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Abstract

A low temperature electrothermal vaporization inductively coupled plasma atomic emission spectrometry (ETV-ICP-AES) method was
developed for the determination of the refractory yttrium, using 1-(2-pyridylazo)-2-naphthol (PAN) as chemical modifier. The trace yttrium
was vaporized as PAN complex into plasma from a graphite furnace at a comparatively low temperaturé 6f Te@Mdperation conditions
were optimized, and the vaporization behavior of Y-PAN chelate and the main factors affecting the determination were investigated in detail.
Under the optimized conditions, the detection limit of Y was 0.7 ngtpdnd the relative standard deviation (R.S.D.) for@gimi~t Y was
4.5% (n= 9, v = 10pl). The linear range of calibration curve covered three orders of magnitude. The recommended approach has been
applied for analysis of three biological samples with satisfactory results. The accuracy of the method was demonstrated by analyzing twc
standard reference materials.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In recent years, the utilization of organic reagents as
chemical modifiers has drawn growing attention in atomic
Since the first papgil] describing the use of a tantalum spectrometry. Kumamaru et al. reported low temperature
filament device as a vaporizer for inductively coupled plasma volatilization of the refractory elements B, Nb, V, Cr and Zr
atomic emission spectrometry (ICP-AES) was published in as 8-hydroxyquinolinate complexes for sample introduction
1974, electrothermal vaporization (ETV) has developed into in ETV-ICP-AES[13]. Tao et al. described an in situ alky-
an important sample introduction tool for ICP-AES/MS ow- lation system for the introduction of Be as diethylberylium
ing to the following merits: less sample consumption, high into plasma, using ethylmagnesium bromide as a alkylation
introducing efficiency, direct solid analysis and low abso- reagent[14]. The proposed method was successfully ap-
lute detection limitf2—5]. However, the very low sensitivi-  plied to determine the trace Be in aluminum-based alloys
ties and severe memory effects would be encountered wherand rockg15]. With acetylacetone and polytetrafluoroethy-
the conventional ETV method was applied to determining lene (PTFE) modifiers, Wu et al. sequentially determined
refractory elements. It is because they are difficulty to va- Cr(lll) and Cr(VI) by ETV-ICP-AES[16]. In the work of
porize, and their more refractory carbides are often formed Ho et al., ascorbic acid was utilized as chemical modifier for
during the drying and vaporization stage. Fortunately, a lot ETV-ICP-MS determination of Cr, Zn, Cd and Pb in milk
of investigations indicated that the utilization of chemical powder17]. Okamoto proposed a procedure for the determi-
modifiers, especially halogenating reagf12], is a very nation of fluoride ion in agueous solution by using tetraethy-
effective approach to solve the above problems. lammonium hydroxide (TMAH) as chemical modifier at a
ashing temperature of 40C€ without the loss of fluorine
Tax:+86_27_83956 442, [18]. Eth)_/lene dia_mine tetraacetic aci_d (EDTA) was utilized
E-mail address:chenshizhong62@163.com (S. Chen). as chemical modifier for the determination of Cd, Pb and
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Hg in several fish samples by slurry sampling ETV-ICP-MS Table 1 ' N
without chemical pretreatmefit9]. In the previous commu- ~ ETV-ICP-AES operation conditions

nication [20], the trace rare earth impurities in high purity wavelength (nm) 371.030
ZrO, were determined by low temperature ETV-ICP-AES, Incident power (kW) - 12
using 1-phenyl-3-methyl-4-benzoylpyrazolof® (PMBP Carrier gas (Ar) flow rate (Imin) 0.5
9 hp . % difi y I yipy t [5?[ ( tIti ) . Coolant gas(Ar) flow rate (Imint) 18
as a chemical modifier as well as an extractant. It is evi- o o ation height (mm) 12
dent that organic reagent as chemical modifier may presentgpgance slit width (wm) 25
the following advantages: (a) the vaporization temperature is Exit slit width (um) 25
much lower than that in conventional ETV and halogenating Drying temperature“C) 100, ramp, 10s, hold, 15s
method, which is good to prolong the lifetime of vaporizer; Ashing temperature°C) 250, ramp, 10s, hold, 15s
. - Vaporization temperature C) 1200
(2) the use of the toxic and corrosive reagents such aarel Vaporization time (s) 4
HF could be avoided in routine analysis; (3) the analytical ciear-out temperature ) 2600, 3s
performances could be obviously improved by combining Sample volume (il 10

this technique with a chemical separation/pre-concentration.

