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AR 52 G B0 DE AR 0 R BB L B L BRFIGRE . O S U Gk AT I . RIS T IR

BB . RSEFEOGE (PF) & . BRAGHT F] . 3 R DL R AL T R 52 m . AR 4143502 - GaC(lll) : 500 mL
pH=2 W F A 10. 00 mg » mL ' PF 2. 00 mL, BEfL 4h; Ge(IV): 500 mL pH=2 &+ A 10. 00 mg
e mL ' PF 4.00 mL. 4k 10 h; Mo(V): 1 000 mL pH=3 W F il A 10. 00 mg « mL ™! PF 3.00 mL, B
£ 6 hs InCll): 100 mL pHA5 % # H M A 10. 00 mg » mL ™' PF 4. 00 mL, BEfk 10 h, 5206 @R, HEH
FRULVE AT IR B8R . 48 . B REE O A b B DUS Vv . kR R (39 : 8 0. 12 ng - mL ', 4% 0. 30 ng -
mL™", $10.046 ng+ mL™"', 4 2. 7 ng « mL "' %55 I T A S0 D IR RE KSR . G M BT AR

W ARG O R RS L B AR

EBIRE  RIEIOEM s YIVE s WA SRR T ROk
5 MXERARIRED: A

FESZEE: 0657.3; 0652.6; 0653

el

i

IREEDCTR R AT A AR AR MR R L, — Ay
50 VR FE Fre Al HOAE A B LA ng » mL™ 'Y {ER K H
T ik R TR 7 B E LR D (U
K S5 RSSO & 5 R LR EBUZE A
FINGN- 2 I S A B SR A R T IR i
TP RE o 7 SOAR 38 4 e 58 O IR 1 H 288 W oo 77 Ko —
K RS MR P T X IR B L B L S AR AT A
AR R AR TR T B T ROk BT IE . T
A SR AP BT W SOEE A By B B e B R A R AR, i
N0 A7 A TOURT 4 . E— 20 4R v AR I A I E S 26 T
RS FEE R R EUE .
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1.1 FERHFMKF

Z-8000 #4 fi #f € 2 5+ W W 43 06O BE 3 (H 30D 5 Ga,
Ges Mo Al In JEER = .0 BIT (F B 77l B 758 -+ Z 4850
B A ARE O LIt 5 Wi s 2 Rg A &
BHND s Ik W a4 cmkis I rss, 8 n 8%
HAE s CS B Fe I i (Jb 3 48 Tl 24 Be WL B 28 T ) 5 B ES

WS B HI: 2005-05-10, &ITH#A: 2005-08-06

XEHS: 1000-0593(2006)06-1162-05

hith e 3 (35-3) (i M BE R A IR A WD o

N, N-Z S Bk e (103700 T, ARD 5 R 3598 i ¢ I

BIRFET . AR,
R FE DGR (PF) B : ARER 1000 0 g 2K
FEYEOLE T 50 mL AR, A 25mL 1 mol « L' (&4
LA, B, BORIETOUI E & WA, SR E KRR
F 100 mL #Ef. HZEWACER , KRR EB RO, 7
VKFE VAR AT 25

1.00 mg - mL " Ga #7 #E fifi & W : #R HUOG 3 24l Ga
0.050 0 g F 50 mL AR, F 10 mL F /K Gl 30 ff . &
ERBEWWERER, WHEMADEK, HFBE S0 mL &
B, 1+ 10 HNO; & %5, A, BUZ i & s &
I 1+10 HNO; 3% 2 F B 20 fir s We BT

1.00 mg *» mL™" Ge brifEfif & : FX GeO, (GR)0. 072 1
g F 50 mL Ba#frrp, 1 5 mL 1 mol « L™" NaOH i #4 %5 fi#
B, H 1+10 HNO; H RN F 4 NaOH, = 50
mL Z¥ . H 1410 HNO, 7 B & Z1 B . i F o B0z g 4%
Wik, 1410 B HNO; BH B ZE ke,

