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Abstract: The present work is aimed to evaluate the conditions of the hydride generation (HG) for
germanium analysis by inductively coupled plasma (ICP)-atomic emission spectrometry (AES). Twelve
different kinds of acids were used such as phosphoric, hydrochloric, nitric, sulfuric, perchloric, boric,
tartaric, malic, oxalic, tannic, citric, and acetic acid. It was found that phosphoric acid yielded the maximum
efficiency of hydride generation. Also, efficient hydride generation was obtained with the buffer solutions
containing phosphate ions over a wide range of pH. In addition, in the presence of phosphoric acid the
interference caused by metals was suppressed in the hydride generation of germanium. As the concentra-
tions of a reducing agent and a stabilizing agent increased the hydride generation efficiency and the acid
concentration proviaing the maximum intensity were increased. By using an analytical method developed in
this study, the contents of germanium in water and rock samples were determined. The detection limit of

germanium in the presence of phosphoric acid was 0.03 ug/L.
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Table 1. Experimental conditions for ICP-AES

Description Condition
R.F. generator 27.12 MHz
R.F. power 1,150 W
Plasma torch Quartz torch
Nebulizer High solid nebulizer

Argon gas flow rate

Coolant gas 12 L/min
Auxiliary gas 1.0 L/min

Carrier gas 1.4 L/min
Nebulizer argon pressure 30 PSI
Wavelength 265.118 nm
Resolution 0.008 nm
Hydride generator Four channel peristaitic pump
Pump rate Reducing agent 0.45 mL/min
Acid 2.4mL/min
Sample 2.6 mL/min

Fig. 1. The structure of the HG system.
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on the relative atomic emission intensity of 0.1 mg/L Ge in

the HG-ICP-AES system.

Vol. 14, No. 1, 2001

A)717] W&ol dataEe] RSD7} =}

N e 48R AHESE ehd AL phos-
phoric acidgw}. 5 x 107> MollA] 2% tartaric acid& A}
43 Zno 2u) x| 52 wEE BAT A
=7} 27Kl met wgo) AW ¥ Sl
A oAl mgel 27 oW SRl 2% tr
taric acid& AF23 7AW} =2 & Ho|n phos-
phoric acid®) ¥=7} £718bH 42 y2M7e 2
7Kk SRR 4M ol olAE € olApel skt ¢l
21}, Boric acid®) 73-9= phosphoric acid 2.5} 2}x] 9t
Ge wluce 2 4HEEE wodFH v}
$obI4% B2A71E Z7RI0 1M 2o} x2 o
dA B% 27h8 AHEEE dehhele Zlds
Eoll Hgt 4k} g3 =ol A7} Qo] AL FHA
23}, 34 4kl hydrochloric acids 0.1 Mof| A
7Y e AAESE Holy T oA FxelM:
Z}Aasl= AEE ¥} Perchloric acid¥: hydrochlo-
ric acid¢} v]<$=8F 73 3HE Vel 1, nitric acid¥= AR}
Al A3A o Foll 380 Welol Sulfuric acid& AR
g A% 7P 22 AAARES Boled S 92
Z 3712 Thompson'?¢]1} Nakahara!® 5-o] ¥ 113 A
e} vdk FAUNE o 5 ok FEEUE AL

250
/D
i — \
-
R ./.
E
o 150+
g P
% /
N A
& 1o
& —o— 0.05M H,PO,
—u— 5MH,PPO,
sor ——a— 2% tartaric acid
i — 1 " 1 i 1 " 1
1 2 3 4 5
NaBH, concentration (%)

Fig. 3. The emission intensity of 0.1 mg/L Ge as a function
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the HG-ICP-AES system. The stabilizing agent was 0.1%
NaOH.
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Table 2. The comparison of the amount of the NaBH4+-NaOH solution with the amount of the hydrochloric acid at maximum

signal in Fig. 4(a) and in Fig. 5(a)

