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Abstract

The new thermometric sensor developed in this laboratory (Talanta-2007,71(1),141-148) has Been
applied here for the determination of sulphate ion in water samples.A (20 ml) aliquot of standard or
natural water sample acidified with (I ml) of (IM HCl) is placed in the thermometric cell. The cell
is covered with the press-on lid, so that the sensor is completely covered by the liquid. The
vertical stirrer is placed down the cell 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 curve is drawn between (AmV) or (AT) vs. (ppm) sulphate. It was linear in
the range (10 — 110) ppm sulphate with r* = 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 5%
and gave no significant difference when compared with a reference method at 93% confidence limit
(DOF = 6) using t-test of paired comparison. In this paper another successful test of the sensor was
performed to evaluate its response for a mixture of Ca”" and Mg2" ions.

Keywords: DIE technique, sulphate in water, a new thermometric sensor, detection of
Ca* and Mg”" ions in the presence of each other.

Introduction

Any rapid process involves a heat of
reaction (AH’ > 1 kcal/ mole) is
amenable to use in (Direct Injection
Enthalpimetry, DIE), whether exothermic
or endothermic. Thus this technique has
also been applied successfully for
precipitation reactions, although (AH)
in this case is less than that obtained
in (REDOX) reactions. The accuracy of
(DIE) when applied to the determination
of silver halides has already been
mentioned [1].
At this point it is probably sufficient
to note that with any such systems,
unless the calibration matrix is very
much identical to that found in the
unknown sample, errors may be
introduced.

Another important example of using
thermometric methods in precipitation
reactions was the determination of
sulphate ion in different samples
including water as barium sulphate [2 -
4].

The advantage of the thermometric
method on other methods such as
spectrophotometry, it will not suffer from
colour produced by interferences such as
high organic matter or turbidity in atomic
absorption. Sulphate in water has also
been determined, as barium sulphate,
using gravimetric or a more sensitive
method of nephelometry which was
used for (1 — 45) ppm sulphate[3] and
turbidimetrically also as BaSQ4 [5-7 ] or
PbSO4 [8].
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Sulphate is readily precipitated by
addition of a concentrate solution of
barium  acetate or (10%) barium
chloride, to a  thermometrically
determined end point

Ba(OAc), + SO, = BaSO, +20Ac¢

AH¢= - 26.3 k.J./mol
Kp (BaSO,) =9.9x 10"

In water samples, the elimination of
other anions forming precigitates with
Ba>* ion, especially CO;> ion has
been prevented by adding a small
amount of HCI.

Sulphate has also been determined
spectrophotometrically [9] using
chlorophosphonazo 11-Ba **(at 500 nm),
or in the UV range (at 355nm) using
FeSO,'[10], spectrofluorimetrically using
calcein and zirconium [11],

In a previous work [12], the authors
reported a new thermometric sensor which
is capable to measure small changes in
reaction temperature. This work was
followed by further successful
applications of the sensor in which Cem,
sulphanilic acid and some sulpha drugs
were 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 Mg®*and Ca®*
ions using EDTA as a titrant.

Experimental
Reagents:

All the chemicals used were either
of the analytical grade or the highest
purity  available, unless otherwise
stated.

Usual distilled water, protected from
carbon dioxide was wused for all
preparations.

Dilute HCI (1M) was prepared from the
concentrated acid (37% from Merck)
Barium acetate (1.5M), sodium sulphate
(500 ppm SO4 solutions, were prepared
from the solid salts (BDH).  Stock
solutions of 0.02 M of both Mg (NO3),
and Ca (NOs3), from (BDH)

And 0.5M EDTA ( Fluka ) were prepared
in the usual way.

Ammonia -~ ammonium chloride buffer
pH (10) was prepared by dissolving 17.5g
NH4Cl (BDH) in 192 ml. Conc. NH;
(Riedel-Dehaén AG) and completed to
250 ml. with distilled water, according to
textbooks of analytical Chemistry.

