Available online at www.sciencedirect.com

SOIENCE@DIREOT°

Talanta 60 (2003) 1171-1176

Talanta

ELSEVIER

www.elsevier.com/locate/talanta

Influence of hydrogen gas over the interference of acids in
inductively coupled plasma atomic emission spectrometry

Miguel Murillo *, Rosa Amaro, Alberto Fernandez

Centro de Quimica Analitica, Escuela de Quimica, Facultad de Ciencias, Universidad Central de Venezuela, Apartado de Correos 47102,
Caracas 1041 A, Venezuela

Received 15 May 2002; received in revised form 12 March 2003; accepted 13 March 2003

Abstract

The effect of hydrogen gas on the plasma and its influence on acid interferences in plasma atomic emission
spectrometry was studied. The study was performed with HCl and HNOj in the concentration range of 0—2 mol 17!
Vanadium and magnesium were used as test elements, the study was extended to other several elements. The effects of
hydrogen gas on the plasma were studied by measuring excitation temperature, electron number density and the ionic-
to-atomic line intensity ratio. The net effect of hydrogen was an increase in electron density and ionic to atomic line
intensity ratio. A small increase in the excitation temperature was observed. The signal suppression for ionic lines causes
by mineral acid was reduced when small amounts of hydrogen was introduced into the plasma as sheathing gas. This

effect was attributed to the increase in plasma electron density.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Mineral acid such as hydrochloric, nitric, sulfu-
ric and perchloric are used in numerous sample
decomposition procedures in ICP-AES. However,
the use of a mineral acid generally leads to various
types of interferences [1-25]. In general, an
increase in mineral acid concentration causes a
significant decrease in the emission signal observed
in ICP-AES. This interference has been attributed
to: a decrease in the sample aspiration rate as a
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result of increased viscosity [1-8], a change in
nebulizer efficiency due to droplet size distribution
[6,9—-14,25], a variation in aerosol transport effi-
ciency [1,4,6,8—17] and a change in plasma excita-
tion conditions [11,18-24].

Fernandez et al. [20] reported that the magni-
tude of acid interferences is strongly dependent on
the energy of the emission line: atomic or ionic,
reporting larger effects on ionic lines. They ob-
served that the interference depended on plasma
operation conditions. In some cases, it was found
that the excitation temperature remained un-
changed by a function of acid concentration, while
the electronic density decreased. The significant
signal depression effect (up to 30% for 2 mol 1!
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nitric acid concentration) observed for ionic lines
was attributed to changes in plasma excitation
conditions.

On the other hand, the addition of hydrogen via
nebulizer gas has been studied [26—28] observing
an increase in the excitation temperature and
electron density mainly due to the high thermal
conductivity of hydrogen compared with argon.

In the present work, the effect of hydrogen on
acid interferences on emission signals was studied.
HNOj; and HCl were in the concentration range of
0—2 mol 17", Four sets of operating conditions
were selected by adjusting the carrier gas flow rate,
the sheathing gas flow rate, power and hydrogen
flow rate (see Table 1 for operation conditions).
The corresponding plasma excitation conditions
were assessed by measuring excitation tempera-
ture, electron number density and ionic-to-atomic
line intensity ratio.

2. Experimental

2.1. Instrumental

A Jobin-Yvon JY-24 ICP emission spectrometer
operating at 40 MHz and 1.3 kW. A demountable
torch with a 2.5 mm i.d. alumina injector. Mass
flow controllers (Brooks 5850E) replaced the
original gas flow meter for the aerosol carrier
and sheathing gas. Solutions were aspirated using
a Meinhard nebulizer (TR-20C2) with a Scott-type
spray chamber working at room temperature. A
peristaltic pump was used in order to maintain
sample flow rate. The amount of aspirated solu-
tion due to changes in viscosity were minimized.

Table 1

Operating instrumental conditions and plasma excitation conditions

Hydrogen was introduced as a sheathing gas at
the exit of the spray chamber. The sheathing tube
was originally designed to avoid salt deposition on
the inner walls of the torch injector tube [29]. It has
also been used to study energy transfer efficiency
to the injected species [26,30]. Argon and hydrogen
could be added to the aerosol carrier gas at the exit
of the spray chamber by sheathing device. In this
way, the total flow of the sheathing gas was held
constant and in our experiments it was 0.30 1

min .

2.2. Temperature measurements

The Boltzmann plot method was used to
measure excitation temperature. Eleven vanadium
ionic lines were selected. Their wavelength, energy
level and oscillator strength values were taken
from references [31-33].

2.3. Electron number density

The electron number density was determined
from Stark broadening of the 486.12 nm (Hp-line)
using Griem’s approximation [33].

2.4. lIonic-to-atomic line intensity ratio

The Mg II 280.270/Mg I 285.213 nm intensity
ratio was measured to verify plasma conditions
[20].

