(R <A ULVEa1-—)

IKERAE — R EIC L BKENMRETTEDER

Determination of Hydride Forming Elements
by Hydride Genaration Atomic Spectrometry
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This review describes the author’s work on the determination of hydride forming elements
by hydride generation atomic absorption spectrometry(HG—AAS), inductively coupled
plasma—atomic emission spectrometry (ICP—AES) and inductively coupled plasma—mass
spectrometry (ICP—MS) using electric devices. The author sets up hydride generation
apparatus where hydride is generated in a mixing coil and separated from the solution in a
gas—liquid separator. The system is operated with variable speed peristaltic pumps and
pinch valves by manipulating electromagnetic relays and timers. The apparatus are attached
to AAS, ICP—AES and ICP—MS instruments, respectively. Interfering elements such as
transition metals are removed by Chelex 100 resin separation. AAS is the most convenient to
determine stable hydride forming elements, but is not reliable for unstable hydrides. ICP is
useful for all the hydride generation elements. ICP—MS is sensitive for the elements, but

matrix elements should be eliminated before determination.
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Table 1, Properties of hydride forming elements

Element Name Formula m.p. b.p. Solubility
Syg/ml)
As Arsine AsHg -116.3 -62.4 696
Se Hydrogen Hy8 -65.7 -41.3 37700-68000
selenide
Sb Stibine SbH4 -88 -18.4 4100
Sn Stannane SnHy ~146 -52.5 -
Pb Plumbane PbH 4 -135 -13 -
Ge Germane GeHy -164.8 -88.1 Insoluble
Bi Bismuthine Bil, -67 16.8 -
Te Tellurium H,Te -51 -4 Very soluble
hydride
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Fig.1l. Schematic diagram of the hydride generation system for the determination of arsenic
and selenium by atomic absorption spectrometry: (1) nitrogen gas cylinder, (2)
flow meters, (3) sample solution container, (4) sodium tetrahydroborate (II)
solution container, (5) peristaltic pump for the sample solution, (6) peristaltic
pump for the sodium tetrahydroborate (I) solution, (7) Pyrex glass mixing
coil, (8) 50—ml Pyrex glass gas—liquid separator, (9A) to (9C) electromagnetic
solenoid pinch valves, (10) dehydration trap, (11) ice bath, (12) electrically heated
quartz furnace.

D RAUEBZHR L, BEAPMRBFEHTRIELITE > TV,

21TKFMREEICH V- BREIEETRT, BE-#LKS Y - X4 v F 1 (PBS NO-D%#HT
&L U V—-MY4ADD HOAREFEREOES U CEABBROSBA I N, —ERBRICEBIEE S 1 < —H
3CA-A)DMEBNL TEIET 5, 2BIEEX A v F(DPDT)2VIEZ 5 &, LB IMERIEBET 5,
ZIT. BB LRSI Y - 24 9 F 2(PBSNO-2) %3 &, Y L—MY42)D B FFHEREHES
LCEMAHKRET PSS E FahRoB(DF MY U ABRERVRAIN. —EEMRIC 2 BIES 1< —(H
3CA—8)DMER) L TKFMIMBGRFFF Shb, B -HB{LKS - X4 »F 3 (PBSNO-
DEFAR -WLAT Y - 24 v F1(PBSNC-DidF v U ¥— - HRADORKEEE /A + 73X« E— Fh
SRBIE— FNEUBZ 270060 TH 5, BB - LAY+ X1 v F 2(PBS NC-2) %9 &,
K[K—BAHBOTOBEEIPEH I B,

M3 GHOEFAERIC DLW THRELLbDTHZ, LAV« R4 vy F(PBERT L, YL —
PNHOHRREIN, 2/ 2 —IKHMI N30, —ERERICY 1 v —ORERRCESHTsE, YLV—0D
HORBELMKEIN S, B4 AAROBREESGICHVABREROMERTH 5, AMBRCER
TEHEHRIRYVZAINVF 7 « RUTIZABIN TV A1k QOAEEIR DOAICL D RFEICERS
B0, AEBEKETF S ERoRYBADF M Y LABRENREINABEIEAMBBRAONY X7V
Fv o« RUFIC5kQR)OAEERSWFNCERIN TV B70D. 2EQERNED U THEER
BF b FakRIB(DF M) Y LBEKED - D EREINS,



PINCH
— A
T

——e

PBS
NO-3
R R

PBS!

