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Determination of Germanium(IV) by Differential Pulse Anodic
Stripping Voltammetry(l)

Abstract—Voltammetric deposition and differential pulse anodic stripping (DPASV) of Ge(IV)at a
gold electrode was investigated. Germanium(IV) exhibits two stripping peaks by DPASV in sodium borate
solution, the first peak at about —1I.1v. vs SCE and the second one, in the range of —0.6 to —0.2v.
vs SCE. Factors affecting the sensitivity and precision included the nature of working electrode,
supporting electrolytes, deposition potential, deposition time, pH, pulse height, voltage scan rate. The
relative standard deviation of the measurements of the peak currents, for 100ng/m! Ge(IV), was less
than +3%. The detection limit of Ge(IV) was 0.0lng/ml. Percent recovery in the extraction
procedure of Ge (IV) from matrices by benzene in ¢-HC), followed by back extraction with saturated
borax solution, ranged from 96 to 104%.
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FUE& %'fﬁ?lﬁ w ik Erh 2129 oscillopolarographyyio]'¥ gl ot e b -
sHolc}, Ge(IV)E- Ao mercury pool electrode® A}-23F Anodic Stripping Voltammetry (ASV) ]
ol Wizl wh 9o, AlzwbgitAel Ao FIMEAA &okeh

Ve oo HWHe REEZ - Azvbge Ad Zax FAWE #3e Qe R, Au
1504 Ge(IV)e] DPASVE- Axstgch. AWl AE, $4 Aud 5 AAste] AFHALE
zA}st, Ge(IV)e] DPASVel 4 2 3wkge] ztxel vlAE ol 2 g 2Bl

Au ol 4], GedV)e ¢ —1.1V(vs SCE)S} —0.6V~—0.2V(vs SCE) ~}ole] 72
stripping peakr} Qo] A v, HO-5 79| current ZLO- Y- peake] [hal of 10MlAE kel Ist
2 2nd peaki: Fficte}, Ge(IV)L 0.0lng/ml7}=] AgHinTHESl S, 10ng/mlell 2] 0.5pg/mle] -5
Eylglel 4] 1st 2 2nd peake] peak currenti Ge(IV)9] ‘wxol A A Iufisted el WEMES] &
27 A= 3%t gl =EF, o] #] matrix -] Ge(IV)e] 4rifiel]l benzene fhiiHEiE 18
RIS REE, BMSHES] ob-7l 9 dte] glolvl. wlthal benzene fhlliike] Ge(IV)el AElA e
e R FEIE gt

R B 5 &

2B Ge(IV)2] FHFHRKe R, GeO,(F1)-#igk, electronic grade, 99.999%) 144mgg NaOH
& bete] MR o, HClo 2 hfnstel Zejol vlalAl §aF flasko] IEFES] 100ml= S5
}(Ge 1,000pg/ml). o] LAg 1 ge ulz} 3] Aste) AL£d)ch WAl (Baker’s analytical grade)
& H,S0, AW oz Axgz, CCLIE ek i(Aldrich spectroscopic grade)® AF-g3lth =
Sb BE RS HYEHHR(Baker’s analyzed reagent)d fEA I ch. RgEe] g 2 J AR F
Aol T ulo]l &4+ carbon filter @ 0.25um membrane filter% %33} HPLCH ulo]-g-
5 A4t &7 & polyethylenex] 9 teflond] & A-8-3t9 32, pyrex glass £ % A8
739, OM-HNOgoll 24hr DLk HAA 7 F whe]lega 748 42 F A&t

8244 -stripping analysis instrumenti= digital plotter(PAR, RE-0082), automatic synchronous
stirrer(PAR, Model 305, 400rpm, 700rpm) 2} @] polarographic analyzer (Princeton Applied
Research Co., Model 384) - A-8-8l 72, 7] 3320 Ealg 23 (SCE), v 42 Pt, working
electrode 2= 7] 43k Au 3 5 (surface area, 14. (omm®) g 238t three electrode potentiostat
(PAR, Model 303)% 2}&319 ).

