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Abstract
The new thermometric sensor developed in this laboratory (Talanta-2007,7t(l),141-148) has Been

applied here for the determination of sulphate ion in water samples.A (20 ml) aliquot of standard or
natural watersampleacidified with (1 ml)of (lMHCl)isplaced inthe thermometric cell. The cell
is covered with the press-on lid, so that the sensor is completely covered by the liquid. T'he
vertical stirrer is placed down the celt and stirred, When the thermal equilibrium is recorded, (0.5 ml)
of (1.5M) barium acetate solution is injected rapidly by a syringe. The output signal is recorded
and measured as a peak height during (30 sec.) Following the injection, and also read from the digital
avometer, The calibration curye is drawn between (AmV) or (AT) vs. (ppm) sulphate. It was linear in
tle range (10 - 110) ppm sulphate with 12 = 0.9991. The method was used for the determination of
sulphate in different samples of water containing between 21 - 430 ppm with precision better than 5o4
and gave no significant difference when compared with a reference method at 95oh confidence limit
(DOF = 6) using t-test of paired comparison. In this paper another successlul tesi of the sensor was
performed to evaluate its response fbr a mixture of Caz- and Mg2* ions.

Keywords: DiE technique, sulphate in water, a new thermometric sensor, detection of
Ci* and Mg2* ions in the presence of each other.

Introduction
Any rapid procsss involves a heat of Another important example of using

amenable to use in (Direct Injection reactions .*ut the determination of
Enthalpimetry, DIE), whether exotirermic sulphate ion in different samples
or endothermic. Thus this technique has including water as barium sulphate [2 -
also been applied successfuliy for !
precipitation reactions, although (AH) ,h:, advantage. of the thermometric

in this case is less than thai obtained method on other methods such as

in (REDOX) reactions. The accuracy of spectrophotometry, it will not suffer from
(DIE) when appliecl to the determination ..?19r. 

produced by interf'erences such as

of silver i,atiAes has already been high organic matter or turbidity in atomic
mentioned [1]. ' absorption. Sulphate in water has also

At this poini it is probably sufficient been determined, as barium sulphate,

to note that with any ru.h systems, using gravimetric or a more sensitive
uniess the calibration matrix i; very method of nephelometry which was

much identical to that found in th; used for (1 - 45) ppm sulphate[3] and

unknown sarnple, errors may be turbidimetrically also as tsaSOq [5-7 ] or
introduced. " PbSO+ [8].
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Sulphate is readily precipitated by
addition of a concentrate solution of
barium acetate or (A%) barium
chloride, to a thermometrically
determined end point
Ba(OAc)z + SO+2*<* BaSO+ + 2OAc-

AHr: -26.3 k.J./mol
K5, (BaSOa)= 9.9 x 10-r 

I

In water samples, the elimination of
oth-er anions forming precipitates with
B** ion, especiall! Corl- ion has
been prevented by adding a small
amount of HCL
Sulphate has also been determined
spectrophotometrically 

^ t9l using
chlorophosphonazo ll-Ba z+(at 500 nm),
or in .the UV range (at 355nm) using
FeSO+'[0], spectrofluorimetrically using
calcein and zirconium [1I],
In a previous work [12], the authors

reported a new thermometric sensor which
is capable to measure smail changes in
reaction temperature. This work was
followed by further successful
applications of the sensor in which Ceru
suiphanilic acid and s;;; ;rl;h; d;;;;
rvere determined using reverse DIE [13].
The present work describe yet other
applications of the new senor using (DIE)
procedure , this time for the determination
of sulphate in natural water especially
when large amounts of this ion is
present. The sensor's behavior has also
been tested in a mixture of Mg2*an d Ca2'
ions using EDTA as a titrant.

Experimental
Reagents:
All the chernicals used

of the analytical grade or
purity avaiiable, unless
stated.
Usual distilled water,
carbon dioxide was
preparations.

