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Abstract— This paper presentsthe detection of phosphate
(PO,™) concentration in water by using a commercial quartz
crystal microbalance (QCM) sensor that was coated with a novel
polymeric affinity layer for the first time. The QCM sensor was
exposed to PQ@® and chloride (CI) solutions in various
concentrations to investigate the sensitivity of the affinity layer
Changes in the viscosity of a solution, and weak binding of ions
onto the polymeric layer elminated the effect of PQ binding to
the polymer and hardened the concentration detection.
Therefore, we have proposed a new method in which an
intermediate CI solution is applied before introducing the PQ3
solution to detect the concentration level in a continuous flow.

Keywords—Quartz crystal microbalance sensor; polymeric
affinity layer, phosphate detection, viscosity, mass binding

. INTRODUCTION

Phosphorus is an essential nutrient for plants and eenimai

that is available in rock and soil mineradswell asfertilizers,
sewage and detergent$].

will results inthe over enrichment of phosphaiens (PQ?).
This increase can causmassive growth of plankton and
aquatic plantsvhich leads t@neutrophication procegg].

Wastewater discharge from sewage treatment plants

The release of phosphorus in
rivers’ water and lakes due to weathering or waste pollutio

backsideis exposed to aifl0]. The QCMsensoroperates by
applying a potential acroshe eletrodesand generating a
shear forceThe quartzcrystal resonateas electromechanical
standing waves are creatfid)]. The QCMsensomeasures a
mass per unit area by measuring the changeesonance
frequency f,. The mass responsivity of the QCM sengor
calculated as following based tre Sauerbrey equatidi1]:

A_m - _ Apiezo(ﬂqpq)o's (1)
Af 2f§

whereAm s the adsorbed massf is changes in frequency,

Asen is the active sensing area, apg and p, are shear
modulus and density of quartz, respectively.

The above equation is correct for the added solid layers
onto the QCM sensor, but the case of adding a soft layer
uch as polymer angerforminga measuremerih liquid, the
hanges in the energlissipation of the oscillating system will
violate the linear relation betweetf and4m. In this case, the
following equation should be consideredinclude the liquid
Uiscosity, n, and liquid densitygp, [11]:

_ 1.5 [_Mp1
Af =—fo7 |=—
ThqPq

The schematic of the QCM sensor and the added polymeric

)

contributes the largest proportion of the phosphorus in riversffinity layeris shown in Fig. 1.

[3]. For this reasonhe presenceof PO, in river waterwith
concentrations greatéhan 0.1 mg/L is nopermittedby the
European Water Framerk Directive and needs to be

II.  METHODOLOGY
We aim to provide detection fO,* concentration in water

carefully monitored4]. The currently available instruments for by usinga polymeric affinity layer spin coated onto a QCM

collecting water quality data from fieldsuch as automatic sensorThe commercial gold coated 5 MHz crysté@Sense
samplers, portable and fixed site water quality monitors Ar8ensors, Biolin Scientific)[12] have been used in our

cumbersomandnot accuratg5].

Cartilever-based and quarterystal microbalanceQCM)

sensors arghe two massensing optiong6] for phosphate Functional group —==p R R

detection however, the damping ofhe output signal of

cantileverbased sensors in liquid made them unsuitable for

commercial use even with their high sensitiviy 7]. QCM

sensors are the best option for phosphate detection in water,
and they arecapable of rapid, sensitive, and cost effective

experiments.

R R
Tail{; ; ; ; ; Polymeric affinity layer

Head group ===+,
Quartz

detection of various types of biological and chemical molecules

in liquid [8, 9]. A QCM sensorconsists of a thin disk of quartz
with parallel circular electrodesatterned on both side$he

front side is in contact with the analyte of interest and th§
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ig. 1. The schematic of the added polymerfinity layer on top of a QCM
ensor.


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.sheffield.ac.uk%2Fmaterials&ei=bclUVYK7HYiAsQSg8YHQDA&usg=AFQjCNE9fbZea1ptZvhGvjVQaYBv4RU5Jw&sig2=TEWkRyd-6uLTuZnHR40yCA&bvm=bv.93112503,d.cWc
mailto:1f.a.hassani@sheffield.ac.uk

UHOQ 0.001 mg/fL UHQ 0001 mg/L UHQ 0.001meg/L UHQ
water PO, water PO, water PO, water
At the start of the experiment, the polymesated QCM 4948 c—><— ' ‘ ‘ ' ' ‘

sensor is exposed tdtra high quality (UHQ) water t;measure
the baseline.This is followed by an injection of #0,°
solution and thisprocessis repeatedor a number 6 cycles. 49544
Other solutions including diluted hydrochloric acid (HCI £
0.1M), Sodium Chloride (NaCl0.1M), and Calcium Chloride 4943/
(CaCh, 0.05M)) have also been applie investigate the £

K . .. D 4.09542
polymer response to changes in solution ionic strength o

The polymeric lajer has been spin coated onto the QC|§7I4‘9541
sensors at 3000 rpm for 20 sec. Prior to the coating $tep, t 4q54]
crystals were cleaned by sonication using acetone and
isopropyl alcohol followed byinsing in ultra high quality 49539

(UHQ) water, andnitrogen drying ° %o 1w 1mﬁmm Z00 o0 B0

Ill.  RESULTS AND DISCUSSI® (@

The measurement setup (Fig. 2) consists of a flow cell UHQ 0img/L UHQ  0.1mg/L UHQ
constantly fed using solutions of POor HCI in water at water PO%,  water POS, __water
different concentrations with the help of a peristaltic pumpmsesss
Two flow rates of 1.9 and 3.9 mL/min habeen used durin
the experiments. A QCM instrumei@QCM 10M, Gamry 49464
Instruments)13] wasused for reading the frequency chan@&‘mi
versus time. =

