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Fig. 4.1.1
Stainless steel vessel for photocatalytic reduction of CO, under

high CO, pressure.
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Table 4.1.1

Effect of iso-propyl alcohol on the photocatalytic reduction of

high pressure CO, on TiO,.

Concentration of Yield of CH,
2-propanol, mol L7! 10°°mole(g-Ti)™*
0 0
1.0 1.2
3.0 0.62

TiO,, 100mg; irradiation time, 5h; pressure 2.8 MPa,

temperature, 293 K.

Table 4.1.2
Effect of CO, pressure on the photocatalytic reduction of high

pressure CO, on TiO, suspensions in iso-propyl alcohol solution.

CO, pressure Products, 10 °mole(g-Ti)™* Energy
MPa Conversion
CH, HCOCH Efficiency, %°

0.20 0.10 -2 0.00055
0.75 0.42 2.3 , 0.0059
1.6 0.70 -a 0.0038
2.3 0.62 -a 0.0034
2.8 1.2 -2 0.0065

TiO,, 100 mg; irradiation time, 5 h; temperature, 293 K;
Medium, 1.0 mol L' iso-propyl alcohol.

® less than detectable level (< 0.1)

® 100(Heat of combustion of products) /(Incident light energy)
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Fig. 4.1.2 Effect of irradiation time on the yield of methane.
TiO,, 100 mg; temperature, 293 K;

Fig. 4.

pressure, 2.8 MPa;

Medium, 1.0 mol L*! iso-propyl alcohol.

1.3

Reaction mechanism of the photocatalytic reduction of high

pressure CO, using TiO, powders suspended in iso-propyl alcohol

solution.
hv ) . .
TiO, -—--> e (Ti”) + h
" hv N
(Ti**-0"") o> (ri**-07)
for an oxidation .
h
(CH,) ,CHOH ----> , 2H + (CH,),CO
(Ti™*-0")
for reductions
e- -
CO “;‘) . 'Coz
(Ti*-0") '
I
]
! 2H'+e
————— o===mrnd BOOOH
! (TiTT-07)
1
1
I Ha+e 2H +2e 2H'+2e 2H'+2e
= i e > CO + OH ~------- > Y€ % BO —esommmsel $0H, ~ammmmm-
(Ti™"-07) (Ti*-07) (Ti**-07) (Ti7"-07)
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Fig. 4.2.1

Effect of illumination time on yield of formic acid.

TiO,: 50 mg, temperature: 273 K, pressure: 6.5 MPa.

Amount of TiO, , mg
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T T T

=

N
T
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N
T

0 03 06 09
Total surface area of TiO, , m?

Fig. 4.2.2
Effect of total surface area of TiO, on yield of formic acid.

Illumination time: 30 h, temperature: 273 K, pressure: 6.5 MPa.
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Fig. 4.2.3
ESR signals measured at 77 K with the TiO, powders after

illumination in liquid CO, medium.
TiO,: 50 mg, illumination time: 30 h, temperature: 273 K,

pressure: 6.5 MPa.
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R REFEZER T 22010, TBOEREN QRN OHEZHFH /- (Fig. 4.3.1).
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Fig. 4.3.1 Effect of irradiation time on the yield of formic
acid. Ti0,: 50 mg; temperature: 35 °C; pressure: 9.0 MPa;
protonation: pure water.
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Fig. 4.3.2 Effect of total surface area of TiO, on the yield of
formic acid. Irradiation time: 5 h; temperature: 35 °C; pressure:

9.0 MPa; protonation: pure water.
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Fig. 4.3.3 Effect of acid solutions on the vield of formic acid.
Irradiation time: 5 h; temperature: 35 C; pressure: 9.0 MPa;
protonation: phosphoric acid, @:; nitric acid,O; hydrochloric

acid, A.
v 9. =1.980

50G

g.= 2.014-1

Fig. 4.3.4 ESR signals measured at 77 K with the TiO, powders
after irradiation in supercritical fluid Co,.

