Inovace vzdélavani v chemii na P¥F MU .
, o e Problematika
Projekt CZ.1.07/2.2.00/07.0436 v ramci OP Vzdé&lavani pro konkurenceschopnost

predmét , Trendy v analytické chemii* stopové a ultrastopové prvkové analyzy

Cisté prostory
Cisté laboratore

* hlavni a minoritni sloZzky 100-102%
Laboratore pro stopovou analyzu . stopové pFimési =104 % (ppm)
Bohumil Docekal ac * ultrastopové primési <107 % (ppb)

Ustav analytické chemie AVCR, v.v.i., Brno rmo
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Zdroje kontaminace a ztraty analytu
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Vztah mezi po¢tem castic v objemové
Jjednotce znecisténého vzduchu a jejich
hmotnostni koncentraci
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Rezim proudéni vzduchu v cistych prostorech

horizontalni laminarni proudéni
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filtry umistény ve sténé, vzduch
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vzduchu pres dérovanou protilehlou sténu
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Prurez ¢istym prostorem a jeho vybavenim / pracovisti
Schéma proudéni vzduchu

HEPA Modular Blower
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Koncepce Cistého prostoru

* ucel (pro jaké operace ?, ochrana vyrobku/vzorku, ochrana
personalu, resp. oboji — provoz mikroelektronického, farmaceutického
pramyslu, specialni laboratore pro stopovou analyzu a klinickou
biochemii, operacni sély)

« operace (vazZeni, priprava vzorku, rozklad vzorku, méreni, chirurgicky
zakrok ...... )

« jednotliva pracovisté (tfida cistoty, priorita operaci, GLP/GMP,
ocenéni rizika kontaminace/ohroZeni obsluhy ....... )

» hospodadrnost provozu (spotfeba energie na topeni/chlazeni,
zvihc¢ovani, recirkulace vzduchu, odvod balastniho tepla a toxickych
vypart/zplodin .......... )

« technologie (cistota vzduchu, pocet vymén vzduchu v mistnosti za
urcitou dobu, filtrace vzduchu, fizeni teploty/vihkosti vzduchu, odvod
balastniho tepla z technologii, odtah nebezpeénych zplodin,
prostorové moznosti, servisni prostory, mezioperacni sklady,
pretlakovy rezim a tlakovy spdd mezi jednotlivymi souc¢dstmi Cistych
provozii)

Aerodynamické poméry v proudicim vzduchu

rychlostni a turbulentni profily pod filtry v riznych vzdalenostech od filtru bez a
s usmérriovaci proudéni

Lamindrni boxy /digestore (flow box, clean bench)
s integrovanymi HEPA filtry a popr. odtahy
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vertikalni laminarni box

horizontalni lamin&arni box
bez ochrany obsluhy

vertikalni lamindrni box
s ochranou obsluhy a
odtahem $kodlivin

Laminarni boxy /digestore

BIOFUME HOOD™

vertikalni lamindrni box
se zdvésem

vertikalni laminarni box

Obleceni — specialni odévy

CLEANTEX ¥

plasté, kombinézy, dvoudilné odévy, kap Pi

sitky, ndvleky na obuv ...




Zdroje kontaminace a ztraty analytu
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Pfiprava a distribuce cisté vody

£
0 g i
= air volatilization
% : / g
- R ]
- 3 o
£ ” @
f = .
- desorption -] adsorption
0
! water
flame —
Priprava cistych kyselin popfF. organickych
rozpoustédel ,,podvarovou (subboil) destilaci
Kvalita ¢isté vody
|
Type* Ultra Clear ... === uv plus.
Ultrapure water specifications.
Output** upto Wimin 2 2 2
Conductivity at 25° C psiem 0.055 0.055 0055
ity at 25" C Mocm 182 182 18.2
TOC ppb 5=-10 =1 5=10
DMNase, RNase, DNA - = °z
Bakteria cfwimi <1 <1 <1
Elmi - - <0.001
Particles > 0.1 ym permi <1 <1 <1
Feed water specification
Feed water pressure bar 0.1-5 0.1-5 01-5
Feed tivity pSem <20 <20 <20
ToC Ppb <50 <50 <50

Priprava cistych kyselin (HF) ,,podvarovou* destilaci

Design

1 Distillation vessel out of PTFE

2 Fluid to be distillated

3 Funnel tube with siphon

4 Heating radiator coated with PTFE

5 Thermosensor

& Cooling bar with water connections
7 OQutlet channel for distillate

8 Outlet tubing with dust protection
9 Locking stopper

Technical Data:
Volume: max. 500 ml

distillating performance depending on
fluid and heating rate max. 20 — 40 ml'h
heating radiator: 0 = 300°C, 2 x 150 Watt
dimensions: hxwx d 320 x 450 x 180 mm

