,NO; + 0.4
mol dm ™ HNOs + 10 mmol dm~* (NH,)sMo70y4} and
the sample solution (0.4 mol dm™® NH4;NOs + 0.4 mol
dm ™ HNO; + 10 pmol dm™* KH,PO,) were supplied
from two separate bottles at a total flow rate of 6 cm®

min~'. A period of 5 min was employed for the

adhesion of the precipitate and the reaction coil was x
cm long.

HIEM LRI E LT V. 2ol ks, Khavf v
PEVE XREEOEESA TS THY, —K, KibaA
VSRV E ZIFTRB DS T B L7272 E LIS L
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3.7 RER
PEoEREGEZHWTY VEEA & VikE L IREBHEL
BoMFR RER WLz BRAEREL 5 5H
EL7zEE, 0~30pumol dm™® DRI BV TIRE)
BERIEEIZHAI L 72, HBEHREIT 0.9958 £ 0.0028
(n=5) T, lpumoldm > D) YEEA F ¥ AR HETDH
o7z, 72, 10pumoldm > DY) VEEA X Y 2 ELHEBE
AT BAHMNEEFEZEIE 33% (n=8) Thotz. —
W, LB EREE 0B ELEE, 0~10 umol
dm ™’ ORERHE CIREI AR LIREIIT BRI % I
% (HHB#R%L 0.9989) »# o/ (Fig. 9. %72, 5
umol dm ™ VJ Y B A 4 ¥ OFEHAWITH T 5 xR ER
#133.8% (n=8) ThHoi-.

3-8 HESF O OBE

10pumoldm ™ * DY) VA F 2 EHELBRICEL DA F
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l 5 umol dm3
g
3
o
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o) 1 1 mol dm3
- T 0 x mol dm3
R :
Time T T
10 min
Fig. 9 An example of the frequency change on construction of the calibration
curve
The reagent solution {0.4 mol dm™® NHsNO; + 0.4 mol dm ™~ HNOs + 10 mmol
dm™* (NH4)eMo703} and the sample solution (0.4 mol dm * NH4;NOs + 0.4 mol
dm™® HNO; + x pmol dm~* KHsPO,) were supplied from two separate bottles at a
total flow rate of 6 cm® min~". A period of 10 min was employed for the adhesion
of the precipitate and the reaction coil was 50 cm long. The upward and down-
ward arrows indicate points from which the reagent and blank solutions, and the
reagent and sample solutions were supplied into the flow system, respectively.
Table 1 Effect of diverse ions”
Ions Added as Error, % Ions Added as Error, %
Na* NaCl -1.0 Ag’ AgNO; £0.0
K’ KCl +0.4 Zn’®” Zn(NOs), -16
Mg*" MgCly £0.0 ca*” CdCl; -15
Ca*” Ca(NOs)s 15" AP” AI(NO3)s -35
Ba®" Ba(NOs): +0.5 Pb*" Pb(NOs)s -05
o Cr(NOs)s +3.3 Si0s*” ‘ NasSiOs +1.0
Mn®” MnSO, +0.5 cr KCl +12
Fe' Fes(SO4)s —13.7(-2.8)” SCN™ KSCN +3.8
Co** Co(NO3), +1.0 COs*~ NaHCOs -05
Ni** Ni(NOs)» -45 NO,~ NaNO. -1.8
Cu®’ Cu(NOs), -15

3

:a) Concentrations of the diverse ions were 1 mmol dm ™", A concentration of phosphate ion was 10 pmoldm ~.

b) A concentration of Fe*" was 0.1 mmol dm ™,

VIREIIHLTI00BOBELRNLAZLE, $4bb W) VEBAFT VERBLTY VAN v BEAEKT 2
LOmmoldm ™ DHAFA F VAL L EVRF LT 2™, ¥ UV RF U BA 4+ ¥ bMBRMIIAL L3z e
EAEDA KX YRWEE L 2d o255 S0 2T BE AEEEINL VD EORBIVLEVWEELLND,
L7z, ZhiE, kD &9 VBEA F v L OBAERIC X

5720THAH™. L»L, 0.1 mmoldm * 8 OF
ETTIE, BEIEHTEIRE (-28%) Thot-.
CERTAZDOAF HEL) VB A Y ERBICEY T
YEBAF Y ERIET D, eRFMIKEEIERIZEA
EEINTESY, CoOWEIERLESL. —F, #1418
AF LR VBAT D100 TTIEEALTEL
o7z, T, pHAMEWZDIZr ABAF L0 ) V8
AF Y DE)PEEHCEBET2-0THrLEZILR
B B TATFUBA T VIR TF A v LR

3.9 EKHBNOEA

FEREE LTHIDRE#AZE, VUVBAT Y OER
rREAT, ERICBELTIIRERE LEERMEL AV
72 Fh, VUEBRYTFUTN—RERELEE D HERL
7o GANIK EEKIZERERT 8N, B, FWEh, E£8
#ORART) 2SR UZ. REL Z2KIZRIUE# I TLE
0.4pm P X Y7574 )% — (ADVANTEC #,
K040AA047A) TIF@ L 7-#%, EEIH L. SWEHEIT
DTotshTdhs.
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Table 2 Determination of phosphate ion*