Thus, the extensive research and exploitation of new organic

reagent as chemical modifier may be a promising work. The instrumentation operation conditions are given in

As is well known, a pyridylazo reagent, 1-(2-pyridylazo)- Table 1.

2-naphthol (PAN) as an excellent chelating reagent, was

widely used for the separation, pre-concentration and pho-2.2. Standard solution and reagents

tometric analysis in analytical chemistry. Based on the rel-

atively good thermal stability and volatility of metal-PAN A stock standard solution of Y with 1 mg mt was pre-

complexes, some of them were previously employed for the pared by dissolving 0.25409203 (Specpure, Shanghai,

vapor-phase sample introduction in flame atomic absorp- China) in diluting HNQ, and finally diluting to a volume of

tion spectrometry (FAAS[21]. However, the application of 100 ml with twice-distilled water. A 0.08 motf PAN so-

PAN in ETV-ICP-AES has received little attention so far. lution was prepared by dissolving 0.1994 g PAN (Shanghai

The aim of this work was to explore the feasibility of PAN Reagent Factory, China) in 100 ml tetrahydrofuran (THF)

as chemical modifier for the low temperature electrohermal (Shanghai Reagent Factory, China). All other reagents were

vaporization ICP-AES determination of refractory Y. The Of specpure grade or analytical grade. Twice-distilled water

formation conditions and vaporization behaviors of Y-PAN Was used throughout.

chelate were investigated in detail. It was observed that in the

present of PAN, Y could be vaporized into ICP at a compar- 2.3. Procedure

atively low temperature of 120@. The proposed method

was applied to the determination of the trace Y in biological ~ A 0.8ugmi~ Y solution was mixed with an equal vol-

samples and standard reference materials with satisfactoryume of 0.08 molt! PAN solution before sample introduc-

results. tion. After stabilizing the plasma, a 10 of the resulting
solution was pipetted into the graphite furnace with a mi-
crosyringe. The sample inlet hole was sealed with a graphite

2. Experimental rode before the graphite furnace heating cycle was started.
According to the operating conditions givenTable 1, the
2.1. Apparatus analyte was vaporized and carried into the plasma by an ar-

gon carrier gas after being dried and ashied. The transient

An ICP spectrometric system (Beijing Second Broadcast emission signal from the plasma was recorded, and the peak
Equipment Factory, China) with a 2kW plasma genera- height was measured for quantification.
tor was used with a conventional silica plasma torch. A
WEF-1B type heating device with a matching graphite fur-
nace (Beijing Second Optics, Beijing, China) was applied 3. Results and discussion
for analyte vaporization. The radiation from the plasma
was focused as 1:1 straight image on the entrance slit of a3.1. Comparison of the signal profiles of Y with and
WDG-500-1A type monochromator (Beijing Second Op- without PAN
tics, Beijing, China) having a reciprocal linear dispersion of
1.6 nmmntL. The evolved components were swept into the  As a classically refractory element, Y is difficult to vapor-
plasma excitation source through a 0.5m long teflon tube ize and determine directly by conventional ETV-ICP-AES
(4mm i.d.) by a stream of carrier gas. The transient sig- even at a high temperature because the boiling points of both
nals were detected with a R456 type photo-multiplier tube Y and its oxide are about 3500 and 43@) respectively,
(Hamamatsu, Japan) and a home-build direct current am-which are much higher than 280G provided commonly by
plifier, and recorded by U-135 recorder (Shimadzu, Japan). conventional ETV. However, the vaporization character of Y
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Fig. 1. Emission signal profiles for 4ng Y vaporized at 12G0 (A) Y
standard solution only; (B) with PAN in ethanol medium; (C) with PAN
in THF medium.