Necistoty v kyseliné dusi¢né (ppb)




Zdroje kontaminace a ztraty analytu
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Rozklad vzorku v tlakovych nadobach

UltraWave (milestone, italy)
UltraWAVE

Transforming Microwave Digestion

Rozklad vzorku v tlakovych nadobédch
UltraWave (mitestone, Italy)

reakéni nddoba TFM/PTFE
objem 990 ml

vykon magnetronu 1500 W
max. tlak 199 bar

max. teplota 300°C

vodni chlazeni

Rozklad vzorkdu v tlakovych nadobach
UltraWave milestone, Italy)
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Cisténi nadobi
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Pfima analyza pevnych vzorku

Elektrotermickou AAS
Bohumil Doéekal jac
Ustav analytické chemie AVCR, v.v.i., Brno rmo
.-‘ v NE

Schéma mikroelektronické cely a jeji materidly

R Package material

Si N,
Interconnect
Al

Planarisation
Passivation
SigN,

1
Mo, W, Ta, Nb
- silicides

Gate oxide

- Polysilicon

Capacitor Twm

kovy ve VLSI-technologii (gate material)
6N high purity molybden (99.9999 %)
(sputtering targets pro plasmovou technologii)

poZadavky:

* ,,téZké kovy*“(cu, Fe, Mn, Ni, Pb, Zn ....) - max. 102 ppb
(junction leaks)

* mobilni ionty (Li, Na, K, Mg, Ca ...) - max. 10" ppb
(additional doping effects)

« radioaktivni specie (u, Th.)- pod 10° ppb

(ionization effects)

Priklad - stanoveni Mg v hp Mo, hp MO,
rozklad na mokré cesté v HNO; + H,0, v lamindrnim boxu tfidy
Cistoty 100, n =5

[ blanks
I blank average + 3x ad.
[ sample Al
LODs (ppb) b :
Ca 500 '
K 200
Mg 100
Na 200 7

sequence




stanoveni kritickych necistot v kyseliné tereftalové
(rozklad: 0.2 g vzorku + 3 ml konc. HNO, / 10 ml roztoku)

stanoveni kritickych necistot v kyseliné tereftalové
po vylouéeni odlehlych hodnot - vysledek 0.56 * 0.22 ppm Fe

blank: 0.32 £ 0.12 ppm sample: 0.88  0.18 ppm

— 2
5
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blank No. sample replicate No.
7
SO SLER rozklad vzorku

PozZadavky na cistotu TiO,

Cistota pro potravindrské technologie, farmacii, kosmetiku
aditiva do cigaretovych papirku a viskosovych vlaken, atd.

Maximalni obsah stopovych prvku podle Evropskych norem

koncentrace necistoty v mg/kg (ppm)

Typ produktu | As | Cd | Cr | Hg | Pb | Sb | Zn
food 3 /1|20 | 1 |10 | 50 | 50
pharma 3 {0510 | 05|10 | 50 | 5
paper 3 /1|20 | 1 |10 | 50 | 50
paper fine| 3 1 /20| 1 |10 | 50 | 50
fiber 301 20| 1 |10 |3% 50

0.2 g TiO, + koncentrované kyseliny
3 ml HF, 4 mI H,SO,, 1 ml H,0,
finalni objem: 10 ml

s

T, p, P - zaznam

Uniclever microwave digestion unit
( Plazmatronika, Wroclaw, Poland )
20 min, vykon 100 W (max. 2.6 MPa, 250°C)

Koroze grafitovych soucasti atomizatoru
kyselinou sirovou a fluorovodikovou
Rozklad vzorku:

0.2 g TiO, + koncentrované kyseliny
3 ml HF, 4 ml H,SO,, 1 ml H,0,

finalni objem: 10 ml
alikvoty vzorku: 10ul

\ u

lodi¢ka

-

dfrhy vychdzejici z atomizatoru

Spektralni interference vyvolané
kyselinou sirovou a fluorovodikovou

Rozklad vzorku:

