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A Sensitive Detection of Actinide Species in Solutions
Using a Capillary Cell
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Abstract

Absorption spectra for a quantitative analysis of actinide elements such as U(VI) and Pu(V) were measured
by using a liquid waveguide capillary cell (LWCC) which has an optical path length of 1.0 meter. In order to
investigate radioactive elements, a LWCC is installed in a glove box and is coupled to a spectrophotometer with
optical fibers. Limits of detection (LOD) for the system were determined as 0.74 and 0.35 #M with molar
absorption coefficients of 8.14+0.07 (414 nm) and 17.00+0.16 (569 nm) M-lcm for U(VI) and Pu(V) ions,
respectively. The measured LOD values are about 30 times more sensitive when compared to those achievable
by using a conventional quartz cell with an optical path length of 1.0 cm. As an application with an enhanced
sensitivity, a quantitative analysis for micromolar concentrations of Pu(V) has been performed to decrease the

uncertainty in the formation constant of the Pu(VI)-OH complex.

Key words : Uranium(VI), Plutonium(V), Capillary Cell, Absorption Spectroscopy, Speciation.

8 o
1.0 m Zo|o] F ARE 717 HA Fru} AT A(LWCC, Liquid Waveguide Capillary Cell)S |83}
olEjL}o

= da T 5957 F2 ek o7F (UVD) B EFEF 57F (Pu(V) o9 FF2dE
AL, ASAE ARSI WA Sl EFEFS 2487 flste] LWCCE =21 Bt
AR5 ol8dte] &) TFF A A2s3int. o] BFEAE o83t A
3 UVD), Pu(V) 9] 53415+ 242} 8.14%0.07 (414 nm), 17.00+0,16 (569 nm) M-lem-1o] 3L, FHZ3HA|l=
747} 0.74, 0.35 uMoltt, A3 HE A= 33 = ol dube o et 4= Q1= 1.0 om 3 AR A
g g o] gsh= A9 vlntste] 30 wf o] 7R E gheltt. o] B3 RAIE Pu(vDe] ZHeEdl W &
ol 483} PU(VIH el ofsf A= vFe] PuV)E HET F AL, PR SA8h= Pu(V) 3
gkEol pu(VD) 7FrE3) sletEe] F48E SAE Wl Labe] dler 28T =S Fels

o}io

TG e (VD, EFEFV), ZAR A, FeEd, shekE .

1) Corresponding Author. E-mail : hrcho@kaeri.re.kr

-109-



J. Kor. Rad. Waste Soc.

o,
b
Y
b

o 1%

=9 AHE H71Ee AAS
olEo] Algk WellA Kol
Fskeh Askeol] g3 o
5 a}stEe FAEAY A5
7] ol @3} wh-g-ate] =44 2
s}s} lol~r°ﬂ *zno}— olARE 22

2 o)540] Bk S Aot B
EMi 2 015*401 st 4 Sick, olel

S8 o shek4 A5-g Ee) %%HH
| AT 4 Sl oIl telufol sk

2 T M1 E
7ro oJoi
T =21

Rl

ol
N
—_
o
e
N,

L
fu
=

N :?‘:" i

A
0]

Y
olft tlo

i
2
ol
L
o & 1l o
o2
%

il

2,
=
ol
fr

B>

&

P
£
d _h
-{u e

r1o >(v

N4

zom

ot
B
L)

N I

T

o
i

iuj
i)
o
[
L u\ﬂ

il
o
2

= i r*°

N
N
N

i

=

518} 9] & A (formation constant) @} 72+
b2 Aksto} BoH
S8l dol A fr
Fluorescence Spectroscopy), dlo]A %= F3 345
(Laser-induced Photo-Acoustic Spectroscopy) ¥ 22 175 9]
glo|A FF715S ol &3t nF Fx(u#M oldh o] otElLte]

