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tog K

1.0 L=

Selectivity of 18C6: log K values for reaction of 18C6 with metal cations in
water at 25° C vs. the ratio of the ionic cation radius to the 18C6 cavity
radius. The low K value for Ca?* is reported as <0.5.

K+

Relative Log K values

O Degree of Substitution NorS

Change of selectivity as measured by log K for M*-ligand donor atom.
Where X=0, K* forms the most stable complex. Where X=N or S, Ag*
forms the most stable complex.




Molecular Recognition Technology
(2F528 MRT ) &l&~?

Cage size, Bonding, electronic
chemistry interaction

Ligand

Stereochemistry
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Size, configuration, charge and wetting

G
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1A A | A | IVA | VA | VIA | VIIA | Vil | IR | IR | R | IVR | VR | VIR | VIR 0
1 H He
2 Li Be B C N (e] F Ne
3 Na Mg Al Si P S Cl Ar
4 K Ca Sc Ti Y Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
5| Rb | Sr Y zr Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn ) Te Xe
6| Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At RN
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Comarcial Bench Work
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AnalLig® Technology

@ ) SPE Cartridge

_ SPE mini Column

Full Automated Sequential

Control by PC Software

Sample Preparation i

1st SPE Treatment
: 2nd MRT-SPE

Sequential Injection

High Selective

High Sensitive
ICP-AES Analysis

Il

N

| ni | E=m
ASPEC XLi for Metal MetaSEP SIA-BX SPS 5100 ICP-AES
M&S Instruments GL Sciences Sl Nanotechnology
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| Organic
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HO

Photo 4

[ T
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| MetaSEP TE-03

HNOs

Co

Co

Photo 3|I

Cu I—

0.03M EDTA

|-| 0.5M
K

HCI

Photo 5.
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ex) MetaSEP AnalLig® Pb

AnaLig Pb-01 is highly
selective for Pb collection
Conditioning : H20

Sample Loading : pH 0 — 9.5
Rinse 1st: H20

Rinse 2" : 0.1-1.0M HNOs
Elution : 0.03M EDTA

Quantitative
removal of Ni from
sample

NiAyFiBi&PPotfl: 75930 T —4

Evaluation Cartridge = 500mg/6mL Size

:::: X

/ N\

/ L

// AN

) ‘—'/‘ ‘ ‘ ‘ \'

00

Break Through Wash Fraction with Elute with 0.03M Elute with 0.03M Elute with 0.03M Elute with 0.03M
Fraction Data 1M Nitric Acid EDTA 1st Fraction =~ EDTA 2nd Fraction EDTA 3rd Fraction EDTA 4thFraction
(2mL) (2mL) (2mb) (2mb)

Pb was retained by AnaLig Pb-02 with pH 0-9.5. Water and 1M acid rinse
can be used as removing high matrix contents from sample solution.
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Ba Cd Co Cu Fe Mn

Ni Ti Zn Ca Mg
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,, MRT Metals Treatment Plants
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e MRTZHALETSUMIHBITSE
BRI RE M

o EFIZEASATNST7T)H

— CUEMRF N SDBI, SbEUX
_ Pd, Pt, Rh w@uy MRT Plant for Acid Mine Drainage Treatment
— Ni, Cu Rk )y ZAM5D Co DEYR-

)
— AEETSUMIBITHEEAOHEF DHg.

FeD A MDD IRE
— AYFERDAMDLE

(Cu, Fe, Zn, Ni, As, Cd, Ag, Pb, etc.)

MRT Plant for Rhodium Recovery

IBC%t MRT-SPE® 4%

o SURPR)T—ILERESIEER
—EE -T2 LRI AU
- ERATES. K. BFIDOFBEHNLL

s EEDTSUMDEAZHMNES
— D RT—ILDS, PERLARIL, TSURETD
Ar—ILT7vIThRbzb
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Example Applications of MRT

« Removal of impurities from tankhouse
electrolytes: Bi, Sb, Fe, Cl, F, Ge, In, etc.

« Removal of impurities from waste streams:
heavy metals, Mo, sulfate

* Recovery of base and precious metals: Cu,
Co, Ni, Ge, In, Mo, Pt, Pd, Rh, Au, etc.

