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Spectrophotometric study of the chromium(lll)/azide system
in the ultraviolet region and its analytical application
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Abstract: A sensitive and alternative method for the spectrophotometric determination of
chromium(lll) based on the formation of chromium(lll)/azide complexes was established by
investigating a new band in the ultraviolet region. The best experimental conditions for the analytical
determination of this metallic ion were: ligand and perchloric acid analytical concentration = 493 and
12.0 mmol L1, respectively; aqueous medium; T = 25.0 °C; contact time = 1 hour. The maximum
molar absorptivity coefficient occurred at 287 nm (average 1.481 + 8.Q08L mol-1 cnrl), leading

to the determination of metal ion concentrations one hundred times lower than the ones formerly
determined in the visible region. The system obeys Beer's Law and is suitable for chromium
determination in the 0.702-2.81 mg kconcentration range (15-65% T, 1.00 cm-width quartz cells).
Analytical applications of the current method were tested with a nutritional supplement containing
chromium. Results were compared with those obtained with atomic absorption spectrometry.
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Introduction In the literature, studies carried out by
Sherif and Orab [13,14] in aqueous medium using
Azide and thiocyanate complexes of severthe visible region revealed the existence of a rela-
al metallic cations have been systematically studigtbnship between the several free ligand (azide)
in our laboratories with a view to understandingand chromium(lll) concentrations with absor-
their coordination chemistry (equilibria) [1-3] andbance, producing colorings ranging from violet to
developing their analytical applications [4-12].green. Moreover, the solution was reported to
There is great analogy between the azide and tdevelop blue tones under great ligand excess. In
thiocyanate ligands (pseudohalides), since thdie work of Templeton & King [15], the effect of
develop the same red color in acid solution corperchloric acid concentration on the formation of
taining iron(lll). Some of our studies have been opentaaquoazidochromium(lll) compounds was
a comparative character, showing that the aziddso reported. The main objective of the latter
system is much more stable than the thiocyanateork was to determine the kinetics and equilibri-
one. As part of these continuous investigations, it ism of this system. The authors reported maximum
expected that chromium(lll) will form complexesabsorption at 270 nm, under highly acid concen-
with the pseudohalide azide in the same way th&tations, which was attributed to interactions
other transition metals such as iron, copper, nickddetween azidochromium(lll) and/or hydrogen azi-
and cobalt. dochromium(lll) and the perchlorate ion. The
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results of a quantitative treatment in the ultraviolet) was acidified with perchloric acid and was stan-
region obtained by these authors were unsuccestardized by means of the spectrophotometric
ful. Ever since, this region of the spectrum hasethod of chromium in steel determination using
been abandoned for investigation of the chrompotassium dichromate salt purchased from Merck.
um(lll)/azide system. The standardization measurements were accom-
In the present work, optimization of theplished at 438 nm. AR grade organic solvents
experimental conditions for the study of the(Acetone — Merck (ACS, 1SO); Tetrahydrofuran —
chromium(lll)/azide system in the ultraviolet Merck (ACS); 1-Propanol Vetec; Ethanol — Merck;
region has been accomplished. The quantificatiadethanol — Merck; Acetonitrile — Vetec) were used
of this metal ion complex considering its maxi-without any prior treatment. For the opening of the
mum absorption in the ultraviolet region has alsautritional supplement samples, nitric acid 65%
been carried out in real samples. Merck and Perchloric acid 70% Merck were used.
The proposed method was tested for @he sodium tartrate employed was PA grade and it
nutritional supplement sample, showing goodvas purchased from Carlo Erba.
agreement with results obtained by means of atom- All the saline solutions, generally used as
ic absorption spectroscopy. their respective nitrates or sodium salts, for the
interference study were prepared in the concentra-
tion of 0.20 mol 2, and diluted as appropriate.
Experimental details
Treatment of nutritional supplement samples
Apparatus and reagents A nutritional supplement sample containing
Spectrophotometric measurements werehromium was tested. It was purchased at drug-
accomplished on a UV-Visible Beckman DU-70stores in its commercially available pure salt form.
spectrophotometer, using a quartz cell of 1.00 cfihe sample was manufactured by Alion
path length. A Shimadzu AA-680 atomic absorpLaboratories, and Cromo Chelafite was its trade
tion spectrophotometer was used for referenagame (Chromium Dinicotinate Glycinate), which is
analyses, in order to compare the results obtainetso known as chromium chelate.
through both methods. According to the manufacturing labo-
Potentiometric titrations were accom-ratories, the amount of chromium present in the
plished on a Micronal B-374 pHmeter, using 5.00utritional supplement containing chromium
mL Metrohm piston burets. A Tecnal TE-184 ther-chelate was 2.5% in mass.
mostatic bath was used for studies on temperature ~ The mass of the samples were weighed
effect, as well as to control the temperature aftarsing an analytical balance and it had been previ-
the establishment of the ideal conditions. For treatusly established so as to obtain a chromium con-
ment of the analyzed samples, a Corning PC-32f&ntration of approximately 1.0 mmotlin a vol-
