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Abstract: Simple and rapid spectrophotometric procedures have been established for quantitation of Rh (III).
This method is based on the reaction between Alizarin red and boric acid in the solution of pH 8.5 to produce
a red complex which place between two organic and aqueous phases. In presence of Rh (III), the complex of
alizarin and boric acid is dissociated and new complex between alizarin and metal ions formed which can be
measured at the optimum wavelength. All variables were studied to optimize the reaction conditions. Regression
analysis of Beer’s law plot showed good correlation in the concentration range 0.2-45 µg.ml . The molar1

absorptivity and detection limit are also calculated. The interference effects of the foreign cations have been
examined and it has been determined that Rh (III) can not be masked by EDTA in conditions of examination.
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INTRODUCTION cost. Many new organic reagents have been synthesized

Rhodium  is  present  at  about  0.001 ppm in the absorptivities of 10 -10  L.mol .cm  or even higher. In
earths crust. Rhodium metal is known for its stability in studies for establishing new methods much attention paid
corrosive environments, physical beauty and unique and to sensitivity. However, specificity and selectivity are also
chemical properties. It commands a premium price because very important. Developing more methods with good
of  its  low  abundance in nature. Rhodium  is now  widely selectivity will be beneficial for applications. Most
used in combination with platinum, in addition to or spectrophotometric determinations are based on the
instead of palladium for automobile-rhodium ratio was formation of colored compounds or complexes by their
used about 11:1. Rhodium is commonly used for alloying reaction with unidentade or chelating ligands. These
platinum in thermocouples, crucibles, evaporating dishes, methods are usually not sufficiently sensitive, expecting
weighing boats windings for high-temperature furnaces. for those involving charge transfer transition, as the
It finds applications as a coating material because of the sensitivity, in general, controlled by the extent of -
hardness and luster of its surface. There are so many conjugation present in the ligand. Selectivity, most often,
reports about studied on Rhodium [1, 2]. Because of its is achieved either by the proper choice of a reagent or by
commercial importance, a wide variety of reagents have the use of masking agents. The sensitivity of organic
been proposed for its spectrophotometers determination ligands possessing extensively delocalized -electron
[3-5]. system along with appropriately placed ligating sites. 

The application of Uv-Vis absorption spectrometry to In this paper, a Uv-Vis spectrophotometric  method
the determination of precious metals is still popular in is proposed for determination of Rh (III) in aqueous
many laboratories,  especially  in  developing  countries solution. The method based on the reaction Rh (III) and
[6-12]. The technique provides easy determination of alizarin. The proposed method is  simple,  sensitive  and
many meals from low to high concentrations at affordable the complex formed is stable. 

and various highly sensitive developed with molar
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Experimental Preparation of Standards: 50 mg of Rh (III), accurately
Chemicals and Reagent: Alizarin red, Rhodium chloride, weighed, were transferred in to a 500 ml volumetric flask,
chloroform, boric acid, sodium acetate,  acetic acid, dissolvent in water and completed to volume with the
sodium monohydrogen phosphate, sodium dihydrogen same solvent. This solution was diluted appropriately to
phosphate, mercury (II) chloride, silver sulfide, copper (II) get a working solution.
sulfate pentahydrate, nickel (II) chloride hexahydrate,
cobalt (II) sulfate heptahydrate, lead (II) acetate trihydrate RESULTS AND DISCUSSION
and tin (II) chloride dehydrate were products of Merck
(Darmstadt, Germany). The stock solution (1000 mg. L ) Compounds that  contain  hydroxylic  group  can1

of  Rh(III) was prepared by dissolving  appropriate react with borate. The interaction that may occur is the
amount of Rd Cl  in deionized water. 0.01 M acetic acid- formation of a cyclic ester complex, as illustrated in Fig. 1.3

acetate buffer  (pH   3-5),   0.01   M   phosphate  buffer These complexes can form with 1, 2 or 1, 3-diol-containing
(pH 6-9) were used to adjust the pH of the solutions, compounds when the hydroxyl groups are oriented in the
wherever suitable. pH meter: ULTRA BASIC UB-10 proper geometry like Alizarin. 
DENVER INSTRUMENT and spectrophotometer: BIO- Due  to  the  simple  complex  formation  of  borate
TEK KONTRON INSTRUMENT UVIKON were used. and alizarin, we tried to establish a new simple method for