KAGAKU Vol. 53 (2004)

)

The proposed method using the PQC/
pumol dm ’

Absorption spectrophotometry/
pumol dm ™*

Sample Calibration curve - Standard addition Calibration curve
Chikuma river” 0.89 = 0.03 1.22 £0.03 1.34 * 0.07
Sai river” 1.41 = 0.02 1.36 + 0.02 1.55 = 0.07
Suwa lake® 1.68 £ 0.03 1.77 = 0.01 1.71 + 0.04
Misuzu lake* 0.94 £ 0.05 1.71 = 0.02 1.57 £ 0.04

a) The resultes are based on four measurements. b) Nagano-shi, 27 August 2003. ¢) Ooka-mura, 27 August 2003. d) Okaya-shi, 28

August 2003. e) Matsumoto-shi, 28 August 2003.

ERB 40cm® DA-57250cm® A A7 5 A 212 4.0 mol
dm *HBERAE S em’ 2MA, BA L+ Y KTERIZ 50
em® WZFRL 72, o EZHEe U CGRERE(LEEZ K

ELTH0BAERMIZ 100 Lz, EEMERE

Table 2 12/ Y. REBHETIR, VyEVTFr 70 —K
FHHEFIHAREREAVNE L B 2EMER L7z, BEA
F DOEE (Table 1) 751, MERETERMEAV/NE
K BBERE) ELHEMAT LI LR TER Y, WEHEDO—
DL LT, ERBEPICE TN LEREWEIRERIETIC
ftET 5728, )T R VBT VEDY ARBEONED
BEINDLZENETONE., —F, BEERINEOKRIE
W EDRE R L IFIEF—H L7, Led o T, RERE
TREERIMEICLZEENLEE L VWEEZ LN,

4 & El

B R ERSEAKSEIEFIIBVT, BEHFE~DEY
TEY VT VRS ARBOME ST AR BENE
B3, RENERB DY VEEA T VIBEICHHIT S Z L 2R
L7z, ThEHEICLT, BBAKHRD) VEA A+ v OERE
RS L. KBRS FORMIREIZE) 7N VBT ¥
TS LARBOMEFICKRECEEL, MREAFEDOZV
HELRMIFELIZCL, O LOEY) TR VR
TR AIBENE S LREICEHERE L OE
BAICHE L7, MERERRRE, WE, EIfVok
X LOEBERF L, HBLHTHE pmoldm ® LRIV
DY VEBAF U EERTAHIENTELILERL. B
BT, ABBIRFEHVLAREREOKERL, V) VT
YTy TN —FEICER10FEESS. LrL, VUE
NTFyTN—FEL IR, BUBERZLEL LV
o, WECTRELRFEE LTHFETES. 4%, BUVER
SBARRBI B b O KB RIETOMHRL 7 0 —RO%FEIZL
DIRESLHBAMOEL S EAIFTE LS.
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TO—RIZBWT, HRT CEZ YA EEUHMBRBERPT) VEBAT LR T F VB4 Y ORIBIZ X
DEVT R YBRT Y EZ T ALBREER S, LB EFEERSEEKSBIRTOKBIREF LI5S
Hiz, TORBMAEICLZKBRIRTFORGBEEEHNTY) VBAF V28R TH 70— ELBERL
7. ®UTNYCERT YRS LAORBMAE R, KREBTOREIRBICEF IR EBESR, T4b
b, HEZREOKMBEE T T, RBBORMMELLR NS, ZOFERELEL 72, LAEL, 5
PLOBHREDOEY ) VBT VEZT ARBEfE S KRIRES T T, BEBEIZECEBN TR
WIZITHBI L TEIL L. Sh o OREBIBEILEOZEENL, HiF LR T REICIZHBINTELEL, 5
PLOLBZAE SR T REIIZUBEVIBERINET LI L 2RT. VUBAFT VOERIINT 25
BEGEZRET H2012, HO»ULDILBRLNESEKEGEDFLHVT, WEET7 Y E=Y A, Ml *
V7T VBT YRS LADRE, BROWRE, ISafVORIRUBES + v ORBERE L. BEtL
P& a2 R VBAF Y EERLZEZ A, 10 THON BRI TIE 0~ 10 umol dm ™ * DEE#HFHIZ B
THBEREA 099 L EOKRERZERT A LASTE /. /2, 5umoldm > DY VERIZHY 5 HxHE#
REIE33% (n=8) Thorz. ERBELTHIKEHMAZE, VB4 2 REMRE L EERIE
XY ER LA ERNNEC L ZERMEE, WLEEER (VUVEVTFIIV—) OERMEEIZIZRN
—HZR LD, REREICL MM, TOLEEDOEICHHY NS o7z, Doz e s, KEFER
FrRACHARBGEERNEL BT 22 2T, WIKREAT 2 EBEATOY VB4 4 ¥ OERIEH
WEETHLELEEZLND.
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