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"Germanium Determination by Graphite Furnace AAS:
Systematic Studies Covering Liquid Sample Introduction
as well as Hydride Technigues with In-5itu Concentration.”

ABSTRACT

In the determinatioen of Ge by graphite furnace atomic absorp-
tion spectrometry the highest enhancement of the Ge absorbance
signals and improved reproducibility were obtained with atomi-
zation froem the pyrolytic graphite platform using Fd or Fd/Mg
nitrate chemical meodifiers. The characteristic mass found was
about 30 pg Ge/0.0044 A«s for the integrated absorbance signals
in nitric acid and in alkaline sclutions. A relative standard
deviation (RBD) of 1 to 3% was obtained for 1 ng Ge samples.
Atomization from the wall of a pyrelytically ceoated graphite
tube resulted generally in a decrease of the Ge signals with the
number of firings, and a lower precision.

Hydride generation technigues were combined with the direct
introduction of GBe hydride into the graphite furnace and
trapping by thermal decompositien. This in—-situ deposition of
the Ge was achieved after the previous deposit of Pd or Fd/Mg
modifier (pretreatment temperature 1100 to 1200 °C) on the
pyrelytic graphite platform or on a piece of graphite foil at
temperatures of 700 to BOO °C. At a chemical vyield of BO and
0%, respectively, the characteristic mass was about 40 pg Ge/
0.0044 Aes, The RSD for 1 ng Ge samples was about 3% for the
Fd and 2% for the Fd/Mg modifier. The detection limit was I0 pg
Be in terms of absolute analyte mass and 2 ng Ge/l in terms of
concentration in the buffered sample veolume (10 ml) of the
hydride generator.



"Germanium Bestimmung mittels Graphitrohrofen—AAS:
Systematische Untersuchungen mit flliissigen Froben
sowie Hydridtechnik mit in—-situ Konzentrierung®

ZUSAMMENFASSUNG

Bei der Baestimmung von Ge mit der Graphitrohrofen Atomabsorp-
tionsspektrometrie wurden die hdchsten Ge Abseorptionssignale
und giinstige Reproduzierbarkeit bei der Atomisierung von der
Fyrographit—Flattferm mit Pd- oder Pd/Mg-Nitrat als chemischen
Modifier erhalten. Die charakteristische Masse war bei Feak-
fl8chenauswertung ca. 30 pg Ge/0.0044 A+s in salpetersauren und
in alkalischen Lgsungen. Eine relative Standardabweichung (RSD)
von 1 bis 3% wurde fGr FPreoben mit 1 ng Ge gefunden. Bei
Atemisierung von der Wand pyrelytisch beschichteter Graphitrehre
ergab sich eine geringere Repreoduzierbarkeit und allgemein
nahmen die Ge Signale stetig mit der Zahl der Aufheizzyklen ab.

Die Hydridtechnik wurde mit der direkten Einleitung des Ge
Hydrids in den Graphitrohrofen und Abscheidung durch thermische
Zersetzung kembiniert. Die in—-situ Fonzentrierung des Ge wurde
durch vorherige Aufgabe von Pd coder Fd/Mg Modifier (Vorbehand-
lungstemperatur 1100 bis 1200 °C) auf der Pyrographit—-Flattform
oder auf einem gleichgrossen 5tlick Graphitfolie bei Temperaturen
ven 700 bis 800 °C erreicht. Bei einer chemischen Ausbeute von
80 bzw. 704 war die charakteristische Masse ca. 40 pg Ge/
0.0044 A+*s. Die RSD lag flr Froben mit 1 ng Ge bei ca. 3% mit
Fd und 2% mit Pd/Mg Medifier. Als Nachweisgrenze wurden 20 pg
Ge in bezug auf die absolute Analytmasse und % ng Ge/l als
Fonzentration in der gepufferten Analysenlisung (10 ml) des
Hydridgenerators gefunden.
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L. INTRODUCTION

The trace analysis of germanium by graphite furnace atomic
absorption spectrometry (GF—AAS) may suffer from low sensiti-
vity caused by losses of velatile Ge compeounds (G20 or GeCly
for example) prior to atomization.

D.J. JOHNSON et al. 71/ whoe first used a graphite furnace as
atomizer for Be attributed the low sensitivity te the formation
of Bel(g) prior to atomizatien. The effect of matrix components
were studied by Y. MINO et al. 72/, as well as M. STUDNICEI /3/,
and positive interferences on the abserbance of Ge were found
tor perchloric acid, nitric acid, alkali nitrates, alkali
hydroxides, or phospheric acid, negative effects for hydro-
chleric and sulfuric acids.

Sevaeral authors have discussed the mechanism of GeD formation
i2, 4, 5, &, 7/ during the pretreatment steps. Y. SOHRIN et al.
/77 +found evidence that the premature formation of Gel can be
prevented by diminishing the reducing activity eof the graphite
surface by oxidizing acids, such as nitric or perchloric acid,
in the sample sglution; and by keeping the analyte as germa—
natel{IV¥) in alkali hydroxide solutions /2, 4, 3/. The high
anhancemsent of the Ge abscorbance signals by the addition of
sodium hydroxide /2/ was used for a sensitive analysis, yielding
a characteristic mass of 40 pg/Q.0044 A. Ge was lost from
May5ely as Gel at temperatures higher than 830 °C from 0.1 M
NaOH 74/ and about 1050 °C from 0.5 M NaOH /Z2/. The formation
of the GeO was measured by A. EOLR et al. /5/ and by NI CHE
MING et al. /6/ by the molecular absorption at 265.9 nm in the
temperatwe range of about 200 to 1400 °C.

o DITTRICH et al. 78/ feound a high improvement in the Ge
sensitivity by scome metal nitrates, especially by Ni or Ea
nitrate sclutions at 0.1 M ceoncentration. Ashing temperatures
up to 1200 °C were possible using these nitrates as chemical
moedifiers. It was &xplained by the stabilizing effect of the
nitrate iocn on tetravalent Ge and the formation of thermally
stable germanates (MGeO3, M = divalent metal). The charac-
teristic mass was 17 and 25 pg Ge/0.0044 A, respectively.

