
J. lncllan Chem. Soc., 
Vol. LIX, July 1982, pp. 888-890 

A New Reagent System for Photometric Analysis of 
Selenium in Complex Materials 

(Miss) A. BHATT and V. K. GUPTA• 

Department of Chemistry, Ravishankar University, Raipur-492 010 

Manuscript received 22 June 1981, revised 11 December 1981, accepted 28 Apri/1982 

A new reagent system consisting of 4-nitrophenyl hydrazine and 8-quinol~ol !8 

described for the photometric determination of selenium. 4-Nitrophenyl bydrazm~ •s 
oxidised with selenious acid in 6 M hydrochloric acid to 4-nitrophenyl·diazonmm 
chloride which is then coupled with 8-quinolinol to form an 'azoxine' dye. The dye 
gives intense purple colour in alkaline medium with an absorption maxima at 550 nm. 
The colour system obeys Beer's law in the ran2e of 7-45 .ug Se/25 mi. The molal' 
absorptivity and Sandell's sensitivity are 3.2 x 104 I. mole-• em-• and 0.0025 ~-<f!{cm• 
respecthely. The optimum reaction conditions and other analytical parameters ~re 
evaluated. The effect of various ions is discussed. The method is applied for detectron 
and determination of selenium in complex materials such as cabbage leaf and 
cigarette paper. 

·sELENIUM and its compounds are of wide 
o~currence an? known for their toxicity1. Se1e­
mum may be mhaled as fumes, dust or absorbed 

~rough sk~n ~nd g~trointestinal tract. When taken 
mto body, It IS raptdly absorbed in blood and gets 
accumulated in ~ower ki?ney and muscle tissue. 
Sever~l t:eports bst s_elemum as a carcinogens's. 
lntoxtcatlon due to mcreased dietary intake of 
~eleni?ffi has been rep<?rted to cause bad teeth, 
jaundtce, chlosema, verttgo, chronic gastrointestinal 
disorde';, dermit.itis, hair loss, fatigue, etc•. Intake 
of selenmm beanng plants causes chronic selenosis. 
It has been found that cruciferous plants accumulate 
much. ~ore selenium than other vegetables IS. 

Selentum IS also reported to be present in cigarette 
paper and tobaccos-a .. '!'hese materials are largely 
commmed. Hence, senstttve methods are required 
for analysis of selenium in these materials. 

Several analytical methods have been proposed 
for determination of selenium and they have been 
nicel~ reviewed9 - 11• Mos! PC?Pular spectrophoto­
metric methods for determmatiOn of selenium are 
based on preparing sol of selenium and subsequent 
measurement of absorbance of the colloidal-solution. 
Different reducing agents and stabilising agents have 
been proposed1 s. The methods are less sensitive 
and less specific. Other methods are based on the 
fonnation of complexes with o-diamines which form 
coloured or fluorescent paizselenol with selenious 
acid18·! ". These methods lack sensitivity and 
selectivity. Some other methods make use of 
oxidising property of selenious acid15 • The present 
investigation is based on oxidation of 4-nitrophenyl 
hydrazine to 4-nitrophenyl diazonium chloride with 
selenious acid in strong hydrochloric acid which is 
then coupled with 8-quinolinol in alkaline medium. 
The violet coloured dye is measured photometrically 
at 550 nm. The optimum reaction conditions and 
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d 'fbO 
other analytical parameters are evalu~e ;,naJysis 
method has been successfully used for t eteaveS· 
of selenium in cigarette paper and cabbage 

Experimental JllettiC 
Apparatus and reagents : · All spectropbo:~oJlletot 

measurements were done at ECIL spec~op~nS 1 c!ll1 model GS-86 5 and Carl Zeiss Speko us odel SZ 
matched silica cells. An ECIL pH meterh:xnostat~ 
was used for pH measurement~. ~- t constaJl 
water bath was used for mamtamtng 
temperature. aS 

The stock solution of selenium .<1 mg~~it: ill 
prepared by dissolving 0.22 g of sodtum d!rds w~te 
100 ml distilled water. Workmg stan~ 80tut1ot1 
prepared by appropriate dilution. 0.~2 :.,ater alld 
of 4-nitrophenyl hydrazine (4·~PH) ,,1n tbanol wore 
0.2% solution of 8-quinolinol m 90'}o e 
used. . (:no 