Dilute HCI (1\4 was prepared from rhe
concentrated acid (37% from Merck)
Barium acetate (1.5M), sodium sulphate
(500 ppm SO+r- solutions, were prepared
from the solid salrs (BDH). Stock
solutions of 0.02 M of both Mg (l.IO:)z
and Ca (NO:)zfrom (BDH)
And 0.5M EDTA ( Fluka ) were prepared
in the usual way.
Ammonia * ammonium chloride buffer
pH (10) was prepared by dissolving 17.5g
NH4CI (BDH) in 192 ml. Conc. NH3
(Riedel-DehaEn AG) and completed to
250 ml. with distilled water, according to
textbr:oks of analytical Chemistry.

Apparatus
The home-made thermornetric titration

systern, in the differential mode, including
the oonstruotion of the new sensor has
been described in a previous paper [12]. A
micro syringe (100 pL) was used for the
injection of small amounts of the
reagent" A schematic diagram of the
thermometric cell is shown in Fig. 1.

Recommended Procedure

A (20 ml) aliquot af natural water
acidified with (1 ml) of (lM HCI) was
placed in the thermometric cell. The
cell was covered by the press-on lid,
so that the sensor was completely
covered by the water sample. The
vertical stirrer was put down the cell and
stirred. When the thermal equilibrium
was recorded, (0.5 ml) of (1.5M)
barium acetate solution was injected
rapidly by a syringe.
The output signal was recorded as a

:,tt", :',th.r peak height diring (30 sec.) following
me .nlgnest the injection, and also read from the

otherwise digital avometer.
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The preparation of the calibration curve
was perfonned by taking a series of (0.5,
1, 1.5, 2,2,5,3, 3.5, and 4 ml) portions
of (500 ppm) standard solution of
sodium sulphate, transftn"ed by a
pipette into the thermometric ceil and

completed to (20 ml) with distilled
water. This was followed by (i ml of lM
HCI) and the rest was then continued
according to the recommended
procedure mentioned above.
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Fig. 1: The Arrangernent of the Thermometric Titration process
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The calibration curve was drawn between
(AmV) or (AT) vs. (ppm) sulphate, and
the results are shown in Fig.2 The
figure showed reasonable linearity
giving a value of (f : 0.9991) and
almost passing through the origin.
Furthermore it indicated that heat of
dilution was negligible.

Results and Discussion
Elimination of Anion Interf'erences in
Water Samples

All methods of sulphate
det-ermination in water samples using
Baz* ion, suffered from the
precipitation of anions such as
carbonate, phosphate, chromate and
hydroxide[14,15] which arc slightly
soluble in neutral or basic solutions.
Previous workers have added little
amounts of HCI to eliminate these
effects.Hydrochloric acid has an
additional important effect of
promoting the formation of a dense
precipitate of BaSO+ that settles
rapidly. The concentration of
hydrochloric acid that may be used is
limited by the solubility of barium
sulphate in the acid medium. The
solubility of barium sulphate precipitate
is greatly increased in strong acid
medium, because of the formation of
bisulphate ion[15]
So+2- + H* E- HSo+-

But the solubility is less in the
presence of a moderate excess of
barium ion, which is one of the
requirements of the (DIE) technique of
the present work, in which the reagent
barium acetate must be injected in a
large excess [3] of (100 folds or more).

0.2 0J 0.t 0.8 1

il [rH Hc[rd&,

F'ig.3: Effect of HCI Concentr.ation

A concentration of l.5M barium acetate
was a desired solutian used in the present
work,
In order to add an optimum amount of
hydrochloric acid- a medium during the
injection of Ba2* ion, a seriei of
experiments wero perforrned using a
fixed concentration of sulphate (50
ppm), and different amounts from (0,2
*1.4 ml) of (lM HCi), and the results
are shown in fig.(6- l1).
This figure shows that the optimum
amount was bEtween (0.8 - I ml) of
(lM HCI), which was approximately
equal to (0.04 - 0.05M) acid in the
final solution.
Different water samples were obtained
in Sulaimani region as shown in table
1, for the determination of sulphate
ion directly" The water samples were
taken from regions outskirt of the city,
which were known to contain high
levels of sulphate such as Sangaw and
Kifri. Sulphate in these samples were
determined according to the procedure
given in the present rvork and the
results are shown in (table l).