In acidic media centaining hydrobromic acid the Ge may be com-—
pletely lest as GeBry during the drying and pretreatment steps.
After neutralization with NaOH and addition of Ba nitrate
medifier, K. DITTRICH et al. /8/ found conly a slightly
depressed Ge signal caused by the bromide content (characte-
ristic mass 47 pg Ge/0.0044 A).



G.R. CARNRICK and W.E. EBARNETT /9/ used Mg nitrate as chemical
modifier and platfeorm atomization. The best results were
cbtained using a ceoel—down step in which the graphite tube
ceoled to ambient temperature between the pretreatment step and
the ateomizing step. With 1.5 ng Ge in agquecus solution and

30 ug Mg(NO3)e a characteristic mass of 20 pg Ge/0.0044 A.s was
found.

In a8 systematic study we have investigated the application of
palladium nitrate or mixed palladium and magnesium nitrate
medifiers for the GF-AAS cof Ge, because these modifiers were
very effectively used /10, 11, 12/ to stabilize in the
pretreatment step many elements, including for example the main
group elements Sn and Fb, at several hundred degrees higher than
possible with other metheds. Hence it ceould be expected to
velatilize NaCl/NaNO3 salts by the pretreatment steps, the salts
being formed during neutralization of strong hydrechloric acid
selutions. Such analyses were required from investigations
within the preject GALLEX (the international experiment for
measuring solar neutrines) on Ge adseorption and desorption on
glass and other surface materials. Another effective chemical
separation from matrix components is provided by the hydride
generation technique.

The determination of germanium by generation of the wvelatile
covalent hydride using sodium tetrahydroborate(III) was
introduced by E.N. POLLOCK and 8.J. WEST /1%/ and by F.d.
FERNANDEZ /14/ in 1973. M. THOMFSON et al. /15/ found a
distinct maximum of the analytical signals of Ge and Sn at about
0.1 M HC1 and similar results were obtained with other acids.

Frequently, the hydride generation was combined with the direct
transfer of the germane (GeHy) into the atomizer, e.g. a
graphite furnace in AAS by T. INUI et al. /14/. Censiderable
improevements in concentration detection limits were achieved
through preconcentration when the hydride generation was coupled
to the hydride collection in a liguid nitreogen ceeled trap as
used by E.J. ENUDSON and G.D. CHRISTIAN /17/ in combination with
a graphite furnace. When the separation of several species was
desired a chromatographic column was coupled between the liguid
nitrogen trap and the atomization cell. In graphite furnace
AAS, M.0. ANDREAE &t al. 718/ and G.A. HAMBRICEK et al. /19%/

have swept GeHy and methyl-—-germanium species, respectively, by
.an inert carrier gas into the graphite tube which was preheated
to the atomization temperature of 2600 °C /18/, or 2700 °C /19/.



Alse effective for the precencentration of the gaseocus hydrides
has been the use of a graphite furnace beoth for the hydride
trapping and as atomization cell. The trapping made use of the
thermal decompesition of the hydrides in the graphite tube which
was preheated te the optimum decomposition temperature of the
particular hydride fellowed by the atomizing step.

G. DRASCH et al. /20/ intreoduced AsHjz into the graphite tube

at B850 °C via an axial glas tubing; R.E. STURGEDN et al. /721/
used the internal purge gas line for trapping As and Se which
were transported by the generated hydregen and the A carrier
gas.

Further improvements in this methed of hydride generation and
trapping in the graphite furnace was achieved by the intro-
duction of the velatile hydride and carrier gas via the sample
intreoduction pert inte the preheated graphite tube. R.E.
STURGEON and cowerkers used this technique for the in—situ
concentration and determination eof As and Se /21, 22, 23/. In
the measurement of tin by decomposition of SnHy, in addition,
use was made of the Pd medifier in the graphite tube /724/.
After the experimental part of ouwr work was finished, we got
notice ef the paper by F.5. DOIDGE et al. /35/ using the
technique of thermal trapping of the Ge on the graphite tube
wall applying alsc the Pd modifier.

In the present work the possibilities were studied for using the
hydride generation in measwring trace concentrations of Ge in
the given medium concentrated hydrochloric acid media, combined
with an easy way of adapting the hydride generater to the
graphite furnace for Ge in—situ concentration by thermal trap-
ping of the hydride on the more effective pyrographite platform
after applying a suitable chemical modifier.






e EXFERIMENTAL

2.1 Instrumentation and Farameters

Instrumental and graphite furnace conditions for the measure-
ment of germanium are given in Table 1. New graphite tubes and
platforms were used in the studies of Ge atomization as a
function of the pyrolysis temperature with ligquid samples or
the decomposition temperature with hydride sample introduction,
respectively. Tubes and platforms were also replaced after
about 180 firings in case of the measurement of the reproduci -
Bility of the Ge signals.

The temperature programs for drying, decoemposing, and atomizing
from the tube wall or the platform are summarized in Table 2.

Table 1 Instrumentation

SpectrAf—40 atomic absorption spectrometer (Varian Techtron,
Australia)

GTA-?6 graphite furnace with programmable sample dispenser

Continuous degassing of the dispenser rinse solution before
entering the syringe by an On—line Degasser ERC-Z120 (ERMA
Optical Works Inc., Tokye) to prevent formation of trouble-
some gas bubbles in the syringe

Ge hollow cathode lamp, current 5 mA
Wave length 265.2 nm (slit 1.0 nm)
Deuterium lamp for background compensation

Fyrolytically ceoated graphite tubes {(Fart Nr. 63—-100002-00)

Fyrolytic graphite platforms (12.5 x 2.5 % 1 mm, Fart Nr.
F-100004-00) or Graphite foil (12 = ¥ 0.4 mm: Ringsdor+ff
Werke GmbH, Bonn—Rad GBodesberg, FRG) with larger surface
area gue teo its fibrous structure

Ar gas flow in the graphite fwnace generally 3 L/min for
drying, pyrelysis, and cleaning steps, with gas stop at
atomizationy 0.2 L/min Ar during GeH4 introeduction and
thermal deposition step

Sample volume generally 10 ulg

Falladium nitrate medifier: § ug Pd in 5 uL volume, or.

