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SGMMMARY

The flame photometric detector responds to organic compounds of germanium
similar to the way in which it responds to organotins. Two modes of operation
have been investigated ; these are based on luminescence originating on a quartz sur-
face (emitter unknown) or ia the gas phase (GeH bands).

The surface luminescence is the more sensitive analytical mode: 1 pg of
tetrabutylgermanium can be detected, corresponding to ca. 1 - 107 g Gefsec.
However, peaks may be broadened by the surface effect, and tin responds significantly
stronger than germanium.

The gas-phase luminescence, monitored at 650 nm, is the less sensitive mode:
15 pg of Bu,Ge can be detected, corresponding to ca. 2 - 10~ g Ge/sec. However,
peaks are not broadened, and germanium is favored over phosphorus, tin, sulfur,
and hydrocarbon by approximately 1, 2, 1-3, and 6 orders of magnitude, respectively.

INTRODUCTION

In its discovery and chemical importance, germanium has been relegated to a
wallflower existence between its more prominent sister elemeats silicon and tin. As
Glockling! expressed it in his book on the chemistry of germanium: “Early studies
established that its properties seemed to fit so clearly between those of silicon and
tin, that its chemistry appeared to lack novelty. .. What can be done with ger-
manium can almost certamly be achieved more cheaply with silicon or tin
analogues®.

In analytical chemistry, too, germanium is generally associated with silicon
and/or tin methodology.

Spectroscopic approaches have frequenily been used for inorganic germanium
determination. For instance, Gilbert* found 5 mg Ge/l to be the deiection limit for
an air-hydrogen flame doped with isopropanol. Recenily, germane has been detected
by “metastable transfer emission spectroscopy” at the 0.1 ppb” level in the gas
phase3.

- GeHj is, of course, easily generated by the conveational hydride techanique,

"* Throughout this article, the American billion (10°) is meant.
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and so are germanes in varying states of organic substitution. It comes as little
surprise, therefore, that gas chromatography (GC) has often served to separate ger-
manium hydrides from other volatile sample constituents or derivativesS.

Besides general GC detectors such as thermal conductivity or flame ionization
detsctors (FID), a variety of selective detection modes have been explored. Hil: and
Aus? found 0.6 ng to be the minimum detectable amount of tetrabutylgermanium in a
hydrogen-atmosphere flame ionization detetor (HAFID). Mass spectrometric ap-
proaches by Lussi-Schlatter and Brandenberger® and Kadeg and Christian® led to
germane detection limits of 10 pg and 1 ppb, respectively. Recently, Braman and
‘Tompkins!® quoted 0.4 ng Ge for atomic emission from a d.c. discharge. Robbins ef
al 1, using a microwave-induced plasma emission detector with hydride generation ana
condensation facilities, detected 3 ng (0.15 ppb) of germapium.

We had been interested for some time to analyze for organometallics by GC
with a flame photometric detector (FPD) via a variety of band emissions. Ger-
manium’s congener tin proved to be especially interesting in this context: Three of
its spectral features (closely paralleled by their germanium analogues) were analytically
useful. :
First, and of most appeal to spectroscopists, the sharp SnH bands. These were
detected by Dagnall et al.!? in a cool hydrogen-air diffusion flame down to a
minimum detectable limit of 1.5 ppm. In a typical FPD, about 0.1 ag of tetra-
propyltin could be seen vig this red emission'>. For an FPD of their own con-
struction, Braman and Tompkins'* recently reported detection limits for stannane
and methylstannanes corresponding to approximately 0.01 ng Sn. Further improvement
appears possible; for instance, Kapila!® detected 0.5 pg tetrabutyltin with a lab-
made FPD.

The second spectral feature of molecular tin emission is a greyish continuum
peaking at 485 nm. It has been ascribed'> to SnO. Our group has used it in 2
dual-channel (emission-cum-ionization) detector made by attaching a grating spectrom-
eter to a regular FID. Linear responses were found from 10 to 10* ng of
various organotins'S.

The third, most sensitive, and potentially most interesting feature of tin
luminescence is a broad emission ranging from approximately 350 to 500 nm,
pezaking at 390 nm. It occurs at the surface of (clean) quartz. The minimum detectable
amount of tetrapropyltin in this mode!* was 0.2 pg; it has since been lowered' to
40fg orca. 5 - 10718 g Sn/sec.

