Determination of Chromium by
Solid-Phase Microextraction and
Gas Chromatography/Flame Photometric Detection
Method



(Solid-phase microextraction SPME)

SPME polyimide
Htfa(1,1,1,-trifluoroacetyl aceton) Cr¥*—Cr(tfa);
(GC/FPD)
SPME Cr
30 mL 20ppb Cr**
pH=6.0 100u L Htfa 75~80

50 polyimide 20

Htfa Al Be Co Fe Mn Zn Al
Cr(tfa); Be Fe
(RSD)  11% (n=5)
5~150 ppb Cr¥*(r=0.878) 3ppb
SPME Htfa

SPME GC/FPD
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(1-1)
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(1-1) 4

ROC 0.1 mg Cr/m’> TWA (Cr(V!1) and compounds)
PEL : 0.5 mgCr/m® TWA (Cr metals ~ Cr(ll) and Cr(lll) compounds)
0.05 mg Cr/m® TWA (Cr(V1) compounds)

USA 0.5 mg Cr/m® TWA (Cr metals ~ Cr(Il) and Cr(lll) compounds)

ACGIH [0.05 mg Cr/m’® TWA (water-soluble Cr(VI) compounds)
TLV 0.05 mg Cr/m® TWA (certain water-insoluble Cr(V1) compounds |

recognized human carcinogen)
0.05 mg Cr/m> TWA (chromate ore processing |

recognized human carcincgen)

USA 0.001 mg Cr/m® TWA (carcinogenic Cr(VI) compounds)
NIOSH 10.025 mg Cr/m> TWA (other Cr(VI) compounds)
REL : ]0.05mg Cr/m® TWA : 0.2 mg Cr/m’ ceiling

(chromic acid and CrOs)

USA 0.1 mg Cr/m® TWA ceiling (chromic acid/chromates)

OSHA |1 mg Cr/m® TWA (chromium metal and insoluble salts)
PEL : 10.5 mg Cr/m> TWA (Cr(ll) ~ Cr(Hil) salts)

Germany |0.1 mg Cr/m® TWA (Cr(VI) compounds)

DFG

TRK :

UK ]0.5mg Crim®* TWA (Cr(ll) ~ Cr(Ill) compounds)
HSE 0.05 mg Cr/m® TWA (Cr(V1) compounds)-

MEL

Japan |0.1 mg Cr/m> TWA (Cr and compounds)

Sweden [0.02 mg Cr/m®> TWA (Cr and compounds)
0.06 mg Cr/m® STL (Cr and compounds)

TWA : i¥8 49 TRK : dh#iH s+ 2 HF R
PEL @ &% &3k MEL R & Rl 53k A
TLV % & FIR4a STL [ sauF Ml IR a3 iR /T

REL i fe B inrk

1




(-1

(5]

11 1678
1797 (L. N. Vanqudin)
(Chromium chroma * i
) 24 B 51.996
[Ar]3d°4s" 1890 2482 7.20 mg/cm®
110 ppm (FeO Cr,0O; FeCry,0O,)
—Cr(4.31%) *2Cr(83.79%) >*Cr(9.55%)
>Cr(2.38%) cr cr” cr cr*
cr*
cr*
cr*
—Cr(OH),(H,0)4" pH 7 cr*
cr® (Cry0/)
(CrO) ¥



input —]

+ Fe(I) or

e org. matterN

Cr(VD) Cr(HD

~— +Mn02(5)‘/

A + organic
\ matter
wweak adsorption \
dsorption o
adsorp predpitation 7 ?
Y Y Cr(Ih - org
seltling settling /T\
- [
diffusion / U(l”“m diffussion
\\ ¥ sedimentation /
Cr(VD) ‘ Cr(l) - org
R ¥ | A
+M{\02 Cr(IH) + dissolved
organlcs
\———/diffusion — ’
(1-2) (5]
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Cr,0 H,O U 2HCrO, U 2CrO,* 2H*

[8,10]

Cr,O;* + 14H" + 66 - 2Cr" + 7H,O E° = + 1.33V

crt

cr (glucose tolerance

factor GTF) [1112]

crt cr® cré

[1,2,8]

cr®

111

14



(13]

112

1 (Liquid-liquid extraction
LLE)!™— APCD-MIBK (ammonium pyrrolidinecarbodithionate-methy!-
isobutyl ketone)  Cr®™ (atomic
absorption spectrometer AAYS) 2. (solid phase extraction

SPE)*— trimethylaminopropyl chloride

15



CrO,~ Cr,0/” EDTA (ethylenediaminetetraacetic acid)
cr AAS
3 (supercritical fluid extraction SFE)!*®— TBADBDTC

(tetrabutylammonium dibutyldithiocarbamate) LiFDDC (lithium bis(triflu-

oroethyl)dithiocarbamate)
cr® - (inductively coupled
plasma-atomic emisson spectrometry ICP-AES) 4.

(17__

(co-precipitation techniques) Pb/8-quinalinol/tannic acid cr®

(Graphite furnace atomic absorption spectrometry GFAAYS)

1,5DPC(1,5
-diphenylcarbazide)®®  5,5-DiMe-1,3-CHDT.HCI (5,5-dimethyl 1,3-cyclohe-
xanedione monohydrochloride)™®  Cr®*
- (UV-VIS) SPE
1,5DPC Cr® UV-VIS
[20]
(ion chromatography 1C)

crt cr®

16



Prokisch ™ Polispher AN CrO,” Cr0/

cr cr¥
|ICP-AES Pantsear-Kdlio 1 —NR;"
—S0,” - (induc-
tively coupled plasma-mass spectrometry |CP-MS) crt cr”
Skovec 23] PDCA(pyridine-2,6-dicar-
boxylic acid)  DPC(diphenylcarbazide) crr o
thermal lens spectrometry
(gas chromatographic  GC)
GC 1969
Ross  Sieners? Htfa(1,1,1,-trifluoroacetyl aceton)
cr Cr(tfa)s LLE
GC/ECD Savory®  Booth®
GC/ECD GCIMS 1973 Boss  Shafik'””
GC/FPD Htfa cr Lovet®  Mugo 29
GC/ECD Htfa Cr