hotplate was employed. umetric flask of 100 mL after suitable treatment.
Deionized water (with conductivity inferior The procedure was accomplished inside an
to 1uS) was used in the preparation of all samples<xhaustion chapel. The chapel was cleaned in a
and solutions. All reagents were of analytical puriway that no other organic reagent, paper, rubber, or
ty grade. any other substances incompatible with perchloric
The sodium azide solution (3.52 mot)L acid were present.
was standardized by potentiometric titration with Concentrated nitric acid and (ca. 10 mL)
silver nitrate, using a combined electrode (referenamncentrated perchloric acid (ca. 15 mL) were care-
electrode Ag/AgCl and silver wire as indicator).fully added to an erlenmeyer containing the sample
Perchloric acid (0.302 mol-t) was potentiometri- to be analyzed. This erlenmeyer was then placed on
cally standardized with a standardized solution ad heating-plate, and boiling and additions of water
sodium hydroxide, which had been previouslyere carried out to allow the vaporization release of
adjusted with phthalate potassium acid. The chromitric acid. Boiling was done with a funnel present
um(lll) perchlorate solution (2.023 mmoflLpHO in the erlenmeyer mouth to avoid possible sample
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loss, and it was performed until the release of den<formation of the complex species (absorbance val-
smoke was observed. At this point, the temperatuiues) in the case of the chromium(lll)/azide system.
of the heating plate was immediately decreased <Under the best acid and ligand concentrations, the
that mild boiling was obtained. This was done ttmaximum absorption occurs at 287 nm, being this
avoid the release of steam for as long as 5 minuteband more sensitive than the visible one located
ensuring chromium oxidation. The sample wa:between 400 and 700 nm, which was used in the
then guantitatively transferred to a 100 mL volu-work of Sherif and Orab [14]. It has also been
metric flask and the volume was completed wittnoticed [16] that, although the azide ligand also
deionized water. To facilitate understanding, thicabsorbs in the ultraviolet region, such absorption
sample will be called the Supplement Samplis limited to areas around 230 nm (under the pres-
Stock. Aliquots of such Supplement Sample Stocent conditions). The absorption of azide at 287 nm
were pipetted into 25 mL volumetric flasks. For theis weak, thus allowing spectrophotometric meas-
preparation of the final sample in these volumetriiurements for the chromium(lll)/azide system at
flasks, chromium(VI) was reduced to chro-low concentrations in the ultraviolet region.
mium(lll) with the addition of some drops of Measurements at 287 nm were only carried
hydrogen peroxide (5 volumes or less). The exce:out in this work after optimization of the condi-
of this reagent was 1.5 times the quantity necessations previously used by Sherif [13] in the visible
to discolor the yellow samples. After completeregion, when factors such as acidity, ligand con-
reduction, sodium hydroxide was slowly added ircentration, nature and concentration of solvent,
a predetermined amount under vigorous stirring, stemperature and contact time were investigated
as to neutralize the excess acid. too. After this optimization [16], it was possible to
To determine the exact amount of sodiunnotice that the same conditions considered ideal in
hydroxide that should be added, an aliquot of ththe visible region could be employed in the ultra-
Supplement Sample Stock was taken and hydrogeviolet region, leading to the determination of metal
peroxide was added to it. Next, excess sodium taion concentrations a hundred times lower than the
trate was added in the salt form, and the resultinones determined in the former region.
sample was titrated with sodium hydroxide. One of the first problems faced with this
Knowing the concentration of perchloric acid pres-system concerned the strong turbidity observed
ent in the Supplement Sample Stock, the exceiupon metal (chromium) addition to the ligand
acid contained in the pipetted volume was thei(azide). This happens probably due to metal
neutralized in the 25 mL volumetric flask, in a wayhydrolysis or to the insolubility of the formed
that the resulting solution contained a concentrespecies. Perchloric acid was thus added to the
tion of 12.0 mmol t! of the remaining acid. The samples to overcome this problem, because it has
sample that resulted from such sample treatmelow coordination ability, offering no competition
will be called Treated Supplement from this point.to the azide ligand. Because kN a weak acid
After such treatment, the ligand still had to (pK, = 4.65) [17], it was assumed that all the
be added at an ideal concentration, temperaturadded HCIQ led to the formation of hydrazoic
and contact (reaction) time so that the flask coulacid. In this way, the free ligand concentration,
finally be filled to the mark. [N5], was approximately equal to the analytical
The presence of sodium tartrate throughouconcentration of the added ligand, £Nminus
the titration was necessary to avoid formation othe concentration of added perchloric acid.
chromium(lll) hydroxide, which could affect the Fig.1 shows the effect of acidity on the
alkalimetric titration. spectrum of the system in agueous medium, at a
free ligand concentration of 200 mmoil land
fixed contact time and temperature. Acid concen-
Results and Discussion trations lower than 10.0 mmotilwas not used,
allowing the pH to remain below 6.0 for the
Several factors such as acidity, ligand conformed buffer solution (HMNaN;). The most
centration, temperature, and contact time affect trpromising acidity condition was 10.0 mmoilL
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and the acidity condition employed here was 12.
mmol L1 for practical reasons.