Lo frorfr 1o gy

2

o
mlm

g4 2

H (Laser-Induced

AR ﬁtﬂa{— AF7E Y= AL Qehz-4], Lt o]
gk #lo]A] 3 i]h 383tEo] A RorE A o] &
A el %—E Aol F&ste Aol d-7tAPgal 3 4o
o] B335 7| (UV-VIS spectrophotometer) S AuH4 0 & o]-&

a3 Qs 7L, F 8] BAPEAZ ol w1e
o1 4E BUOE olgshs BRol v

el
= A& (detection
sensitivity) 7} Stek, Wb ti7) mM 5 o) /Fe] shetEnt
835 5 Qlvhe eAlE o g AHE 5 9t o] Fg
$kel7] el 3 = (optical path length)7} 7 &4
ARgsh= Zlo] drbA o, A *‘%-"4 —k-'—%“ A
F3H) AZFeE 2 (capillary cell)S 2
7Nk Aart Bars an leHo, 8l
o ATAAE 1.0 me] Zolg 74l ) 2
(LWCC, Liquid Waveguide Capillary Cell)
Alell ddste] etEufol= i FollM &
2hHr 67} (U(VD) 2 EFEF 571 (Pu(V)) o]
As SAskaL, 74 o]29] AESHA(LOD, Limit Of Detection)
ARSI, SFElol = 9128 Ths] 9] 228 ks )
weoE sk, ge e uhos slo) 91X)3k 2
+r(optical fiber)& o]-&3}
E g A dut

49 48 X452 39

S 2=

ﬁrué

i A o hz

=

o
=
LS

=1

(M o clzﬂ 2

2

foh o e M Hromn o

-110-

Vol. 7(2), p.109-114 June 2009.

=

o

o] Pu(V)E AL, e
Pu(VI) 7hasl gskge] 34303
o &3}t

ZA8l= Pu(V) gstFo]

Ap2m=

75 AAT o v|X= FEF

1. A=t B

7t A A=
AAE gE Z&A((UO,(ClOYH,1=0.1 M, 0.1 M
HCIO )2 Farz3Plell Awe Wy o Al zst it 44
WS o83t u(vl) 28] Feg FFedrt. AT
°] BgalS 0.1 M HCIO, §40 2 3|M5}e] thokst &
o] U(VD) B A& Azttt $2hae
Phosphorescence Analyzer(Chemchek Instrument, USA)
& ol g3l Jatait.
tﬂ-/\].)v] E_Or]_ﬁl_]/\Q_] = EE‘B‘ /\]

SrAHEY 2o F2d vka

o
o -1

Kinetic

AZ D LWCCE o]&

J2 S2H "2 oA FaEkgirt,
Ex 23S (PuO,, *Pu = 99.932%, ORNL, USA)&
HNO ¢} &%o] HFE o] &3t &3 Al AT, 99
HNO, & g o] X3 HClOZ 7}etar S Ak 7
AL S RSt 2R EFS Pu(VDE A8 7]aL, &
H o] mjdE HCIO,Z W&stqith. &3] TEHAT 2
B AL FEHo= oF 0.5 M HCIOZ 7}8kaL
7tdste] ERER AHdES Fo Pu(Vl) &9
Ak, Lab-E3F A (e-spectrometer, EG&G/ORTEC, USA)
o} WA A3 A= 71(LSC, Liquid Scintillation Counter, TRI-
CARB 2500 TR/AB, Packard, USA)E o]g3}e] =gl o
BT, Pu(v) BEEHE Pu(Vl) &

RO rQL'
o U

f“l

E}é— =

5 =5
AE l%o}oﬂ A7 AJH10]. o] o) SFEF
o] &+ 100 M o]3, vlg &L pH 391 0.01 M

NaClOy %"—‘101‘:}. oA AL Pu(V) EFEHE pH 39
0.01 M NaClO, (Analytical Grade, Merck) & o2 3]X
ato] FE7t e Pu(V) BEFEAIEE FHIEHITH LSCE ¢
g3hel Puv) B AR FEE AR,

7] Foll At olitsterae] 9
oA Pu(v) 7heEsl shetE A&
Ar 7F22 AYR] S 2H 82 oA A
Pu(Vl) & o] 7%42‘-:;‘-%@] NaOH &3} 0,01 M NaClO&
NG 7lete] EFEF & F57) 105 #Mo]al, pH 5,791 A]
5E Azstsict ZH@%%‘—ET 3l NaClogell 23t B8
< AAS F ARSI 228 8k YolA 5 99.99%
9] NaOH(Semiconductor Grade, Aldrich)ZS gH2to] A A
£.2 HOIO, £9)(pH 4)0l] %06} CO2 o] & 532 43}