2.5. Chemicals, emission lines and experimental
procedures

Vanadium was selected, as the test element
because stable aqueous solutions of vanadium

Condition Aerosol carrier gas flow rate Sheathing gas flow rate (I Electronic density x 10'*  Excitation temperature Mg II/
1

(Imin—" min ") (cm™3) (°K) Mg I
1 0.75Ar 0.00Ar 13143 5440 4200 7.840.2
2 1.00Ar 0.30Ar 48+1 4560 +80 3.140.2
3 1.00Ar 0.25Ar+0.05H, 68+1 4840470 52402
4 1.00Ar 0.23Ar+0.07H, 7341 4880480 6.140.2
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could be obtained without the addition of acid,
and atomic and ionic lines are well characterized.
Wavelength and the excitation and ionization
potentials are listed in Table 2.

Vanadium solutions were prepared at a concen-
tration of 50 mg ml~' by dilution from a
concentrate prepared from NH4VO, (Merck, pro
analysis grade). Hydrochloric (37% v/v) and nitric
acids (65% v/v) from Riedel-de Haén were used.
Acid concentrations varied from 0 to 2mol 17", At
least three replicates with an integration time of
0.3 s were used for each solution. An equilibrium
time of approximately 5—10 min was used between
measurements at different acids concentrations.
Net intensities were was obtained by subtracting
background from gross intensity. Relative inten-
sities (/) were obtained normalizing all intensities
to the intensities of an aqueous solution.

3. Results and discussion

The influence of hydrogen addition on the acid
effect was studied using four different sets of
plasma operating conditions. Operating conditions
are listed in Table 1, along with excitation
temperatures, electron number densities and Mg

Table 2

II/Mg 1 intensity ratios, measured without acid
concentration.

Condition 1 produces a high Mg II/Mg I ratio
(robust conditions), whereas condition 2 produces
a low ratio (non-robust conditions). According to
those reported by Fernandez et al. [20], the
influence of HCl and HNOj3 on the emission line
will be different for each set of conditions. Only
minor intensity depression is expected for condi-
tion 1. In contrast, significant effects is expected
for condition 2. Different amounts of hydrogen
were added to the sheathing gas ( 0.05 and 0.07 1
min ~ ') which was constant (total flow rate at 0.30
1 min—"). Table 1 lists these conditions as condi-
tion 3 and 4, respectively. It is important to note
that even a small amount of hydrogen in the
sheathing gas (0.05 1 min ~') resulted in approxi-
mately 30% increase in the electron density, 6% in
excitation temperature and 48% in the Mg I[I/Mg |
ratio compared with those obtained when pure
argon was used in the sheathing gas (condition 2).
When the hydrogen flow rate increased to 0.07 1
min ', the electron density and the Mg II/Mg I
ratio increased 52 and 71%, respectively. However,
the excitation temperature was similar to that
when 0.05 1 min ~ ! of hydrogen was used.

It is clear that the use of hydrogen results in a
significant increase in the electron density but not

Wavelength, excitation and ionization potential and energy sum of different elements studied

Spectral species Wavelength (nm)

Excitation potential (eV)

Ionization potential (eV) Energy sum (eV)

VI 437.924 3.13
Mgl 285.213 4.34
Mn 1 279.420 4.44
Mn 1 380.672 5.37
Mn 1 382.351 5.38
Cul 221.458 6.98
Cul 222.718 7.20
VI 309.311 4.40
VI 292.402 4.63
Mg II 280.270 4.42
Mn II 259.373 4.77
Mn 11 344.198 5.37
Mn II 261.020 8.16
Cull 224.700 8.23
Mn II 263.984 8.75

Cull 204.379 8.78

- 3.13
- 4.34
- 4.44
- 5.37
- 5.38
- 6.98
- 7.20
6.74 10.14
6.74 11.37
7.64 12.06
7.43 12.20
7.43 12.80
7.43 15.59
7.73 15.96
7.43 16.18
7.73 16.51
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the excitation temperature. This fact can be used
to compensate the electron density decrease ob-
served when acid solutions are introduced into the
plasma [20].

The effect of HCI concentration on atomic and
ionic vanadium lines was studied for condition 1, 2
and 3. As was reported earlier [20], for condition 1,
the decrease in the signal was approximately 8%
for both, atomic and ionic lines when increasing
HCI concentration. On the other hand, for condi-
tion 2, a strong decrease (up to 40%) in ionic lines
was observed in contrast to atomic lines. When
hydrogen was added to the sheathing gas (condi-
tion 3), the suppression effect for ionic lines
intensities were approximately 20%.

The effect of HNO; on vanadium line intensities
was similar to that obtained for HCl and hydrogen
caused the same effect, i.e. reduction of the acid
depression effect.

The effect of acid interferences on several
element lines having different energies sum (ex-
citation + ionization energy) was performed using
vanadium, manganese, copper and magnesium
spectral lines. This study was carried out using 2
mol 17! HCI and plasma conditions 2 and 3.
Spectral lines and their energies are listed in Table
2. Results are normalized to those obtained with-
out acid and plotted as a function of sum energy.
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Fig. 1. Relative emission for different elements as a function of
the energy sum (Eexc+ Eion) under two different instrumental
operating conditions. (l) Condition 2 and () Condition 3. 2
mol 17! HCI concentration. See Table 1 for operation condi-
tions.