100 pg » mL ™" Mo FRUERG A : HEFHFREL MoO; 0. 015 0
g(AR)F 50 mL 44, A 1+9 NH; » H,O &%, M 1
49 NH; » H,O 2 % 100. 00 mL, {ff J BF F 2 18 /K % 94

1.00 mg » mL ™" In FRUAERE SR : HEBHFREL 0. 050 0 g In

10 mg « mL~

E£TH: FEKAARFEES(20366002-2) F1) V4 HH T RHF AL 4 REHCRIF[ 2003122 S) B 1)

EE® N 38 B, 1957 4R, J7 U R s Al T oA Be 3d%
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(GR)T 50 mL #FF . B 5 mL 1-+1 HNO, Jin s i@ )f 28
REBEWEWBW®, BB E S50 mL A8 P, H 1+10
HNO, B 205 . ey, B HGE iz m, H1+10 1
HNO,; & 4 B 2 J7 it We B

1.2 WHE

1.2.1 Gawh#i%

B 10. 00 mg * mL ' PF 2. 00 mL #I & 500 mL & Ga ix
Wb, BB 11 HNO, 818 ) pHAa2. 0, 7E/
R E AR EEORYUTE, T, EREE 4 b, JUIE
WU SR AL i . A 2 AR PRI UUTE 3 K. VLIE &
0.5 mol « L' NaOH 1~3 J#H [y 2. 0 mL N, N-— H It F [t i
R, IR 25 mL RS, A 3 mg Ni i 5L & 2
PRV, HZEIRKEZR . A8 5o & . DL RE
FiEMR—r2 HR .

1.2.2 Geth#H %

2 10.00 mg » mL ' PF 4. 00 mL i & 500 mL 7 Ge if
Wb, AP 1+1 HNO; #8953 pHA~2. 0, 1 H
L 5 ~9 min, AR ALERIIGE, BN, SHEAHE
10h, FHBE IR0 0 < 8 R b g, /b i 2R 08 K Uk A U TE 3
W, FVEM S 0.5 mol « L' NaOH 1~3 % 2.0 mL N,N-
VPR TP e v AR, JFURE R 25 mL AP, A 3 mg
La 2R ol b R0 W, HZRIBKE 25, F A 28 00 s I el
FE . LLRFETT B — A2 R

Table 1

1.2.3 Mo w3k %

TEARWHERE . £8 1 000 mL % Mo iR it A 10 mg »
mL B OETER 3.00 mL, Al 241 HCl %% I8 pH~~
3.0, FEH BN 5~9 min, AR A ZRIIE, BT,
FIRFHE 6 ho JHBCIET E h W us . DAZE MK Bk T
W3, VIVERAMA 1~33% 1 moL » L' NaOH (% N,N-—
FHBE F R 2. 00 mL Vi, JEURAE S 25 mL FHtiid, A
% 2 mg CaF, WYILORBGHRIE W, WK E SR, Hasp
D W AT S o P TR 4 7 A — A 28
1.2.4 IntH %4

Bt 100 mL & In fEMI . S A2 1+ 10 HNO;, =g
PE, TERBIHERE T MA 10 mg » mL " 2 5L 980 4. 00 mL,
FH 1+10 HNO, #8745 pH=A5.0, fEB Y EAI#H 5~ 9min,
PR AR, BT, FiRHE 10 h, HI BN
SRR g, PR K VR U TIE 3 W, ULIE A 1~3 3§ 1
moL + L™ NaOH Ay N, N-— 1 3L FI @t il 2. 00 mL % . If
T 25 mL RS, FEMA 3 mg Ag SRt , H
FRIBAKER , A S R o s . )RR 0 07 24— A~
2R .
1.3 Ga, Ge, Mo 71 In 9 A B R F RN 2
1.3.1 MEMNFEH

A S R UL i Ga, Ge, Mo I In (% £ 14 4n
* 1FiR.