The behavior observed in Fig.1 can be
explained by the fact that there was more formatio g
of HN; (weak acid) at higher acid concentrations & **°]
and, consequently, there was lower availability o 5

the free ligand to form the absorbent complexes. £ %397
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Initially, a study of the influence of differ-
ent solvents (acetone, tetrahydrofuran, methanol,
Figure 1. Effect of the acidity on the spectrum of the ethanol, and propanol) on the spectrum of the
system (g3+ = 3.96 x 102 mmol L1  chromium(lll)/azide system was carried out for a
[ = 200 mmol L%; CHCIO; mmol L2 =variable: (8)  concentration of 60% (v/v). Generally, the solva-

= 100, (b) = 200, (c) = 100 and tjon effect increased complex formation, increas-
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Fig.2 shows the effect of the analytical con- Lrde

centration of the ligand on the spectrum of the sys
tem at constant chromium(lll) concentration anc 8

fixed acidity (12.0 mmol ). A small § b
bathochromic effect could be noticed with increas g 0.30-

ing ligand concentration. Azide analytical concen- <
trations higher than 500 mmol-l. as seen at 0.15. a
Anaxvalues (maximum absorbance), did not lead t

a significant increase in absorbance, so this lim

was fixed. The complete saturation between met 0'00200 250 300 350

and ligand only happened at ligand concentratior Wavelength, nm

of abogt 900 mmol £, Whlch was considered Figure 3. Effect of some solvents on the system spec-
excessive. So, the concentratlonlo'f 500 mmél L y\m (Co3+ = 3.96% 102 mmol L%; CNy = 200
was chqsen as the most promising one for thymel [-1; CHCIO, = 12.0 mmol EL; Cyypyen = 60%
accomplishment of the measurements. For analy!(yi): (a) = acetone, (b) = tetrahydrofuran, (c) = water,
cal simplicity (pipetting), a ligand analytical con- (d) = methanol, (e) = ethanol, (f) = propanol; T = 25.0
centration of 493 mmol-Lwas chosen to continue °C;t = 1 hour; Sample = Blank + Metal; Blank = Acid
the studies. + Solvent + Ligand).
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nique. Fig. 3 shows the influence of some solvent3.96x 102 mmol L1, the effect of the temperature
on the spectrum of the present system, for a ligarand contact time on the formation of the absorbent
analytical concentration of 200 mmottL complex species was verified (Fig. 5). A tempera-

At the employed ligand concentration, ture of 20 °C provided slow reaction, but led to
most of the solvents provided an increase in thhigher absorbance values for longer contact times,
absorbance values. Ethanol was the solvent chreaching a constant absorbance value after 2
sen to continue the comparative studies betweehours, which is too long. Increasing the tempera-
the organic and aqueous medium. It is known thiture enabled the system to reach a stable level
acetone, unlike the other solvents, absorbs stronfaster, although a small decrease in the absorbance
ly at wavelengths lower than 320 nm, justifyingvalue was obtained at higher temperatures. This
the high interference and low sign obtained in thidatter fact can be justified by the loss of the azide
spectrum in the presence of this solvent. ligand in the hydrazoic acid (volatile) form. A con-