. I solutton ~ 
· Procedure : An ah<Ju.ot of samp e eieniul'll wa 

more than 4 ml) contammg 7-45 pg of dded 1 Jll\& 
transferred to a test tube. To ~t w~s a round 6 
4-NPH and the acidity was matntamed S tnin ill tll' 
The test tube was kept at 60, 2' for 1 tents wet 
thermostated water bath and thTe ~~n was adi~ 
transferred to a 50 ml beaker. . 0 1 ml of 1 0 ' 

1 ml of the 8-quinolinol solutton, 1 1 of ~0 7 
solution of disodium EDT A and 1 ~nd 1111lle 
solution of sodlum potassium tartr::r alkaline ~ 
well. The mixed solution was ~a d 0 b)' dt0 , 
adding 5 M sodium hydroxide solu!10n r r~vent d' 
cooling it simultaneously to 2~ th it produ"! 
decomposition of the dye bY e w~s uansferl' 
?uring neutralisation .. The violedt 2f ted to t~e ~ 
mto a 25m1 volumetnc flask an u of tbtS so 
with distilled water. The absorbance 
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f 8~~n .was measured at 550 nm and the amount of 
eniUm was calculated from a calibration curve. 

Kjefdephlaration of sample solution : Into a 100 ml 
ci a flask I g of dried crushed cabbage leaf/ 
it ~rette paper from 5 cigarettes was taken and to 
sol ~~ added 15 ml concentrated nitric acid. The 
Prou ldn was heated till reduced to 2-3 mi. This 
co ce ure was repeated for 3-4 times to ensure 
ch~P!ete ~ecomposition. Then 5 ml of cone. hydro­
left rtc a~td was added and heated till 2-3 ml was 
to · Thts procedure was also repeated 2-3 times 
ne:move nitrous fumes. The digest was filtered, if 
Withss~ry? and the volume was made upto 10 ml 
tnine dtsttlled water. Selenium content was deter­
must t by the recommended procedure. Precaution 
com 1 e taken ~o see that mixture does not dry up 
loss Po~tely d~rtng digestion, otherwise there will. be 
of 1 ~elenmm through volatilisation of oxtdes 
cabbe entum16. It was found that samples of 
of sefg~ had no selenium, therefore known amount 
tion entum :was added to the sample before diges­
reco"m Selemum content was then determined by the 
and h dnded procedure. As concentrated nitric acid 
Prec· Y rochloric acid was found to give nearly 
use ~~ results, ~nder the condition e:J?ployed, the 
rea perchlonc acid1'1·1s was avotded for the 

sons of s ~ t hl · "d. was a e y. However when perc one act 
oxida u~e~, the results obt;ined were high, since 

n s Interfere with this method. 

:lesmts and Discussion 

rea:pectral charact;ristics : Absorption spectra of 
dye eht and azoxine dye are shown in Fig. 1. The 
ble ~bows ~ .. at 550 nm. The reagent has negligi­
reagen:obltlon at this wavelength. However, a 
chan . ank was used to compensate for any 

ge tn the colour of the reagent on storage. 

o, 
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I 

a, 
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Fig, 1. Aha . WA.VELENGTH,nm -

in ~P~•on spectra of azoxine dye and reagent blank 
J\ aS ahne medium a&ainst water. · 
ll" e- 30 P.g/25 mi. 
c" Se • 20 P.g/25 mi. 

• R.eagent black. 

l'e ~.eaction · Th · · · bel Th actton B . ·. e reactton 1s gtven ow. e 
Nair and 018 tdenticaJI with the reaction proposed by 

Upta19. 