AuEERS| SF—5HUE gold plate(analytical standard grade) & [BlHM o 2 v} E & slola ~
(917 5.0mm, FA 0.68mm, fro] 105mm)e]] vl 5. epoxy =% (ALTECHO F-05)& A< ##
A7 ebe, Augg (9l Imm)& ¢l A sl A+ /}} o] 2] Pb soldering@} t}-&-, stainless#] nut
2 potentiostat®} o A3 geometryi [ tlElch Alddel: CugdE 2 PEgfon o
A sl kA Z ek (Fig. D.
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. s}, Table Iz} 7+-¢- Z7} 4|, {H stirring rate
= 4Q0rpm, anodic scan limt& OVE [EHEA
—{(3) A4 A IE Gl 2] peak current 2 potential
7k< data plotter2 -8 #A 9l glrh ol# ¢

T
o peak current 7+-& volta mmogram A&
. WA
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|
) tangent fitdte] o1-2 zlo|vl, data plotter® 4~
o Table I~Oreratmg conditions for DPASV.
o 1 EO— " —- SE— . s i
%1 Opcratlon parameter coﬁdeift.i(m Vdrlablc condmon
3; Potential scan limit 0. 00V 0. 00V
e (5 Condition potential 0. 00V 0. 00V
Equilibration time 30. Osec. 30. Osec.
i Calc. of peak current tangent fit tangent fit
! Purging time 240sec. 240sec.
3 e (8) Deposition potential —1.20V vs —1.35 to
m' B SCE —0.8V vs SCE
N — 7N Deposition time G0sec. 60~600sec.
Fig. 1—Cross-section of Au electrode(surface area, Pulse height 50MV 50~250MV
14. 65mm?). Potential scan rate  2.0MV/SEC 2. 0~10.0MV/
(1) P.E. cap, (2) Pb solder, (3) support SEC
(8.8.), (4) lead wire (gold, O.D., 1.0mm), Stirring rate 400rpm 100rpm
(5) pyrex tube (O.D., Imm), (6) epoxy I
body, (7) polished surface. Ge(IV) conc., 100ng/ml

B ¢S 4 ¢y A %o, voltammogramo] Al Z A A Aslg vt peake] reversibility7} A& A
©.3= triangulation #o % peak WiRES A Arstel At

PERE JE-S- supporting electrolytes: 10.0ml B3] cello] 4, E&l WEMELN A, DPASV
voltammogramm< 1 3=1}, (Blank DPS). c}-&ol, Ge(IV) ZTFEE & 5~50p02] 1] el A cell
o spike] 7} I [—BIEEME] 4] DPASV voltammogram-2 <¢lizv}, (STD. DPS & Playback).
data plotteriz Lyl o1& I, @ E,zts} 4% Ge(IV) “5iii- A x} data processoro] A JjA 71
ohg, AEASE Ao

Ge(IV)o| #iH L Bkt -Ge(IV) ZF &N A FFe9e] Furt 25ppb~500ppbs] 1,
Squibb type separating funnel(125ml)o] 32 ¢-HCI 20ml, A A} benzene 20ml% 3
kA £E & B2 we]z saturated borax % 20. omls Q3 2457F ZsA EEl, Gc(IV)
3 OrHEEeh, 42 10, 0mlE cellel w3 [A—f#fEo R X 2] reagent blanki: xR o7 d}
o} peak current 318 Fsbe], Ge(dIVyel #4584 Al 4kt

g 287k At
=

P

RBREAEER

Working Electrode—D.M.E (dropping mercury electrode) ol 4] differential pulse polarography
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Bol &g GedV)e] 34 wifesk}, HMDE(hanging mercury drop electrode) == As(II[)!7"
S} wpzbAbA 2 A Evbao] strippingo] A @3 shoulderm tpelytch. o] 712 Hgole] Ged
solubility7} 1x107%%, w/wz w] & 7] wlF oz A z=v} 9 (Fig. 2).

A A& AuxlF-9| current-potential (I,-E,) %412 Fig. 35 #v}. -10.5V(vs sCE) o] 4}o] 4]
Aug} ALshrh el o], —~1.3V(vs SCE) o stoll 4] H, gas7t 27 ¥4 shgeh,

ofwl Ge(IV)e] anodic stripping peaki= —1.1V(vs SCE) (E,;) &3 —0.45V (vs SCE)(E,;)
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RN i 1.0 | 2
S e —
B A T <08 —ou -1.3 -0.9 Y ou 0.3
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Fig. 2—Differential pulse polarogram (curve 1) Fig. 3—DPASV voltammogram of Ge(IV) at Au
and differential pulse anodic stripping volta- clectrode.
mmogram (curve 2) of Ge(IV). Electrode: curve 1 : Ge(IV) in 0.02M borax, curve? :
D.M.E. for DPP, HM.D.E. for DPASV. 0. 02M borax (blank).
peak 1o current 32 (I,) peak 112} zt(I)el Ite) ok 10ul] o] AFo] 9l x},
Aud T Ag-4], responser} A Erddelol] whih = AL wonE, Fr ASALon