 Purification of chemical products: sulfuric
acid (Hg), cosmetics products (Fe), etc.

INTD) LTS M
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CusgsE 7> Myl
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CusgsE 7> Myl

CusgsE 7> Myl
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Figure 9. Copper Elution Cycle Column #3
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Total Scan Time |
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| | 7
V EAN I
* The Voltage Waveform
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_’| recovery time
>
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Stripping VoltammetrylZ &2 E T HERH

+ Lead and Cadmium {2 DIHEE

Plate Both Metals: Cadmium Strips First: Lead Strips Next:
— V=-9s0mv 4 VEos00mv 4 V=oa00mv _

AN
° o 0.
R i
o b b=,
e o
o .
s
.
R
—0 °
/o o\
o0
Vv <V,
CEL‘éd o, Vo, ca < Veerr > Vo, Ve > Vo,
Pb Pb
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NanoBando Explorer 2/1)—X
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B Nano-Band ExploreriZi& & ik
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SHRER
BEY—

» NV
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,
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v
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0.45u

SE D :ﬁ Bench Top
mj’f)l//)-l IR F A
. _lo] x|
Eile Settings  Options  Display  Calibration  Serial Port
Sample: Settings: 15KAMIuT = oem
Details: s
To add anew calibrated metal, click Go. ' Enabled

Type: [ASY =

Measurement Control

Single |Cnn1munu5| Break |

Calibration:

ISetup new calibration

] cox |

Zn<
Cd <
Fb <
Cu <

Results: scan 3 of 4

Trace Metals

33 _ o PeEehem TRAMBT St rBWeme L csee 19

93n4
93na
93n4

Temperature [C]

Elapsed Time: 00:00:00 12/0ec/02 |17:38:31

Waveform: |Sg wave -

v Background subtraction

Cell: [Three Electrod x|

Clean Time (S) 2

Clean Vaoltage (mv) s0
Plate Time (S): ET
Plate Voltage (m') RETT
Range (uA): 125 =
Signal Avg. 16 7
Freguency (Hz) 1000
Start Yoltage (m'): EETTI
Stop Waoltage (mv) fen

Step Vaoltage (mv): |5
Square-WWave l—
Amplitude (m') L

Single Point Measurements

" Input1 I~ Input &
¥ Temperature

AN RIS A F0 A % 25mL+Buffer25mL_20sec

SE D :ﬁ Bench Top
0.45 u m7»r)l/'3l /.EE‘JLE]/ &
. (ol x|
Eile Settings  Options  Display  Calibration  Serial Port
Sample: Settings: 1§K{\M_| r_ .
"5 canni
- Details:

Metal Ide ation Table

” To add anew calibrated metal, click Go. ' Enabled

Wiew | Type: [ASY >

Measurement Control

Single |Cnn1munu5| Break |

Calibration:

ISetup new calibration

] cox |

Re

Trace Metals
Zn<39nh
Cd: 14.6 nA
Pb: 31.6 nA
Cu<39ns

sults: scan 4 of 4

Current [na)

Temperature [C)

Elapsed Time: 00:00:00 12/0ec/02 |17:38:31

»>

Pb,Cd®D &MNAR

Waveform: |Sg wave -

v Background subtraction

Cell: [Three Electrod x|

Clean Time (S) 2

Clean Vaoltage (mv) s0
Plate Time (S): ET
Plate Voltage (m') RETT
Range (uA) 125 =
Signal Avg. 16 7
Freguency (Hz) 1000
Start Yoltage (m'): EETTI
Stop Waoltage (mv) fen

Step Vaoltage (mv): |5
Square-WWave l—
Amplitude (m') L

Single Point Measurements

" Input1 I~ Input &
¥ Temperature

R IR 15 82 A0 H m 25mL+Buffer25mL_20sec (10ppbizin:

AR E 20ppb)
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0.45u mj’f)bg_ifﬂiﬁiﬁﬁ Bench Top