0.2 g TiO, + koncentrované kyseliny 2000
3 ml HF, 4 ml H,SO,, 1 ml H,0,
finalni objem: 10 ml

alikvoty vzorku: 10ul 15

20

4500

% o 1000 %
Sb 217.6 nm
ddvkovano: 2.5ul 05

(LOD > 5 ppm) 500
0o]

podobné vysledky pro
As 193.7 nm -05 0
davkovano: Sul % Timze - "
(LOD =25 ppm




» ddvkovdni suspenzi (slurry sampling)
- praskovité vzorky
- priprava reprezentativnich suspensi (1-5%)
- rozloZeni aglomeratu ulrasonikaci
- homogenizace a stabilizace suspenze béhem
odbéru/davkovani alikvoti

- davkovani mikropipetami nebo béznymi
automatickymi davkovaci

» ddvkovdni pevnych vzorkii (true direct sampling)
- razné typy nosict vzorku (miniaturni lodicky,
kelimky, platformy)
- vazeni vzorku
- vneseni do atomizatoru (manuadlni, robotizované)

» davkovani suspenzi
- méreni redlnych slepych pokusu v dispersnim mediu,
moZnost Fidit arovern slepych pokusu
- detekcni limity Ize vyrazné snizit
Priklad - analyza hp MoO,

LOD (ppb)
Analyt rozklad suspenze
Ca 500
K 200
Mg 100
Na 200

B.Docekal, V.Krivan: Determination of trace elements in high purity molybdenum trioxide by slurry sampling ETAAS.
- J.Anal.Atom.Spectrom., 8, 637-641 (1993).

homogenizace a stabilizace suspenze

Miniaturni michacka

turbinka pohanéna
vzduchem nebo vodou

magnetické valecky

modifikace nosice

nadobek
B.Docekal, A simple stirring device for slurry sampling If in atomic
y - J.Anal.Atom. ., 8, 763-764 (1993)

homogenizace suspenze ultrazvukem (ultrasonication)

Bl '™ ™

P-E USS 100 Ul ic Slurry S ling S

homogenizace suspenze ultrazvukem (ultrasonication)

davkovani

oplach

homogenizace

P-E USS 100 Ultrasonic Slurry Sampling System




* pfimé davkovani/vnaseni pevného vzorku - historie

* pfimé davkovani/vnaseni pevného vzorku - historie

% platformy
Gruen-Optik Pye Unicam kelim ky
& Thermo Jarrell Ash
Perkin-Elmer é

Carbon _ \ :
rd cp
Hitachi

Varian

B.Docekal, V.Krivan : ination of trace i ities i

in metal and silicides
by solid sampling GFAAS. - Spectrochim. Acta 508, 517-526 (1995).

* primé davkovani/vnaseni pevného vzorku - historie

* pfimé davkovani/vnaseni pevného vzorku

3-field mode Zeeman-effect BG-correction system

B.Docekal, V.Krivan : Dt ination of trace i ities in metal and silicides
by solid sampling GFAAS. - Spectrochim. Acta 50B, 517-526 (1995).

Detail davkovaciho zarizeni SSA 6 s manualnim oviladanim v pozici
stand-by Lodicka se vzorkem

4

analytikjenaAG




primé davkovani/vnaseni pevného vzorku

nosié¢ vzorku

roboticky ménic vzorki
s integrovanou
mikrovahou a
prenosem dat

roboticky ménic vzorku s integrovanou mikrovahou a pfenosem dat

analytikjenaAG

Novy robotizovany systém SSA 600
s moznosti chemické modifikace vzorku

Autc izovany systém s 84 pozit i a integrovanou mikrovahou, automatickym
ddvkovacem kapalin (standard, modifikator), integrovana stanice pro oplachovani

insertion of solid samples
How to manage blanks ?

boats

platforms
/ Gruen-Optik Pye Unicam

cups
ﬁ j /gﬁ =
& Thermo Jarrell Ash
Perkin-Elmer

RS
-l- Hitachi

Varian

New design of the two-component atomizer for solid sample analysis

Injection hole ‘ sample carrier

@31
sample w Insertion [
carrier "7 O e e ) e IR j

| e |

B.Docekal: A new design of the two-component atomizer for the direct determination of medium
and volatile elements in high-purity solid y metals by electr atomic absorption
spectrometry. - Spectrochim. Acta, Part B, 53B, (1998) 427-435.