N0 2-@-NHNH;+H$eOj ~N02-@-NIIN+Se0 +lH20 - A 

·J\102·©-;IIN+ $,0HAikaF ,N02·@-N•N-$,OH - B 

Effect of variables : 
Acidity :The effect of acidity on oxidation of 

4-NPH was studied by maintaining different molari­
ties of hydrochloric acid ranging from 1 to 7 M and 
developing the colour by the recommended proce­
dure. This revealed that atleast 5 M hydrochloric 
acid was required for complete oxidation. Constant 
absorbance values were obtained when the acidity 
was above this. It was also found that wave length 
of maximum absorption remains constant in the 
range of acidity. 

Effect- of time, temperature and reagent concentra· 
tion : The oxidation reaction is dependent on 
temperature. To determine the effect of tempera­
ture and time, the reaction was carried out at 
temperatures varying from 25 to 60°. The maximum 
time required for complete oxidation and stability of 
the diazonium chloride at respective temperature 
were evaluated by carrying out the oxidation reaction 
for different time and developing the colour. It 
was found that higher temperature accelerates the 
reaction, as the same intensity of colour is reached 
in 10 min at 60°, but in 45 min at 25". However, 
the stability of diazonium chloride decreases at 
higher temperature. In this investigation the reac­
tion was carried out at 60±1° for 15 min. 

The amount of reagent is not critical. For 7-45 
pg of selenium per 25 ml, 1 ml of 4-NPH and 1 ml 
of 8-quinolinol gave reproducible results. At higher 
concentration 4-NPH itself gave colour with sodium 
hydroxide and it should be avoided. 

Effect of pH and stability of dye: It was found 
that for coupling reaction pH 11 is required to 
attain maximum absorbance. This pH was attained 
with 5 M sodium hydroxide. · 

The dye was stable for 3-4 hr. Some turbidity 
was observed after this period. 

Beer's law, molar absorptivity and Sandell's sensi­
tivity : Beer's law was obeyed· in the range of 7 to 45 
pg/25 mi. The molar absorptivity and Sandell's 
sensitivity were. 3.2x 10" 1. mole-1 cm-1 and 0.0025 
pgfcm11 respectiVely. The detection limit was Q,.l 
ttgfml. The standard deviation and relative standaM 
deviation were± 0.0026 and ±0.814%, respectively. 

Validity of the method : To check the validity of 
the method, 20 p.g of selenium was determined in 
presence of known amounts of interferants. 100 fold 
excess of Br-, CN-, CNS-, co:-, PO!-, SOli­
citrate and tartra'te,~50 fold excess of Bell+ Ba~~+(~)· 
co~+(a), Ca~~+(a), Ni9 +(a), Mgz+(a), Zn 11+(a) Bis+(b)' 
Li+, K+, Pb9 +(a), AlB+(a), 20 fold excess ~f Te"+' 
Hgm+(a) and 5 fold excess of Fe~~+, crs+ do not 
interfere. Many ions (marked·by a and b) interfere 
by precipitation as hydroxide. These are masked 
'Yith 1 ml of 10% disodium salt of EDTA (a) and 
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1 ml of 10% sodium potassium tartrate (b), respec­
tively. Cull+, oxidants such as potassium permanga­
nate, potassium dichromate, FeB+ and reductants 
such as sulfide, thiosulphate, Sn ~~+ interfere. The 
interference of Cu11 + and FeB+ can be eliminated by 
separating them as their cupferronates110 • 

The method was then successfully applied for the 
a?-alysis of selenium in cabbage leaves (Table 1) and 
cigarette paper. 

TABLE 1-DETERMINATION OP SELENIUM IN CABBAGE LEAVES 
Selenium added Selenium found* Recovery 

pg pg % 
40 39.00 97.50 
20 19.50 97.50 
10 9.70 97.00 

*Average of three determinations. 

Cigarette paper of different brands were found to 
contain different amounts of selenium. It was also 
found that the selenium content varied with different 
lot of the same brand. It was found that even one 
cigarette paper contained sufficient selenium to give 
positive test for selenium by this method. 

The method is simple, sensitive, free from rigor­
o~s control of pH and can be compared _favourably 
with. ot~er meth?dsu-u. The coupling reagent 
8-qumolinol used m proposed method is non-toxic 
as compared to c(.-napthylamine used in Kirkbright's 
method 15 • The method can be applied for the 
analysis of selenium in complex materials with 
reproducible results. 
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