Ak A HAFA ] Foll, 0V(vs SCE)o]l 4] 10450] 4 conditioning4] # 4] oxide film& [Rrks)z,
blank 2]} DPASV current gto] A< el A&, AHL ot A=z , AAAYE A8 g
)

Supporting Electrolyte—polarographyito] 2| Ge(IV)e] 4pHial 59| o] §x] =

+ carbonate-
complexane g-*4, borate-chloride ¢4, phosphate-complexane 4o, ammonium 23 G-l of 4]
Ge(IV)el DPASV: oulj o2 7 E&h 23 Table [Ig} 711},

Geg] strippinge] ¢l o=}3= electrolyte 4%, 0.02M borax £ o] 7] %, peak potentialo] x .}
anodeflloll 9o 2 deposition 34 %, H, gasital 27} = R d ] o) BT) 1Y -
(reversibility) = ol A1 7}k [ffFal A2 ol ol

Deposition Potential (E,) #{to| w2 I, 2 E,0| #{k—E,°| %#fko] w2 I, 9 E,o] BHp
i Fig.49} vl E, - 1.0V o] 5ol 4] 3= stripping peaks} ¢1o] A=) ehe)eh.

E, —1.2V(vs SCE)o]sloll 4] L] gt H, 7137} dFunle] 5 25]o] Geol
el o) o o u,

Ge(IV) 9] stripping peaks} main peak lell, —0.45V (vs SCE) 1.t & 2 2] stripping peak
7F vEbs o] -3+, deposit-Geol Ge(ID)z 443}xl %, (E,; —-1.10Vvs SCE), ‘@z
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Table II—Peak currents(l,) and potentials(E,) of Ge(IV) in different supporting electrolytes.

Supporting electrolyte E, V(vs SCE) I,(nA) Ge conc. Ref.

0. 1M NH,OH+0.5M NHCl —0. 760 [€11)) 1,250 1ppm DPP
(pH 5.2 —0. 410 47

” —0. 86 Q) 7,500 ” DPS

” —0.86 Q) 4,000 0.1 DPS

" —0.86 Gl 250 0.01 DPS

0.6M NayCO3+0.02M complexane III, pH 10.3 —1.1 Gl 1, 200 0.1 DPS
—0.48 160

0.02M borax —0.97 (w) 3. 600 0.1 DPS
—0.28 (w) 160

17 —0. 98 (w) 420 0.01 DPS
—0. 36 (w) 60

0.1M complexane III/phosphate buffer, pH 8  N.D. — — DPS

Acetate buffer, pH 4.5 N.D. —_ — DPS

Plating: —1.2V vs SCE, scan rate: 10mv/s., plating time: lmin, pulse height: 50mv.
*(ill) denote ill-defined, (w) denote well defined, N.D., not detectable.

o] sAul, 2% A (cathode) 9 GedD —#7t Aol Az B’F=HA, ©H &
stripping potentiale] 4] Ge(IV)Z 43}s]e] stripping vtz A7 et. (Epi —0.6V~—0.2V
vs SCE). m2i=, Nicholson 3 Perone!® %o 2|3t monolayer concepts peak II& peak 19 #
ouch ue & A¥F oz AFEAs} AF3 first monolayers] strippingel ZddtrE AR
Ak
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Fig. 4—Effects of deposition potential (Es) on the Fig. 5—Variation of peak currents with deposition
peak currents (@) and peak potentials (CD). times.
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peak I 9 peak II= E,7} cathodic @4% cathodic shift% 3.9lt}. stripping peake] resolution
R ZEdel A zelx Hy 349 $3E 283le, E;& —1.25V(vs SCE)2 Azzoen ¢

351,

Deposition Time (7., )0 w2 1,2] #{k—%5 < blanko] v3] 4], deposition time(Ty,,)ol =}
2 peak current W3l Fig. 59 2k Ge(IV) ¥E 100mg/mle] 4, deposition time 34 o] 4
d # e depositiono] SkAE & vrebdich wheba 100ppb o] 8te] FEol e T, H& 345
oz s AAREE A4 Aoz Addh

Potential Scan Rated| w2 I,9] #{k—Anodic stripping?] voltage scan rateZ 2mVe] A
10mV/secz WA Ao Lo #3te Fig. 69 7}, Peak 19 7%, 2mV~6mV/sec AFo]ol 4]
Iy 38 ZAolst gleh. Peak 119} 7%, voltage scan rate W3lo] wle} Ao vl g oz =53
2, peak Ilo] “pebd 25182 surface-controlled processql «i}beldioh, peak I, II =% scan
raterh g4 resolutions] Feleh e AFLEE A%l o A4 olsh A3l A
= 10mV/seco 2 7 3l¢r}.