Falladium/Magnesium nitrate modifier: 15 ug Pd + 10 ug Mg (nNOjz),
(zame masses in 15 ubL with pre-injected meodifier mode, resp.)




Table 2 Thermal parameters in wall and platform atomization
applying Pd or Pd/Mg modifier for agueous samples,
and for Ge depoeosition from the hydride, respectively

temperature L[°CI] ramp hold
———————————————————————————————————————————— (sl [s1
liquid samples GeH4 deccomposition
steps = | e e e e e
pre—ing. pre—-inj. medifier
modifier -—————————————————
wall platform platform wall platform
injection 25 238 25 25 25
drying 0 0 0 0 20 1 -
20 140 140 120 140 S0 =
250 250 250 250 250 20 -
pyrelysis/ 1100 1200 1200 1100 1200 10 20
ptretreatment | |
sample intr. ! ! step 1 800 800 9 150
! ]
gas—stop 1100 1200 1200 1100 1200 - 2
atomization 2600 2700 2700 2600 2700 0 =
cleaning 2700 2700 2700 2700 2700 - 5
cocling 40 40 40 14 8

2
ol

.2 FReagents

Germanium Stock Selution

A commercially available Ge standard {(Alfa Froducts—-Ventron,
Danvers, MA, USA) with a Ge concentraticn of 1000 ug Ge/ml in

2% kEOH solution was diluted with deionized water (18 MOhm
specific resistance) to a working stock selution of 10 ug Ge/mb
(molar ratio of K:Ge = 26). Further dilutions usually containing
100 ng Ge/mL were then prepared with the media investigated and
were stored in polyethylene hottles up te 5 days.

Chemicals

The chemicals used were of ‘suprapure’ guality (Merck,
Darmstadt, FRG) or at least of analytical reagent grade.

Falladium nitrate seclution was prepared /10/ by disselving Fd
metal powder (Alfa Froducts, 99.998% purity) in a few mL of
concentrated nitric acid and dilution te & g Fd/L using
deionized water. Magnesium nitrate solution was prepared by
dissolution of Mg(NDjz); ®x6H,0 (Merck, suprapure) in water.



The Pd nitrate modifier /25/ and the mixed Pd and Mg nitrate
modifier /10/ sclutions were obtained by further dilution of
appropriate aliquots and applied as specified in Table 1.

For hydride generation a 2 to 4% m/vel sodium tetrahydro-—
borate(III) sclutien was freshly prepared by dissclving NaBH,
(Merck, Darmstadt, FRG) in 0.005 M NaOH scolution. The solution
was kept enly for one day.

A 0.1 M acetate buffer at pH 4.0 has been choeosen as the weally
acidic medium for the germane (GeHy) generation by the NaEH,
reaction.

]
as

« % Hydride Generator

Two types of hydride generator techniques were applied, i.e.

a batch type system and a ceontinuous hydride generator to
demenstrate the in—-situ cellection and concentration of the Ge
by decomposition of the GeH, inside the graphite tube. The
batch type generator was used in mest of the experiments.

The batch-type hydride generator was similar to that described
by J. FIWONEA et al. /246/ consisting of a tapered glassreaction
vessel with a T-shaped carrier gas and borohydride seolution
feed. Details are summarised in Table Z and are shown in Fig. 1.

Table 3 Batch-type hydride generator

Tapered glass reaction vessel

Volume 10 to 20 mb, or 100 mbL, resp.

Low volume cap with gas/liquid separator

Vessel and cap jeined by standard taper with FTFE sleeve
Intreoduction of Ar carrier gas and NaBHy solution through a
T—connecter via a submerged FTFE tubing

Feed—-through connections of the FTFE tubings by O-ring sealed
FTFE reducing uniens

PTFE capillary connecting generator and graphite furnace
Buartz capillary for GeHy, introduction into the graphite tube

Sample aligquot added to acetate buffer selution (pH=4)
Ar carrier gas flow 90 to 100 mL/min
Metering of 2 to 4 % NaBH, scluticn with peristaltic pump




. PTFE 1
i

_-quartz
@ capillary
800°C
flow graphite
meter © fube
pump d reaction
vessel
10 mt
/ (100 mt)
Ar o
NaBH,
solution

Fig. 1 Frinciple of the hydride generator used for BGeHy
intreoductien inte the graphite furnace

- - -
1/%" PTFE
capillary
I I i
15 mm quartz
capitlary
3mm ¢

wall platform graphite foil

Fig. 2 Intreoduction of gaseous hydride and carrier gas
mixtuwre inte the preheated graphite tube via a
conical quartz tubing placed next to the modifier
treated surface



A continucous hydride generator similar to the construction by
YAMAMOTO et al. 727/ was used in the course of this study. The
data on the centinucus hydride generator are summarized in
Table 4.

Because the reaction for generating the GeHy with sodium
berchydride is practically instantanecus, the reaction veolume of
the ceiled FTFE tubing corresponding to a reaction time of about
10 sec was sufficient. The important feature of the reaction
ceil is the complete stripping of the hydride from the liguid
inte the carrier gas /2B/.

The cellection time in the graphite furnace was abeut 3 min for
the 1¢ mL sample velume. Because of the cyclic coperation of the
applicatien and pretreatment of the modifier pricer to the intro-
ductien and the atomization of the Ge in the graphite furnace,
the overall coperation remains discontinuous.