1.2

17



(solid-phase microextraction SPME) Waterloo Janusz

Pawliszyn 1990
LLE SPE SPME
(1-2) LLE SPE SPME (%0
LLE
SPE
HPLC
SPE
SPME
GC (high-performance liquid

chromatographic HPLC)

1.2.1 SPME

Pawliszyn SPME

18



(1-2) : (LLE) (SPE) (SPME)®

LLE SPE SPME

SPE o SPME




Hamilton 7000
(1-2)
Pawliszyn SPME Supelco
(1-3)
(holder)
(fused silica fiber)

(plunger)

SPME

SPME (Varian)

1.2.2 SPME (31

SPME

SPME (equilibrium extrac-



syringe barrel
syringe needle l plunger cap

@M
R L
silici epoxy glue

stainless steel
microtubing

coating

(1-2) Pawliszyn sPmME B



" Plunger

O

—— Barrel

— Plunger retaining screw

| +— Z-slot

v Hub viewing window

Adjustable needle

guide/depth gauge
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! t
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. ¥
i 1
Tensioning spring | E
1
Sealing septum 1| !
i :

1 ]
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!

Septum pierciné needie

X! Fiber attachment. tubing

0y
1y
\
’

Fused-silica fiber -

-
~

’
AN

(1-3) Supelco SPME [



tion)

(1-1)

LLE SPE

(Kfs)

CoVs=Ci Vi +C) Vs

SPME

SPME

N :Cfo

(exhaustive extraction)

(1-2)



= KsViCoVs
KaVE e soesee s s (1-3)
Ny
(1-3)
Vs Vi) (23
(1-4)
Nt = KesVICo e, (1-4)
(1-4) (Ks) (Co)
(Vi) SPME
SPME
1.2.3 SPME
SPME 1 (direct immersion extraction DI
-SPME) 2. (headspace extraction HS-SPME) 3. (mem-
brane-protected SPME) (1-4)*1

3



Fibe Membrane

‘tj/ 'LN\E

\__\‘.

- fiot [~
H
(RN | \ | R~
JEEN J ./ : L \
a b / C
Coating Sample Coating Sample

(1-4) SPME 130

@ (DI-SPME)
(b) (HS-SPME)
(©)



DI-SPME

(1-4-a)
b m)
DI-SPME
DI-SPME
HS-SPME
(1-4-b)
DI-SPME

HS-SPME

HS-SPME DI-SPME

HS-SPME

(1-2)

(7~100



CNVs=CiVi +CVs+C'Vg . (1-5)

Cp
Vg
Ky =CY/ICY Kns=Cy/C{
(1-6)
B K KnsViVsCo
VRV VAT VI T T T T T VT TP (1-6)
KinKnsVr + KheVg +Vs
Vf
Vg
Vs
(chemica potentia) (1-7~1-9)
. Ph
m =nt(T) +RT |n(§) ........................................ (1-7)
. Pr
m=m (T)+Rﬂn(§) ...................................... (1-8)
_ 9 Ps
m=m (T)+Rﬂn(§) ........................................ (1-9)

Mh MH¢ MHs



u° (P° 1am)
T
R
M=M=M ...
(1-7~10)
Pn=B=Ps. .
(ided gas law)
Ki = C?f = E
TR s
¥
Khs = C—Z = ﬁ
CS RT -------------------------
KF
I<H

(1-12) (1-13)

T
.................... (1-10)
........................ (1-12)
(Henry’ s law)
...................... (1-12)
...................... (1-13)



¥

KH
Kis = —— = — = KnKn )
> : Kk S i i (1-14)
(1-14) (1-6) (1-15
ne = KfszVsCO 1 15
KfSVf + KhSVg +VS ...................................... ( - )

(1-3) HSSPME  DI-SPME
(1‘ 15) Khsvg
Khs Kis K s =818 K he :0.26[31]

(Vy<<\s)  (1-15)

(1-16)
N = KsViVsCo
VY AR (1-16)
(1-16) (1-3) HS-SPME DI-SPME

HS-SPME  DI-SPME

DI-SPME
HS-SPME HS-SPME
DI-SPME
DI-SPME
DI-SPME
HS-SPME



( (1-4-)

1.2.4 SPME
SPME SPE
SPME SPE ( (1-2)) SPE
SPME
GC HPLC
HS-SPME
GC
GC DI-SPME (1-5
GC (split/splitless)
GC 3-5mm (liner)

SPME GC SPME



(A) Extraction step for HS-SPME
5 ] (C) Thermal desorption on GC injection port

SPME
holder

SPME fiber
assembly
Sample P
Hot plate
stirrer
® Pierce @ Expose @ Retract
sample fiber/ fiber/
septum extract remove

(B) Extraction step for DI-SPME

]

SPME
holder

SPME fiber
assembly

Sample

Hot plate
stirrer

@ Pierce

sample

septum

@ Expose
fiber/
extract

g

i i :
® Retract

fiber/
remove

(1-5)

DI-SPME HS-SPME
(A)HS-SPME
(B)DI-SPME

(©)

(D)SPME

10

(D) Solvent desorption using SPME interface

T 4—SPME fiber assembly

Additional
solvent

Six-port vailve

Mobile phase
from pump
To LC column

(10]



GC

GC

1.2.5 SPME

SPME

SPME

(VOCs)

SPME

SPME

GC
( 0.8mm)
[31]
(carryover test)
1 2.
5. 6 7.
(PCBs)