4.946

ency

A. Phosphate-water cyclic experiment

Fig. 3 shows the change in frequency of the senso%dﬁm,s-
responseto the cyclic feeding oJHQ followed by a PQ® i
solution atconcentrationsf 0.001 and 0.1 mg/L over time. 42456
The grey areas in the figures represent the period that the pum
was left ONwith the flow rate of 1.9 mL/minChanges in the ‘ , ‘ ‘ ‘ , ‘ ‘
room temperature and hydration of the polyniayer in 0 200 400 600 800_ 1000 1200 1400 1600 1800
solution causes a decreasing slope throughout the experiment Time (=)
for both phosphate concentratiorBy the introduction of (b)
phosphate solutigrthe CI" functional groupswill be replaced  Fig. 3. Cyclic UHQPQ;® solution experiment ofhe polymer coated QCM
by PQ® with larger molar mass via an ion exchange processensor for: (a) 0.001 mg/L, and (b) 0.1 mg/L phosphate coatiens.

The introduction of a 0.001 mg/L PO solution after a UHQ Fig. 4 shows the response of the coated QCM sensor to Cl

water cycle results in negative changes in the resonan : : : - . ;

frequency due to the binding of Ptto the polymer surface. %g;“;ggso'gﬁﬁ"&fﬁ'ﬁﬁraﬁg";}"f_‘geﬁﬁgﬁu}.ﬁg*‘;e";{g@

No slope changes were oet))sserv_ed when the cycle WaStervalsin Fig. 4 The positive resonance frequency change of

performed using a 0.1 mg/L FOsolution. ~150 Hz has been seen for all the &ilutions. This change is

B. Introducing a new method for phosphate detection in a owing to molecular interactions in the seliguid interface of

continous flow the sensor that result in reduction of the vidgosf the liquid

due to shear thinning in the interfddd], and weak lriding of

ositive ions to the surface of the senfbs, 16]. Table |

e Y

To confirmthe effect ofthe PQ™ molecules interaction on

the frequency increase solely, we introduced different chlorid :
. . . . resents the frequency change over tim&Ag,) for all CI
solutions (i.eHCI, NaCl, and CaG) keeping thamolarity of solutionsin Fig. 4 As Af/At, shows the maximum slope after

Cl: lons _constantNo slope changes were expgcted by applyl.ngadding Cl solution, At, presents the time interval between the
CI' solutions as the polymer surface is terminated by chlorldﬁme of applying Clsolution and the time that the slope starts

1ons. to reduce. SimilarlyAf is the frequency changes between these
two points.Table | shows similalevel of sensitivity for all Cl
solutions.

QCM

Instrument Computer

A cyclic experiment performed using amcoated QCM
sensorexposed to HCI solutioifFig. 5), it showed that the
positive frequency changebserved in the presence of the
polymeris reduced to =40 Hzwith no poymer. This is because
of the viscosity changeat the interface, as no ituding should
happen on theensoisurfacewhen there is no polymer coating

Waste

Flow cell solution

Solution

A similar frequency change for the HCI solutionFig. 5
happened for thé.1 mg/L PQ,? solution in Fig. 3. This

Fig. 2. Themeasurement setup.



frequency change in different direction has cancelled out the TABLE I

effect of PQ* binding to the polymer layer. Therefore,

THE SENSITIVITY OF THE POLYMER LAYER TO WRIOUS
CHLORIDE SOLUTIONS

oamMHd UHQ water

applying intermediateCl” solutions to the polymer surface Solution Af/AL,
before int_roduc:ingPQ{3 solution will improvethe detectiorof 0.1M HCI 13.45
changes in frequency.
. , 0.IMNaCl | 9.81

Fig. 6 shows theresponse of (gCM sensor #ofull cyclic
experiment using UHQ-HCI-PQ,” solution fed in that 0.05M CaC} | 10.63
particular orderThe pump was left ON with the flow rate of
about 39 mL/min during the experimentnjecting the0.01
mg/L PO, solutionresults in the sensitivity off/At,=45. The 496442 S er LIMHGUHG waer 010 KOl DO weter

sensitivity has been calculated as explained for Figrhé
required time for the polymer to be saturated by the phosphate 42644
ions,4t,, has been calculated from Fig. 6 to be about 6ZRes.  __, agasa.
sensor response in Fig.démonstrates that conditioning using &
HCI solution previous to introducing the POsolution is 5196436 -
essential to detect mass binding to the polymer coated QC

B 496434]
sensor. o

4
I 4.96432

49643 -

496428
o

Time (s})
Fig. 5. Cyclic UHQHCI experiment otheuncoated QCM sensor.
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Fig. 6. The response of polymer coated QCM sensor to -HBEPQ,*
solution experiment for 0.01 mg/L phosphate concentrations

CONCLUSION

This paper presents a new cyclic experiment technique to
characterizethe sensitivity of the QCM sensor to different
concentrations of phosphate in water by using a novel
polymeric affinity layer spun coated onto the sensor. The

49397 introduction of intermedia¢ CI" solutions to the polymer
Iy surface before introducirgOy > solution will ease the detection
S 49307 of changes in frequendy the presence of a continuous flow.
B1.0306 This technique will be applied to our future designed QCM
s based sensor for sensing various pollutants in river water.
549396 Increasing the sensitivity of the polymer layer to the pollutants
- while keeping the saturation timas long as possible is

49308 considered in our future work.
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