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Abstract: Using spectrophotometric methods and pH-metric measurements, it was
found that the uranyl ion and phenylephrine form a 1:2 complex in the pH region
2.50—4.25 with two absorption maxima at 314.2 nm and 340.6 nm. The thermody-
namic stability constant at /=0 and 7= 298 K (room temperature) of the UO,(II)—phe-
nylephrine complex, UO,(CoH;,0,N),, is log /33 =14.0 and AGS=-79.6 kI mol'\. A
linear dependence of the absorbance at 340.6 nm on the concentration of phenyl-
ephrine was obtained in the range from 0.0025 mol dm™ to 0.0245 mol dm™ using a
solution of 0.025 mol dm UO,(NO;), at pH = 3.90 and 7= 0.075 mol dm™. The mea-
surement error was 2.1 %.
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INTRODUCTION
Phenylephrine ((R)-1-(3-hydroxyphenyl)-2-(methylamino)ethanol, CoH130,N)
is a white crystalline powder, and belongs to the group of medicines called sym-
pathomimetics. It acts by stimulating the alpha-receptors in certain areas of the
body. It is used locally, as a decongestant, for non-specific and allergic conjuncti-
vitis, sinusitis and nasopharyngitis.!-2

OH _
CHCH,NHCH,

OH
Phenylephrine

Phenylephrine has been investigated spectrophotometrically using interac-
tions with 1-nitroso-2-naphthol,3 ninhydrin in sulfuric acid* and nitrobenzene de-
rivates.d On the other hand, due to the presence of an amino group and a phenyl
group in the molecule (pK, (~OH)=8.9 and pK, (—-NH%-)= 10.1),! phenyl-
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ephrine forms a complex with Fe3* (Fe3*/phenylephrine = 2:1).67 However, there
are no data in the literature about complexes of phenylephrine and the UO%Jr ion or
other metal ions. The purpose of the present work was to investigate the UO%*—phe—
nylephrine complex and the possibility of the employment of the complex for the
spectrophotometric determination of phenylephrine in aqueous media.

EXPERIMENTAL
Reagents and solutions

Uranyl nitrate (Fluka A.G.), HNO3, NaOH, NaNOj; (Merck) and phenylephrine hydrochloride
(Zdravlje, Serbia), all p.a., were used without further purification.

Uranyl nitrate solution was standardized gravimetrically, by precipitation with oxine (8-hy-
droxyquinoline).®

A solution of phenylephrine hydrochloride was prepared by dissolving a precisely measured
mass of dry phenylephrine hydrochloride in deionized water. The phenylephrine hydrochloride had
previously been dried in a desiccator over silica gel. This solution was stored in a refrigerator.

All solutions were prepared by dilution of 0.0100 mol dm™ solutions of UO,(NOj), and
0.0500 mol dm™ solutions of phenylephrine hydrochloride.

The pH of all solutions was adjusted using HNO3 or NaOH solutions, and the ionic strength of the
final solutions was kept constant by addition of the required volume of a 1 mol dm solution of NaNOs.
Apparatus

The spectrophotometric measurements were performed on a Beckman DU-650 spectrophoto-
meter, using 1 cm quartz cells. The pH values were measured using a pH-meter (pHM-28 Radiome-
ter) and a combined electrode (accuracy +0.01 pH units). Buffers solutions (Radiometer), pH 4.01
and pH 7.00 at 25 °C, were used for calibrating the pH-meter.

RESULTS AND DISCUSSION
Absorption spectra

Phenylepherine and the uranyl(Il) ion formed a complex in the pH interval
2.50 —4.25. Above pH 4.25, the solution of the complex turns orange and a sedi-
ment, i.e., the hydroxide products of the uranyl(Il) ions, is formed. Phenylephrine
is stable at pH < 7.

The absorption spectra (Fig. 1) were recorded using the solutions of 0.002 mol dm3
UO»(NO3); and 0.040 mol dm3 phenylephrine and their mixture, where the con-
centrations of components were the same as in the single solutions, at a constant
pH 4.00 and ionic strength (0.03 mol dm=3). Water was used as the blank.

