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Abstract: Ammonium biflouride (NH;HF,) digestion was studied for germanium analysis in rock and sediment
by inductively coupled plasma mass spectrometry (ICP/MS). QLO-1 and SDO-1 are used for reference materials
from USGS. Sediment, basalt and ball clay for GeoPT were chosen as real samples. The loss of germanium
in open vessel digestion was well known which can be caused by easy transformation to volatile compounds.
But ammonium bifluoride digestion could suppress loss of germanium in open vessel digestion. Germanium
recovery was not influenced by hydrogen peroxide with ammonium bifluoride digestion. Furthermore, the new
method was simple and rapid in germanium analysis by ICP/MS. MDL(method detection limit) was 0.015 pg/
g and germanium recovery was 106~128%.
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Table 1. Condition and parameters used for ICP/MS analysis

ICP/MS spectrometer PerKinElmer DRC 11

RF power 1,250 W
Plasma Ar gas flow 18 Lmin™
Auxiliary Ar gas flow 1.2 Lmin™'
Nebulizer Ar gas flow 0.9 Lmin™!
Nebulizer Meinhard type(quartz)
Spray chamber Cyclonic
Interface cones Platinum
Lens voltage 8V

Dwell time 50 ms
Replicate 3

Detector mode Dual
Isotope monitored "Ge
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Table 2. Certified values of reference materials

Concentration
CRM

Chlorine Sulfur  Germanium Carbon®
QLO-1 220 ng/g 30 pg/g 1.3 pg/g -
SDO-1 - 535 wt% 1.3 pg/lg 9.95 wt%

9Total carbon concentration

Table 3. Analysis results of germanium in CRMs by ICP/MS
after NH4HF,-HNO; sample digestion (n=3)

MpLY R EXppen Recovery
CRM (Le/e) value  value %) %)
(ng/e)  (ngle)
QLO-1 0015 13 138 323 106
SDO-1 13 159 3.12 122

IMethod detection limit

126°C 170°C
1) GeO, + NH,F > (NHy),GeFs - ANH,F = (NH,),GeFs - 2NH,F
2 (NH,),GeF, — NH,GeF, — GeF, - GeF,
2) GeO, + 3NH,F - HF = (NH,),GeFs + NH; + 2H,0

Fig. 1. Transformation mechanism of germanium with
ammonium bifluoride.

3}3HE (germanium fluoroammonium complexe)S &
Aoz st 4 Qo Fg w-g-ol 3t

=

AZrhg A (Ge0,) SF LU HH &8t
o] 220 °C ]’ A ammonium hexafluorogermanate
((NHy),GeFg)o] el 2 ZAetA ==, ol= =5
Fig. 19] 2)olA] BAR| % o] EF AR Fe] vt
ST T AL ¢ H HHE W FE0]
S B =R oW JAE YRl AZvge] i
obg F AUtk AEC] & EaE Sl 2HE A
gell A o] EF At REI AR
EEo B A<l 240 °CE WA H 21, 240 °Ce)
2EoA A2 o] EF USSR F A=
(NH,),GeFs7F 280 °C ©]4e] 2x¢] B2, A
2 A3 A 7R 160 °Co] 2ol A <)
A EAE A ST FHET

il
o
i
u
to
ry
Lot
2

32, O|EZousetnE Mo st

=

7t & EFEFE W HEo= &% 2%
2]
=

217) Wl o) g A7
AFT. Azrbrol A 3

iy
e wE A4 shys ol

o 2

Mo Wi & ad W o
op 100 4 o 2
3

rZ rfo o

o

l

il
A
flo
rlo

k
3
>
>
op
]
4 o
3o
rr oo
o
N
i

Analytical Science & Technology



Analysis of germanium in rock and sediment by ICP/MS after ammonium bifluoride(NH,HF,) digestion 379

Table 4. Analysis results of germanium in CRMs by ICP/MS
after NH4HF,-HNO;-H,0, sample digestion (n=3)

MLy R EXPpeh Recovery
CRM (uee) value  value %) %)
(ng/e) (ng/g)
Qo1 o 13 143 2.86 110
SDO-1 13 1.64  2.07 125

IMethod detection limit

Table 5. Analysis results of Ge in river sediment, basalt, ball
clay by ICP/MS (n=3)

Sample Ref. value Exp. value RSD Recovery
(ng/g) (ng/g) (%) (%)
Sediment 1.43 1.67 1.13 119
Basalt 1.34 1.68 1.70 126
Ball clay 3.02 3.86 0.50 128
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Table 6. Comparison between published method and this study for Ge analysis in geological material

. 22 .
This study Shin ef al."® Farias et al.” ZheMing
ICP-MS HG-ICPMS CG-ICP-OES et al.
and HG-ICP-OES CF-HG-ETAASY
Sample type rock, clay, sediment rock, soil, sediment rock, sediment soil, sediment
L Close Close
Open/elose digestion Open Open (microwave digestion) (stainless-steel bomb)
. . NH4HF2-HN03 and
Digestion method NH,HF,-HNO5-H,0, HNOs-HF-H;PO, HNO;-HF HNO;-HF
Digestion temperature (°C) 240 - - 170
Digestion time 5h 15h 40 min 7h
Germanium recovery(%) 106~128 104~120 94~130 101~105

9CG-ICP-OES : Chloride generation inductively coupled optical emission spectrometry
YCF-HG-ETAAS : Continuous flow hydride generation electrothermal atomic absorption spectrometry

“not mentioned
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