Apparatus

The home-made thermometric titration
system, in the differential mode, including
the construction of the new sensor has
been described in a previous paper [12]. A
micro syringe (100 uL) 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 of natural water

acidified with (1 ml) of (IM 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
stired. 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
peak height during (30 sec.) following
the injection, and also read from the
digital avometer.
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The preparation of the calibration curve completed to (20 ml) with distilled
was performed by taking a series of (0.5, water. This was followed by (1 ml of IM
1,1.5,2,25,3,35, and 4 ml) portions HCI) and the rest was then continued
of (500 ppm) standard solution of according to  the recommended
sodium  sulphate, transferred by a procedure mentioned above.

pipette into the thermometric cell and
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Fig. 1: The Arrangement of the Thermometric Titration Process
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Fig. 2: A Calibration Curve for the Injection of a Series of Standard
Solutions of Sulphate Ion.

105



(JZS)Journal of Zankoy Sulaimani, November 2007, 106¢1) Part A

A bty (1)1 5oy, Voo pagps it pi] (oiloniles GHSIG shlfS

The calibration curve was drawn between
(AmV) or (AT) vs. (ppm) sulphate, and
the results are shown in Fig2 The
figure showed reasonable linearity
giving a value of (r* = 0.9991) and
almost passing through the origin.
Furthermore it indicated that heat of
dilution was negligible.

Results and Discussion
Elimination of Anion Interferences in

Water Samples

All methods of sulphate
determination in water samples using
Ba?t ion, suffered from the
precipitation of anions such as
carbonate, phosphate, chromate and
hydroxide[14,15] which are slightly

soluble in neutral or basic solutions.

Previous workers have added little
amounts of HCl 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 +H' =—= HSO,

But the 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).

solubility is

]
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Fig.3: Effect of HCI Concentration

A concentration of 1.5M barium acetate
was a desired solution used in the present
work.

In order to add an optimum amount of
hydrochloric acid a medium during the
injection of Ba** ion, a series of
experiments were performed using a
fixed concentration of sulphate (50
ppm), and different amounts from (0.2
~1.4 ml) of (IM HCI), and the results
are shown in fig.(6 — 11).

This figure shows that the optimum
amount was between (0.8 -1 ml) of
(IM 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 work and the
results are shown in (table 1).
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Table 1: Comparison of the Results of Determination of Sulphate in Water Samples

by both (DIE) and Turbidimetric Methods.

1. Rania Center 280.44
{Ganaw)
2. Maidan 33.08 31.65 —1.43 |2, Null hypothisis: No defference between
(Kani Rash) the two methods
3. Sangaw 429.60  1433.33 +3.73 | 3. Standard deviation of the differences =
(Qaytul) 3.09
4. Kifri (Nawjool) 133.62 132,41 —1.21
(Warani Saroo) d 1.55
5. Kifri (Sarqala) 10924 (11266 |+3.42 Bty = JIN 300,47
(Tokin)
6. Kifri (Nawjool) 11992 [122.78 +2.86 |5 ter. = 2.45 at (95%) confidence limit for
(Gomatabar) (DOF = 6)
7. Kalar (Tilako) 22.04 '21.14 =090 6 ¢ (133) <t (245)

Comparison Between the Results significant difference between the two

Obtained by the Present Method
with Those of Turbidimetry

The applicability of the (DIE) method
in the present werk used for sulphate
determination in water was approved
by its comparison with the well-
established turbidimetric procedure.

The turbidimetric method was applied
according to the procedure given in

(Ref. No.3).Water samples from
different sources were analyzed by
both  methods for their sulphate

contents and the comparison of the
results are shown in ( table 1).

The water samples of higher sulphate
content were diluted with distilled
water to  bring them within the
calibration region.

The statistical evaluation showed that -
(1.33) <,y (2.45)) at (95%) confidence
limit (DOF = ), indicating  no

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 types of
turbid, or coloured samples can be
analyzed without any problem.

Testing the Response of the Sensor for
Measuring Tons of a Mixture

Few thermometric works have been
considered for sequential thermometric
titrations of mixtures, perhaps because
of the hard requirements needed.

One of such requirements is the
existence of a significant difference

between their (AH) values.