Based on these experiences with tic we decided to investigate the flame photo-
metric detection of a germanium compound in two medes: vig its luminescence on a
quartz surface and via its GeH (ref. 18) luminescence in the gas phase.

EXPERIMENTAL

A Shimadzu dual-channel FPD was used atop at GC4BM gas chromatograph
made by the same company. Typical experimental parameters are given in Table I for
the two operational modes monitoring “surface” and -“gas-phase™ emissions. The
“bisected” quartz tube was a large tube of the same dimensions as the regular Shimad-
zu FPD quartz chimney, but bisected (horizontally traversed) by a central quartz
tube of ca. 4 mm diameter. The position of this tube abave the flame is schematically
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TABLEI
TYPICAL DETECTOR CONDITIONS
Made
. “Surface™ ““Gas-phase™
Hydrogen flow-rate, ml/min 240 100
Air How-rate, ml/min 0 49
Nitrogen flow-rate (from column), ml/min 30 30
Optical fifter none 650 nm interference
or 600 am cut-off (long pass)
(or monechromator)
PM tube (Hamamatsu) R-268 R-1104
Quartz tube “bisected™ regulay Shimadzu chimney

shown in the insert of Fig. 2. It was “cleaned” by microliter injections of Freon 113
while keeping the flame lit.

GC separations were done (for “surface™ experimentis) on 59, Carbowax
20M on Chromosorb W, 45-60 mesh, and (for “gas-phase™ experiments) on bonded
Carbowax 20M on Chromosorb W, 80-100 mesh!®. Both phases were packed into
50 x 0.3 cm L.D. borosilicate columns.

To take “spectra”, a Jarrel-Ash 0.25 m grating monochromator was mounted
as one optical channel. The other channel was left intact and operated in a non-
dispersive FPD mode. This was done to be aware of, and allow correction for, any
possible changes in detector sensitivity, injection size, etc.

RESULTS AND DISCUSSION

Fig. 1 shows the spectral features obtained from injections of tetra-n-butyl-
germanium. The most sensitive one is the blue glow on the surface of the horizontal

“SPECTRUM" of Bu,Ge

10ng 8nm bandpass

4 bisected quartz tube
{surfacce luminescence)

100 ng
normai quartz tube
(gas-phase lurmninescence )

PEAK HEIGHT , arbitrary units

300 350 400 450 500 550 600 650

WAVELENGTH , nanometers
Fig. 1. Peak heights of tetra-n-butylgermanium injections at different wavelengths. R-268 PM tube.
O, 10-ng injections, Freon—cleaned bisected quartz tube (no mask). Flow-rates and column as given
in Table I under “Surface™, except 49 ml/min hydrogen flow. A, 100-ng injections, regular quartz
chimney. Flow-rates and column as given in Table I under ““Surface™, except 80 ml/min hydrogen
fiow.
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quartz tube above the flame. Ten times more Bu Ge was needed to monitor the gas-
phase emission from a regular Shimadzu guariz chlmney wnthout bxsectmg tube —a
greyish diffuse glow above a central red core.

The latter, the well-known GeH bands'®; can be further resolved by using a
2-nm bandpass. The broad emissions centered around 399 and 470 am, however,
remained featureless under these conditions.

The greyish gas-phsse emission around 470 nm may be due fo GeO, in
analogy to ihe very similar luminescence given by tin compounds and attributed by
Dagnall et al.? to Sn0. A well-resolved GeO spectrum was obtained (under very
different conditicns) and interpreted by Tewari and Mohan?. Its strongest band lies
at 4779.4 A. For our purpose, the greyish FPD emission was of little interest since
it is {a) subject to interference by the analogous Sn fzature and (b) less sensitive than
the surface glow.

The origin of the blue surface glow of germanium is unknown. It is very
similar, though not identical, to that of tn.