106



(JZS).Iaurnat af Z*nkay Sulaim*wi, November 2007, I0(l) Fart A
A siq r r)t,()q, /.,rsqgoc4$J,e,Wcpti*N

Table 1: Cornparison of the Results of Determination of Sutphate in Water Samplesby both (DIE) and Turbidirnetric Methods.

Comparison Between the Resutrts
Obtained by the present Method
with Those of Turbidimetry

" 
The applicabiliqv of the (DIE) method

in the present work used for suiphate
deterrnination in water was appioved
by its comparison with the 

' 
weil_

established turbidimetric procedure.
The turbidimetric method was applied
according to the procedure given in
(Ref, No,3).Water samples from
different sources were analyzed byboth methods for their 

- 
sulphate

contents and the comparison 0f the
results are shown in ( table 1)"
The water samplss of higher sulphate
contenr were dilured with distilled
water to bring them within the
calibration region.
The statistical evalua.tion showed that t""o
(1,33) < t"n. (2.45)) at {gS%) confidencelimit (DOF 6), indicating no

significant difference between the two
methods and that the present method
was at least as good as turbidimetric
method if, not better" Hence the (DIE)
method is suitable for the
determination of sulphate in water,
with the advantages of its simplicity, low
cost, speed, and that different fypes of
turbid, or eolotred samples can be
analyzed without any problem.

Testing the Response of the Sensor for
Measuring fons of a Mixture
Few thermometric works have been

considered for sequential thermometric
titrations of mixtures, perhaps because
cf the hard requirements needed.
One of such requirements is the
existence of a significant difference
between their (AH) values.
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Table 2: Therrnornefric Functions for Formation of ca & Mg complexes with
EDTA disodium salt

I t") rbr
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I Lai ,.,',1t \lt\ti \t/\-1-

;6Drf *--+---

Fig. 4.' individual Thermometric Titration
cun'e for: (a. Ca, tr. Mg) with (0.SM)
EDTA.

Conclusions
The usual (DIE) technique was also
applied successfirlly for the
determination of sulphate in natural
walers, afte r removing interferences
ftom the anions with HCl. The method
showed no significant diffcrence *,ith
the turbidimetrie method using t-test.
The sulphate concentration in the range
QA - 4A ppm) was determined.
Generaliy the method is fast, easy to
use, not expensive, reasonably accurate,
sensitive, and needs only little
treatments.
This indicates nioderate selectivity
providing fast reactions were chosen
fcrr analysis, which were the cases
with the present work.
The sensor has proved to be suitable to
detect and determine lv{g2*and Ca2* in the
presence ofeach other"
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Fig. 5: Sequential Thermometrie Titration
Cun'e for a Mixture of Ca2* and &Ig2+ Ions,
a. (lv1g2'/ca2* = hfffi\ b. 1Mg2*/Ca2*; t/U,
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.tliqd{*3 rr Mg'*l Ca2* 4rsrlgtt