Assay Procedure: 3 ml Alizarin (10 ppm), 2 ml chloroform, solution.
1 ml buffer pH 8.5 and 3 ml of boric acid 0.01 molar were Boric acid at alkaline pH (8) can form a complex with
transferred in to a test tube. The contents were  shaken alizarin. If we have two immiscible phases, the complex will
for approximately 1 min. The two phases  were  allowed be formed and precipitate between two phases. Since
to separate. Complex of alizarin-boric acid was formed alizarin has been well known ligand for complexation of so
between two aqueous and organic phases. Then aliquot many metal ions [13-21], in presence of metal ions, the
phase was decanted and complex was washed several complex of alizarin and boric acid dissociated and new
times with deionized water. Aliquots of solution (3 ml) of complex between alizarin and metal ions formed and/so
Rh(III) 0.3-60 ppm and 1mL buffer pH (6.5, 7.5 and 9) were the color of aqueous solution was changed to red (the
added in to the test tube and shaken for 1 min. After color of metal-alizarin complex) which can be measured by
separation of two phases, the absorbance of aqueous spectrophotometry method. It is clear that the intensity of
solution was measured at 230 nm against the reagent the color is depended on Rh(III) concentration. 
blank. The reagent blank was prepared exactly like the
procedure described above, but in the absence of Rh(III). Evolution of Calibration Curve: A linear correlation was
A calibration graph was drowned or regression equation between absorbance and concentration of Rh (III) in rang
calculated. of (0.2-10µg.ml ) at different pH. The results for each pH

Calibration Curve: Absorbance of solution containing R > 0.99 for each pH indicates  excellent  linearity.
alizarin (10µg.ml ), Rh(III) (0.2-10µg.ml ) and buffer at The best sensitivity was found for pH 7.5. The molar1 1

different pH (3-9) were measured at 230 nm. A calibration absorptivity coefficient was 39557 L.mol .cm  at pH 7.5.
curve was drawn or regression equation calculated for The  method has a quantification limit of 0.2 µg.mL  at
each solution in a certain pH. pH 7.5. 

the quantitative determination of Rh (III) in aqueous

1

are summarized in Table 1. 
2

1 1

1

Fig. 1: Cyclic ester formed from the reaction of 1, 2-diols with Borate.
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Table 1: Quantitative parameters for calibration curves
Molar absorbance

pH Slope R (L.mol .cm )2 1 1
max

3.24 0.1135 0.9968 193 8102
4.20 0.1272 0.9974 202 8276
5.24 0.1176 0.9980 215 9019
6.5 0.1029 0.9970 211 3658
7 0.1065 0.9909 212 6925
7.5 0.1512 0.9717 211 39557
8 0.1272 0.9974 212 67021
8.5 0.1228 0.9915 232 8978
9 0.1188 0.9915 232 7718

Fig.2. Calibration curve of Rh (III) at pH 6.6, 7.5 and 9.

Determination of (Rh III) in Aqueous Solution: Early determine the best estimates for the slope, b  and y-
studies (previous section) proved that the most sensitive intercept, b .
pH for determination Rh(III) by alizarin is pH 7.5. So we This is accomplished by minimizing the residual error
chose 3 pHs, 6 (lower than 7.5), 7.5 and 9 (higher than 7.5), between the experimental values, y  and those values, ,
using different types of buffer solutions in aliquots of predicted by equation 1. The resulting equation for the
solution of Rh (III) in assay procedure (see Assay slope is given as:
procedure section) a linear correlation was found between
absorbance and concentration of Rh (III) in the range of (2)
0.2-55 µg.ml  for pH 6.5, 0.2-30 µg.ml  for pH 7.5 and 0.2-1 1

60 µg.ml  for pH 9 (Fig. 2). The correlation coefficients and the equation for the y-intercept is:1

indicate excellent linearity. 