107



(JZS)Journal of Zankoy Sulaimani, November 200 7, 10(1) Part A

A bl (1)1 s s YooV ph9 ot oo Hniler GO0} iy LBgS

Table 2: Thermometric Functions for Formation of Ca & Mg Complexes with
EDTA disodium salt

Calcium 10.6 5.6 =150
Magnesium 8.7 +4.8 -12.4 60
) (a) (b) Conclusions
A P The usual (DIE) technique was also
| .
' / applied successfully for the
at AL "
& / determination of sulphate in natural
/ Ms waters, after removing interferences

mt EBTA (e

Fig. 4: Individual Thermometric Titration
curve for: (a. Ca, b. Mg) with (0.5M)
EDTA.
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Fig. 5: Sequential Thermometric Titration
Curve for a Mixture of Ca2" and Mg2" Ions.
a. (Mg™"/Ca™ = 20/1) b. (Mg*"/Ca® = 1/1).

from the anions with HCl. The method
showed no significant difference with
the turbidimetric method using t-test.
The sulphate concentration in the range
(20 — 430 ppm) was determined.

Generally the method is fast, easy to
use, not expensive, reasonably accurate,

sensitive, and needs only little
treatrments,
This indicates moderate selectivity

providing fast reactions were chosen
for analysis, which were the cases
with the present work.
The sensor has proved to be suitable to
detect and determine Mg®"and Ca®" in the
presence of each other,

Acknowledgement
The Authors would like to thank the

Chemistry Department of the College of
Science in Sulaimani University for its
help.

109



(JZ8)Journal of Zankoy Sulgirmani, November 2007, 10(1) Part A
A iy (1)1 3 o Poo¥ paggs riaipid o oileailon GO ldsS

References

1. Bark, L. S. and Bark, S. M. " Thermometric" Titrimetry, from International Series
of Monographs in Analytical Chemistry Pergamon Press Ltd., 1% Edition, (33)
1969 (No. 68-67883).

2. Sajo, L. and Sipos, B., Talanta, 1967 (14) 203.

3. W. Fresenius, K. E. Quentin, W. Schneider “Water Analysis” Communs. (London)
1965, (3) 3s6.

4. Smith,T. K., Multititrator Ply Ltd. 1999, from internet.5. Risto, NE, S temann, SW,

Wentzei, MC, Loewenthal, RE and Ekama, GA, Water SA, 2005, 31(2), 267 - 270.

5. Vieira,J.A., Raimundo, Ivo M Jr., Reis,B., Analytica Chimica Acta, 2001,438,75 —
81.

6. Krug,F.J., Bergamin Filho,H., Zagatto,E.A.G.and Storgard Jorgensen,S., Analyst,
1977, 02, 503 - 508.

7. Van Staden,J.F. and Taljaard, R.E., Anal.Chim.Acta, 1996, 33 1(3), 271 - 280.

8. Ricardo Erthal Santelli, Paulo Roberto Salgado Lopes, Regina Célia Leme Santelli
and Angela De Luca.

Rebello Wagener Anal.Chim.Acta, 1995, 300(1 — 3), 149-153

9. Xing -Chu Qiu" Ying -Quan Zhu® and Guo -Ping Liu Fresenius' Jowrnal of
Analytical Chemistry, 2004, 334(1) 25 - 26.

10. Lapa, Rui A. S., Lima, José L. F. C. and Pinto, Ivone,V. O. S., Journal of the
Brazilian Chemical Society,2000,11(2),170-174.

11. Chimpalee,N., Chimpalee,D., Suparuknari,S., Boonyanitchayakul,B., and Thorburn
Burns,D., nal.Chim.Acta, 1994, 298 (3), 401-404.

12. Najib,F.M., Zewar,S and Abdulla,A.M, Talanta, 2007,71(1),141-148.

13. Najib,F.M., Abdulla,A.M and Zewar,S, National J. Chemistry, 2007, 26 (in press).

14. Christensen, J. J., Izatt, R. M., Hansen, L. D., and Partridge, J. A., J. Phsy.
Chem. 1966, (70) 2003.

15. Kolthoff, I. M., Sandell, E.B., Mechan,E.J., and Brackenstein,S., “Quantitative
Chemical Analysis", 4" Edition, Collier — Macmillan Ltd. 1969, (L.ondon) 69 —
10291.