Condition of GFAAS measurement

Element Wavelength/nm Lamp current/mA  Drying/C, s

Ashing/C, s

Atomization/C , s Clean/C, s Graphite tuber

Ga 294.3 7.5 80~120, 30
Ge 265. 2 7.5 80~120, 20
Mo 313.3 7.5 80~120, 35
In 325.6 5.0 80~120, 15

1100, 15 2 400, 4 2700, 5 Common
1100, 20 2 500, 8 2 800, 5 Coated W
1300, 10 2500, 8 2900, 5 Pyrolytical
400, 15 1 800, 4 2 400, 3 Common

1.3.2 ArfEw&

TEBE AT F#48K (B In 100 mL, Mo 1 000 mL, Ga fil Ge
500 mL) Ay 20 HBEARH, Sl A 1.00 pug » mL™' (Mo 24 0. 100
pg e mL D) FF I 0 R AR A W, B AT AR TR A 0 R Ga.
0.00, 2.50, 5.00, 7.50, 10.00 mL, Ge; 0.00, 1. 00, 2. 00,
3.00, 4. 00 mL; Mo 0.00, 2.50, 5.00, 7.50, 10.00 mL;
In: 0.00, 2.00, 4.00, 6.00, 8.00 mL, HA4x#/EH 1.2 f
1.3, FrAsbrd ih £ 09 a3 5 B 4 5 24 Ga: A=0.613¢6, +
0.003 5, r=0.999 9; Ge: A=0.695cs. +0.0034, r=0.998
9; Mo: A=1.144cy, +0.001, r=0.998 9; In; A=0.225
4e, +0.003 5, r=0.998 5,

2 #RHiHE

2.1 ARBRENEERRNEI

Ga(llD s Ge(IV), Mo VOl InC Il %5 4 )@ & T W A7 7E
T X A VL PR 1 T S A o T R 3 5 S R A K R 1V
EURLEREFHENREHEO SHERREHEVML. &
T WS TR X AR RCR S, A 1 TR . SRR,

# pH 2~4, &4 Ga(lll); &£ pH2 i, &5 Ge(IN); 1£
pH 1~7, 4 Mo(V); f£ pH~5 i, B4 In(ll), ¥
BV BAF 0 R B IR R E T B T, GallD A
Mo (V) ¥ & 582 B2 43 4% il 72 pHA~2 1 3,

110
100 fw—w 3
g0o— X/ W % \
. E ' o \
= 80‘{ ! N fos *
: A R .
B ! A A \
<% ! / 2 o v
2 70 ¢ . K \
g ] % .,
o60{ S P
3 'i' - .- ° R
501 ; e
1
409
30
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pH
Fig. 1 Effect of pH on enrichment recoveries

1: Ga 5.00 j22:3 2: Ge 2. 50 j22:3
3: Mo 5.00 pg; 4: In5.00 pg
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2.2 FERKXMAENZMW

R IEDE T VE A %A F 5 WP R E LR B IR IP I
KPS AW, G 4 23 5 G A A R M K VP b e, R
BT R M HKYEL S WS k. AR ZOLEMA &K
A MR REBNTE L MERBRTENEEGY. A
Bk SR IETOGER . N £ 0T TE 5 IR W0 B 1 R IR X
53— 7T > TR R O R O TR 2 s D R Y
JEFAL R ST, WA 2 Bros, 10 mg « mL ' 28 3 5L R
B, X E % GallllD . Ge(IV), Mo( V), InCID ., 43514
2.00, 4.00, 3.00 Al 4. 00 mL W}, AT L3RG5 4 69 7 4 ik
2,
1101
1001
907
80
701 | . ; Y
60/ _--% \
50t :’: \
407 i \\
301 .
20 4

Recovery/

Vpp/mL
Fig. 2 Effect of PF amount
1: Ga 5.00 pg; 2: Ge 2. 50 pg;
3: Mo 0.500 pgs 4: In 5.00 pg