(PAHs) [

(39]

1

(40]



(41]

(diacetyl) [42]

[43] [44]
SPME (Pb) (Hg)  (Sn)
1994  Morcillo  Cai 143 SPME NaBEt, (sodium
etraethylborate ) - - DI-SPME

(relative standard deviation RSD) 24.1~68.8

1995 Cai Bayond™ DI-SPME  HS-SPME GC/IMS
NaBEt, (CH;Hg") DI-SPME
20mL CH,Hg" Hg™ 6.7 87 nglL
HS-SPME 1.5mL CHsHg" Hg* 75 3.5 nglL
RSD 3~11%

1996  Gorecki  Pawliszyn*?  NaBEt,

(P(C.Hs), ) SPME GC /
(flame-ionization detector FID) 100 nglL RSD
243 Sndl Frech  Thomassen'® SPME GC/ -

(microwave induced plasma-atomic emission spectrometry

MIP-AES) 0.005 ng/L



1997 Moens Smede Dams ™ SPME GC/ICP-MS
NaBEt, 4.3
ngL 019nglL 034~21ngL  RSD 5.2~14 Lespes 50
SPME NaBEt, - GC/
(flame-photometric detector FPD) 2~4
ngL RSD 7~10
1999 Yu Yuan B SPME GCIFID
3~4ngl RSD 10 Aguerre
3 NaBEt, SPME
GC/FPD 6~31 ng/L  200~600
ng/L
1.3 SPME
1.3.1 SPME
(absorbent type) (adsorbent type)

13
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[53,54]

(1-3)

X AF (4 F )

5H ¥ 51

R A B BRAR X

A
. .
o, o *

7% Fit A 2 BB K, - K FLIR

BAE X N FLIR

R i A 3

14



[53,54]

Supdco (1-4)
(3053 (polydimethylsiloxane
PDMS) (polyacrylate PA)
PDMS

PA

(divinylbenzene DVB)
Carbowax
PDMS Carboxen
B9 (1-6)

Carboxen-PDMS

15



(1-4) SPME

[30,55]

(b m) ()
Poly(dimethylsiloxane)(PDMS) 100 GC, HPLC 280 VOCs
30 GC, HPLC 280 polycyclic aromatic hydrocarbons
7 GC, HPLC 340 benzeneftol uenelethylbenzene/xylenes
organochlorine pesticides
Polyacrylate(PA) 85 GC, HPLC 320 triazines
organophosphorous pesticides  phenols
Poly(dimethylsiloxane)-divinylbene(PDMS-DV B) 65 GC, HPLC 270 Aromatic
60 GC 270 hrdrocarbons ~ aromatic amines  VOCs
Carboxen-Poly(dimethylsiloxane)(CAR-PDMYS) 75 GC 320 VOCs hydrocarbons
Carbowax-divinylbene(CW- DVB) 65 GC 260 alcohols, ketones
nitroaromatics
Carbowax-templated resin(CW-TR) 50 HPLC Anionic surfactants

aromatic amines




Carboxen particles (2-10um)

PDMS phase

Mo

PO
ogoce
-_-"-”-
%ete?
oo’
o’e’’
o e’e

o0
ff.h"ll_-r
)
o%s’e
00 o
o%%®

Fused Silica Rod

ot

L)
Analytes can migrate between
layers to increase capacity

/

Carboxen particles
PDMS phase

L
- ..__1.

(30]

(1-6) Carboxen/PDMS fiber



bonded phase non-bonded

phase partia crosdinked phase high crossinked phase non
-bonded phase
bonded phase Partial crosdli

nked  high crossinked

[10,56] (1_7)

132

pH SPME

pH

[57]

pH



(1-7)

POMS |i PDMS i PDMS
(7 um) i Q@0um) i {100 um)

Ly

I CAR/PDMS |
| (75 am} :

- - -

DVB/CAR/PDMS
o ———— (56/30 pm)

L N, Ty

- - -

SPME [y

Bonded
Non-bonded
partialy crossinked
highly crosdinked



PDMS

10

1.3.3

=4 pH pKa

pH pKa+2

pH

pH 4~10 pH 4

(58]

SPME

(depletion zone)

[57,59] SPME



SPME®!

(31]

134

SPME

(31]

(59]

(61]

SPME

(1-8)



H

# R
T Gh4R 3% %
e o e s — T IENRE
VR TERNRET
T EmR#FH

T BT

(1-8) SPME ( e



135

To T 311
K= Koexp%(é- %) ..................................... (1-17)
KO TO
DH
R
T K
DH >0



[62,31]

1.3.6
(ionic

strength) (salting out)



1.4

Htfa Cr*
Cr(tfa)s LLE GC/FPD
SPME GC/FPD

SPME

SPME

GC

(13]

SPME



2.1

1 (CH,COONa sodium acetate) E. Merck 99.0
2. (CH;COONa suprapur sodium acetate) E. Merck  Aldrich
99.99
3. (NaH,PO, H,O sodium dihydrogen phosphate monohydrate)
E. Merck 99.0

4.1,1,1,-trifluoroacetylacetone(CH,COCH,COCF; Htfa) Fluka

99
5.Cr( ) trifluoroacetylacetonate [ Cr(CH;COCH,COCF,)3;Cr(tfa)]
TClI
6. (Na,SO; sodium sulfite) E. Merck >08
7. (CH;OH methyl acohol) E. Merck HPLC 9
9.99
8. (HNOs; nitric acid) J. T. Barker 70 (wiw)
9. (CH,COOH acetic acid) E. Merck 99.8

10. (NaOH sodium hydroxide) E. Merck 99.0

10



11.

12.
13.
mg/L

14.

16.
17.
18.
19.

20.