Fig. 2. Effect of the ashing temperature on the signal intensity of 4ng Y
with PAN.

3.3. Effect of vaporization temperature on the signal

changed thoroughly when PAN was addEd. 1 shows the intensity

typical signal profiles of Y with and without PAN as chem-
ical modifier, and the effects of chelating reaction medium
(ethanol and THF) on the signal intensity. Fréig. 1, the
following conclusions can be drawn: firstly, the sharp, in-
tense and symmetrical signal profiles of Y were recorded

at a comparatively low temperature of 1 after addi- sity reaches a plateau at a lower vaporization temperature
tion of PAN (B and C) duo to the formation of the volatile L ' .
( ) of 1200°C. This illustrates the chelating reaction between

Y—PAN complex; secondly, no any emission signal of Y was

observed atpthe same teymperatzre in the abgsence of PANY and PA.‘N was complete. On the other Ijan(;l, no plateau
(A); and thirdly, the signal intensity of Y in the methanol IS fom_md in the range of the tested vaponzatpn te”.‘pera'
medium containing PAN (B) is about 40% of that in THF u.”e.m the absenge of PAN.‘ Moreover, thg Y S|g.nal mtgn-
medium (C). The mechanism for the enhancement of the Y sity IS much more intense with PAN than Wl.thOl.Jt’ in despite
signal intensity is not fully understood right now, but it is of the application of a much higher vaporization tempera-

considered to have some relation with that THF may accel- ture '!' the latter case. Thus, a vapprlzgnon temperatu_re of
erate the formation of Y-PAN chelate and stabilize it. The +200 © Was chosen for the determination in the following
further examination should be carried out to explore the real work.
reason for this.

In addition, it should be pointed out here that the emission
signals of the relative blank solutions were not detected in
this experiment.

With and without PAN as chemical modifier, the effect of
the vaporization temperature on the signal intensity of Y is
shown inFig. 3. It is clear that the addition of PAN greatly
affected the vaporization behavior of Y, and its signal inten-

3.4. Effect of vaporization time on the signal intensity

The relationship between the signal intensity and the va-
porization time in the presence of PAN is givenFhig. 4.

3.2. Effect of ashing temperature and time on the As can be seen, the maximum signal intensity of Y was

signal intensity

Fig. 2 shows the dependence of the signal intensity of Y T

on the ashing temperature in the presence of PAN. It can
be seen that the signal intensity of Y decreased obviously
when the ashing temperature was higher than°8)tand

the higher the ashing temperature was, the more the analyte
lost due to the thermal decomposition of Y=PAN complex,

80

Siganl intensity (a.u.)

a0t —— Y+PAN
which indicates that the thermal stability of Y-PAN complex
was relative. 20k

The effect of the ashing time on the signal intensity of .,./'/
Y was also investigated at a ashing temperature of°’€50 0

1 1 1 1 1 1
400 800 1200 1600 2000 2400 2800

with PAN. The experimental result demonstrates that no sig- o
Vaporization temperature ( °C)

nificant influence was observed within the tested range of
5-30s. Therefore, the optimum ashing temperature and ashrig. 3. influence of vaporization temperature on the signal intensity of
ing time in this work were 250C and 15s, respectively. 4ng Y with and without PAN.
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120 Table 2
Tolerance limits of the coexisting ions for the determination of 2ng Y

’:? 100~ lon Maximum amounts lon Maximum amounts
S tested (ng) tested (u.g)
2 %r y Nat 20 C 05
2 K+ 20 Zn+ 1
£ sor cat 10 c+ 0.5
= Mg?+ 10 PE+ 0.5
S aop Ba?* 10 A3+ 1
.5_)” Li+ 5 Fe3t 1.5

20} Cot 0.4 Ni2+ 0.4

O 1 1 1 1

0 2 4 6 8 10

N 3.6. Effect of the foreign ions on the signal intensity
Vaporization time (s)

Fig. 4. Dependence of the signal intensity of 4ng Y on vaporization tme  The effect of some common ions (as chlorides) on the
with PAN. signal intensity of Y was investigated with the addition of
PAN (seen inTable 2). The tolerance amounts of coexist
ions, which give an error less than 10% for the determina-
tion of analyte, were evaluated. For 2ng Y, no significant
interferences were observed from the selected metal ions at
' the maximum amounts tested.

obtained when the vaporization time was set at greater than
3s. This means that the vaporization of the analyte could
be completes within a short time of 3 s. In the present work
a vaporization time of 4 s was utilized.