2.3 UiEBR AL B IE) B R
g R W, ARG IV AR B T R M BUR 5 BT
TV A R AL B TR A DG o Gl AR AL . R R TG TR T E R A A
P A SR Ok T3 e S N A R N R TATT A RE U
Ve . BRAGIN At 4, W BN o8 4, LU TE B VR R P
ALtk BRLRT A aE . R PF A9 2818 43 fift 3050 0 i F
FM A X2 TR AV W . R IE TS A g ot R
JE B JEYE . BT L2 WA TR BOE BR AL B A AT A
(FE 3~1& 6 sk, B TEAH I &4 F 5 48 T S8 T8 i Sk
P UTVE - SR 5 B A 8 I 7T R AT 4 4 19 18 B0 (&l 3~
6y e L) . K] 3 FIIE 5 SR WY, e ITTE X R 3 U8 St B UL UE
i GaClll) F Mo( V) A —E TT#k . % Mo R TTHR LLEZE LD
120

Recovery/%

40

2 3 4 5 6
Time/ h

Fig. 3 Effect of ageing time on recovery of Ga
1: PFLERFIR W I00E s 2. PF JURE S A U 3R

BR SRR £ RAE .t 4 F01& 6 T, R AL
PUVER AR GeCIV) R InCIID o T JE A J2 Ji5 30 0 1) Tk
120

Recovery/%

60

40
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Time/ h
Fig. 4 Effect of ageing time on recovery of Ge

1. PF A6 F0 P VL5 s 20 PF L3R IR A 2500 i
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Fig. 5 Effect of ageing time on recovery of Mo

1. PF e AR PO E s 2. PF ULEEJE A R ik
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Fig. 6 Effect of ageing time on recovery of In

L. PFERF I P U0UE s 2. PF ULIE S A fr I ik

2.4 BEERERHZW

1.2 Tk, R UUETR & AR TR & U 1 5
W, G 7 B R . AT GaClD I Ge(IV) & 46 18 PR BL7E
100~1 000 mL, #Bfig KA AR, 1 H [y A28 (L AR
/Ny MoCVO)FEFFER KM (=1 000 mL) iy % W A fig 3618
BT T 263X T BB TE R I W Mo (V) 1 [R] 22 2 AR i 52
T W 5 T 4 00 17 B AR R AR 5 T InC I DU 2578 4/ R AL (100
~250 mL) EWR R AT E A . XTREM T InCID A% O &



A-/-GJ:EH

il 2 5 6 5 BT

1165

TR K GaClll) s GeCIN)FI Mo( V), [ it 5 4 3 56 L i 4% &
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Fig. 7 Effect of solution volume
1. Ga 5.00 pgs 2: Ge 2.5 pgs
3: Mo 0.50 pgs 4: In 5.0 pg
2.5 FEHRHR

BATCEMI 1.2 B H 8~10 2 HE . M.
R SRR UEIR 22 s 43K 0. 000 5, 0.001 4, 0.000 7,
0. 000 8, 5 [& M i Y 3 75 0 Y 1) e 40 A 5, 75 300 7 A 1 KR
(39): % 0.12ng* mL™"', 4 0.30 ng* mL™", $H 0. 046 ng *
mL™', # 2.7 ng* mL™",