Reagent 2% NaBH, 5% NaBH4 2% NaBH, 2% NaBH,
Amount -0.1% NaOH -0.1%NaOH -0.1% NaOH -1% NaOH
The amount of NaBH;-NaOH solution (mmol/min) 0.25 0.67 0.25 0.35
The amount of hydrochloric acid (mmol/min) 0.12-0.24 0.12-0.36 0.12-0.24 0.12-0.24

m  citric acid + Na,HPO,
o citric acid + NaOH

Fig. 6. Effect of pH on the relative atomic emission inten-
~ sity of 0.1 mg/L Ge in the HG-ICP-AES system.
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Az}, iR U4EY A= g8 FiEg A
A vlxsHA velden, AlsHA weE degl o
A28& Rh, Pd, Ay, Nielgld), o] 4] &Y
9 Ge2| signal-2 3.o|%] gsle}. o] $12] Uiwol
$d3d o2 NaBH.8} #Ug-& 4o Ged 4
32 ¥AE& AHAWY) dEes Alsdd 23, FE
Y482 & 2.5M phosphoric acidel] 2% tartaric
acid& 42 EAo == vlmsle] Mgl Phospho-
ric acidiHg AM-HE Wne WA =s] 4T i
g Aet Ackst zolx= EAfEA gkt o2 M
phosphoric acid?Hg AMg-3ld e FEs= H4E9)
& AR £ Ql8-E o i

Vol. 14, No. 1, 2001

Table 3. Recovery of Ge (0.1 ug/L) standard solution with

interfering metals* in the HG-ICP-AES system  (unit : %)
25M 25M
Element  Phosphoric Element  Phosphoric acid
acid +2% tartaric acid

Al 919 Al 100

Au 0 Au 0

Cd 89.3 Cd 925

Co 75.3 Co 777

Cu 754 Cu 76.5

Fe 98 Fe 95.7

Hg 100 Hg 95.2

Mg 100 Mg 100

Mo 100 Mo 932

Ni 94 Ni 139

Pb 100 Pb 100

Pd 0 Pd 0

Rh 0 Rh 0

Se 70.7 Se 855

Te 90 Te 925

Zn 68.6 Zn 82

*Metal concentration was 50 pg/mL in each solution.

Table 4. Detection limits of a Ge standard solution in the
HG-ICP-AES system

2% Tartaric acid zi];qq:hmﬂiﬁ”d
SBR 191.1 465.6
RSD 20 745
D.L.(ug/L) 0.23 003

35 4H Alg 28

3.5.1. AYSM H@EA|

2% tartaric acid, 2.5 M phosphoric acid2} 2% tartaric
acid®] E¥AHE AMgsld d& AT AU R
=0.999673} R=0.99960)2 o}F Fodct AEAx
Table 464 B ulg} o], 2.5M phosphoric acid2]
EgAe A28 A9 ¥-2 SBRFY ¢ RSDz 3}
of 0.03pugllehs 10M] A= W2 ZHEtHE 7¢
4 0. & A¥AME 718 HHxAoz AY
£ 3 o] oprnz &AL v RolA £ 3
c2je} 7|9}



42 dAe - ojd3 - A - A - ABA

352 8 A2

£ A 8E 498 AR o83 A 3% FHGHL
2 AR A7) Table Sold}. 1A FE#|oF & A}
Al AAM2)E A 4& ¥ A|8§ ICP-AESS} HG-
ICP-AES2 A3 Az} Aoldis Zloldt o)&
Llgkel] Geol oJ2] 712 Heo §7] F<4 AE=R
FAE7] A2, GepE-E $84YA ((CHs),
Ge(OH)a-n: n=0, 1,23} 3)9] e ZHtiy B 1F
I UE f7] 24 ARl YukH ez w4
o]dA XA A M-C(C: kA Y} FA o
HA 4A FelAe AY M-X(X: Al A, g2 A
14 B)F 20 gt 391 Azigle] 448
oFgt $4lAlQ]l NaBH.2 34 Al71H 4218 4
Ade] o}, GeHs7} obd ofE qelle] SiushEo]
¥AE + Sl ol ZIMEA Y FYo] ¥rbsie
oujaiy o33 Ao} BEAL foz A F
3 mFgle] EAEle Ged] 34ge WA ©d
B} AA Eehavtz YA e o8 A
o] #olAl A YA o] 227} 7lgdle] PR ¢
3 d& 4 siA F4.