(AI(NO3); 9H,O auminium nitrate nonahydrate) E. Merck

(N2)
(H)

(Air)

95
(Be in 2%HNO3) Inorganic ventures

(F(NO3); 9H,Oin 0.5M HNO3) E. Merck

(Zn(NO3), 4H,Oin 0.5M HNO,;) E. Merck

(MN(NO3), 4H,0in 0.5M HNO3) E. Merck

(Co(NO3), 6H,O) E. Merck

99.99

99.99

99.99

deionization system (Sybron/Barnstead, Boston, USA)

21.

1002mg/L

1000

1000

1000

>99

NANO pure

(standard reference material 1643c) NIST

1



2.2

Hewlett-Packard (Palo Alto, CA, USA) Model
5890 Series GC (FPD)

385 nm long-pass filter

-600
J W (Folsom, CA, USA) Modd DB-210(15mx
0.25mm" 0.5u m film) 50 trifluoropropyl me-

thyl polysiloxane

VWR Scientific(San Francisco, CA, USA)

Model 400HPS
IKA (Wilmington, USA) Model RH basic
Kwang Shen (Taipel, Tawan) Modd KS-21

Branson (Danbury, CT, USA) Model B1200R-4
ORION (Boston, USA) Model-420A
IBM (Taipe, Tawan)
(SISC-LAB Data Station)
(Kyoto, Japan)

Nikon (Tokyo, Japan) Modd SMZ-1



10.SPME
- Polymicro Technologies (Phenix, AZ, USA)
polyimide (fused silica)
S0u m 147y m
HAMILTON (Reno, Nevada, USA) Model 91080
14 150y m 320 p m
Epoxy Technology (Billerica, MA, USA)
(epoxy glue) Part no. ER35226JQ

Supelco (Bellefonte, PA, USA)

Supelco (Bellefonte, PA, USA) SPME

SPME . Supelco (Bellefonte, PA, USA)
Modd 5-7330
2.3
1. DB-210(15mx0.25mmx0.5u m film) 50

trifluoropropyl methyl polysiloxane

2. (splitless)

13



3. 210

4, 3
5. - 4mL/min
6. 60 3
140 5
7. 210
8. -120mL/min -80mL/min
9. FPD 385nm long-pass filter
10. -600
2.4 SPME
SPME polyimide
SPME
SPME (Holder) <1>
<z> <3> <4>
) <5> <6> (2-1)
5

24.1~-2.4.4

14



§§§‘.
N
r 3

A

R O OO
Y YT YT Y YYY Y Y YT
AR A AR

¥ 3

7
i

F 3

¥ 3

F 3

(2-1) SPME

<BOYELNE B

<H>FF

A>5ZHmFHA

3> 4% 5H £ 5

ST L K EERCE Ly

<I> & & 5 A8 2 4 4

[56]
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24.1 polyimide

180y m 336 m 14
SPME
60 3 (2-2-a)
polyimide
GC
2.4.2
14 336 m 2 polyimide
60 3
Cr(tfa); (2-2-b)
2.4.3 polyimide
ployimide ( )
1. 180u m 33U m  ldcm
ployimide 0.5-0.8
1.0£0.2 (2-3-3)

2. 180y m 336 m 14

16



(1.D.=180 ¢ m ; O.D.=336 um : L=14cm)

<« F 554 4t I ———
(1.D.>336 £ m)

AN

polyimide#§4a Bk ks 55 5548

N/

(2-2) SPME

(a) polyimide
(b)

17



(a) —
(LD.=480 . m : O0=336sm | L=[4om)
j—— &8 & shpolvimide
+—— polyimide 4§ 4u
-
(b) — i b
(LD=180um : O.0.=338 s m : L=t dcm)
—— i K adpolyvimide
Fad s By
i 5 4 4
O b polyimide 4§ 43

(LD =8500m ; O.0.=14Tem & L=2cm)

oy T AR

(C‘) — F i E bW

(LD =180 pm : OO0 =338 ypm | L=1d4cm)}

i A
B # epolyimide

H AL pa i

(1. =6B0gm | O.B=14Tum © L=3am)

polyimidedf 45

o4 i MR

(2-3) polyimide

@
(b)
(©

18




polyimide 0.5~0.8 50 m

147y m 1.5-2.0

polyimide ) 1.0£0.2 polyimide
3. S0y m 1474 m
polyimide 1.0+ 0.3
polyimide 180y m
M m 14 (2-3-¢)
244
50u m 1470 m 15
60 3
SPME
(2-4)
150p m 360U m 11.2
1.5
60 3

polyimide SPME (2-5)

19
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N

O XXX
ARARANEERAVSEROVEDNRYN:
Y

=

7
i

(a) (b)

(2-5) polyimide
(@ polyimide

(b)
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2.5

2.5.1
crr o 1000mgy/L
100mg/L 10mg/L
Cr(tfa)s 23.9mg Cr(tfa)s 5mL
486mgCr/L
2.5.2
Htfa
(2-6)
2.5.3
10  dimethydichorosilane
(12 )
105
2.54 NIST
60mL NIST 1.183g 4.9269



0.5M

pH=6.0

30mL Cr(tfa);

30mL Cr**

29mL Cr””

100p L Htfa

ImL IM Na,SO4

100p L Htfd

75

1000rpm 50

10

25

1000rpm

SPME 20

(2-6)

GC/FPD

23




pH 55~6.0
50
3 30mL NIST
(33ppb)
2.55
0.45u m
100 mL 100 mL
pH 5.5~6.0
75 50
20 30mL

(33ppb)