TiO,: 50 mg; irradiation time: 5 h; temperature: 35 °C; pressure:
9.0 MPa.
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Fig. 5.1.1 Electrothermal atomic absorption spectrometry with

metal tube atomizer.
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VO LADETFALRHETIE, B EWMBEEN S OERIIZEFRCTH o723, £, H0HE

119



Table 5.1.1 Atomization characteristics of cobalt.

Compound Peak-height absorbance

Chloride 0.146+0.032 (21.9%)

Sulfate 0.130+0.029 (22.3%)

Nitrate 0.118+0.008 (6.8%)

Acetate 0.117+0.014 (12.0%)

Sulfide - 0.111£0.023 (20.7%)
Cobalt 100 pg.

Purge gas; Ar 480 mV/min + H, 20 ml/min.
Pyrolysis temperature; 580 °C.
Atomization temperature; 2300 °C.
Number of measurement >5.

Values in parentheses are r.s.d.
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Fig. 5.1.2 Effect of the atomization temperature in the
tungsten tube atomizer on the signal for cobalt.

Cobalt ; 100 pg.

purge gas ; 480 ml/min argon +

20 ml/min hydrogen.
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Fig. 5.1.3 Effect of pyrolysis temperature on the signal for
cobalt with and without ammonium thiocyanate.

a: 100 pg of cobalt only,

b;: cobalt in the presence of 5 ng of NH,SCN.
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Fig. 5.1.4 Interferences of aluminum and effect of ammonium

thiocyanate on the elimination of the interference.
a; 100 pg of Co only
b; 100 pg of Co + 100 ng of Al
c; 100 pg of Co + 5 ng of NH,SCN
d, 100 pg of Co + 100 ng of Al + 5 ng of NH,SCN

e; increasing temperature
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Table 5.1.2

Interferences for the atomic absorption signal in

thiocyanate) on the interferences.

the case of cobalt and effect of a matrix modifier (ammonium

Interferent Without NH,SCN With NH,SCN
Element Amount Peak-height Peak-area Peak-height Peak-area
absorbance (integrated) absorbance (intcgrated)
absorbancestime absorbancestime
No interferent 100pg 0.118+0.008 12.78+0.52 0.117+0.008 12.984+0.44
Al 100 ng 0.075+0.006 6.85+0.57 0.109+0.007 13.381+0.57
Ca 100ng 0.069+0.005 7.32+0.31 0.105+0.006 13.02+0.46
Cu 100ng 0.07610.006 6.4310.55 0.114+0.007 13.12+0.29
Fe 100ng 0.067+0.005 8.1210.61 0.108+0.005 11.65+0.34
K 100ng 0.070+0.007 7.5440.47 0.115+0.006 12.27+0.28
K 1pg 0.074+0.005 7.79+0.52 0.111+0.008 11.851+0.36
Mg 100 ng 0.077+0.006 8.11£0.55 0.114+0.008 13.75+0.52
Na 100ng 0.066+0.006 6.95+0.48 0.112+0.006 13.28+0.41
Na 1pug 0.071+0.008 7.4240.51 0.109+0.008 12.74+0.29
Pb 100 ng 0.074+0.007 8.3940.65 0.105+0.006 11.91+0.47
Zn 100ng 0.073+0.006 7.78+0.54 0.110+0.007 12.81+0.33

Number of measurement > 5.

Table 5.1.3

Determination of cobalt in NIST SRM biological

samples.
Sample Concentration of cobalt (ugg™!)
Found® Reported value®
Oyster tissue 0.37+0.02 0.40
SRM 1566
Bovine liver 0.17£0.01 0.18
SRM 1577a
Citrus leaves 0.018+0.004 0.02
SRM 1572
* Number of analyses = 3.