110



(JZS)Journal of Zankoy Sulaimani, November 2007, 10(1) Part A
A g (1)1 51 o 100V paags rbatpdd 1 ol S shdiS

ST g Il & gl g ISnE By G4 oA SDbiTuds ILLinyiSAy
HiddasO & Mg™ g Ca™ Jisals
A G5 (i S « oS oy i sdednn ke dl ) ans ilh
b / (o33 TS A © y0gd5 5laydus
Bl / (otiad 95 oy
sy

(4 5iSdg (Talanta — 2007,71(1),141-148) (idged alad & &) 13aASUT pdd 45 GdasnyaS GHLiludd §pmeld g
(IM HCI) &t (1 ml) ay 05,8 853 45 dSagldh aigpad Ol «08S ool & (20 ml).fagld A Sl 3358 yopi G
ngiﬂjJ 13 SIS 53 Gald o §g194d A) 4Sahiluda 45 Az 4 b (GAS 4 LDphu & G g sﬂguu, 8448 dalF 4 p8 A
WL gl GagyS A5 5a,80AK0 b 5,84 Gagdi¥es &) Cuwod gaSAINS gl AL piAdils dSaudeBl 0)aSIASS Liuld
@ow 4 G sl (1.5 M a0 0.5101) buged 534543303 4S80y 6 il s 45 5Sir il 4LtdS S duuardS
4 (30 sec) @lgs Jliumss grdiseided yhudd o9l pligdsy 3 5354 LISy SAShln &) g 0SS ATHSW) il pkd Ay 0y
@ 32y oSl s akliongl1S pt (P SOE) sty (AT) oty (AMV) 5185 &1 55,505 sy oo pgllS 451,553
(21 — laid af oS 125k & Codila iiSledd o {piid S w8 pad (10 - 110 ppm SO,%) (r* = 0.9991) Sleid
330 Sal) A8l 4S LS Gy Sty 15k Gadad 094) o 199 TS 5% 48 RSD% uS 499 b ki 48 430 ppm)
pal Wogyds gz jigkir i gpd (t-test) GiliiayiSa 4y (DOF = 6) ity 95% iuld yawdd 1S 3359058 091,
29048 &) Cusdd 15 d Laoaly g LD 5yt (300000 L3 096t 56 LD (59985 94S y ks e ybrkds 8 skald) 9 (3o 9Aisins
' 4 DASE3 a9aS gy 48 Gy Mg?* 4 Ca®” il

Mg™" 9 Ca™ Qiaal ipaady o1 b SLLNSH (0l p0ALY tder 313 e pba
om0 B

Alodd! daaly o pplat! A8 plpefl] muh clthdis deme dao] puad dems Juald
loatlas / g9 A ukign (995 313 3
Blpadt / SudygS @l
duadidd

L @ pusdel 4B (Talanta — 2007,71(1),141-148) yiat! (s G odslal @ L et Gl gl sl
At b adagy 9 (IM HCI g 1 ml) o gisaniis! dad gLl ziged o ubedtt Jladt o (20 M) Sddy sl B SLL RS
OBy il g ol Lk 001 35153 1 Jolnd | g Loskis AL i) g BUAN J513 Gagaalt al! T @ . Ayttt
(30 I3 dadti pladyl uidy g Aand L 5,0 o @y . iiond | Jlaalioly D pased pgested! 36 St (1.5 M 34 0.5 ml)
(ppm SO,* wW(AT)gi(AmV)@AyLdlgmyﬁ b et gog¥ Shgautl Aaatey Lingl 5t 5 LaS s ay seC)
ALY Ay el Swsdiad (1% = 0. 9991) Giynstt 3a (10 — 110 ppm) i sl B WL&?W‘,\SM )
bekic Ligias 135 baa) g 5% Ja juel RSD% CoLS duay Oliaps (21 — 430 ppm) gudi G sl oo z3lads SLL S
el (O Codl 10 B 5 g3t Wyldeld (t-test) ridiuby (DOF = 6) (95% Al Ao pa o dypdiie Adplo o Cippd
Aagie mape G M®" §Ca" 308 o shant RLSal Gike ke gl 2 Lanks g L] usund)

Received on 29/ 10 /2006 Accepted 28/3/2007
ABYorV/Y/YA & ySuddudg 0 AT\ / Ne /YA AT | pSag

111