Pulse Height i2t0| w2 I, 2 E,2| #{t—Anodic stripping4], differential pulse heightZ-
50mVel 4] 250mV7t=] Wi, I, 9 E,¢] #ili= Fig. 75 zvh. Pulse height =719} by
Ep3 = cathodic shiftdteh. I3 pulse heighte] u]#|ste] zs] FrbslAlal, peake] resolutiono)
FA3 Aastnz olst Al 150mVE JFEe2 Aot

Supporting Electrolyteo| pHol [E I, Y E,o| #{k—c-HClo| 4] benzenex o = S =)
< borax §Ho] o3 a4, benzeneo] ZFEH AV 24F JWMozNy FoH= 4
HCle 2 ql3l, supporting electrolyte] pH7} wiglclh. ubelbs] pHwlsle] wlE sensitivity s
E3l7] 98, Z3] boraxg e c-HCLE H 834 Arlsle pH 69l A 107Ae] LS s

Mo to @

hi

2.0 -

FOR T RAX 1T )

VR FEAY 1T )
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AE 1,10 nA b
-
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PEAK CURRENTS

o/
0.0 L 4 i L ! 0.0 L L L 1
o 2 n I £ 1 Q Sse 100 152 200 250
SUAN PATE(C H'/'/:‘Ef',) Puise ketght ( mv )
Fig. 6—Variation of peak currents with scan rate Fig. 7—Variation of peak currents (@) and peak
of stripping voltage. potentials (M) with pulse height.
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2, % pH £& blank2 3}o] Ge(IV) 100ppb £ I, 9 E,o] #3l= Fig. 83 7t}

pH 7 o] 3ol & H, A7 ASFFade] F250], Aol 238 Ymz, pH 10 o] FfALE
ZAE7F #A 8 Holzrh. pHY ¢ 8~9 Alole] A peak current kol Z W Fo] gz dAstg ).
wela] Ge(IV)e] S2z7A, 5E 2299 pHrl 8~ o)r} Sl 2 22za400 Fols I
a8t .

Supporting Electrolyte2| iRl e I, ¥ E,o| #{t—0.02M, 0.1M, sat. borax $
A7kl A3l L FAZATAAN L 2 E, E’i-‘ﬂr'a‘ AEG AHAE Table sk 7}, 0.02M2)
A% A A=A F3 LE, anodeZold, Ge(IV) matrixZHE P24, FF599) pHE
8~9% 7] el A Z3HgA & AHEetAch

Awe| HEME—Ge(IV)e] DPASVE ARAAEE 9d S924 274 6§] Qs A
Ge IV) 7 F=el W& I, @sks vlwsigeh. (Table IV) %49 JAEEFAE 3% wlgt
olglem th FEo] A precisione] - 22, blank o] %7 WEoz AtdxEich @, 4
E o Al el A, Ge(IV) 100ppb FHo] &) A7l FA2Aez FHF AAE v]zehd,

=
.
a,

Table III—Peak currents and potentials in borax selutions of different concentrations.

Conc. of borax E® Ip® Ex Ip®
0. 02M —1.05 2.05 —0.40 2.26
0. 10M —1.10 1.79 0. 44 2.16
Sat. sol'n. —1.13 1. 68 —0.48 2.02

a) peak potential of peak I, V vs SCE, b) peak current of peak I (x10°nA), ¢) peak potential of
peak II, V vs SCE, d) peak current of peak II(x10°nA)

Ge(IV) conc.: 100ppb, plating potential: —1.25v., plating time: 2min., pulse height: 0. 15v., potential
scan rate: 10mv/s,

peak 19} 797} standard deviationo} =7, 3%,
peak 118} A$7t +£10.2%RAt. = ofE
supporting electrolyte =}x}<¢} W3, ATz

| e Aeel g, ALY 3 EEAe dsE, 7
//'V/N\\\\ 714 el |sl, 2 2xo] wg AFukge
o | el #5E 2922 439 ¢ 9o wad A
» 2 e 454F 47 AdAE A2E44 =7
1 o ARAL 9AY, EEAAEL ALk

11

RSN
.“~J71'1 I

RARES

TrAK

B,

— I Ge(IV)o| £k U EKE BE—Ges] 43
\-\\ 1 A _‘,’i_ﬂa‘ggg__, Z qg_‘,]. %UHEI‘—%BJ o] glr,}.