9 3}
]:l



A Sensitive Detection of Actinide Species in Solutions Using ---

3k NaOH &-98 A x5t EFEF f‘lf—iﬂ pHE Zd3l=
g A3l 90, BE A8 A ZdE FolL4(18 Me,

Academic, Milli-Q System, Millipore)7]— AF&-E] 9t} Glass
combination pH A= (Orion, USA)S AR83}e] Alg2] pH
=2 (Mettler Delta 350, Mettler Toledo, Swiss)3} 3T},
Y 71A] 2+=8A(pH 2.0~9.2, Mettler Toledo)< |83}

=

R

=

o] pH A5S& ®As3AT
L

9 10) Aol ALEE PR 9] TS LehhiT 23
SA|(Cary 5, Varian, USA)oll A X A ET|(10x 10 mm)ell
= Al2 A ale)] 336 AgH7](fiber optic coupler, Hellma
GmbH, Germany)E A X3} Y. & & AlF @]_z_
(colhmatmg, lens)7} H2t= o] FAl-H Astr)e} AE

3, ohe Ee Lwecsh dA F d=s AE WA 0,6
mm?] FHFE o-&ste] LWCCS FFEAE A28
=2 =Ae] A #3158 0.2 nm °]3, 1.0 cm Z o] 9]
2 AL A o vl F5(30)2 2x10%]T}, LWCCE
HEZ2o 9uo] e W7 0.55 mmel A A2 o] mA)
o, A A87) AL ZAF] JEolA] de] A
REAR7} o] o} A|aL, Al uloﬂ*i ¥ ZAZE 1.0 mo|t},
LWCCE o|g3] & Oﬂ 283 A=
o] AL 250 pLE HPA}
A FElpole Aol 482 7

wAH Ao AlEe) Fo] EA| o ol/\]j]- 2~ ouE
7 AP 194 A o2 BA)7E AR =eAeH)
Fd 2 uAE Y38t A2 HEZ (P4, Ismatec,
Swiss) & AFESHELT, AFed710] Bfgk UjF-o] 3k Viton
tubing(W7 1,65 mm, Ismatec, Swiss)¥} H &2 & A3}

)\

}:l—v—r
'\":0

o

S
>
op

o
=2
2

=

o},
_g]

Al

=

ST

Stk 1 M HCIO, §91% o] g3te] HARS AHstd, &

4 A8g FYs] Al Agsh 240] 2o uEARE ol

B3te] BAHE S8 ATk Als Y T, 489 &
Optical Fiber

Glove Box

O

19)owojoydosyodadg

N
/1

Peristaltic

Capillary Cell Pump

Q

Optical Fiber

1.0-m LWCC

Fig. 1. Experimental setup.
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Fig. 2. Representative absorption spectra of U(VI) ion in 0.1 M
HCI10,4 and Pu(V) ion in 0.01 M NaClO, containing 1 mM HCIO,
by using a 1.0 meter LWCC (top) and a conventional 1.0 cm quartz
cell (bottom).
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Table 1. Comparison of calculated molar absorption coefficients and
limits of detection for a 1.0 meter LWCC and a 1.0 cm cell.

Wavelength Molar Limit of Detection (30)
lon Absorption Coefficient
(nm) (M-lem) (M)
1.0mLWCC | 1.0emCell | 1.0mLWCC | 1.0 cm Cell
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Fig. 3. Linear regression analysis for the concentration measurement
of PuO,* ion (circle) in 0.01 M NaClO, (pH 3) and UO,2* ion
(rectangle) in 0.1 M HC1O, by using a 1.0 meter LWCC (closed
symbols) comparing with 1.0 cm cell (open symbols).
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Fig. 4. Absorption spectrum of a sample for investigation of Pu(VI)
hydrolysis. The total concentration of plutonium is 105 4 M in
0.01 M NaClO,4 at pH 5.71. The main species in the sample are
PuO,2* ion and Pu(VI)-OH complexes whereas PuO,* ion below
the limit of detection for a 1.0 cm quartz cell is contained as a
minor species.
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