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ABSTRACT

A new Analytical reagent, Acetophenone 2', 4'- dihydroxy semicarbazone [A24DHS] is proposed as a
spectmpi'!otametnc reagent for U(VI). The reagent A24DHS is synthesized in the laboratory and
-:haractenzec_l by NMR, IR and elemental analysis. Spectrophotometric method is presented for the
trace determination of U(VI) using A24DHS as spectrophotometric reagent (Amax = 340 nm) in acidic
aqueous solution (pH = 7.4). The Beer's law is obeyed in the concentration range from 1 to 10 ppm.
The A24DHS forms a 1:2 coloured complex. The Sandell's Sensitivity is 0.0823 pg cm-2 with molar
absorptivity 2896.43 L mol' cm . The proposed method has been successfully applied to the
determination of Uranium in ores and commercial samples. The precision and the accuracy obtained

were satisfactory for its use in the concerned industry. This chapter details the method development
for determination of Uranium in different commercial samples.

Keywords: Uranium  (VI);  Spectrophotometry;  1-Butanol;  Acetophenone 2’ 4-dihydroxy
Semicarbazone; A24DHS.

1. INTRODUCTION

Uranium and its decay products are source of radioactive energy. Its long half-life makes possible
determination of the age of the earth by measuring the amount of lead. Uranium present in earth crust
as ore viz. Pitchblende, Camotite, Tyuyamunite, Torbernite, and Autunite. Radiological effects are
generally local because alpha radiation, the primary form of U-238 decay. Uranyl (UO2"} ions, such as
from uranyl nitrate and other hexavalent uranium compounds, have been shown to cause birth
defects and immune system damage in laberatory animals [1]._Therefore.. precise knowledge of the
Uranium present in various samples is required. Literature indicates the importance of the element
and hence a reliable method is required for its determination at trace level [2,3]. Assessment of the
Uranium is an increasing need for analytical methods fc_)r the determination mf trace level. Many
methods have been reported for the determination of Uranium but require expensive instruments ancile
well-trained operators [4]. Analytical reagents are reported for the spectro_photomet{lr:: ?jetfenanrlratinn 0
Uranium [5,6]. The purpose of this work is to find a selective and simple metho thOL he ixam
determination of Uranium by using a new analytical reagent. In this paper simple metho f ljas een
developed using Acetophenone 2',4'- dihydroxy semicarbazone [A24DHS] for 95""‘3‘;’;‘ Oh t’a”'l:",‘-
which is selective, and sensitive. The proposed method has been applied for th%‘?pzndosaagiﬁtme ric
determination of U (V1) in various samples and offer advantages of simplicity, rapidity y.

2. OBJECTIVES

The overall objectives of the study are, o .

To study van‘ots methods available for de{ermlnatlon of Uranium.
To find best suitable method for its determination. "

To synthesize new reagent (Ligand) for Uranium metal.

hta Science College, Paighar,
'‘Department of Chemistry at Sonopant Dandeker Arts, V.S. Apte Commerce & MH. Me
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3. MATERIAL AND

nthesis of the reagent

METHODS

none 2, 4' - dihydroxy semicarbazone (A24py
3.1 S5y Acetophe .
olves two steps.

| to 2,4-Dihydroxy acetoph

hloride (0.24 mole) is dissolved in glacial acetic acid (32 mL) p
| (0.2 mole) is added with stirring to the mixture :t

140°C. The solution is heated until it just begins to bo_il and kept Eor 20 min. At 150°C dilute
Hydrochioric acid (1:1) is added to the mixture and solution cooled (5°C). The separate product is
filtered and washed with dilute HCI (1:3). It is recrystallized from hot water containing little HCI. M.P. is

142C [7). Yield is 84.45 % (Scheme 1).

Synthesis of ADHS inv
enone [7.8]-

A. Conversion of Resorcino!

Freshly fused and powdered Zinc © d
heating in a beaker on @ sand bath. Dry Resorcin0

T
c=0
OH i) Glacial AcOH / ZnCl, OH
Heat at 150° C (20 min.)
T
iy Dil. HCI, cool at 5° C
OH
OH
Resorcinol
2,4-Dihydroxy acetophenone
(Scheme 1)
B. Synthesis of Acet
ophe "4 - di
8.9 phenone 2', 4' - dihydroxy semi
carbazone from 2,4-Dihydroxy acetophenone

precipitate out, which |
: | Is washed gz !
a2 nd then recrystallized by usiﬁgTrgg“/plnk Vit gt
THJ o ethyl alcohol as solvent
C=0
CH,
OH 0 (I:_h
i) ——N—-NH——C—NHz
Scmic:u-hazideh c::HalHCl i
ii) Sodium a::cmley Peloride
OH
2.4-Dihy
A D"'l)dm!y acctophenone

Sem:
5 rj‘m Il)ci?hc?mne derivative of
Ydroxy acetophenone

{schame 2}
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g strumentation
surements were made using a pH meter Ejico i
ﬂﬁ%bi:ﬁ' glass and calomel electrade. Shimadzy Uy ooe! L1129, India in conjugation with