Table 4 Ceontinuous hydride generator

Reactieon ceoil 30 cm of 1/8" FPTFE tubing

4—Channel peristaltic pump

Fixed velume (e.g. 10 mL) of acetate buffer seclution {(pH=4)
coentaining the analyte intreoduced at 4 mL/min (channel 1)
via & 4—way valve, switched te acetate buffer seclutieon at
2 mb/min (channel 2) fellowing the analyte/buffer soclution
0.7% NaBHy seolutien at 1 mlL/min (channel 3)

A gas metered at 1 te 2 mL/min through the fourth channel

Gas/liquid separator at end of reaction coil

Ar carrier gas flow of 30 to 100 mb/min fed inteo gas/liquid
separator

FTFE capillary cennecting generator and graphite furnace

Guartz capillary for GeHy intreduction into the graphite tube







Fa RESULTS ANMD DISCUSSION

The temperature dependence of the Ge absorbance signals was

studied for the methods of pretreatment and atomizing from

- the wall of the pyrolytically coated graphite tube,

— the pyrelytic graphite platform,

- the platform with a cool—-down step between the pretreatment
and the atomizing step /9/,

- liquid sample introduction with added modifier,

- pre—injected modifier and liquid sample introduction,

- pre—injected medifier and Ge hydride sample introduction.

The effect of the pyrelysis temperatures was measured in the
range between 300 °C and the maximum temperatuwe characterized
by a steep decrease of the Ge signals at further temperature
increase. The maximum useful pyrolysis temperature was
considered te be about S50 degrees below that distinct decline.

Signal enhancement by the different meodifiers were compared to
the methods of absorbance measurements in absence of a meodifier,
the latter being sheown in Fig. 3. With wall atomization and at
pyreolysis temperatures higher than 600 °C the observed decrease
of the Ge signal indicated losses of Ge due to the formation of
volatile GeO during the decomposition of Ge compounds and the
possible reduction by the hot carbon surface /5/.

3.1 Ligquid Sample Intreduction with Added Modifier

Z.1.1 Btudy of the Ge Signals with Wall Atomization

Table 5 shows that the Ge signals froem agueous Ge selutions
(water or 0.1 M HNOgz) with atomization from the wall of a
pyroceated graphite tube have been strongly enhanced using the
Mg nitrate (Fig. 4), Pd nitrate (Fig. 5, and Fd/Mg nitrate
modifier (Fig. &), resp., as cempared to the case witheout a
modifier. These results indicate & significant extension of the
range of possible pyrelysis temperatures te about 200, 1150, and
1150 °C, resp.. The time-re&solved peakform of the Ge absorbance
signals was a narrow peak with ne tailing and little background
(Fig. 7).
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The ceptimum atomization temperature (for the same pyrolysis
temperature of 400 3C without modifier, 600 °C with Mg, and
1000 °C with Fd or Fd/Mg modifier) was found to be in the range
2400 to 2500 °C.

In 9.1 M sedium hydroxide selutions the possible pretreatment
temperatures are 1250 to 1300 °C with beoth the Fd modifiers.
Increasing the concentration from 0.1 to 1.0 M NaDH caused an
increase of the Ge integrated absorbance signal by a factor of
twe in the case of Fd medifier, but had no such effect on the
measurement with Fd/Mg modifier.

Z.1.2 SBtudy of the Ge Signals with FPlatform Atomization

Nitric Acid Scolutions

Atcomization of agueous Ge from & pyrolytic graphite platform
produced a delay in the appearance time, and in the absence of a
medifier the seénsitivity was increased considerably, relative to
wall atemization (Table 5). This is to be expected /B, 2/ due
te velatilization of the Ge species inte an atmosphere of higher
temperatures which prometes greater dissociation and ateomization
of Ge. The use of Mg, Fd, or Fd/Mg medifiers produced a

further increase in signal (Table 5).

The platform atomization with an intermediate coecl-deown step teo
100 °C before the atomization step combined with a very fast
heating rate of 2000 °C/sec was introduced for the measurement
of Ge by G.R. CARNRICE et al. /%2/ using a Mg nitrate modifier.
While the method resulted in an increased Ge signal in case of
the Mg modifier little effect was noted with the palladium
modifiers, compared to normal platform atomization.

The maximum useful pyreolysis temperatures increased to approxi-
mately 1200 to 1250 °C for the platform methods using the Fd or
Fd/Mg medifier for Ge in water or 0.1 M HND3 solutions.

The optimum atemization temperature for these conditions was
found teo be 2600 to 2700 °C using integrated absorbance
measurements.
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Time~resolved Ge Signals

The time-resclved peakform showed a complex structure towards
the lower pyrolysis temperatures in absence of a medifier or
with the Mg modifier. This behaviouwr suggests that more than
one Ge species were inveolved in the dissociation and atomization
process. However, in platform atomization with the ceol-down
step using Mg medifier, a single peak was observed for pyrelysis
temperatures between 300 and 1100 °C. This is probably due to
atomization occcurring wnder the more stable temperature condi-
tiens that are cobtained using the ceool-down step prior to
atomization. There may perhaps be a timely coincidence of the
disseociation and ateomization of two species or the preferential
occurence of one atomization mechanism.

The peakform of the Ge abserbance signals using Pd er Pd/Mg
modifier and platform atomization was a narrow single peak
returning quickly te the base line (Fig. 7).

Allkaline Seolutions

In 0.1 M NaOH sclution, the Ge measurement with platform
atomization and cecol—down step resulted in the highest signal

in the absence of a medifier, and a pyrelysis temperature as
high as 950 °C could be used (Table S5). Gel(lV) has been
stabilized as Na,Gel;suppressing its premature reduction by the
grraphite during the pyrolysis steps /72, 9, 7/. The peakform was
a steeply rising, single pealk.

Using the Mg medifier, a complex peak resulted from alkaline
golution up to 0.1 M NaOH which deteriorated the peak height
mode. At higher than 0.1 M NaDH a strong increase of the
background signal which ceincided with the Ge peak limited
useful measurements.

Using Fd or Fd/Mg medifier on the platform, the peakform of the
Ge absorbance signals from 0.1 M NaOH solution showed minor
differences to the signals from optimized conditions for water
or nitric acid selutions. Fyrolysis temperatures of 1250 to
1200 °C are possible, allowing a good separation of many matrix
components. If the NaOH concentration was increased from Q.1 to
1.0 M the Ge signals remained essentially constant, but the
excess of strong alkali caused a drastic reduction of the
lifetime of the graphite tubes and platforms.