Fig. 1 shows the acid effects as a function of the
energy sum. For atomic lines ( < 7.5 eV), the acid
effect remained constant for two plasma condi-
tions. In other words, the addition of hydrogen did
not change the acid effect on the reduction
emission intensities of these line. On the other
hand, for the ionic line (> 7.5 eV), a significant
reduction in acid effect was obtained when small
amounts of hydrogen were introduced into the
sheathing gas (condition 3). This effect is more
noticeable for lines with excitation energies around
12 eV. Similar observations were made when
hydrogen was added to the aerosol stream [26]
for ionic lines with excitation energies ranged from
9to 13 eV.

These results indicate that small amount of
hydrogen in the sheath gas partly compensates
the acid depressing effect, especially for ionic lines.
Partly, attributed to the electron density increase.
As observed in Table 1, the electron density is
increased by 30% when 0.05 1 min —' of hydrogen
is introduced as a sheathing gas but this increase is
not high enough for total acid interference elim-
ination.

Fig. 2 shows the relative signal as a function of
the acid concentration (HCI) for ionic (280.270
nm) and atomic (285.213 nm) Mg lines measured
under four plasma operations conditions (see
Table 1 for operation conditions). The Mg ionic
line was selected due to its energy sum of 12.06 eV
which has the maximum interference effect (Fig.
1). Fig. 2 (a) shows that for Mg I the acid effect
remains unchanged for the all plasma conditions,
implying that the depressive effect on atomic line is
not affected by changes in plasma operating
conditions. On the other hand, Mg II (Fig. 2 (b))
exhibits a dramatic depressive effect strongly
dependent on plasma operating conditions. Theses
results confirm previous observations [20,34]
where acid interference effects were attributed to
a change in plasma conditions produced by the
presence of acid in the plasma.

When hydrogen was added to the sheathing gas,
a signal increase was observed (conditions 3 and
4). For the higher hydrogen flow rate (condition
4), the acid effect on the plasma excitation condi-
tions was reduced and the emission signal was
similar to that observed when robust plasma
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Fig. 2. Relative emission signal for Mg atomic (a) and ionic line
(b) for four instrumental operating conditions (<») Condition 1;
(a) Condition 2; (O) Condition 3; (O) Condition 4. See Table
1 for operation conditions.

conditions were used. The effect of 0.07 1 min ~' of
hydrogen in the sheathing gas resulted in a
significant increase in the electron density and
the Mg II/Mg I ratio.

Table 3
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Fig. 3. Relative emission intensity for Mg 11 280.270 nm line as
a function of the electronic density. 2 mol 1~ HCI concentra-
tion. () Condition 1; (a) Condition 2; (4) Condition 3; (+)
Condition 4; (W) Condition 5; (—) Condition 6; (@) Condition
7; (x) Condition 8 and (a) Condition 9. See Table 3 for
operation conditions.

The dependence of the acid interference with
electronic number density seems to be evident, yet
we do not know where the acid effects are critical.
In this sense, the intensity of Mg ionic line (280.27
nm, 12.04 eV) was measured at different plasma
conditions that reach different electronic densities
in solutions with and without acid HCI (2 mol
17", These plasma conditions used throughout
this experiment are shown in Table 3. Fig. 3 shows
the intensity of Mg II (280.27 nm) relative to the
intensity without acid as a function of the electron
number density. Below 75 x 10"* ¢cm ™3, the acid
effect was drastically increased. Above this value,
the acid effect was below 10%.

Operational instrumental conditions plasma and electronic density for the experimental data as shown in Fig. 3

Plasma instrumental operational Argon as aerosol carrier gas flow

Argon as sheathing gas flow rate Electronic density x 10

condition rate (1 min 1) (1 min~ 1) (cm™?3)
1 0.75 0.00 132

2 1.00 0.30 48

3 0.75 0.15 101

4 0.75 0.30 77

5 0.85 0.0 115

6 0.85 0.15 80

7 0.85 0.30 60

8 1.00 0.0 75

9 1.00 0.15 58
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In the present work, the electron number density
did not increase with the addition of hydrogen
(condition 4, Table 1) reaching a limit value
observed in Fig. 3, for this reason the depressive
effect caused by the acid was attributed to the
decreases in electronic density. Likewise, it is
important to note that the addition of hydrogen
was effected by maintaining constant analyte
residence times at discharge (a total sheathing
gas flow of 0.30 1 min— ') and without altering the
aerosol formation process in the nebulization
stage, according to the diagnostic parameters
determined, electronic density was the one mostly
affected while the temperature in this experience
group remained unchanged, therefore, it would be
difficult to attribute it to a thermal process.

4. Conclusions

The effect produced by the acid accentuates with
decreases in electronic density, especially when
descending below 75 x 10" cm 3. The results
indicate that small amount of hydrogen in the
sheath gas partly compensates the acid depressing
effect, especially for lines with an energy sum of
around 12 eV.
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