E =3}
File Settines Options  Display  Calbration  Serial Port
Sample: Settings: 15KAMuL o
Detail s
etails:
To add anew calibrated metal, click Go. ' Enabled
Type: [ASY >
Measurement Contral Calibration: Waveform: Sq. Wave i
i | Caniioss | BlEsk | ISetup new calibration j Go>> Cell {Three Electrod ~|
v Background subtraction
Results: scan 2 of 2 >»
Trace Motals . ; ] Clean Time (3) 2
Zn<39n4 i _ mafom ToRAMIT oo seomt fiter Asee + TUReR Clean Yoltage (mv):  [150
Cd: 15.1 n& Plate Time (S): 20
Pb: 31.6 nA Plate Voltage (m) -1300
Cu<39nd Range (uA) 125 =
Signal Avg. 16 =
Freguency (Hz) 1000
Temperature [C] Start Voltage (my): -1300
Stop Waoltage (mv) 150

Step Vaoltage (mv): |5
Square-WWave l—
Amplitude (m') L

Single Point Measurements

" Input1 I~ Input &
¥ Temperature

RN i g A ik 25mL+Buffer25mL_20sec 754 & M ELER

0.45u mj’f)bg_ifﬂiﬁiﬁﬁ Bench Top

; =10l x]
File Settines Options  Display  Calbration  Serial Port
Sample: Settings: 15KAMpur
—g R
- Details:
Metal Ide ation Table
” To add anew calibrated metal, click Go. ' Enabled
Wiew | Type: [ASY >
Measurement Contral Calibration: Waveform: Sq. Wave i
Single | Continuous | Break | ISetup e calibration j Goo> Cell: [Three Electrod v |
v Background subtraction

Results: scan 4 of 4

Trace Metals Currert [r) Clean Time (5) 2

Zn<39n4 Clean Yoltage (mv):  [150

Cd: 14.8 A Plate Time (S): o

Fb: 31.6 nA Plate Voltage (m') RETT

R Faange (uA) 125 -]
Signal Avg. 16 7]
Freguency (Hz) 1000

lemmeatul(E] StartVahage (mv);  |-1300
Stop Waoltage (mv) fen

Step Vaoltage (mv): |5

Square-WWave l—
Amplitude (m') L
 Single Paint Measurements

" Input1 I~ Input &
¥ Temperature

|Elepsed Tme: 000000 [12/Decz 173831
[#5 K BEHN IR IE 8 H % 25mL +Buffer25mL_20sec (10ppbifsin: 544 #2520ppb)
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045y mI74ILA—iEIBFH

Eile Settines  Options  Display Calibration  Serial Port

Bench Top

=10l x]

Sample:

Settings: 16KAMINID 200{1618 filtes 20sec.td:

Details:

Measurement Control Calibration:

To add a new calibrated metal, click Go.

-5

¥ Enabled
Type: [ASY =
Waveform: |Sg wave -

Single |Cnn1munu5 | Break | ISetup new calibration

j Go» Cell: | Three Electrod = |

v Background subtraction

Results: scan b of b

Trace Metals

v o
Elapsed Time: 00:00:00 13/0ec/02 |09:55:37 v Temperature

33
Clean Time (S) 2
Clean Vaoltage (mv) s0
Plate Time (S): 10
Plate Voltage (m') RETT
Range (uA): 125 =
Signal Avg. 16 7
Freguency (Hz) 1000
Start Yoltage (m'): -1300
Stop Waoltage (mv) fen

Step Vaoltage (mv): |5
Square-WWave l—
Amplitude (m') L

~ Single Paint Measurements

" Input1 I~ Input &

REALILIE L =B AN IR 205 A5 FR_10sec

045y mI74ILA—iEIBFEH

il Settings Options Display Calibration  Serial Port

Bench Top

=10l x]

Sample:

Settings: 16KAMINID 200{1618 filtes 20sec.td:

Results: scan b of b

Trace Metals Current (&)

1

Temperature [C)

Elapsed Time: 00:00:00 13/0ec/02 |09:55:37 v Temperature

_g
- Details:
Metal Ide ation Table
” To add anew calibrated metal, click Go. ' Enabled
Wiew | Type: [ASY >
Measurement Contral Calibration: Waveform: Sq. Wave i
i | Caniioss | BlEsk | ISetup new calibration j Go>> Cell {Three Electrod ~|
v Background subtraction