AE 7h8te] Hxel@ Y& 74, nitric acid & AME-
g & delle M ROl GeO )& A
) =% SASEA S, sulfuric acid& ARLSIS& oo}
nitric acid+ sulfuric acid & AM-3}9& #&= A< 100
% 3 4-d& BAEH oA Ge] HA A sulfuric
acid7} EA3td AR SRIE Qe (ol: GeO: B)7}
o @R AefolA WA EF Wz SUE BY
4 Aok A& & 4 8l

Phosphoric acid7} B.3Abe] opd 3 Ae|A] AR
o AgE s SloM ojd AAE J1A e
AY$ W% A}, phosphoric acid?} Ee{7toz s
2 AAe whis A g 2ojEis Ged
o] ¥A Z&=% ol phosphate ione] -S4l
Ex3l patHE YR AX YEAH7)7E 71
A7) gl webA Geo] A=A phosphoric
acid& AME-3l3 o] §4§ oEAME B Abe 2 HG
Holl A} A skl AR g8 7Y 4 e
oz FoF slof 3

35.3.2AM AlE
Get CLF 53 38 o157 $u4o] sl
ANeIA EAol Qg 4 Qlome BEY PG 2

Table 5. Analytical results for a water sample (unit : mg/L)

Determination HG-ICP-AES
method ICP-MS 25M
2% L
& Tartaric Phosphoric acid
Digestion ICP-AES acid +2%
method tartaric acid
Without digestion 0.68 0.024 0.013
HNO; 0.000 0.000
H,S804 0.621 0.664
HNO;+H;S04 0.656 0.678
HiPO4 0.297 0.219
HNOs+H3PO, 0.436
H,S04+H;P0O4 0.816
HNO3+H2S04+H3PO, 0.874

Table 6. Analytical results for a rock sample (unit : mg/kg)

Determination HG-ICP-AES
method 2% 2.5 M Phosphoric
Digestion Tartaricd acid+2% tartaric
method aci acid
Closed 594 393
Open 1.14 092

¥ AAAM A7)} o] Folof et & YA
+= microwave digestion 7]7|& ARS8l AE F9
YE2 Yo| AHLEE 4 Z22) Ge# Davidson] ¥}
el wie} el slo] AeFlHc). Ge# hydrofluoric
acid@ Ahgshd AHMAIZ] =HE, nitric acid$} boric
acid2 &) A)Fc}. o9 boric acid= F 2] 98 9]
+ 987 Foldl: H¥ T hydrofluoric acid& £3}
AFlE QS ek Fe ug o 93 u|H Aol
A AX2]g #Psled 2% tartaric acid, 2.5 M phosphoric
acid®} 2% tartaric acid®] &E3Atoz Aesled JL&
A3 Table 63 2ot 23l Aejsl 43 Aeo)A
A3 AAE vims] 2d G A AFA|
80%¢ll 717 Geol EAFASE o 4 9ok

Tartaric acid®} phosphoric acid®] E§4le 2 A
g Al z}o]7} = o) boric acid9] Abgoz
Q18 J3fo|r}. Boric acidy} phosphoric acid® 2+
Hzilog AME A9 o Alng ¥ SR
A EEE Aol 73k F 7HA] AR 3
EAsh e3l8 QA Eo] A
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HG-ICP-AESE& ©] 43} Germanium $4ol] glo]Al B.x4le] hat |7 43

4.3 2

HG-ICP-AES & o| &3}l Ged ¥-A& uwf AL 3y
Al (NaBH,), Al (NaOH)el| whg fa2he YA &
8 Al og 2 AE2E Ak

1. B2Ako 2 phosphoric acid& ARg3bd o2 AF
9 AMgRe & AAEET 98 FRAdE e,
722 pH °d¥o|2} % phosphate ione] &x]8}= buffer
2] AMge] o ¥ SadtE YA ES BT

2. B9AI8} A sErt FUNLeS $43E
A E o] FUT, HHAPYEEE Ho|:= Ake] 5
= F7hIen sx 992 yelzd

3. A8 ol AR Ao} 24| Y3
& ¥ 9471 213t 2.5 M phosphoric acid& & Al=&,
AA A& BHel AM-FA.

4. Tartaric acid2 A& o Z28H41= 0.23 pg/L
o] 1, phosphoric acid& AMEE o H&¥A= 003
pg/L
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