Table S Parameter study with different modifiers mixed
with the sample (1 ng Ge)
(useful atomization temp.: wall 2300 to 2600 °C,
platform 2600 to 2700 °C)
: FLATFORM
MEDIA waLL ————————— e REMARE.S
normal cool-
down
WITHOUT MODIFIER:
HNOg max. pyrolysis temp. [eci &00 (750) 750
(H,0) | peak—form (%), type N C c
charact. mass [pgl, p. height 00 55 29 p.t. 600 °C
peak area 400 70 80
NabOH max. pyrolysis temp. [2C1] - - 250
peak—form (%), type - - N
charact. mass [pgl, p. height - - 20 p.t. 800 °C
peak area - - 60
Mg NITRATE MODIFIER:
HNO4 max. pyrolysis temp. £eca 00 (1000) 1030
(H,0) | peak—form (%), type N N N _
charact. mass [pgl, p. height 50 22 14 p-t. &00 °C
peak area 1320 44 3
reproducib. L% RSD] p. height - - 2-5
NaQOH peak—form (%), type [ C C | strong
no useful measurements | background
Fd NITRATE MODIFIER: (%)
HNO 5 max. pyrolysis temp. L°C] 1150 1200 1200
(H,0) |} charact. mass [pgl, p. height 16 10 10 p.t. 1100 °C
peal area 70 32 29
H,0 reproducib. [Z R8D] p. height (5-12)¢ 1—-4 2-5
HND 4 p- height (3-9H @ 2-5 1-4
NaOH max. pyrolysis temp. Le°C1 1250 1200 1200
charact. mass [pgl, p. height i8 9 ? p.t. 1100 °C
peak area 70 =8 20
repreducib. L[4 RSD1 p. height (5-11)@ -7 2-6
pealk area - 2-3
Fd/Mg NITRATE MODIFIER: (%)
HNO 5 max. pyrolysis temp. Leci 1150 1250 1250
{(H,0) { charact. mass [pgl, p. height 12 14 10 p.t. 1100 °C
peak area 80 26 29
reproducib. [4 RSD1 p. height (3-11)@ 1-5 2-5
pealk area i-3
NaOH max. pyrolysis temp. L°C3 1300 1250 1280
charact. mass [pgl, p. height 15 9 ? p.t. 1100 9C
peak area L0 28 31
reproducib. [Z RSED1 p. height I-8)a 4-7 S-10
peak area 1-3
‘pP.t.’ = pyrolysis temperature _
#) The Ge signal was normally a narrow peak with fast return to the
baseline (= N); deviations are specified as complex (= ().
@) Decreasing signals with number of firings in wall atomization.
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Ge in Weakly Basic Sedium Chloride Sclutions

For determining Ge in hydrochloric acid solutions it was thought
that Ge may be lost as the veolatile tetrachloride during the
dirying and pyrelysis temperature programme. Therefore, hydro-
chleoric acid seoluticons were first neutralized and a small excess
of up te 0.1 M NaOH added (taking into account the acid of the
modifier sclution).

At pyrolysis temperatures below 1000 °C, the Ge signals were
accempanied by a large backgreound signal which disappeatred at
1050 °C or higher temperatures. In Fig. 8 it is indicated that
pyrelysis temperatures up to 12850 °C could be selected with
platform atomization using either the Fd nitrate or the Pd/Mg
nitrate modifier.

Calibration and Analysis of Samples

In the analysis of synthetic selutions of Ge in weakly basic
sedium chloride seclutions, pyrolysis temperatures of 1100 to
1200 °C and platform atomization were applied. The calibration
curve was linear up to about 0.18 A.s for peak area mode (and
0.7 A for peak heights, resp.), in case of beth the Fd or Fd/Mg
modifiers.

Since part of the samples contained gallium trichloride in
strong hydrochloric acid scolution, they were neutralized and
the interference of Ba on the Ge respense studied in the
concentration range of 1 to 300 ug Ga/mL in 0.5 m NaCl + Q.1 M
NaOH soclutions. A decrease of the Ge integrated absorbance
signals was found only for Ga concentrations higher than 100 or
200 ug Ga/ml for the Fd or Fd/Mg modifier, respectively. the
precision of the Ge integrated absorbance values for 1 ng Ge
samples was 1 to I%4 RSD.
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.2 Liguid Sample Introduction Applying Fre—injected Modifier

Fre—injecting the chemical modifier prior te injecting the
sample, and using the same pretreatment temperature as the
pyrolysis temperature was examined. The results are shown in
Fig. 9 and in Table &.

With atomization frem the wall of a pyrocoated graphite tube
the Ge signals indicate a possible pretreatment and pyrolysis
temperature of 1100 °C for the Pd and the Fd/Mg modifier. The
time-resclved Ge signal was a narrow peak accompanied by a
noticable background absorption signal.

Table & Comparative study of the Ge absorption signals using
different pre—-injected modifiers and liquid sample
introduction (1 ng Ge)

(useful ateomization temp.: wall 2500 to 2600 °C,
platform 2600 to 2700 °C)

FLATFORM
MEDIA WALl ————————— REMARES
normal  cool-
down
Mg MITRATE MODIFIER:
Ha0O Jmax. pyrolysis temp.# Leca P50 250 -
charact. mass [pgl, p. height - &b 18 - p.t. 800 °C
peak area 240 40 -
Fd NITRATE MODIFIER:
H,0 |max. pyrelysis temp.# Leca 1030 1200 1200
charact. mass [pgl, p. height 11 9 8 p.t. 1000 °C
peak area 73 26 30
reproducib. £% RSD1 p. height (3-7)@ 2-4 2-3
Fd/Mg NITRATE MODIFIER:
HyO0 |max. pyreolysis temp.# [eC1] 1100 1250 12530
charact. mass [pgl, p. height 11 10 8 p.t. 1100 ©°C
pealk area 4 25 20
reproducib. [Y4 R5D] p. height (3-11)@ 2-4 2-5
peak area 1-3
#) Fretreatment temperature for the pre—injected modifier was the
same as the pyrolysis temperature (‘p.t.’) of the sample.
@) Decreasing signals with the number of firings in wall atomization.
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With atemization from the pyrelytic graphite platform the BGe
signals were considerably enhanced compared to wall atomization,
especially in the case of the FPd/Mg medifier. The pyrolysis
temperatures could be extended to 1200 °C. The narrow peakform
of the time-resolved Ge signals now had a negligible background
signal.