10

24

30mL

100u L Htfa 75
SPME 20

100u L 10ppm Cr**

2mL 0.5M
199¢ 8209
30 mL 100u L Htfa
10 SPME

25 50u L 10ppm Cr**

3



GC Hifa cr* LLE
Cr(tfa), SPME
GC/FPD Htfa 20 105~107
1.28 glem®  (3-1)
[13.27.69 Htfa Cr(tfa)s
(3-2) 17%
83%
crt cr*
Htfa cr
cr® cr
cr¥ cr®
cr¥ cr®

crft 2%/ ® crt + Hif a374374374 Ya

Cr(tfa)s

9
/® Cr(tfa)g,%)j% GC/EPD

25



O O b.p.=105~107C

F)(U\)J\ d=1.28 g/em®
- CH,

F

3 <<\ +cr — Cr(tfa),
—0

(3-1) (Htfa) cr [63]

26



H

CH

3

H
o>_§7
C

CF,
N '/
o ‘ o
CH, O
CF, H

(A) dis-Cr(tfa)s
(17%)

(3-2) Cir(tfa)s

CF,

CH,

CH, H
CF CF
3 O>_§7 3
~N |
H /Cr
0 I\O
CH, O>_27023
CH, H

(B) trans-Cr(tfa);

(83%)

(63]

27



3] SPME
Cr(tfa)s
3.1
SPME
311
( (3-2)

m PA Cr(tfa)s

Cr3+

Cr(tfa)s

28

cr

cr¥* Htfa

100 m PDMS

(33

75U



100mV

(3-3)

5 10
minute
PDMS PA Cr(tfa);
0.5M NaH,PO, pH=6.0
10 mL 48 ppb Cr(tfa);
(1)PDMS
(2PA
DI-SPME

29

1 trans-Cr(tfa);

2 cs-Cr(tfa);

1000 rpm

20



Cr(tfa); PDMS PA Cr’* Hifa

PDMS PA Htfa
Htfa Cr**
polyimide SPME
chlorinated hydrocarbons  polychlorinated biphenyls [**
polyimide
Cr(tfa)s
Polyimide pyromellitic dianhydride 4,4, -diaminophenyl
ether (3-4)
420 420 Polyimide
polyimide
300 1000
90 polyimide
poly(ethylene terephthal ate)

polyimide Polyimide

magnet wire®

polyimide Cr(tfa)s



(o ——1&]

(o} —11&]

o=

0

g
/
\

—N

-0

\
/

X

I
0

/
\

\
/

C

X

ﬁ
0

c
||
0

@

Inf2

(65]

(3-4) polyimide
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241 (35)

10mL 0.1ppm Cr(tfa)s 25u L Htfa 0.1ppm Cr**
polyimide Cr(tfa); polyimide
cr polyimide
Htfa polyimide
polyimide
polyimide
polyimide ( )
2.4.3

10mL 0.1ppm Cr(tfa)s
RSD 35 (n=5)
polyimide polyimide
(3-6-8)

RSD 31 (n=5)

(3-6-b)

polyimide RSD 32 (n=5)

(3-6-¢)

32



50mV

I_.

1 'l w'l"' T 'rl I T & T IT T l T T T T I T T T T l T T
0 2 4 6 8
minute

1 trans-Cr(tfa);
2 cis-Cr(tfa);

(3-5) Polyimide Cr(tfa)s
1. 0.5M NaH,PO, pH=6.0
2. (1)10mL 0.1ppm Cr(tfa);
(2)10mL 0.1ppm Cr** 254 L Htfa
75 60
3. Polyimide
4. DI-SPME
5. 1000 rpm 20



ke £ thpolyimide

polyimide#% 48

()
Ky
Bé
&

EELER Lo
(et mE)

EXER L
(€ EX D)

K £ ¢9polyimide

(3-6)



( polyimide ) 0.1~0.2

5 RSD 30%
Cr(tfa)s
SPME ( 242 ) Cr(tfa)s
(3-7) Cr(tfa)s polyimide
polyimide
SPME
244
SPME
polyimide
3.1.2
SPME
SPME
pH [27.28 ] LLE Cr(tfa); pH
5.6~6.5 100 pH 5.6 6.5
pH 6.0



50

25 -

(3-7)

a s owbdpE

minute

polyimide

0.5M NaH,PO,

1 trans-Cr(tfa)s
2 cis-Cr(tfa);

Cr(tfa)s

pH=6.0

10 mL 0.1 ppm Cr(tfa);

DI-SPME

1000 rpm

20



3.1.3

SPME
HS-SPME
cr*

Cr(tfa)s HS-SPME  DI-SPME

HS-SPME HS-SPME
(64 80~90 HS-SPME  DI-SPME
10mL 50ppb Cr(tfa)s (3-8) HS-SPME

DI-SPME 10 [31] DI-SPME

HS-SPME

HS-SPME
(3-8) 20
Cr(tfa)s

DI-SPME

314

SPME

37



30mV

(3-8)

~ owbdhpE

1 trans-Cr(tfa);
2 cis-Cr(tfa);

0.5M NaH,PO, pH=6.0
10 mL 50 ppb Cr(tfa);
Polyimide
(HHS-SPME
(2)DI-SPME
80~90 1000 rpm

20



1 11y m polyimide 1000 rpm

50ppb Cr(tfa)s

(3-9) 15

20

3.15

20
30mL 20ppb Cr(tfa);
(3-10) 20~40
70 90
Cr(tfa); 30



$e @A (1 Vxsec) x10°

2

f

12.0 1
8.0 -
4.0 -
OO | L] L] 1 1
0 10 20 30 40 50
B Fd (min)
(3-9)
1. 0.5M NaH,PO, pH=6.0
2. 12 mL 50 ppb Cr(tfa);
3. Polyimide
4, DI-SPME
5. 1000 rpm



& @ #gFo (1 Vxsec) x10°

12

(3-10)

16.0 -

120 -

8.0 1

4.0 1

0.0

gk wbdpE

20 40 60 80
& Z(C)