33
Clean Time (S) 2
Clean Vaoltage (mv) s0
Plate Time (S): 10
Plate Voltage (m') RETT
Range (uA): 125 =
Signal Avg. 16 7
Freguency (Hz) 1000
Start Yoltage (m'): -1300
Stop Waoltage (mv) fen

Step Vaoltage (mv): |5
Square-WWave l—
Amplitude (m') L

~ Single Paint Measurements

" Input1 I~ Input &

HEK] REILLEE L= BEEN R 2015 % FR_10sec
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0.45u mj’f)bg_ifﬂiﬁiﬁﬁ Bench Top

E =3}
File Settines Options  Display  Calbration  Serial Port
Sample: Settings: 1BKAMIAIPIG2I{161B filter 20sec.td
Details: I
To add anew calibrated metal click Go ' Enabled
Type: [ASY =
Warveform: -
Measurement Control Calibration: aveform: Sy wave
Single | Continuous | Break | ISetup e calibration j Goo> Cell: [Three Electrod v |
v Background subtraction
Results: scan b of b >»

Trace Metals Clean Time (5) 2

Zn< 90 ph i o enem e Clean Yoltage (mv):  [150

Cd < 90 pds Plate Time (S): 20

Pb: 1.65 nA Plate Voltage (m) Maoo |

Cu: 6.65 nA Range (uA) 126 =]
Signal Avg. 16 =
Freguency (Hz) 1000

Temperature [C]

Start Yoltage (m'): -1300
Stop Waoltage (mv) 150

Step Vaoltage (mv): |5

Square-WWave l—
Amplitude (m') L
 Single Paint Measurements

" Input1 I~ Input &
¥ Temperature

HLZAD S & E 25/ FR_20sec

0.45 4 mI4)LA—KiBFH Bench Top

(pob]
Calibration Date: 13/Decf02 at 10:25:58

Metal |Calib. Mode| Fit Factor Slope Zero Offset

od Height 1.000 [0.421 ppb/ra |  -260ppt  Calibration Mode
Aiea 1000 [ 211 ppb/nC | 790 ppt

Pb Height 1.000 [0.747 ppb/nd £4 ppt Calibration Mode
Area 1.000 35.7 ppb/nC 1.5 ppb

& Height 1.000 [0642 pph/ndt| Z4pph  Calbration Mode

Ares 1.000 17.9 ppb/nC 520 ppt

2L 1 E 20ppb., 40ppb. 80ppb )




0.45 4 mI4)LA—KiBFH Bench Top

i TraceDetect Nano-Band Explorer - Galibration S 3rd addition —1al x|

Eile Settines  Options  Display Calibration  Serial Port

Sample: Settings:

S canni
FRoa Details:
Metal Identification Table
” To add anew calibrated metal click Go ' Enabled
Wiew Type: [ASY >
Measuremen! t Contiol Calibration: Waveform: Sq. Wave i
i | Caniioss | BlEsk | ISetup new calibration j Go>> Cell {Three Electrod ~|
v Background subtraction

Results: scan 4 of 4

Current ) I N Clean Time (S) 2

Zn: 8.40 nA 100 - Clean Voltage (mv):  [150

Cd: 96.0 nA Plate Time (5): 20

Pb: 53.8 n# B u Plate Voltage (mv):  |-1300

Cu: 71.1 nA i Range (uA): 125 El
Signal Avg. 16 7]
Freguency (Hz) 1000

[ETCEEUEIRIN StertWoltage (mv):  |-1300

- ] Stop Waoltage (mv) 150

Input 1 [m¥):

5
- Sguare-Wave l50—

Step Voltage (m'):

D‘
Input 2 (mV¥): L Armplitude (m')
-20)
i i 200 0 - Single Point Measurements
£ " Input1 I~ Input &

el Status: Elapsed Time: 00:00:00 13/Dec/l2 | 10:15:43 v Temperature

%275§621§.‘#’|§-¥R_205ec ( 10ppb. 20ppb. 40ppbi7sin: X 3:HE E 20ppb. 40ppb. 80ppb )

FED
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BEHETHEATILETIYEREDHERA

« BERETN)VIRABBDERERY)—=5D
=012, DEtEFRIIZ LSRRI RHENIEAS, ASVERHLY
FBEEAD) =T ENEH
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