Also, the calculated spectrum of the complex, A4 =f(1), (Fig. 1, curve 4),
was obtained using the following equation for the calculation of the complex
absorbance, AA4:

Ad = Ay — Ay — Ap (1
where Ay, Ap and A4y are the absorbance of the solutions of UO»(NO3),, phenyl-
ephrine and their mixture, respectively, at the corresponding wavelengths (A).

The absorption spectrum of the complex has two maxima, the more intensive
one being at 314.2 nm and the other one at 340.6 nm. All measurements were per-
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formed at 340.6 nm since the absorbance of the UO»(NO3), solution increases
abruptly at lower wavelengths.
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Fig. 1. Absorption spectra. 1: mixture 0.002 mol dm3 UO,(NOs), and 0.040 mol dm-3 phenylephrine;
2:0.002 mol dm3 UO,(NO3),; 3: 0.020 mol dm=3 phenylephrine; blank was water;
4: Calculated absorption spectra of the complex (AA).

The absorption spectrum of the UO§+—phenerphrine complex was recorded
in pH range from 2.50 to 4.25 (Fig. 2, curves 1-3), using the previously descri-
bed procedure. The positions of absorption maxima are independent of pH, indi-
cating the formation of only one type of complex in this pH interval.

pH
0.8 1:2.50
2:4.00
3:4.25
0.6 4 2
3
0.4
< 1
0.2 1
0.0
T T T T T T T T T T T
300 320 340 360 380 400

a/nm

Fig. 2. Absorption spectra of the complex at different pH values;

0.002 mol dm3 UO,(NO3), and 0.040 mol dm-3 phenylephrine.
The dependence of the absorbance of the complex and the components on pH
was investigated at three different values of ionic strength, i.e., at 0.025, 0.050
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and 0.075 mol dm=3. The absorbances of solutions of 0.002 mol dm=3 UO,(NO3),,
0.040 mol dm=3 phenylephrine and the mixture (containing the components at con-
centrations the same as in the individual solutions) were measured at 340.6 nm.

For each ionic strength, three curves A =f (pH) were obtained for solutions
UO»(NO3)», phenylephrine and their mixture. By subtracting the relevant absor-
bances of the solution UO»(NO3); and phenylephrine from their mixture, fourth
curve AA = f (pH) was obtained (Fig. 3). This curve represents the change of the
complex absorbance on pH. The pH region 4.00—4.20 was used for this investi-
gation of the complex.
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Fig. 3. Dependence of the absorbance on pH: Curve 1: mixture 0.002 mol dm™ UO,(NO3), and
0.040 mol dm™ phenylephrine; Curve 2: 0.002 mol dm> UO,(NO3),; Curve 3: 0.040 mol dm™
phenylephrine; the blank was water; Curve 4: AA=f (pH); 4= 340.6 nm, | = 0.025 mol dm"3.

Composition of the complex

The stoichiometric ratio of uranyl ion and phenylephrine in complex was de-
termined by the method of molar ratios.® The absorbances of solutions containing
a constant concentration of UO2(NO3), (0.005 mol dm=3) and different concentrait-
ons of phenylephrine (0.0025-0.0200 mol dm—3) were measured at 340.6 nm at a
constant value of pH 4.00 and of ionic strength (0.05 mol dm3). The blank was the
value of a 0.005 mol dm—3 solution of UO,(NO3),. A straight line, A =f (C(phen)/
/e( UO%*)), with an intercept at ¢(phen)/c( UO%*) = 2 was obtained, which showed
that the stoichiometric ratio of uranyl ion : phenylephrine in the complex was 1:2 (Fig. 4).

The composition of the complex was also determined by the method of vari-
ation of equimolar solutions.!? The absorbances of the series of solutions formed
by mixing equimolar solutions UO,(NO3), and phenylephrine (0.025 mol dm3)
at a constant value of pH 3.75 and of ionic strength (0.05 mol dm—3) were mea-
sured at 340.6 nm, i.e., the Job’s method!? was employed. The blank was a solu-
tion of UO2(NO3), with the same concentration and pH as in the employed mix-
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ture. On the curve of the dependence of the absorbencies of these solutions on the
molar fractions of the UOZ* ion, there was a maximum at the molar fraction of
UO3*=0.33 (Fig. 5), which confirms that the composition of the complex was
UO3*/phenylephrine = 1:2.
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Fig. 4. Method of molar ratios. Dependence of absorbance on molar ratio c¢(phen)/c( UO%*);
pH 4.00, 0.005 mol dm3 UO,(NOj3),; 0.0025-0.020 mol dm-3 phenylephrine; Blank:
0.005 mol dm3 UO,(NOs),; 4 = 340.6 nm; pH 4.02+0.01; | = 0.03 mol dm3,