2.6 EETEWNEENFN
MR 2<%, Ga iR 5 pg i, LEE T 1A
Yk (mg): Cu®' (20), Zn®' (5), Cd*' (1), Ca®' (1),
Pb*" (0.5), Mn®*" (1), Ag™ (0.1), APF" (1), Au®*" (0.5),
Na® (1), K™ (1), Co*" (0.5), Mg®" (0.01), As*" (0.5),
Fe*™ (0.02), Ti(IV) (0.05), V(V)(0.02), W(V[)(0.1),
Ge IR 2.5 pg i, AERE T M AR N (mg): Na™ (5),
K" (1), Mg*" (0.5), Mn*" (1), Ag™ (1.5), Co®" (0.1),
Cd*" (0.2), Pb*" (0.5), Ca*" (3), Ad®" (0.5), APF* (1),
Zn*" (2.5), Cu*" (0. 1), Sn*" (1), Sr*" (1), Fe*" (0.05), W
(VD (D, TiClV)(0.1), V(V)(0.02), Mo BN 0.5 pg
Bf, FH B T AR R (mg) . APT (100, Fe'* (0.5),
Mn®" (5), Ag™ (10), Co*" (1), Mg®" (0.5), K" (1), Na©
(3), Pb*" (1), Cu*" (50), Ca®" (10), Zn*" (5) , In {4 K 5
pg B, FAE TR AR N (mg) . Na© (100, KT (3), Ca*’
(0.1), Au’" (0.5), As" (5), Ag™ (0.1), Mn*" (0.5),
Pb*" (1), Mg®" (0.3), Cd*" (0.5), Cu*" (0.5), W(VD)
(0.1, TiCIV) (0.05), V(V)(0.1), Co*" (0.2), AI*"
(0.1), Fe*™ (0.05), Zn*" (1),
2.7 HEmOW
2.7.1 AK#F GaClll)s Ge(lV), Mo(V) = InCll)#F %
e 1.2 WELIR Tk, 4r & AR B R K B A& Ga,
Ge, Mo #l In ¥k, Z5RWNE 2 For.

Table 2 Results of enrichment of Ga(][), Ge([V), Mo(V ) and In(][ ) in water samples

Elements Content/pg Found/pg Average/pg Recovery/ % RSD%
Ga 2.50 2.52, 2.44, 2.32, 2.40, 2.46, 2.38 2.42 96. 8 2.9
4. 00 4.01, 4. 30, 4.10, 4. 25, 4.21, 3.90 4.13 103 3.7
5.00 4.95, 4.90, 4.96, 4.80, 4.92, 4.70 4. 87 97. 4 2.1
6. 00 5.86, 5.90, 5.70, 5.65, 5.80, 5.56 5.75 95. 8 2.3
Ge 1. 50 1.42, 1.40, 1.48, 1.52, 1.46, 1.48 1. 46 97.3 3.0
2.00 1.92, 1.86, 1.78, 1. 84, 1. 80, 1. 90 1. 85 92.5 3.0
2.50 2.46, 2.50, 2.48, 2.58, 2.60, 2.55 2.53 101 2.2
3.00 2.94, 2.98, 2.90, 3.02, 2.96, 3.00 2.97 99.0 1.5
Mo 0. 30 0.33, 0.30, 0.31, 0.32, 0.33, 0.30 0. 32 107 4.4
0. 40 0.40, 0.41, 0.43, 0.40, 0.44, 0.42 0.42 105 3.9
0. 60 0.59, 0.58, 0.60, 0.61, 0.60, 0.61 0. 60 100 2.0
0.70 0.73, 0.70, 0.73, 0.72, 0.69, 0.70 0.71 101 2.4
In 3. 00 2.96, 2.78, 2.80, 2.84, 2.86. 2.90 2. 86 95. 3 2.3
4. 00 4.10, 3.96, 4.02, 3.90, 4.20, 4.08 4.04 101 2.6
5. 00 4.96, 4.90, 5.00, 5.08, 4.98, 5.02 4.99 99. 8 1.2
6. 00 6.02, 6.20, 5.96, 6.12, 5.90, 5.98 6.03 100 3.9
2.7.2 AREHT Ga, Gedr Mo 9% £ 2.7.3 HHF P InthE %

PRI & S (AR R T CS & 1R 1 MM 1 IR 2 15
A, o &K W, K A 4 mL R R (3HNO, :
THCIO)) » 4 mL HF, M & EHEMRM ST R, 825, ARKHH
AT, 76 170 CFn#k 4 h, HE&Mm 1 h#3) 5
min, BHEIEER NR I, BE, KRR R EREA,
A—E R EBAKE, 12 Wi ik BEAT AR, W 4
IR 3.