F.3% Reproducibility Tests

Relatively high variations of the peak height values (sometimes
of more than 10%) of the Ge absorption signals have rather
frequently been observed in particular series and repetitive
measurements dwing the course of these investigations on the
GF-AAS of Ge. The ateomization efficiency is certainly affected
by the chemical matrix, the surface conditions of the graphite,
the distribution and chemical form of the modifier.

Replicate determinations were performed and the precision has
been included in Tables 5 and &6, expressed as the range of the
relative standard deviation (RSD) of each successive 5 measure-
ments.

With wall atomization of Ge in solutions using the Pd or the
Fd/Mg medifier it is important to note that common to all media
(HNO3, water, NaOH) the Ge signals gradually decreased with the
number of heating cycles, especially in alkaline solutions.
With pre—injected Fd or Pd/Mg modifiers a similar behaviour was
registered which is illustrated in Fig. 10.

The precision improved considerably with Ge atomization from the
platform. Applying the Pd or Pd/Mg medifiers te the sclutions,
pssentially constant Ge absorbance signals were found over 160
firings. The best precision was obtained for the integrated
absorbance signals of Ge (RSD 1 to 3I%).

Also using pre-injected modifier on the platform, the precision
of the Be absorbance and especially the integrated abserbance
measurements (RSD 1 to 3%z Fig. 10) has improved considerably
compared to wall atomization and the signals were quite constant
over about 180 firings.

Effects of aging due to alterations of the tube surface were
described for refractory elements by M. HOENIG et al. /Z9/.
L.M. VOTH-BEACH and D.E. SHRADER /3Z0/ have related some proper-—
ties of Fd as chemical modifier to the physical form of the Fd,
however, they observed also non-reproducible results due teo
differences in the graphite tube surfaces. Hence, little is
known about alterations of the surface conditiens by aging, or
possibly other parameters which might affect Ge more than other
elements.
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2.4 Germanium Hydride Sample Introduction

Z.4.1 Hydride Generation

Effects of Acidity in Germane Generation

Germane is formed in good vield by the reaction of Ge(IV) in
acidic aqueous selution {(pH < 8) with borohydride ion, BHy—,
according to:

HyGel3 + BH,— + H+ -———» GeH, + H3RO0;

A large excess of borohydride is necessary in this reaction and
most of the borohydride is hydrelysed in acidic medium forming
hydrogen gas:

EHy— + H+ + 3 HaO ————3 H3EO3; + 4 H,(g)

From the rate law of this borohydride decomposition reaction

J. AGTERDENEOS and D. BAX /28/ deduced the halflife of the boro-
hydride to be abeout 0.04, 4.3, and 430 milliseconds at pH 2, 4,
and &, respectively. The hydride formation reaction is a fast
reaction and must be complete before a considerable portion of
the reagent has decompoeosed.

The borohydride sclution acts as a base shifting the pH to
higher values than initial. The relative narrow range of acid
concentration for a maxXximum yield in the germane generation
/13, 31/ in the acid near—neutral pH range reguires the control
of the pH by buffered selutions /18, 19/. J.R. CASTILLO et al.
/32/ and L. HALICZ /33/ found the optimum medium for the GeHy
generation in 0.1 M acetic acid-scdium acetate solution at pH 4
te 5. In the present werk this acetic acid/acetate buffer at
pH=4 was selected.

NaEHq Selution Concentration

For maximum GeHy respense a reagent concentration of Z4 m/vol
NaBHy was chosen to provide a convenient veolume of reagent
addition by the peristaltic pump te the 10 to 20 mL reaction
vessel over a period of about 60 te 100 sec in order to keep the
evelved hyvdroeogen gas flow rate low and evenly distributed. For
the 100 mL vessel the NaBHy concentration had te be increased to
4% m/vel or higher. ‘
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Reaction and Stripping Time

GeHy has no acidic properties and is insoluble in agueous
sclutions. M.0O. ANDREAE and F.N. FROELICH /18/ determined the
time required for the conversion of Ge(lIV) in sclution to the
hydride, for the separation of the gaseocus hydride from the
liquid phase, and for the transport of the hydride into the
atomizer. The maximum response was reported to be reached at a
time which was considered as practically identical with the
deadspace flushing time of the generator. Due to the low head-—
space of the generator used in this work, further stripping for
about 1 min after the end of the NaBHy addition was sufficient.

Zu4.2 Frocedure of Ge In-situ Collection in the Graphite Furnace

The germanium hydride was introduced inteo the preheated
graphite furnace and the Ge collected and in—-situ concentrated
by thermal decemposition of the GeHy prior to atomization.

The Ar carrier gas flow was used to displace the air from the
reaction vessel before the reaction was started, and further to
strip the generated Ge hydride and hydrogen gas freom the buffer
sclutieon and the head-space of the hydride generator. The end
of the FTFE transfer capillary tubing was connected to a guartz
capillary, abeut 5 cm in length and 1.5 mm outer diameter.

After the automatic dispensing of the modifier solution and the
end of the drying and heating cycle {(pretreatment temperature
1100 to 1200 °C) for the Fd nitrate or mixed Fd/Mg nitrate
modifier, the graphite tube was heated to the optimum decom—
position temperature of about 80O °C. The Ar gas flow in the
graphite furnace was reduced te 0.2 L/min and the quartz
capillary inserted into the normal sample introduction port.

The end of the capillary was placed close either to the wall
oppoesite the sample hole or the surface of an inserted platform
or graphite feil, respectively, where the modifier has been
depesited. As indicated in Fig. 2 the tip of the quart:z
capillary had a conical shape with its larger diameter being 2.5
te & mm, thus it came to a rest when inserted inte the 2 mm wide
hele of the graphite tube (simultaneously clesing the sample

intreduction peort in the graphite tube).