0.5M NaH,PO, pH=6.0
30 mL 20 ppb Cr(tfa);
Polyimide
DI-SPME
0~90 1000 rpm

a1

100

20



30mL 20ppb Cr(tfa);

3.1.6

5

(Ks)

25~30 ( )

polyimide
pH 6.0

DI-SPME

25~30

20

1000

K. SPME

17 %

polyimide

rpm

RSD 7

—Cr(tfa)s

83 %

42



polyimide polyimide

SPME

(1-1)

(3-1)

[30]

(3-1) SPME Co Vi Vg

SPME

(3-2)



T G (3-2)
nS
N SPME ( )
SS
S SPME
GC
SPME (3-2)
(3-1) Cr(tfa);  polyimid
1.87 10°mole Cr(tfa); 1mL 6 1y
L (3-11) Cr(tfa); Cr(tfa);
1.87 10" mole 3.18 10™moale (cis-n)

1.55 10™mole(trans- n,) FPD

(S) (31
polyimide 29mL  20ppb Cr(tfa)s 5
(S) 31
n, S (3-2 SPME



50

25 -

|

|
|
1

2

R ————

0

(3-11)

b s

3 6 9
minute

1 trans-Cr(tfa);
2 cs-Cr(tfa);

Cr(tfa)s
1u L 1.87 10°M Cr(tfa);

S solvent peak( )

G

W N

N o ok

liner

210
210
60
140
4 mL/min

04
2 mm



(3-1) Cr(tfa); Polyimide

SPME Distribution
n, coeffiction
(mole) s, S, N, Kis(absolute
WV sec) (U V sec) (mole) uncertainty)
Cis-Cr(tfa); | 3.18 107 29003 60103 6.59 107 2012(+402)
312139 3.54 10 2214 (£443)

Trans-Cr(tfa); | 1.55 107 136607

**

Vi 517 10%m3®*(5.17° 108L) n=5
L=1.1 fim=11p m O.D.=147y m




()

(3-1)

3.2

Cr(tfa)s

321

[28,29]

6.59 10“mole(cis-n;) 354 10"mole (trans-Nn;)

(K) (3-1)
2012( + 402)
2214( + 443)
polyimide

Htfa cr
SPME

Htfa 3~4

[26]
60~70 70~90
[13]
40~85

10mL 0.2ppm Cr¥*(pH=6.0) 250 L

1



Htfa 60

(3-12) 50-70

75 75

75~80
3.2.2
29 60~70 10
70-90 10
[13
10mL  0.2ppm Cr**(pH=6.0) 254 L Htfa
75~80
(3-13) 50
(10 )
1. Htfa
cr Htfa
2. LLE Cr(tfa);

SPME



& @ #Fe (1 Vxsec) x10°

3

2

f

=]

2.0 1

1.5 A1

1.0 -1

0.5 A

0.0 I . T T T )
30 40 50 60 70 80 90

= E(C)
(3-12)

1. 0.5M NaH,PO, pH=6.0
2. 10 mL 0.2 ppm Cr**
3. 25u L
4, 60
5. 1000 rpm 20



12 3% @A Fo (14 Vxsec) x10°

10.0

7.5

5.0

25

0.0

(3-13)

ok wbdpE

100

> *
20 40 60 80
BF fa] (min)

0.5M NaH,PO, pH=6.0
10 mL 0. 2ppm Cr**
25u L
75~80
1000 rpm

20



30

3.2.3

(2728 g

(67]

ppb  Cr

(3-14)

PK=4.76

Kozuh

KH,PO,

10mL 20

PKa

pPK4 215 7.20

pH=1.15~-3.15 6.20~8.20 11.15~13.15

pH=3.8-5.8

pH=6.0



30mV

(3-14)

o bk owd

‘minute

1. trans-Cr(tfa);
2. cis-Cr(tfa)s

Cr(tfa)s

(A) NaH,PO, (0.5M , pH=6.0)
(B) NaOAc (0.5M , pH=6.0)
10 mL 20 ppb Cr**
25u L
75~80
30
1000 rpm 20



Htfa

( 136 )
[26]
30mL 0.5M (pH=6.0)
M L Htfa 75 30 polyimide 20
(3-15) Cr(tfa); (7-8 )

MERCK  ALDRICH
99 ) (32 (393
MERCK
(3-16) ALDRICH

7-8 (3-17)



myv

100

50

i | A
'“"‘memw@ Phustbt ot A W PRI et P ertiid

(3-15)

ok wbdpE

minute

NaOAC (0.5M  pH=6.0)
100u L
75
30
1000 rpm

20



(32 MERCK “ suprapur sodium acetate anhydrous’

certificate of guarantee

Element Guaranteed Vaues
Purity Min 99.99%
Chloride(Cl) max 5 ppm
Phosphate(PO,) max 5 ppm
Sulphate(SO,) max 20 ppm
Al(Aluminum) max 0.05 ppm
Ba(Barium) max 5 ppm
Bi(Bismuth) max 0.01 ppm
Ca(Calcium) max 0.1 ppm
Cd(Cadmium) max 0.005 ppm
Co(Cobalt) max 0.005 ppm
Cr(Chromium) max 0.01 ppm
Cs(Cesium) max 2 ppm
Cu(Copper) max 0.005 ppm
Fe(lron) max 0.05 ppm
K (Potassium) max 5 ppm
Mg(Magnesum) max 0.1 ppm
Mn(Manganese) max 0.05 ppm
Ni(Nickel) max 0.005 ppm
Pb(Lead) max 0.005 ppm
Rb(rubidium) max 05 ppm
Sr(Strontium) max 0.1 ppm
Ti(Thalium) max 0.005 ppm