FRIZ: 80 'C T4 1 h RSEAE 0. 200 g(Fi 5 664, 154
WAL TR BEIT BE) 2 50 mL BEAR . 0 4 K T
TE PR EARIR 2202 Ak, IR E K 3 mL, [ B3 L
K, VRS, kSN ERER . AR
g, EIEW M A 9 mL 15 mg » mL™ #5442, 8 mL 10
mg » mL ' HUIR MR . FEAMINZRAR K & 100 mL, # 1.2 7
BT E A, MES R 4,
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Table 3 Results of enrichment of Ga, Ge .Mo in reference materials

Reference materials Element Found/(pg+ g™ Average/(pg *+ g ') Reference/(pg+ g~ ') RSD/%
Ga 3.10, 3.22, 3.24, 3.08, 3.15, 3. 14 3.16 3.17 2.0
GBWO07405 Ge 2.3,2.2,2.4, 2.6, 2.4, 2.5 2.4 2.6 5.9
Mo 4.7, 4.8, 4.6, 4.5, 4.4, 4.6 4.6 4.6 3.1
Ga 2.48, 2.50, 2.60, 2. 64, 2.52, 2.40 2.52 2.56 3.4
GBWO07107
Ge 3.1,2.9,3.0,2.9,3.2, 2.8 3.0 3.1 4.9
GBW07103 Mo 3.7, 3.5, 3.4, 3.5, 3.6, 3.3 3.5 3.5 4.0

Table 4 Results of enrichment of In in zinc concentrate

Found/p.g Added/pg Found/pg Average/pg Recovery/ % RSD/ %
1. 50 5.70, 5.64, 5.80, 5.76, 5.60, 5.66 5. 69 106. 0 1.3
110 2. 00 5.88, 5.90, 6.10, 5.96, 6.04, 6.08 5.99 94. 5 1.7
' 2.50 6.51, 6.68, 6.48, 6.46, 6.58, 6.60 6.55 98.0 1.3
3. 00 7.00, 6.90, 7.10, 7.06, 6.96, 6.88 6.98 96. 0 1.2
5 % X i
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Precipitation Trapping with Phenylfluorone and Determination of Trace
Gallium, Germanium, Molybdenum and Indium by GFAAS

GONG Qi, LI Xiang-xin, WEI Xiao-ling, LI Xing-yang, LU Jian-jun, OUYANG Kai
College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China

Abstract The preconcentration of trace gallium, germanium, molybdenum and indium by trapping with precipitation of pheny-
Ifluorone (PF), and the determination of the elements by GFAAS were developed. The effects such as those of acidity, amounts
of PF, aging time, volume of test solution, and the coexistent ions on the preconcentration of the trace elements were examined
in detail. The optimum conditions of preconcentration for Ga([ll ) were pH=2 test solution 500 ml with added 10. 00 mg
mL ™' PF (2. 00 mL) and aging for 4 h, those for Ge([V) were pH=A2 test solution 500 mL with added 10. 00 mg « mL ' PF
(4. 00 mL) and aging for 10 h, those for Mo(V ) were pH=a=3 test solution 1 000 mL with added 10. 00 mg « mL ' PF (3. 00
mlL) and aging for 6 h, and those for In([ll ) were pHA=5 test solution 100 mL with added 10. 00 mg « mL ™' PF (3. 00 mL) and
aging for 10 h. The experiment results showed that the main contribution to trapping trace gallium, germanium, molybdenum
and indium with PF precipitation was post-precipitation instead of coprecipitation. The detection limits (3s) were 0. 12 ng *
mL " for gallium, 0. 30 ng * mL~"' for germanium, 0. 046 ng * mL.~" for molybdenum and 2. 7 ng * mL ™" for indium. The devel-
oped methods were successfully applied to the determination of trace amount of the elements in water samples, geological stand-

ard reference materials, and zinc concentrate samples by graphite furnace atomic absorption spectrometry.

Keywords Phenylfluorone; Precipitation; Trapping; Graphite furnace atomic absorption spectrometry
(Received May 10, 2005; accepted Aug. 6, 2005)