The peristaltic pump was started and during a peried of about
1 min a volume of 2 to 2.5 mbL sedium berchydride solution was
pumped through a T—connecter of FE via the submerged 6r carrier
gas line into the buffer solution containing the analyte sample.
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Thus, a relatively even gas evolution was obtained. After the
NaBHy; addition the reaction vessel was flushed with Ar for about
1 min more, then the capillary was removed from the graphite
tube. After flushing the graphite furnace with aAr for a few
seconds, the usual atomization step fellowed with gas stop.

Altogether, the total sequence of atomizer steps is controlled
by the spectrometer, except the gquartz capillary for the
intreductien of the hydride which has to be placed into and
removed from the graphite tube by hand at the programmed times.

Z.4.Z% Trapping of Ge by Decompositioen of the Hydride in the
Graphite Furnace

The depoesition of the Ge analyte in the graphite furnace by
decoemposition of germane requires the previous deposit of a
suitable modifier, and thus is very similar to the Ge measure-—
ment from liguid samples using the pre—~injected modifier.
Because of the better response of the Ge measurements with
platform atemization, the Ge cellection in the graphite furnace
was primarily studied on a pyrelytic platform.

The GeHy was introduced through a quartz capillary ending
closely to the hot surface of the platform where the GeHy was
thermally decompeosed. The platform was previously contacted
with Pd nitrate or mixed Fd/Mg nitrate seclution and heated to a
pretreatment temperature of 1100 to 1200 °C.

The effect of the decomposition temperature on the Ge signals

is sheoewn in Fig. 11. GOGermane is effectively decomposed and
trapped on the particular medifier—treated surface over a
temperature range of 300 to 1000 °C and atomization temperatures
of 2700 °C were sufficient. Early work by J.H. MUELLER and

N.H. SMITH /34/ stated the thermal decomposition of GeHy begins
at 340 to F&0 °C. However, on a Fd treated surface the
decomposition of GeHy starts below Z00 °C. Routinely, the
temperature for collecting the Ge on the platform was choosen
700 to 80O °C.

Because the decomposition of the GeH, is a heterogenecus gas/
sclid surface reaction a piece of graphite foil with its larger
surface of fibrous material was inserted inte the graphite tube
instead of a platform. A higher absorbance signal was observed
as shown in Fig. 11.
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an average Ge recovery of about 80 % with FPd/iMg modifier was
evaluated frem the Ge signals cobtained by atomization of the Ge
from the platform, where it was thermally trapped from the GeHy
which was generated from 1 ng Ge added to the buffer solution,
i.e. the Ge signal was 80U of the response of 1 ng Ge intro-
duced inte the furnace in a 10 ubk volume of agueous solution.

A recovery of about 0% with Fd medifier was found when a piece
of graphite foil was used instead of the platform.

The evolved gases and the Ar carrier gas flow from the hydride
generator were passed directly through the PTFE transfer line
hetween the generateor and the graphite furnace tube. No
influence of water vaper in the carrier gas on the depesitien of
Ge was found, thus a drying tube did neot seem t¢ be necessary.

Table 7 Comparative study of the Ge absoerption signals using
Fd or FPd/Mg pre-injected modifiers and GeHy sample
intreduction and thermal depositien (1 ng Ge)

(useful atomization temp.: wall 2600 °C,
platform 2600 to 2700 °C)

MEDIA WALL FLAT- GRAFHITE
FORM FOIL

Fd NITRATE MODIFIER:

modifier pretreatment temp. Leca 1100 1200 1200
GeHy decomposition temp. [ega 800 800 800
charact. mass [pgl, p. height =20 11 4

peak area 60 40 44

reproducib. [4 RED]I p. height - = -

peak area - =7 -

Fd/Mg NITRATE MODIFIER:

modifier pretreatment temp. Leca 1100 1200 1200
GeHy decompositien temp. Lec1 8OO 800 8O0
charact. mass [pgl, p. height i6 10 8

peak area 533 8 27

reproducib. [%4 RSD1 p. height 57 2 -

' peak area = 2 -
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Z.4.4 Reproducibility of the Ge Hydride Signal Response

The precision of the Ge measurement with hydride generation and
decompesition in the graphite furnace was studied for the
depeosition on the platform in comparison to the tube wall.

The RSDs of the Ge absorbance and integrated absorbance signals
are included in Table 7. Again it is impertant to note that
fairly rapidly decreasing signals (304 after 30 firings) were
recorded for wall atomization with aging of the graphite tube,
as is illustrated in Fig. 12, thus, supporting the same obser-
vation as in Fig. 10 for agueous samples.

F.5. DODIDGE et al. described in their paper /35/ a continuous
GeHy generation and a similar technique of direct deposition of
Ge by thermal decompesition on the graphite tube wall. These
authors confirmed our cobservations of rather high relative
standard deviations with wall atomization of Ge, and found a
decreasing precision during aging of the graphite tube.

Clearly, the precision has been improved considerably in owr
measurements using the in-situ concentration on a platform or

a graphite foil with the Fd as well as the FPd/Mg modifier, and
applies both in the peak height and in the peak area mede (see
Table 7). Goeod precision of about 2 %L RSD (for each S succes-
sive measurements) resulted with the FPd/Mg modifier (Fig. 13).
A large number of heating cycles (:60) with reascnably ceonstant
signals were possible using platferm ateomization.