Zn(Zinc) max 0.005 ppm




(3-3) ALDRICH

“ sodium acetate,99.99%" certificate of

analyss

TEST SPECIFICATION RESULTS

Product Name Sodium acetate,99.99%

Formula CHsCO:Na

Formula Weight 82.03

APPEARANCE White crystalline powder White crystalline powder

INFRARED Conforms to structure Structure and standard

SPECTRUM

TITRATION 99.0%(minimum)(with 99.6% trace metals analysis
HCIO,)

LOSS ON DRYING 1.0%(maximum) 0.283%

TRACE 100ppm(maximum) total Se 3.4ppm Ca 0.8ppm

ANALYSISICP metallic impurities Sr 0.7ppm Mg0.2ppm

ATOMIC 100ppm(maximum) total K 145ppm Cs 40ppm

ASSORPTION metallic impurities Rb 0.3ppm

ICPASSAY confirms sodium component ~ Confirms sodium component

INSOLUBLE 0.01%(maximum) 0.001%(13.33%)

MATTER

CHLORIDE 0.002%( maximum) 0.0004%

IRON 0.001%(maximum) 0.0004%

HEAVY METALS  0.001%(maximum)(As,Pb) 0.0002%

PH 7.0-9.2 8.51(5% solution)

PHOSPHATE 0.001%(maximum) 0.0003%

CALCIUM 0.01%(maximum) 0.002%

MAGNESIUM &

R,O3 PRECIPITATE

SULFATE 0.003%(maximum) 0.0002%

PURITY Purity based on trace metals  99.99% based on trace
analysisof ICPand AA metals analysis

combined of

100ppm(maximum)

10



100

50 -
_m,hw
0 e
0 1 2 3 4 5 6 7 8 9
minute
(3-16) MERCK
1 NaOAC (0.5M pH=6.0)
2. 100u L
3. 75
4, 30
5. 1000 rpm 20

1



100

50 -

(3-17) ALDRICH

abhwbd

minute

NaOAC(0.5M pH=6.0)
100u L
75
30
1000 rpm

20



MERCK

3.24
Cr* + 3Htfa — Cr(tfa)s+ 3H"
Htfa (27 10 mL
0.1ppm Cr**(2.0 10°mole) 20p L (1.6 10”mol)
30mL 20ppb Cr** (1.2 10°mole)
20u L Htfa
Htfa
(3-18) 30mL 20ppb Cr**
80u L
1/2
4-5
cr¥

30mL 100p L

13



5 @A Fo (1L Vxsec) x10°

18

2.0 -

1.5 -

0.5 -1

0.0

(3-18) Htfa

ok whN

50 100 150

#74 %A EHtfa (L)

0.5M NaOAc pH=6.0
30 mL 20 ppb CF**
75~80
30
1000 rpm

14

200

20



(8.3 10“mol) cr

1 0.5M (pH=6.0)
2. 75~80

3. 50

4, 100u L (30mL )

30mL 20ppb Cr**

6 RSD 10
3.3
C I,3+ C r6+
C r.3+ C r.3+
cr®t [68] H,0, cr¥ Cr®*  pH=2
Cr6+ C r3+[ 28]
Cesp n-Romero® (ascorbic
acid  CgHgOg c) cr cr

(chelating ion-exchange flow injection system) FAAS
Lovett®?  Mugo'® GC/ECD

Cré* Htfa cr*

15



cr®

3.31
2 % 200ppb Cr** pH=2
10mL 2mL 1M pH 6.0 Htfa
(3-19) 3 5
5 Cr*
pH 2
5
3.3.2
cr® 29mL 20ppb Cr®*(pH=6.0)
1mL 1M 100u L Htfa
(3-20)
cr* cr

cr* Cré*

16



$emAEFe (L Vxsec) x10°

2

16.0 -

12.0 -

8.0

4.0 -

0.0

(3-19)

5 10 15 20 25
B Faj (hr)
: 2%
NaH2PO4 pH =6.0
10 mL 0.2 ppm Cr**
25u L
75
60

o UA WN

1000 rpm

17

30

2mL 1.0M

20



4.0 -

3.0 ./‘/.’——*\‘

E
X
o
Q
[7]
X
>
3 2.0 4
jul
%
-)ﬁ‘g(
1 1.0 -1
2
0.0
(3-20)
1
2
3.
4,
5.
6.

15 30 45 60

B Fd (min)

29 mL 20 ppb Cr°**
1mL 1M
100u L
75~80
30
1000 rpm

18

75

20



RSD 20 Cr(tfa)s

Doong  Chang'™ SPME
( ) RSD 15
1
RSD
1 )
RSD 11
1 2.
HS-SPME Cr(tfa)s
3. Cr(tfa);
4,
Cr(tfa)s

5.Cr(tfa);

19

10~13



34

34.1

SPME
polyimide

(cis=2012+402 trans=2214 + 443)

polyimide

5~150 ppb Cr** 0.5M (pH=6.0)
cr® (3-2) (34
5~150 ppb
(trans > cis)
Feans=0.9992  r4=0.9932
(3-22) r 0.9985 (3-5)
3(SIN=3) cr®
(3-23)
3 3 ppb



(M Vxsec)

3.5E+06 1

2.8E+06 A

2.1E+06 A

1.4E+06 1

7.0E+05 ~

0.0E+00 -
0

Crb*

(321) [Cr(tfa)q]

(3-4)

80 120

160

¢ trans-Cr(tfa)3

(ppb) B cis-Cr(tfa)3

5~150 ppb

r=0.9992

Trans-Cr(tfa)s

y=19980x+12952

r=0.9932

Cis-Cr(tfa),

y=4588x+3405

21




5.0E+06 -

g 4.0E+06 A
>
«— 3.0E+06 -
2.0E+06 -
1.0E+06 -
0.0E+00 . T . .
0 40 80 120 160
Cr® b
r (Ppb)