Tnat there truly exists a surface-dependent emission is obvious frem visual
observation. It can also be demonstrated in a quantitative manner if one FPD
channel is made to monitor the gas phase, the other one the tube surface. Fig. 2
shows a schematic of the bisected quartz tube used for this purpose: masks have been
painted on in china ink. The results are expressed in this graph as the response ratios
of tke two channels, and germanium is compared to tin and sulfur —the latter two
representing surface-aciive and gas-phase-active species, respectively. They are sepa-
rated by two to three orders of magnitude even in this rather crude experimental
design. Obviously, this effect could be exploited for differentiation between the two
types of elements.
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Fig. 2. Ratio of “‘gas-phase® vs. “‘surface™ emissions measured through china ink-painted masks on
bisected quartz tube as indicatec. Ceanter drawing (without mask) for comparison only. Conditions
as given under “‘Surface’ in Table L.
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Surface luminescence being the most sensitive emission mode for Bu,Ge
suggested that calibration curves be established. The resuits, together with those for
tin, suifur and carbon compounds run under the same conditions, are shown in
Fig. 3.
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Fig. 3. Calibration curves for compounds as indicated. Conditions as given uader “‘Surface™ in
Table L.

The carbon compound, n-C,;H,,, produces both positive (normal) and
negative (inverted) peaks, as indicated by the data points. The selectivity of tetra-
butylgermane vs. pentadecane exceeds four orders of magnitude. However, tetra-
butylstannane responds still stronger. As expected from its S, emission spectrum
with the strongest peak at 394 nm, sulfur is also an important interferent (this
interference could be significantly suppressed by using a mask that discriminates
against gas-phase emissions). )

In a separate experiment, aided by an active electronic filter, the minimum
detectable amount of Bu,Ge was determined as 1.3 pg or 0.8 - 107* g Ge/sec.
However, the peak was clearly broadsned by the surface effect. The extent of
broadening (mainly tailing) depended on conditions and immediate history of the
detector. It was more severe than the analogous effect produced by tin compounds.
It is interesting in this context that Tewari and Mohan®, in an aside on experi-
mental SGfficulties encountered with germanium compounds, state that “the vapors of
hot GeQ, . . . sharply react with quartz”.

No such peak broadening was expected from the gas-phase luminescences and
none was obsarved. Of the two, the GeH emission appeared the better candidate
for analytical utilization: the sharper hydride bands promised improved selectivity vs.
the most likely interference, that from germanium’s congener tin.

The optimization of flow-rates for GeH was routine, and is shown in Fig. 4.
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Fig. 4. Tetra-r-butylgermanium response profiles for various air and hydrogen flows. Conditions as
given uader “‘Gas-pkase™ in Table I. Cut-off filter 600 nm.
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Fig. 5. Peak heights for injections of tetrabutyl derivatives of tin and germanium at different wave-
Iengths. 8-nm bandpass monochromator. Hydrogen flow-rate, 70 ml/min. Other conditions as given
under “Gas-phase™ in Table 1.
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Fig. 6. Same as Fig. 5, but 2-nm bandpass and 100 ml/min hydrogen flow.

Then, using these optimized conditions, the “specirum™ of tetra-n-butylgermanium
was run contrasted with that of its tin amalogue. Fig. 5 shows the spectra as
observed through an 8-nm bandpass. Note that the oxide (?) emissions are now
hardly noticeable.

A 2-nm bandpass run, shown in Fig. 6, then aided in the choice of an
interference filter for regular FPD operation. Although the GeH band at 650 nm
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Fig. 7. Calibration curves for tetrabutyl derivatives of germanium and tin. 650 nm interference filter.
Conditions as given under ““Gas-pfase™ in Tabie 1.
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" coincides with a minor band in the Sn spectrum, it was considered the first choice.

Hence, calibration curves were run with a 650 nm interference filter and at
conditions optimized for Ge. These curves are shown in Fig. 7. Now Bu,Ge responds
strongzar than BuSn by almost two orders of magnitude. The linear range exceeds
10? (the linear parts are drawn with a slope of exactly one).

Spotchecks with potentially interfering species showed that phosphorus
responds unexpectedly strong at 650 nm : Diphenylmethylphosphine was only a factor
of 17 less sensitive than tetrabutylgermanium. Sulfur response is quadratic—the long
row of S, bands diminishes only slowly towards longer wavelengths —and Geg/S
selectivity hence varies, between one and three orders of magnitude. Hydrocarbons
hardly respond at all; the germanium compound was a millionfold more sensitive.

The minimum detectable amount of Bu,Ge in the GeH mode was 15 pg,
corresponding to 2 - 10~ g Ge/sec. This could be further improved and likely will
be. Such improvement, however, is beyond our present intentions.
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