Uncertainty  in  the  Regression  Analysis:  The  most
useful   calibration    curve    is    a    straight    line   since The cumulative deviation of the data from the
the  method’s  sensitivity  is  the  same  for  all regression line is used to calculate the uncertainty in the
concentrations of analyte. The equation for a linear regression due to indeterminate error. This is called the
calibration curve is standard deviation about the regression, s  and is given

y =  + x (1)0 1

where y is the signal and x is the amount of analyte. The
constants  and  are the true y-intercept and the true where y  is the i  experimental value and  is the0 1

slope, respectively. The goal of linear regression is to corresponding value predicted by the regression line
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= b + b x (5)0 1 i

A more useful representation of uncertainty is to
consider the effect of indeterminate errors on the
predicted slope and intercept. The standard deviation of
the slope and intercept are given as:

(6)

(7)

These standard deviations can be used to establish Fig. 3: Plot of the residual error in y as a function of x.
confidence intervals for the true slope and the true y- The distribution of the residuals indicates that the
intercept regression model was appropriate for the data

ß = b ± t sb (8) Effect of Foreign Ions: The possible interference1 1 1

ß = b ± t sb (9) present   as  the   major   constituents   of   mineral0 0 1

where t is selected for a significance level of  and for n-2 by introducing  them  in  to  the  (3ml)  solutions
degrees of freedom. containing 10µg.ml of each ions and treating as

The standard deviation about the regression for our described  in  the  assay  procedure.  It   was  observed
experience is 0.4. The 95% confidence intervals (  = 0.05, that all the ions were interfered even at low
13degrees of freedom) for the slope and y-intercept are concentrations. This is due to formation of complex

1 = b  ± t s  = 0.1002 ± 0.0356 (10) The interference of alkaline metal ions was also1 b1

0 = b  ± t s  = 0.0413 ± 0.3698 (11) different concentration of Na (100-300 µg.ml ) at pH 7.50 b0

The standard deviation about the regression, s , ship was observed between absorbance and Nar

suggests that the measured signals are precise to only the concentration.
first decimal place. For this reason, we report the slope It was also found that Rh (III) can not be masked by
and intercept to only a single decimal place. EDTA at working pH (7.5). A series solution containing 10

Residual Error: A linear regression analysis should not ppm at pH 7.5 was treated as described procedure. There
be accepted without evaluating the validity of the model no significant change in amount of absorbance of
on which the calculations were based. Perhaps the solution.
simplest way to evaluate a regression analysis is to
calculate and plot the residual error for each value of x. CONCLUSION
The residual error for a single calibration standard, r , isi

given as This  paper  described  a  method  for  the

(12) simplicity and expense, the proposed method could be

If the regression model is valid, then the residual especially  with  those  based  on  Instrumental  analysis.
errors should be randomly distributed about an average It is clear that alizarin is highly sensitive reagents for the
residual error of 0, with no apparent trend toward either determination of so many metal ions compared with other
smaller or larger residual errors (Fig. 3). reagents. Although methods using complicated and

attributable  to  the  various   ions,   which   may be

samples   or   found   in   water   samples,   was  examined

1

between alizarin and the mentioned ions.

investigated. Solutions containing 10 µg.ml  Rh (III) and1

+ 1

were examined as described procedure. The linear relation
+

µg.ml  Rh (III) and EDTA in concentration rang of 10-3001

determination of Rh (III) in pure form. In terms of

considered superior to the methods reported previously,
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sophisticated instruments are more sensitive compared 6. Grubisica, S., M.K.  Milcic,  D.D.  Radanovica  and
with the proposed procedure, the latter is less time S.R.   Niketic,   2006.   Conformational   analysis   of
consuming (maximum time is 10 min), in addition it is edta-type  rhodium (III) complexes with mixed five-
applicable at room temperature and has no problem in and   six-membered   chelate   rings.  Structural
view of the environmental pollution. analysis of conformational flexibility in rhodium (III)
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