(3-22) [Cr(tfa)4]
5~150 ppb

(39

Cr(tfa), y=24560x+16357 | r=0.9985




3.4.2

Htfa
1963  Robert’®™  Htfa (
) M(tfa)s
Htfa (71 [72 73
Be(tfa), Al(tfa)s GC/ECD Measurest’™
EDTA Fe’* Fe" Htfa Fe(tfa); Mugo™
Htfa Cr(tfe)s GC/ECD
Cr(tfa)s Al(tfa)s
cr SPME
Cr(tfa)s
Htfa
(pH=6.0)
0.2 ppm SPME GCIFPD

(3-24)

23



100

50

1 trans-Cr(tfa);
2 cs-Cr(tfa);

(3-23) [Cr(tfa)s]

1. 0.5M NaOAc pH=6.0

2. 29mL 3 ppb Cr** 1mL

3 100u L

4, 75~80

5. 50

6. 1000 rpm 20

24



FPD

Cr(tfa)s
20 ppb Cr** 1-10
(0.02-0.2 ppm) Cr(tfa)s (3-25)
Cr(tfa); 1-10
cr® Cr(tfa)s 75
Cr(tfa)s 60 cr®
200 ppb Cr(tfa)s 50
Cr(tfa)s
3.4.3
1998  Prasada Rao!" LCIFAAS
DDTC(diethyldithiocarbamate) crt cr
cr*
Cr(tfa);
Htfa
cr

Cr(tfa)s

25



(6)

(5) Fh>

.
.

(2)

(DY

0 5 10 15 20

(3) |

50mV

minute

Htfa
m @ & @ 6

26

25

6)

30



250% 1~

200% - /d\ —— Al
+Be

150% -

Co
100% — Fe
—*— Mn
50% -
—— 7N
0%
0 50 100 150 200
(Ppb)
(3-25) Cr(tfa);
7. 0.5M NaOAc pH=6.0
8. 29mL 20ppb Cr** 1mL 1M
0. 100u L
10. 75~80
11. 50

12. 1000 rpm 20

27



Htfa Al(tfa)s

Cr3+ Cr3+
(3-6) Cr(tfa)s
cr 5 3
0.57 600
uL 1.10
SPE
cr® 1 5
0.5 mL/min SO H*
(3-7) SPE
0.93 SPE

344

NIST

28



(3-6)

cr Al Crt AP |Htfa Cr(tfa)s*
No.|  (ppb) (ppb) (b L)
(W V' sec)
1 20 0 1 0 100 380098 1.00
2 20 20 1 1 100 205040 0.54
3 20 20 1 1 200 385582 1.01
4 20 100 1 5 100 88080 0.23
5 20 100 1 5 300 217804 0.57
6 20 100 1 5 600 417868 1.10
* Cr(tfa)s 3
(3-7) SPE
cr*t Al Cr®*  APFf| SPE | Cr(tfa)s*
No. | (ppb) | (ppb)
(M V' sec)
1 20 0 1 0 N* 430765 1.00
2 20 100 1 5 N 142017 0.33
3 20 100 1 5 Y* 401816 0.93
* Cr(tfa)s 3 N SPE Y SPE

29




24

NIST 1643c

NIST 10% HNO; cr**
2.5.4 (3-26) NIST
(3-8) NIST
19.0+ 0.6 ppb
19.6+ 1.7 ppb 101%
255
(3-27)
SAS
1032 ppb
NIEA M104.00T
915 ppb ()
ICP



200
150
100 -
1
] ,q
50 - /
' |
] N 2
_MhNWw oy, wyjl\wf\w -
0 [ L R LU LU [ e
0 1 2 3 4 5 7 8 9 10
min

(3-26) NIST(1643c)

31

1 trans-Cr(tfa);
2 cis-Cr(tfa);



(3-8 NIST (1643c)

(A) Certified Concentration of Constituent Elements

Element Concentration(u g/mL)
1.Cadcium 36.8+14
2.Magnesum 9.45+0.27
3.Sodium 12.19+0.36

Element Concentration(ng/mL)

1. Aluminum 114.6+5.1
2. Arsenic 82.1+1.2
3. Barium 49.6+3.1
4. Beryllium 23.2%+2.2
5. Boron 1190x1.4
6. Cadmium 12.2+1.0
7. Chromium 19.0+0.6
8. Cobdlt 23.5%+0.8
9. Copper 223128
10. Iron 106.9+ 3.0
11. Lead 35.3+0.9
12. Lithium 16.5+1.0
13. Manganese 35.1+22
14. Molybdenum 104.3+1.9
15. Nickd 60.6x+7.3
16. Rubidium 11.4+0.2
17. Sdenium 12.7+0.7
18. Silver 2.21+0.30
19. Strontium 263.6+2.6
20. Vanadium 31.4%+2.8
21. Zinc 73.9+0.9

(B) Uncertified Certified Concentration of Constituent Elements

Element Concentration
Potassium 2.3y g/mL
Bismuth 12 ng/mL
Tellurium 2.7 ng/mL
Thallium 7.9 ng/mL

32



L
2
1
1
- R
5 10
minute
S
-Cr(tfa);
2 cs-Cr(tfa);
(3-27)
1.
2, 8 ppbCr**
3 16 ppbCr**



polyimide SPME
Htfa cr¥ GC/FPD 30 mL
20ppb Cr** pH=6.0 100u L Htfa
75~ 80 50 polyimide DI-SPME
20 Al
Cr(tfa); Be Fe
RSD  11% (n=5) 5~150
ppb (r=0.87) 3 ppb
- [ —0.020 mg/L( 20 ppb)
6-7
-ICP [7e] (7 ppb) SPME
LLE GC/FPD 3
GC/FPD
SPME LLE



cr

GC

crt

SPME

SPME

Cr(tfa),

(

ECD)

75 85

1mL

GC/FPD

polyimide

Htfa

GC/FPD

SPME

Htfa
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