Uv-
¢ Suartz cells were used for all absorbanas Visible 2100 Spectrophotometer with 1.0

;ﬂ matche measurements,

1.3 Reagents

stock solution of hexavalent Uranium was pre,
wate in doubly distilled de-ionized water containi

pared by dissolvin

Ng 1-2 mL of nitr

g weighed amount of Uranyl
siutions were prepared from this stock solution as and when required
s *

ic acid. More dilute standard

14 Procedure for the Extraction

. mL of aqueous solution cnnta_ining 5 Mg of Uranium metal and 2 mL of
- beaker. The pH of thg solution adjusted to 3.4, it must be noted that
;meed 10 mL. The solution was transferred to 100 mL Separatory funnel. The beaker was washed
wice with 1-Butanol and transferred to the same funnel. The two phases were shaken for two minutes
and ellowed to separate. The organic phase was passed through anhydrous sodium sulphate in order
1o absorb trace amount of water from organic phase and then collected in 10 mL measuring flask and
made up to the mark with organic solvent if required. The amount of Uranium present in the organic
ohase determined quantitatively by spectrophotometric method by taking absorbance at 340 nm and
that in the aqueous phase was determined by thiocyanate method [10-1 5].

4. RESULTS AND DISCUSSION

reagent was mixed in a 50
the total volume should not

Tne results of various studies are discussed below.

4.1 Extraction as a Function of pH

The extraction of Uranium with Acetophenone 2',4'-dihydroxy semicarbazone has been studied over
P& pH range 1-10 and was observed that percentage extraction of U (IV) is maximum at pH range
72-78. Hence, further extraction and determination carried out at pH 7.4.

A 120-|

b 100 -

s

o 80_

" 60 A

b

a 40 o

n

¢ 20 - |

e i : . . 1 T 1 1

' 1 5 3 4 5 6 1 8910

L ™

Fig. 1. Extraction as a function of pH
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4.2 Absorption Spectrum

of U (IV): A24DHS
1:21 reagent at this wavelengt

d out at 340 nm.

in 1-Butanol shows the maximum absorption a 340
m

The absorption spectr h is nearly negligible. Hence the abscfﬂtigﬁ

The absorption due 10
measurements were carrie

0.18 1
0.16
0.14
0 0.12 -
¢ 0.1 4
b 0.08 -
a 0.06 -
n 0.04 -
€002 1
e

0 T L T 1
100 200 300 400 500 600 700

—e— Absorbance of reagent

—@— Absorbance of sample

L = i -

Wavelength in nm

Fig. 2. Absorption spectrum

4.3 Effect of Solvent

The suitability of solvent was investigated using various organic solvents and the extraction of U (IV):

A24DHS was quantitative in 1-Butan es as
e betlr e A separ:tli'oﬁence' 1-Butanol was used for further extraction studies as |

B

120 -
100 -

80 -
60 -
40 -

& &
F & &S
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& & PN RN &
¢ Rl d
< ¢
&
@

Fig. 3, Effect of solvent
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t of Reagent Concentration
ffec
14E

that 2 mL of 0.1% reagent is Sufficient for the coloyr ugvernpmam of the meta| (V) in
5 ft;”:;‘ ueous solution at pH 7 4.

qmL @

ct of Equilibration Time ang Stablllty of the Complex

15 Effe .

N f1 minute is sufficient for the uantitat

villbration time o h resp q

he €4 ect to time Shows that th
; I which slight g

d m“:‘:; :;;2&395 is(stable Up to 32 hours, afte
erfrad

46 Calibration Plot

Beer's law is obeyed from 1 to 1 PPM. The molar abso
The

Mptivity ang Sandell's sensitivity were
lated to be is 2896.43 L mol-'cm-1 apng 0.0823 g cm-2 respectively.
caula
0.12 -

A

b 0.1 -

5

o 0.08 -

L 0.06 -

3 0.04 -

n

¢ 0.02 -

e 5 . . . _

0 2 4 6 8 10 12
Concentration in PPM
Fig. 4. Calibration plot

T Limit o Detection (Lop)

it was 0.442 pg/mL.
“Defing Present method was Calculate at 98.3 % confidence level, it was

3Efact of v : in the
! of ign lons indi no interference i
.;::”EL‘! of ELZ?IE';;':,TEET: {Fl‘ggfeg.t 5) in various r?m?#r?st Eg:gﬁtiiow interference rrti the
& : i ' ium. The : sking agents

g oMelric. determination of Sppm of Uraniu ing appropriate ma

S : hin . me by using

Tablg S}hmﬁme’ffrc determ Ination of Uranium were overco Y

1”

‘ reclsinn ang Accuracy

8 Pragie;

saa.‘Riﬂ ISl{)n Elnd ac

: ten Solutign
wa

ied by
. have been studie
etric method rage of ten
d spectrophotom hase. The ave
curacy of thg.devempeof Uranium in the aque?us;tﬁ)ﬂas + 0.00888.
53 g ea:rr:dc\?::izlt?é?\gfrinﬁgmean at 95% confidence lim