PBS
NC-

|

S F(“__
’__/ " H3CA-A
Jm M
ACLOOV | il L
—
g — p—
FUSE DPDT
L
.
SN —

=

H3CA- 8|

]

Fig.2, Electrical circuit diagram for the hydride generation system by atomic absorption
spectrometry: PBS, push—button switch; NO, normally opened; NC, normally closed;
DPDT, double pole double throw switch; MY2, double pole electromagnetic relay; MY
4, quadruple pole electromagnetic relay; H3CA—-A, single pole double throw timer; H3
CA -8, double pole double throw timer; PINCH, electromagnetic solenoid pinch valves;
SAMPLE, peristaltic pump for the sample solution; SBH, peristaltic pump for the
sodium tetrahydroborate (I) solution.
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Fig. 3. Self-retained circuit. When PBS

is pressed, RELAY is self-retain-
ed and TIMER is energized. After
TIMER has been up, RELAY is
off.

Ilustration of electrical circuit
diagram of the peristaltic pump
the The
sample solution is replaced quick-
ly with the 10—k Q variable resis-
tor(R,) contained in the pump in
the injection mode. The sample

for sample solution.

solution is mixed slowly in the
mixing mode, since a 5~k Q
variable resistor (R,) is inserted

in parallel with R |,
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Fig. 5. Map of River Arakawa.

Table 2. Analytical results of trace elements (ppb) in River Arakawa

Element As Se Sb Sn
Site
Mitsumine . 2.49+0.02 0.21+0.05 0.42-0.42 0
Kami-Nagatoro 1.06+0,12 0.04+0.,12 0.16-0.18 0.05-0.07
Kumagaya 1.30+0.07 0.07+0.05 0.18-0.20 0.26-0.41
Urawa 1.57+0.09 0.08+0.02 0.27-0.31 0.35-0.55
Toda 0.75+0.04 0.19+0.08 0.31-0.39 0.35-0.55
Method ICP Icp AAS AAS
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Fig.6. Schematic diagram of the hydride generation system by inductively coupled plasma—
atomic emission spectrometry: (1) argon gas cylinder, (2) pressure regulator, (3)
flow meter, (4) sample solution container, (5) sodium tetrahydroborate (II) solu-
tion container, (6) peristaltic pump for the sample solution, (7) peristaltic pump for
the sodium tetrahydroborate (II) solution, (8) Pyrex glass mixing coil, (9) 50—ml
Pyrex glass gas—liquid separator, (10) electromagnetic solenoid pinch valve, (11)
plasma torch.
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Fig.7, Electrical circuit diagram for the hydride generation system by inductively coupled
plasma—atomic emission spectrometry: PBS, push—button switch; NO, normally
opened; NC, normally closed; DPDT, double pole double throw switch; MY4,
quadruple pole electromagnetic relay; H3CA—A, single pole double throw timer; PINC
H, electromagnetic solenoid pinch valves; SAMPLE, peristaltic pump for the sample
solution; SBH, peristaltic pump for the sodium tetrahydroborate (II) solution. The
circuit by ICP—MS is the same as shown in Fig.7,
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Fig.8, Schematic diagram of the hydride generation system by inductively coupled plasma—
mass spectrometry: (1) argon gas cylinder, (2) sample solution container, (3)
sodium tetrahydroborate (I) solution container, (4) peristaltic pump for the sample
solution, (5) peristaltic pump for the sodium tetrahydroborate () solution, (6)
Pyrex glass mixing coil, (7) 50—-ml Pyrex glass gas—liquid separator, (8) electro-
magnetic solenoid pinch valve, (9) ice bath, (10) dehydration trap, (l11) plasma
torch, (12) sampling cone. v




Table 3. Interference of arsenic with main isobars

Isobar M/z Abundancé ratio Resolution
75as 74.921596 100

40pr35¢1 74.931236 75.5 ~7772.45

387371 74.928635 0.02 -10644.3

Table 4, Interference of selenium with main isobars

Isobar M/z Abundance ratio Resolution
74ge 73.922477 0.90

40,345 73.930251 4.19 -9509,44
76ge 75.919207 9.00

36p,40nr 75.929929 0.67 -7081.19
77ge 76.919908 7.60

40ar3701 76.928286 24.13 -9181.68
78ge 77.917304 23.60

38,402, 77.925115 0.12 -9975.83
80ge 79.916521 49,7
40pr, 79.924766 99.2 -9693.23
82ge 81.916709 9.2

65cu170 81.926923 0.01 -8020.54
82k, 81.913483 11.6 25392,2

82
Se

Fig. 9. Separation of spectra between 3%Se
and ®°Cu'’0 : resolution, 10000;
filter, 1000 Hz ; sweep witdth, 1000
ppm; sweep range, 0, 1| ppm; switch-

ing rate, 1000 ms.
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