In Fig. 4, at a ligand concentration close tctact time of 60 minutes at T = 25.0 °C showed to
that considered ideal in agueous medium (50be the most promising condition for the accom-
mmol L-1), the presence of ethanol only broughiplishment of the measurements, once at this tem-
about a small increase to absorbance values, meperature and reaction time, 98.7% of the highest
ing the aqueous medium the most promising foabsorbance value was reached.
the accomplishment of the measurements. The use
of solvents such as acetone and tetrahydrofuran
did not provide the solvatochromic effects for the

present chromium(lll)/azide system, as observe . 1 . —= :: 3 :
previously [9-12]. 17,
Employing the best conditions of ligand  ¢.55
concentration and acidity in aqueous medium (49 ¢ ]
mmol Lt and 12.0 mmol  respectively), witha & 050 ] - 200
chromium(lll) analytical concentration of only 2 ] PP
0A45—_ v 40°C
0.40 ]
0.8 j 0.35 T T T T
0 60 120 180 240
0,7 time, min
Q . .
2 5 Figure 5. Effect of the temperature and contact time
3 067 on the absorption measurements carried out at 287
2 053 nm.
< 77
= -
S 04 :
] The absorbance reached a maximum
] + Ethanol 60% (viv) . .
0,34 4 Aqueous medium value after a contact time of 360 minutes (6 hours
] Table 1).
02 - . - w Using the most promising conditions (acid
0,0 0.2 04 0,6 08 1,0

. perchloric analytical concentration = 12.0 mmol L
Cyg» mmol L 1 ligand analytical concentration = 493 mmd} [T
Figure 4. Effect of the ligand analytical concentra- =25.0°Cand c.ontact time =1 hour), the analytical
tion on the spectrum of the system in aqueous arCUrve was obtained from 15 samples. The slope of
organic medium (g§3+ = 3.96x 102 mmol L; the straight line obtained from the linear regression
CHCIO, = 12.0 mmol L% T = 250 °C; supplied a mean molar absorptivity coefficient of
t=1 hour; Sample = Blank + Metal; Blagk = Acid (1.481 £ 0.008x 10* L mol-1 cm for the chromi-
+ Ligand; Blankgo) = Acid + Solvent + Ligand).  um(lll) compounds, with r = 0.9998, at 287 nm.
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Table 1. Dependence of the absorbance values on contact time at T = 25.0 °C, using
the ideal acidity and ligand concentration values

Azg7/0.614
Time (min) Azgy

(%)
15.0 0.499 +0.002 81.3
30.0 0.581 £0.002 94.6
60.0 0.606 + 0.002 98.7
120 0.612 +£0.002 99.7
360 0.614 £0.002 100
1440 0.614 £ 0.002 100

Considering the ideal range of absorbance valutied, F, Ct, Br, NOy, 105, BrOy, SCN, SO,
between 0.2 and 0.8, the metal can therefore IS,052, Li*, K¥, Mg2+, B&*, Zr#+, and NH* did
determined in the concentration range 0.702 to 2.Enot interfere at concentrations that were up to 100
mg L1 at 287 nm, using the experimental condi-times higher than that of chromium(lll). The ions
tions above established. I, NO,y, CO%, HCOy, and M+ did not interfere

Precision studies were accomplished folat concentrations that were up to 50 times higher
20 samples containing 3.96 102 mmol L1  than that of chromium(lll). The ions OH5,0q 2
(2.06 mg L1) chromium(lll). An absorbance of , H,PO,;, HPQ2-, and Cd* did not interfere at
0.606 + 0.001 with a confidence limit of 95% concentrations that were up to 10 times higher
was obtained. than that of chromium(lll). The ions HB,0,

For the interference study, cations (used aand C@é+ did not interfere at concentrations equal
nitrates) and anions (used as sodium) salts weto that of chromium(lll). Finally, Re, Cl?*, and
added separately to the sample and the results Hg2+ were the most interfering ions {E-5%),
each of them were compared with the controeven at concentrations lower than that of chromi-
samples. The conditions for both the control samum(lll). The AB* ion led to sample turbidity, of
ple and that containing the interfering ion of inter-thus, making the absorbance measurements
est were identical, except for the fact that the corimpossible.
trol one did not contain the diverse ion. The pos Table 2 shows the results obtained with the
sible interfering ion was added to the sample in nutritional supplement Cromo Chelafiteising
way that concentrations of 4.0 mmot,L2.0 the spectrophotometric method developed in this
mmol L1, 0.40 mmol L1, or 0.040 mmol ! work. The results were compared with those
would be obtained in the volumetric flask. Theseobtained by the atomic absorption technique
concentrations are equivalent to approximatel (Standard addition method), with errors lower than
100, 50, 10, and 1 times the amount of chromi5%, as seen in Table 3. The expected value refers
um(lll) present in the sample. Respectively, theto the chromium(lil) concentration according to
employed conditions of acidity, ligand concentra-what is stated in the label of the nutritional sup-
tion, temperature, and contact time were the sanplement by the supplier.
as the ones pre-estabished with a chromium(lll In order to verify the validity of the spec-
concentration of 3.98 102mmol L1 (2.06 mg L trophotometric method and of the proposed pre-
1) measured at 287 nm. Interference was consitvious treatment (section 2.2), a synthetic sample
ered to take place in samples where the error wiof chromium(lIl) was prepared from a standard-
higher than 5%, considering the real chro-ized solution of chromium(lll) perchlorate. The
mium(lll) concentration. Of the 30 species stud-synthetic sample was submitted to the same
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Table 2. Mean experimental results and respective error in relation to the expected
values for the analysis of the Cromo Chelavite® drug