= L&z de CCl, 2%, MIBK, benzene

2w Fo] A&t CCLe AL EA5}
F s ATge] A 9FS FA4

,
PEAX CVRRENT M10% nA POX VEAK T, X1G nh PR

L It 1 -1

pH
] . =9

Fig. 8—Variation of peak currents (@) and peak benzenes] 7, 12M-HCl]A 18] F&-gel

potentials (W) with pH. 99.6%°) 2%, fhLKES B SEEs
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Table IV—Reproducibility in measurements.

Conc, of germanium

(ng/mb) I (x10°nA)  I,,(x10%nA)

10.0 2.40%0. 07 2.52%0.08
100.0 20. 50-+0. 21 19. 05+0. 37
500.0 96. 241+0. 62 92.41+1.64

*The results were obtained from six successive
measurements. deposition potential: —1.25V vs
SCE, deposition time: 2min potential scan rate:
10mv/s, pulse height: 0. 15v.

Table Y—Recovery studies of germanium in solvent
extraction procedure.

Cone. of Ge(IV), Yield of Yield of
ng/ml recovery® recovery®
25.0 0.99 1.04
100.0 0.96 0.93
500. 0 1.04 0.95

a) obtained from the data of peak I,
b) obtained from the data of peak II
*Average of three determinations.

TELE WML, SB BEJE As, Sb 5oz Y SMsich =3 44 benzenes 7%,

Ge(dIV) AFutgol o}Fa o ol glolrh

c-HCl 444 o} 4| benzeneo 2 $£%3}x, t}A] sat. borax £9 o2 13 F22F AL HF&
£ pHE 8~9 Aololn], o] §H¢ blankz s}ef, 2% £ZH9 Ge(IV) %¥x7} 25ng/ml~

500ng/mls] Al ¥imste] 323 A3, Recovery
yielde EFRE Fx¥ 9ol 4 96~104%9) 344
£ el glel (Table V)

BRER—IFT FE299 GeldV) Fx7} 20,
40, 90ppb =7 125ml Squibb type separating
funnele] Ge(IV) X ZH L Hrstm ¢-HCl
20ml, benzene 20mlE A}, 2387 EE %,
benzene & ]85, sat. borax 20.0mlS =1
2 oA 287 AR F o 2L 10.0
mlg A¥3] st DPASVE dx data
plotter2 FTEZFANL Jd2 Ar: Fig. 93
Zth peak Io 2 2§ ke peak current
zko] peak Ilo] feal A<l 109 5ok,

Ge(IV) =7} 500ppb7txlcl sl A a3t
A= QA BFE Bl Aoz (&
=il e = AoE BA8A ggch

#*

current

4.0

3.0 ¢

1.0 -/1/

0.0

20,00 49.00 [N 25,00 I00.0PPB

Fig. 9—Calibration curve for Ge(IV).

Calibration curve #1(from peak I): currentx 10*nA
Calibration curve # 2(from peak I): currentx10®nA
plating potential: —1. 250V, final potential: 0. 00V,
purge: 240sec, scan rate: 10mV/sec, cond. pot.:
0. 00V, cond. time: 60sec, deposition time: 120sec,
equilibrate: 30sec; pulse height: 0. 150V,

HMDE (hanging mercury drop electrode)oll 44 Ge(IV)9] anodic strippingo] o eojit}b=] 9rgte}.

Au AT¢ ARs AFERL 2Aehz, Ge(dIV)e]

supporting electrolyte=4 borax £of-&

AR A, AullFol A Ge(IV)e] DPASVE —1.1V(vs SCE)9t —0.6V~—0.2V(vs SCE)

Abolel]l ¥ stripping peakZ el 9o}

% stripping peak?] peak current Ztofl 94 32 Fi= o] 271 % (supporting electrolyte, plating

potential, deposition time, anodic potential scan rate, pH 5)& A3 A=, borax L9 A 7
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peak current & Ge(IV) Fxeo =7 v # 3lgch

274 Ao A4, Ge(AV) FE 0.0lng/ml7tA] AZrestgor], 248 Ge(IV)9
%X 10ng/mlo] 4] 500ng/ml ¥ o] A] peak current k-2 ZH7t Ge(IV) ¥ ol 44 vl# tglch.
£49 AN EFA A 3%l G+

Ge(IV)& matrix2 2B ¥ 4] benzene 2w &3 A, AFub-dol Wl Fe] A
3, recovery testd] Ay Ge(IV) F X 25~500ppb2] W §lell 4, 96~104% % vt

2 EAYL, Add, A2A, gAFA, A, alloy To2 ¥E Ged tracelevel7tr] £4
e d o]l &8 oz A
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