® Information value (uncertified).
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Fig. 5.2.1 Effect of heating rate of the molybdenum atomizer

on atomic absorption of silver.

a and a’ 3.2 °C/ms
b and b’ 2.7 °C/ms
c and c’ 2.3 °C/ms
d and 4’ 1.9 °C/ms
e and e’ ; 1.5 °C/ms

a-e ; atomization profiles
a'-e’ ; increasing temperature.
Silver, 1.0 pg;

purge gas ; 480 ml/min argon +

20 ml/min hydrogen
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Time s

5.2.

N

Effect of hydrogen on atomic absorption of silver.
500 ml/min Ar

e

w0

480 ml/min Ar + 20 ml/min H,

LY

400 ml/min Ar + 100 ml/min H,

we

300 ml/min Ar + 200 ml/min H,
200 ml/min Ar + 300 ml/min H,

e

100 ml/min Ar + 400 ml/min H,
500 ml/min H,

~e

5 o Hh oo Q T P

increasing temperature

~

Silver, 1.0 pg; heating rate; 2.3 °C/ms.
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Fig. 5.2.3 Effect of pyrolysis temperature on atomic
absorption signal of silver with and without ammonium
thiocyanate.

a; 0.3 pg of silver alone,

b; silver in the presence of 5 png of NH,SCN.
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Interferences of copper on the silver signal.
0.3 pg of Ag alone
0.3 pg of Ag + 30 ng of Cu
30 ng of Cu alone
0.3 pg of Ag + 5 pg of NH,SCN
0.3 pg of Ag+ 30 ng of Cu + 5 pg of NH,SCN
30 ng of Cu + 5 npg of NH,SCN

increasing temperature
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Table 5.2.1 Interferences on the atomic absorption signal of

silver and effect of ammonium thiocyanate.

Interferent ) Without NH ,SCN With NH ,SCN

Element Amount (ng) Peak-height Peak-area (integrated) Peak-height Peak-area (integrated)
) absorbance absorbance - time absorbance absorbance - time

Ag 0.3 pg 0.243 + 0.008 6.69 +0.11 0.261 + 0.007 736 +0.22

Al 30 0.229 + 0.008 6.60 +0.24 0.251 4+ 0.009 7.18 +0.25

Ca 30 ' 0.228 + 0.009 6.76 + 0.39 0.251 + 0.013 7.07 + 0.31

Cu 30 0.169 + 0.016 531+042 0.253 + 0.012 7.56+0.14

Fe 30 10.229 + 0.014 6.18 + 0.41 0.250 + 0.007 7.06 + 0.14

K 30 0.245 + 0.015 6.79 £ 045 0.269 + 0.004 7.70 £ 0.13

Mg 30 0.213 + 0.008 5.84+0.30 0.249 + 0.006 7.19 +0.23

Na 30 0.245 + 0.012 6.92 +0.39 ‘ 0.257 + 0.003 7.57+0.15

Pb 30 0.212 + 0.019 5.85+0.48 0.236 + 0.016 6.77 + 0.58
) 3 0.226 + 0.004 6.10 + 0.13 0.254 + 0.012 7.11+0.27

Zn 30 0.234 + 0.007 6.34 + 033 0.251 + 0.008 7.37+018

Number of measurements > 5.

Table 5.2.2 Determination of silver in biological materials.

Sample Concentration of silver
Added Found Recov- Certified
(ngg™) (ngg™H°® ery value
(%) (ngg™h)
Bovine liver 37+1 40+10
SRM 1577a 2
Non-fat milk 0.30+0.04 <03°¢
SRM 1549 @ .
Orchard leaves - Not detected — -

SRM 15712 0.200 0.194+0.015 97.0
0.300 0.297+0.016 99.0

2 NIST standards. ® Number of analyses = 3. ¢ Uncertified
concentration.
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Fig. 5.3.1 Mg-W electrodeposition cell.
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Fig. 5.3.2 Effect of pH of electrolyte on absorbance of
rhodium.
Rh 500 ng ml™!, Immersing time 120 s,
Purge gas; 480 ml Ar min? + 20 ml H, min™,
Pyrolysis temperature; 590 C,