Cer (mg L _
Technique cr(mgL7) E, (%)
Found Expected
Spectrophotometry 1.92 2.08 -7.69
Atomic Absorption 1.97 2.08 -5.29

Table 3. Mean experimental results and error when compared with Atomic Absorption

Spectrophotometry Atomic Absorption B (%)
E ()
Ccr (mg L™ Cer (mg L) ¢
1.92 1.97 -2.54

Table 4. Comparison of mean results from the prepared, expected, and obtained
concentrations using three synthetic samples

Value obtained Value expected _
i a E, (%)
Cer (mg L7 Cer(mg L)
2.08 2.06 +0.971

conditions as the real sample of the nutritionaously reported in the literature, for the chromi-
supplement. The ligand was then added undeum(lll)/azide system.
the ideal conditions of temperature and contac The presence of organic solvents tested
time, and measurements were done at 287 nrin this work did not influence the absorption
Results are in Table 4. profile of the chromium(lll)/azide system, as
The validity of the proposed method washad been observed for analogous iron(lll)/azide
thus confirmed, with good recovery of the addecsystem, mainly in the presence of tetrahydrofu-
chromium concentration value. The obtention oran.
good results with the proposed spectrophotometr Under the best experimental conditions,
method and their agreement with the atomiiabsorbance of the chromium(lll) complexes were
absorption technique (standard addition) in thimeasured at 287 nm, where the molar absorptiv-
case of the nutritional supplement Cromcity was (1.481 + 0.008% 10 L mol-1 cmrl. The
Chelavit® make it a potential way of determining system obeyed the Beer’s law, and it is suitable
chromium in other products. for chromium(lll) determination over a concen-
tration range of 0.702 to 2.81 mg-(15-65% T).
For 100% stability to be reached, a contact time
Conclusions of 360 minutes (6 hours) was necessary. Of the
30 species investigated in the interference study,
We have developed an aternative methoFe3*, Cl2+, and H@* were the ions that more
for the analysis of chromium(lll) ions that is high- interfered on the results.
ly sensitive. This high sensitiveness is due to th Analytical applications of this method
use of an interesting absorption band not prevhave been successfully tested for the nutritional
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L. M. Lourenco, F. G. Martins, V. R. Balbo, A. C. Pimenta, J. R. M. Castro, J. F. Andrade.
Estudo espectrofotométrico do sistema cromo(lll)/azoteto na regido do ultravioleta e seu aproveita-
mento analitico.

Resumo:Um método sensivel e alternativo para a determinagao espectrofotométrica de cromo(lll) foi
proposto. O estudo é baseado na formacdo dos complexos cromo(lll)/azoteto, investigando uma nova
banda na regido do ultravioleta. As melhores condi¢fes experimentais para a determinagdo analitica deste
fon metalico foram: concentracéo analitica de ligante e &cido percldrico de 493 e 12,04 mespec-

tivamente; meio aquoso, T = 25.0 °C, tempo de contato = 1 hora. Nessas condi¢es, o0 maximo de
absorcéo para o sistema cromo(lll)/azoteto ocorreu no comprimento de onda de 287 nm, com um coefi-
ciente de absortividade molar médio de 1,481 + 0;0@8* L mol-1 cmrl, permitindo a determinagao

deste ion em concentragbes cem vezes menores em relagao a regido do visivel. O sistema obedece a lei
de Beer e mostra-se adequado para a determinag&o de cromo na faixa de concentracdo de 0,702-2,81 mg
L-1(15-65% T, em uma cubeta de quartzo de 1,00 cm). Aplicacbes analiticas para o método proposto
foram testadas em um suplemento nutricional contendo cromo. Os resultados foram comparados com os
da técnica de espectrometria de absor¢ao atdmica.

Palavras-chavecromo; azoteto; azida; espectrofotometria; complexos.
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