3.7. Verification of the formation of Y=PAN chelate
3.5. Effect of PAN concentration on the signal intensity
With the addition of PAN, as described above, the vapor-

The effect of PAN concentration on the signal intensity jzation character of Y was greatly improved. However, did
of Y was studied. The results shownfig. 5indicate that  the system really work as expected? In other word, was the
the signal intensities of Y depended seriously on PAN con- y_paAN chelate formed in ETV, vaporized and transported
centration. The Signal intensities of Y increased remarkably into ICP? To answer these questionsl the fo”owing experi_
with increasing PAN concentration, and the maximum sig- ments were carried out. A 1@y mi~1 Y solution was added
nal intensity was obtained when the PAN concentration was jnto an equal volume of 0.08 mott PAN-THF solution. At
more than 0.03moff!. This concentration is much more  the optimum experimental conditions, ETV was run as usual
than that of Y in graphite furnace. The reasonable mecha-ten times with 5Qul of the resulting solution as sample. The
nism for the experimental fact may be that, on one hand, aproduced sample vapor was collected in THF for the deter-
large amount of extra PAN favors the formation of Y-PAN ' mination by ultraviolet-visible spectrophotometry (UV-Vis).
complex, while on the other hand, the vapor produced from The obtained absorption spectrum of the collected solution
the extra PAN in the rapid vaporization process suppressesyas very similar with that of Yb-PAN chelates in THF. The

the thermal decomposition of Y—PAN chelates. Thus, ahove experimental results indicated that PAN could indeed
in this work the concentration of 0.04mofi PAN was react with Y to form the volatile chelate.

used.
3.8. Calibration, precision and detection limit

120

The analytical performance of the proposed method was
w00} . determined under the optimum experimental conditions.
The linear dynamic range of the calibration curve covered
80| three orders of magnitude. The relative standard deviation
(R.S.D.) of this method, obtained for nine replicate deter-
minations at 0.Ju,g mI~1 Y, was 4.5%. The detection limit

of Y, defined as the three times the standard deviation of
background noise signal intensity, was determined to be
20/} 0.7 ng mt-1 with PAN as chemical modifier.

60

40

Signal intensity (a.u.)

ok L ) . .
0.00 002 508 50 3.9. Sample analysis

i -1
Concentration of PAN (‘mol 1) The proposed method was applied to the determination of

Fig. 5. Signal intensity of 4ng Y vs. PAN concentration. the trace Y in biological samples (human hair, peach leaves

Q
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Table 3 only effectively prohibits the formation of refractory car-
Analytical results of Y in biological samples: & 5) bides and eliminates the memory effect, but also greatly
Sample ETV-ICP-AES PN-ICP-AES promotes the vaporization efficiency and improve the ana-
Calibration Standard addition  Calibration lytical sensitivity_due to the formation of the good t.her.mal
curve method  method (nggl)  curve method stable and volatile Y-PAN complex. Further investigations
(nog) (ngg ™) can focus on the following aspects: (1) the pre-concentration
Hair 011+ 0.02 0.13+ 0.03 0.12+ 0.01 procedure prior to introduction into ETV followed by the
Peach leaves  0.74 0.09 0.81+ 0.10 0.794 0.05 detection with ICP-AES or ICP-MS; (2) the speciation anal-
Loulu 1.25+0.13 113+ 0.15 1.20+ 0.08 ysis of elements; (3) the direct analysis of solid sample with

slurry sampling; (4) the multi-element analysis of real sam-

le, especially rare earth elements.
Table 4 ple, esp Y

Analytical results of Y in the standard reference materials of human hair
and tea leaves
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