Z.4.5 Detection Limits

A characteristic mass of 40 pg Ge/0.0044 A.s for the integrated
absorbance (10 pg Ge/0.0044 A for peak absorbance) was cobtained
with the platform. Detection limits were determined at very low
Ge concentratiens (100, 20, 10 pg Ge added te 10 mL buffer
solution), and values of about 20 pg Ge (I sigma, n=10) were
found in terms of an absclute analyte mass applying the Fd or
Fd/Mg meodifiers. A detection limit of 3 ng Ge/L in terms of
concentration related to the sample + buffer volume (10 mbL) in
the hydride generator was obtained.
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Z.e4.6 Calibration and Analysis of Samples

The response of the Ge absorbance signal for thermal trapping on
the platform was linear to about 0.17 A.s for the peak area mode
(and 0.7 A for peak heights, respectively). 8ynthetic solutions
(frem the Ge sorpticen/desorption edperiments) were analysed
which contained <100 ng Ge/mL and abeut 2 orders of magnitude
higher concentratiens of gallium in NaCl/NMaOH scolutions.
Interference of Ga in the GeHy generation could be compensated
by increasing the NaBHy concentration. Thus, with 4 to 5% m/vel
NaBHy no interference was observed at less than 100 ug Ga/mbL
buffered sclution. As shown in Fig. 14, the Ge response
decreased at higher Ga concentrations.

Samples containing 6.6 te 66 ng Ge/mb and 2.78 mg Ga/mL in NaCl
solutions, were diluted by a factor of 10 to 100 and analysed
directly against solution standards of 0.2 to 1.0 ng Ge.
Measurement of recovery gave values of 98 to 109%.
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4. CONCLUSION

A high respeonse for the germanium abscorbance measurements was
obtained in graphite furnace AAS when palladium or mixed
palladium/magnesium modifiers were applied in dilute nitric
acid or slightly alkaline solutions.

Atomization from the wall of pyroccocated graphite tubes resulted
in moderate signals from dilute nitric acid seolutions and a
higher response for the weakly alkaline seolutions. Wall
atomization with sample intreduction either as a liquid or as
GeHy with thermal Ge deposition was accompanied by a high
relative standard deviation, and the signals decreased gradually
with the ageing of the graphite tubes even at rather low numbers
of firings.

With platform atomization the Ge signal heights and the
possible pyrolysis temperatures increased significantly.
Improved repreducibility of the Ge measurements was obtained,
with the best precision for the integrated absoerbance signals.
The number of firings with reascnably constant signals usually
extended beyond Z200.

Thus, from cur experience the recommended procedure for Ge in
solutions is platform atomization, with pyrelysis temperatures
of 1100 to 1200 °C after application of Fd or Fd/Mg modifier
either mixed te the sample or in the pre-injected mode, and
signal integration. With hydride generation geood precision is
obtained by in-situ concentration of the Ge on a platform or a
graphite foeil with pre—-injected Fd/Mg (or Pd) modifier.

The reasons and mechanisms for the high relative standard
deviations in the Ge measurements in graphite furnace AAS with
the palladium medifiers and the effect during ageing of the
graphite tubes and platferms are not understoed yet, and further
investigations are needed.
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Appendix A

Improved Ferformance of the Automatic Sample Dispenser in
Graphite Furnace AAS by Continuous Pegassing of the Dispenser
Liquid

Abstract

The centinuous degassing of the dispenser rinse solution
has resulted in the improved performance of the automatic
sample dispenser in graphite furnace AAS. The formation of
troublesome gas bubbles in the dispenser syringe which
eventually might lead te dispensing errors, is thus avoeoided.

Modern computer contrelled instruments for graphite furnace
atomic absorption spectrometry are freguently eguipped with a
programmable automatic sample dispensing system.

In the programmable sample dispenser of the Varian GTA-96
graphite furnace (Varian Techtron, Melbeourne, Australia’) a
microcomputer contrelled syringe executes the sequence of
programmed veolumes of blank, medifier, standard, and sample
selutions. These solutions which are separated by a slug of
air, are taken up in a FTFE capillary tubing, fixed at the
dispenser arm. Experience in many laboratories has shown that
trroublesome gas bubbles were formed in the syringe during noermal
operation within a relative short time, sometimes within a few
hours, thus making a freguent cleaning of the syringe necessary.

Standard Operation

The flow of the rinse solution (deionized water or very dilute
acid) through the stepper motor—driven syringe and the FTFE
capillary is supported by a 1.2 to 1.5 bar Ar pressure on top of
the liquid level in the attached sclution delivery bottle.
Consequently, the rinse solution which normally is air-satuwated
anyway, gets over—-saturated by dissclved Ar gas. During rinse
operatien or the liquid take-up into the dispenser capillary,
the suction stroke of the syringe causes a reduced pressure in
the rinse sclution filling the syringe. Reduced pressure
necessarily leads to a degassing of liguids, and thus slowly
leads to the formation of gas bubbles at the wall of the
syringe, and after several hours, as the bubbles are growing,
eventually dispensing errors may result.
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Effect of Degassing the Sample Dispenser Rinse Solution

The formation of the troublesome gas bubbles in the syringe was
completely eliminated by continuwcusly degassing the rinse
solutien before it enters the syringe. This was achieved, as
cutlined schematically in Fig. 1, by passing the seolution
through a gas—permeable tubular FTFE membrane in a vacuum
chamber (On—-line Degasser ERC-300Q0 Series, ERMA Inc., Tokyo)
connected between the bottle and the syringe.

The only change at the automatic sample dispenser has been to
replace the FTFE capillary tubing between the rinse solution
bottle and the selenoid valve by a pair of longer capillary
tubings form the bottle to the degasser unit and from there backh
te the valve.

dispenser arm

: vacuum : __ﬁ |
Ar | pump ! L B
| |
Y : T :
L | =
=000 ==
| !
t— . _______ | solenoid motor-driven
== continuous valve syringe
— = degasser

rinse solution

Fig. 1 Aveiding gas bubbles in the syringe by degassing of
the dispenser rinse solution

Experience in ocuwr laboratory has shown that after introduction

of the continucus degassing of the rinse selution no gas bubble
in the syringe has been observed within two years of operation.
The system was free of additional maintenance.

Conclusion

The introduction of continuous degassing of the dispenser rinse
solution resulted in the considerable improvement of the
avtomatic sample dispenser in BF-AAS. Avoiding dispensing
errors due to the formation of troublesome gas bubbles, has
preven very valuable in routine analysis of a large number of
samples and for automatic runs over night.