0.4+
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\ Fig. 5. Method of variations of equimolar solu-
. tions (Job’s method). Change of absorbance
011 ~, with mol fraction of x(UO3*). c®(U03%%) =

= cO(phen) = 0.025 mol dm™3; blank is solu-

tion of UO,(NOs), with the same concentra-

0.0 T T T 1t i i = .

0o 02 o o 08 tions and pH as in mixtures. A =340.6 nm;
x(UO%)  pH 3.75+0.01; | = 0.05 mol dm3,

Infrared spectra of phenylephrine and of the complex

To find the position where the uranyl ion is linked to phenylephrine, the IR spe-
ctra of phenylephrine and of the isolated complex were recorded, using the KBr
pellet method, in wave number region from 4000 to 800 cm~1 (Fig. 6). The com-
plex was prepared by mixing solutions of UO2(NQO3)2 and phenylephrine in the
molar ratio 1:2 and heating on a water bath (80 °C) with stirring for 0.5 h. After
standing overnight at room temperature, the orange sediment was dried in desic-
cator over silica gel.
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Fig. 6. IR Spectra of a) phenylephrine and b) complex (KBr pellets).

Bands ascribed to bending vibrations of phenolic OH groups in the wave num-
ber region 1280 — 930 cm™! were not present in the spectrum of the complex.
This fact indicates that complex formation of UO3* with phenylephrine occurs
through the phenolic OH group.

Stability constant of the complex

It was found by measuring the pH of a 0.005 mol dm=3 UO»(NO3); solution
and of a 0.010 mol dm3 phenylephrine solution, as well as their mixture con-
taining the same concentrations as in single solutions that c(H")mixture > c(H")yrany1 +
+ ¢(H )phen. This means that phenylephrine participated in the formation of the
complex according to the reaction:

U052t + 2 CgH|30,N == UO,(CgH[,0,N), + 2H* 2)
whereby an H' ion is released from the phenyl group.!!

The stability constant of the complex UO,(CoH1,0,N), was determined at
pH 3.90, combining the Bjerrum method (Egs. (2) and (3)),!2 w1th Egs. (4)—(6).13-15
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The highest complex concentration which matches the values 4y,x and pH = 4.20
is on the maximum of the curve A4 =/ (pH) (Fig. 2). It was not possible to cal-
culate concentration of the complex, c¢(Complex), from A, using the Bjerrum
method. Since the overall concentration of phenylephrine, co(HCgH1,0,N), i.e.,
co(HLY), in the mixture was 20 times higher than the concentration of UO%Jr
ions, it can be considered that most of the UO%Jr ions were bound in the com-
plex, i.e., the overall concentration of uranyl ions, cq( UO%JF) equaled the concen-
tration of the complex (c(Complex) ~ co( UO3*)). Therefore, the molar absorpti-
vity, a, was calculated from the equation:

P— . (3)
co(UOZH)

The concentrations of the complex, UO3*, and CoHi30,N (cp) were
calculated at pH 3.90 from the following equations:

c¢(Complex) = A4 4)
a
co(UO3*) = ¢(UO3H) + ¢(Complex) ®)
co(HLY) = ¢(HL") + ¢, + 2¢(Complex) (6)
_c(H")ep
4T o(HLY) @)

where kd1 is the first dissociation constant of the phenolic hydroxylic groups of
phenylephrine in aqueous solution.!

According to Eq. (2), the stability constant of the complex, /5, is:
c(Complex

pr =) (8)

c(UO3 )cL_

The stability constant /5 was calculated for three different ionic strengths (Table I).

TABLE I. The concentration stability constants, /5, of the UO%*—phenylephn'ne complex UO,(CgH;,0,N),
at different values of ionic strength 7, pH 3.90, 7= 298 K

I/ mol dm™3 Box10713 log 5
0.025 1.89 13.28
0.050 1.67 13.22
0.075 1.55 13.19

The thermodynamic stability constant of the complex, ﬁg , was determined
by extrapolation of the curve log/ = £ (10-5) (Fig. 7) and its value was 1.0x1014,
The thermodynamic parameter, the chemical potential, AG?, for the formation of
the complex at room temperature (25 °C) was calculated using the equation:

AGS =-RT Inf3) =-79.6 kJ mol~! )
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: . Fig. 7. Dependence of the stability constant, £, of the UO,(I)—
01 02 Vi —phenylephrine complex on ionic strength 7, 7=298 K.