‘E'-Erm
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Table 4 Interference of some a -
criedrafio Interference
sr. No. Anion o 0.165 —
1 cl 1.28 0.165
2 Br' 1:33 0.165
3 » 129 0.165
5 CIOx" 125 0.165
6 BrOx" 129 0.165
7 103" 124 0.165
9 bl 121 0.165
10 Cile ' 0.165
3 1:26 .
11 PO«
2 1:12 0.165
12 P207 0.165
13 Oxalate 1:18 }
14 S04 1:24 0.165
15 $2097? 1:31 0.165
16 EDTA Masked 0.165
17 Tanarate 1:23 0.1865
18 CN- Masked 0.165
Table 5. Interference of some cations
Sr. No. Cation Tolerated ratio Interference
. L 1:35 0.164
Na*! :
3 e 1_-33 0.164
+2 ) 0.164
P Mg 1:17 0.164
? Ca* 1:25 :
& Baii' 0-164
1:34 0.164
7 \/*5 Masked :
8 Al*3 98 0.164
9 Pb+2 1:23 0.164
10 Bi*2 128 0.164
11 As*3 126 0.164
1 W2 134 0.164
8 The4 e 0.164
12 Zn* 124 0.164
N Ag" 127 0.164
= NP ' 0.164
17 . 1:34 :
Co? - 0.164
18 Mn2s 1:32
19 . 1:20 0.164
e 0.164
20 Mos* MaSEEd )
! Tite Masked 0.164
22 Cu? Masked 0.164
Masked 0.164
0.164

Table 6. i
Effect of divalent ions and foreign ions

Sr.
1r No. S{arfarln lon
2 Maski
F ng agent
3 M%(l!{ﬁ) $hiourea 9
hioc
C yante
5 v Citrate

Ti(l
Thiﬂsmphate
Ascorbic acid
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marcial Sampjag
nature of Extracted Species
410

sition of extracted U (Iv). A24DHsg comple
the annnﬁ_l"emod. Slope ratio method and Mgjg ratio m
b:gﬁs complex is 1:2. (Fig. 5).

X has p

e2an
ethod, 1 sh

datermined by Job's continuou
s
OWs that the Composition of Y {IV):

0.035 - o 7
0 0.2 0.4 0.6 0.8 1 1.2
Mole fraction

Fig. 6. nature of extracted specjes
411 Applications of the Method

T proposed method was successfully applied for the determination of Uranium from various alloys
&4 pharmaceutica Samples. The results found to be in good agreement with those obtained by the
s2ndzrd known method9,10.

412 Determination of y (IV) in Ore
1 acurately Weighed amount of 1 gm of monazite sand (ita lab, Mumbai) was taken in an round
J71om flask fittag

y ©C with standard joint. 10 m| of 3:1 HCI-HNO3 mixture was added to it and refluxed for
mne This mixture is then €vaporated almost to dryness. 5§ ml of 5 M HCl
"2 Was fyrth,

was added and the
f lution was then
. er heated for two minutes, allowed to cool and settle. T_he clear so
Slemreq 1o 59 Ml standard flask. The residue was washed and washing were also collected. A
;Drg;; Yolume of this solution Was used for the estimation of Uranium following the recommended
Hoedyre,

Table 7. Applications of the method

SN Present method
T Sample g%’g‘ﬂ;d value 0.079 g

YYnthas Monazite sample - hod By known method
. ihetje Mixture Sample By g_}'fse':; et gg,gen ppm

: U (100) + zn (50) 93.971 pp

4.485 ppm
] U (5) + Ce (3) + Th (5) 4-4;“;0 Fel 9.99 ppm
N@L" Cu (5) + MQ (10) 9.97 pp

e

" MMercig) Samples

thﬂiﬂ .
h 1 !J |

P f Zinc (Il) or 5 pg Uranium
Xurag : of Uranium in 100 g o Il) separately. The
P e T
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is solution was taken and after 54
finite aliquot of this s " iUt
rr;i:dure was ma:oi:ia to"?g mJl w:lun;e. A de o o ! racted el
of pH and addition of 2 ml of A24DHS solution, the Uranium comple > extracted ingg '

ibration curye. T -
computed from the cali he resu
{ of Uranium present was ; able 7). "
E;!:i:zld \12: cﬂﬁiﬂ?ed with those obtained by using oxine method (T )

5. CONCLUSION

thod can be effectively used for estimatj
t the newly developed me! _ o
o resfulls obla;igzgssls::d::‘a-rhe proposed method is qulc:.k and requires less volume of Organic
;Jolﬂ:?ﬂ ?I:-tla :gveloped method is compared with result obta_i_rrd wﬂ::_l tr:je .tshl‘?::;rar;arte 'meu;o d for the
| | ble. The method i ecise, faster
imati ) and observed to be compara - j b
zfnﬂ;}::'ﬂzaﬁfﬂr'::? r(nejthods. The method is precise, _accurate. less ‘tl_rne consuming ang easily
employed anywhere, even in small laboratories as it requires only uv — visible spectrophotometer it
not much coslly measurement devices or instruments.
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