Likp djsllj ,&.i6 e#I$( , k :$eiq .*jnUr* *rl*r llr,rd {,#*tt 4rr. d!,b0
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riijg
triir36o (Talanta - 20A7,71{t).141-148) r-iqd d#d q trjid$s p*t rrgr*{..}d,Jirt{i*d.a.*rJrni
(lM HCI) a,t (1 mt) { orrrl d+3 rS 6call dd1}.r ,q ,rjt45 4ylJl& c (20 ml).tr36 c qjjle eJ+{r* I
'ht**tr 1sdJti3Li69d'td u,$tidJ q154t6&lr ts6aesu3*1615*tlar n4[9drr3irsjta3tr3o3esrjte criJ'icj
dsrJln 1E grJU$ 45 ,jtlS45p I irJldj &t$tp s &ror 5ts$ti JIJ ci-JiiJtdrr ar*lrtt^6 qaSg riri3
d"r. t *{*,tJ #Jt{ (1.5 M u 0.5m1) tu1& ,fustSt|gr r5nicr.dtl g}r3 ja*c .J1.r4(i+ 6q Ced 66ry;ri
at (30 sec) 6t3l ;rLq*{r 1414S.j1,6 j&rJ caaii;jigser j iSatrl {riI{ dasLrind j carSArr +*r5d ofrji e+ ,t
*1idgJc"iilia.d&*41trS$J.(ppmSo,2')r**.rra*(AT),iry(AmV)Or#c{fuSdpro1,i{e41ilS.r5drjp
(21 - 4t$ dJ *f rr3r3 1, q&& d$irldr}i r+'i,arrsq a$ ral (10 - 110 ppm so42-) .(r2 : 0.gg91);r{l
r*rr4lUdd,,rssi3rj{:r,!n r:drrrr+f ,g$lo6t1t3hr*irr+5%4rRSD%l5rr{h3 t*.tu*r430 ppm)
lal bee;& &x d+:9 ir Jr{ (t-test) rJuilusaj I (DOF : 6) cj*lt 95% di*Lsl*rc tr5 r-rrJbt arbt
lrrJlf 4J isd. dl33rt elqu.rt3 6 o fu{$da brt* g ot*t$ o?13 ,lglldr3& { a3!tudr t&rlrdj trlolc$lf

.,rf Jr5il rr{qo r5 nte Mg2* I Ca2',}*ti

Mg'*J Ca2* gJ1ff [g€t,Ut dl 
gti#l5tf AjpJ]$4, d{4? Srtr, ssr&rytrL#irt

.rrGlrf tl
{*i!q$sJll*g , f/.tttrjtS ,rl4qlJtF*3 ,irl{,. d.i. ,j.{rl .5qd J.r4 lBg

ldr.*t* / C"9L.ffrt a,ti+ at$ ilri
AWt / 6l,irr3j51r{31

lell*ll
c4ii d puii*r 'li ,(Talanta - 2007,71(1),141-149) {ri*t tr.9i rgg,i d fur {&?l p[*lg*.rdll
*l*Jf C C-rr-l (1M HCI ,y I ml) 9 d*.rijt e{ rUr gir.l ti e.r*ar Jrbf t & (20 ml) $N.#td osef$l
.iinr ,dl*!.ilfjk? sJ. lj**. gJlJtll,rl# dlirirrlld4lrLiJr .eqlriJtr*p3;xrirr.,p,r r,.U$.Jr,lJilrir]dd .brrnl
(30 dllr Lriltgti3lt ir4r $r.urLulatd*l.*r pir "&rrdt jl&t 1^,r-1pjgr.dl !)ta.rrrr. (1"5 M +.0.5 ml)
(ppm SOa2- euri (AT)3i(AmV) &{rr{rdts!r.r*a .Cirrj#riltjr{$ e!,,1}, qt i+l-o r.i .!;rI d., sec)

rr-4i! x:lrt 11 nrJiir! .(rz : 0.9991) itEr+$ ,j. (10 - 110 ppm) 161,r.r$ d 
'hS* iar **l nrJ ai, .)

tr,r.ir i{,'i*'trll u.r- r* 5% & n*ri RSD% !$t &*ri 6grrJ (21 * 430 ppm) 6alr f rlJt &. EiLiJ nqj*{fl
e#p rt, &ftrJl (;i. d r 4r.r:tt :J.tti.$ (t-test) frci.i.dq (DoF : 6) $s% lalr ?e;r sr irJrtn ri,-rb y aiJr3
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