Atomization temperature; 2230 C
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Fig. 5.3.3 Effect of electrodeposition time on absorbance of
rhodium.
Rh 500 ng ml™?, pH 1.0,
Purge gas; 480 ml Ar min? + 20 ml H, min™,
Pyrolysis temperature; 590 ‘C,

Atomization temperature; 2230 C
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Table 5.3.1 Effect of Mg-W cell electrodeposition on the

Table 5.3.2

interferences.
Interfering element Peak height Peak area
(amount) Abs. Abs. *t

Rh (250 ng ml=1)  0.298 +0.073 0.309 + 0.055
Ca (250 pg ml~! 0.294 + 0.026 0.283 + 0.043

(2.5 mg ml—1) 0.296 + 0.026 0.293 +0.051
Cu (250 pg ml~")  0.319 +0.053 0.303 + 0.028
Fe (250 pg ml~")  0.305 + 0.072 0.296 + 0.048
K (250 pg ml=Y) 0.300 + 0.021 0.292 + 0.060

(2.5 mg ml—") 0.292 + 0.026 0.283 + 0.063
Na (250 pg ml=!)  0.316 % 0.060 0.306 + 0.015

(2.5 mg ml—1) 0.313 4+ 0.024 0.300 + 0.024
Pb (250 pg mi~')  0.296 + 0.001 0.291 +0.070
Zn (250 pg ml=1)  0.312 +0.025 0.301 + 0.053

The number of measurement > 3.

Determination of rhodium in sew and river water.

Sample Amount of rhodium, ng m]~—!
Added Found  Recovery, (o)
Sea water
Ise bay — nd —
100 107 + 11 107
250 266 + 10 106
River water
Iwata river — nd —
100 109 + 10 109
250 248 + 7 99.2
Shitomo river — nd —
100 102+ 8 102
250 239+ 8 95.6

The number of analysis > 3.
nd, not detected.
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027 100~250ng/mlI AN S N2 R R 2. BB T TMe-WEIl/EBE LR
TFRNELK O ALz, O LAOBREBREN SERINZREFOY I FIv LY
&, 0~350ng/mlTH > 7. REFABIORERZETable 5.3.21TRY . OPUAZHRIML 2K
BONINAKICHB T B ENZERIT, 95.6005109%Tdh o7/, BRERB OS2 3 EfT > H%
FEXERZEIL. 10U FThHo 7z,
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R & LTRSS MM W VB, IIEODRETH . < b w2 A5k
L BHBMIEAERENAD o, ZOMg-WENEY P TATFLFa—TF7 h3A
Pk AN BRE TR TR MBS DES Z ik D, Me-WERZ B AR
TR THEMAET Ny Z2AROO VY AERKERL . RECERT S D ENTER, Ak
IE. WKO XD RBRERBH Din-sitet > T > FICEHTH B B, /97U >
UK, ZORMEEREERL L TRET S Z L bAHETH 20, R BELR
BHE L TRSID MR B AE L ETREN S,

5. 4 ELHEDEYN

SRBRF2—T77 bA T —Z2AWEBRRFLREFRAEICLDEERBFOINIL B,
W, OPULARBREDKHETROERE - BEIMEBEORAEZT> 2. EER2mm. £
20mmBEOEEI /7 0F a2 —TE2EFEHE L THOWTEFESEECTHREREZRIL
oo WMHBBANDEFLBRE. Fr U7 —HAKRE., KLBEREDOHEEZRANTRESMY
ZHRH L, MUY T ATRICEDTFEHER. FASTUET >EZULEZI N v 7 ZE
R &E L TIRINT 255, Mg-WEILVERAWSHREICEODBRET S I ENTER, EKH
BEOMEK - KR EDQEBRABNIDAL . REVSEHEEICEN, BRETHD I LERL
oo TERDOEMIFRFRIAE LR L TI0~30EEERRETH oz, L DELELHE
DIREEEGERICER T 5MERHSNTRBICDONT. AEOX I REETROERK
B - RBEMMEORETRINKELBE EEDNS,
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