Possibility for quantitative determination of phenylephrine

The relatively high value of the stability constant of the uranyl(Il)—phenyl-
ephrine complex enables the quantitative determination of phenylephrine from the
absorbance of the complex at 340.6 nm. A curve of the dependence of the absor-
bance of the complex on the concentration of phenylephrine was constructed us-
ing solutions containing a constant concentration of UO2(NO3); (0.025 mol dm3)
and different concentrations of phenylephrine at pH 3.90 and a constant ionic stre-
ngth of 0.075 mol dm=3. Water was used as the blank. A linear dependence of the
absorbance of the complex on the concentration of phenylephrine was obtained in
the interval 0.0025—0.0245 mol dm—3. The regression equation y = 7.88 x — 0.0095
was calculated with a high correlation coefficient of = 0.9997. The accuracy of the
method was determined for three different phenylephrine concentrations (Table II).

TABLE II. The spectrophotometric determination of phenylephrine

Cphen / MOl dm™3

SDx10* CV/I%
Taken Found
0.0050 0.0048 3.30 2.1
0.0125 0.0125 2.33 1.9
0.0225 0.0226 2.74 1.9

Due to the fact that the UO3™ ion forms complexes with other compounds (such
as rutin, 16 3-hydroxyflavone!! and hesperidin!) and these complexes have high
absorbances in the spectral domain of the investigated UO3*phenylephrine com-
plex, it is necessary to exclude these compounds from the investigated solutions.

CONCLUSION

The thermodynamic stability constant at 25 °C of the UO,(II)—phenylephrine
complex log ,Bg =14.0 and AG5=-79.6 kJ mol! indicate the formation of a stable
complex. Since the absorbance of the complex at 340.6 nm is linear function of
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the phenylephrine concentration without a large excess of UO3* ions, spectropho-
tometric measurements can be used for the quantitative determination of phenyl-
ephrine in aqueous solutions without interfering compounds. Also, the high stabi-
lity constant of the complex indicates that the complex could be used for other pur-
poses, such as the extraction or desorption of uranyl ions.

N3BOJ
CIIEKTPO®OTOMETPUJCKO UCIITNTUBAKBE YPAHNII-OEHUJIE®PUH CUCTEMA

JIELIOCABA TTABYH', IVIIAH MAJIELIEB' u JIPATAH BECEJIMHOBUR?

! Mucmuimyim 3a usuuxy xemujy, Papmayeyiticku Gaxyaitieis, Yuusepauiieins y Beozpady, Bojeode Ciieiie 450,
Beozpad u > ®akyaitieiti 3a pusuuxy xemujy, Yuusepauitiei y Beozpady, Ciliydeniicku fipz 12, Beozpad

[prmeHoM criekTpodoToMETpHjCKIX MeToAa 1 pH-MeTpujckux Mepema yTephero je ma UO,(1)-jor
u ¢peruneppun rpage 1:2 komruieke y odnactu pH 2,50 — 4,25 ca gBa ancopniyona MakcuMyMa Ha
314,2 nm u 340,6 nm. TepmoanHamudka koHcTaHta crabuianoct Komiuiekca UO,(I)—benuned-
puH, UO,(C9H1,0,N),, Ha /=0 u Ha cobHOj Temneparypu (25 °C) usnocH log ﬂg =14,0,a AGS=
=-79,6 k] mol!. Jluneapua 3aBucHOCT ancop6anImje ol KOHIEHTpaNyje GeHuTehPHHA y BOTCHOM
pacteopy UO,(NO3), xommentparmje 0,025 mol dm™ ma 340,6 nm mobujeHa je y wmHTepBamy
0,0025-0,0245 mol dm™ ua pH 3,90 u I = 0,075 mol dm™. I'peuika Mepema usnocu 2.1 %.

(ITpumsbeno 2. okrodpa 2006, peuaupano 9. mapta 2007)
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