Direct Solid Sampling AAS
New design of the two-component
atomizer for solid sample analysis




New design of the two-component atomizer for
solid sample analysis

true insertion of solid samples - contamination problems
two-component versus conventional atomizers

0.21 I Frran
rephcate No, cup technique
3 ./
o 5§ 678 810
b0 kwaLer\-J-u—*”wd LODs
2 | 175pana abs.  in Mo~
- || et boat technique Elem. (pg) (ppb)
e, |
o I 5/ Ca 13 0.3
2o Bl lor 0220 X i e aen e || 34 004
< 0 \."\.W.A/‘MNJN-,/\..»--,J-_.J"\ : :
oz Mg 0.75 0.05
ol Mn 12 0.15
| replicate No.  pwo. component atomizer Na 1.8 0.03
e | 2 e e e Sy LA 0.06
- et s e o S P " S * Max. sample portion of 50 mg
o time / s 0

“Problems” of direct solid sampling AAS ?

refractory matrix, “heavy” matrix (Al, Si ...)
that cannot be removed during pyrolysis step or clean-
out step

consequences:

- build up of residue - atomizer should be cleaned, exchanged,
otherwise analytical tube lifetime is significantly reduced,
interference in beam path, matrix modification is less efficient

- spectral interference - high background attenuation, structured
spectra of background, occurrence of systematic errors,
optimization procedure is more difficult, sophisticated
instrumentation is necessary to obtain reliable data (Zeeman-
effect BG-correction system, HR CS AAS)

 refractory matrix i
build up of residue ~ TiO; samples o)
vs. clean out temperature - T

high temperature treatment

above 2000°C

formation of Ti-carbide phase,
maximum boat life time 30 runs

due to creeping effect of the r
TiO,-TiC-liquid phase (m.p. 1855°C)

low temperature treatment
below 1900°C ‘
tube and boat life time >1200 runs

B.Docekal, B. Voj(kova Determination of trace impurities in titanium dioxide by direct solid sampling electrothermal
atomic y- im. Acta, Part B., 62 /3/ 304-308 (2007).

* refractory matrix

is it possible to vaporize/atomize the analyte from the refractory matrix ?!!
boiling , decomposition points are very high

Mo - radiotracer study

MoO, spiked with tracers reduced in hydrogen atmosphere
some of the analytes are excluded from the crystal lattice to the surface and can
be subsequently atomized

Percentage of residual analyte

temp.°C % analytes

2100 <2 Na,K,Cu
2300 <5 Rb,Cs,Zn
2500 <10 Sr
2700 <10 Ba

>10 As,Co,Cr,Fe,Ni

B.Docekal, V.Krivan : Dt ination of trace il metal and silicides
by solid sampling GFAAS. - Spectrochim. Acta 50B, S17-526 (1995).

 refractory matrix
is it possible to analyze compact pieces of the
refractory matrix 21!

Interaction of the sample with additives (graphite ........)

Example 534 £0.76 uglg

5.18 + 0.53 uglg 540+ 058 uglg

titanium - sputtering target

sample is cut, etched, mixed with C,

titanium reacts during atomization
step exothermally with graphite
forming carbide,

analytes are released and measured

30em

H.M.Dong, V.Krivan : A solid sampling ato y method for direct
determination of silicon in titanium pieces - J.Anal.Atom. Spectrcm 18, 367-371 (2003).




* refractory matrix

build up of residue - atomizer should be cleaned, exchanged,
otherwise analytical tube lifetime is significantly reduced,
interference in beam path

L¥e t 0.2 ng Fe
Example il | = v ng
120 replicates, & 0.2 mg MoO, F |‘I. replicate 40.2 mg MoO,
T ’ : é |II 34™ fun
< {\ [ 120" run
ol d N T e
o timery 10
03 [ 0.5 ng Co
| eplicate 402 mg M
;_ | ] replicate 4 0.2 mg MoQ,
5;‘ | |I'l 34" run
: | |I iy .!\
o i- e b la*(
L] Hime/s 0

B.Docekal, V.Krivan: Halogen assisted cleaning after-treatment in graphite furnace a.a.s. for analysis of
molybdenum based materials. - Anal.Chim.Acta 279, 253-260 (1993)

* refractory matrix

removal of matrix - atomizer should be cleaned / boat changed
tment - volatilization of matrix residue

Freone - isted after-tr
chemical modification in gaseous phase
0.3 0.5ng Co
" 75" run
Furnace & gas program . % run K it e trastrgs
step gas composition 3 | EC— |
. § \ I\
drying argon E [N SISl
pyrolysis argon + hydrogen Sl

atomization  argon + hydrogen
cool-down argon
after-treatment

at specific argon + Freone
temperature  (CCl,, CF,, ...)

blow-out argon + hydrogen
clean-out argon
cool-down argon

B.Docekal, V.Krivan: Halogen assisted cleaning after-treatment in graphite furnace a.a.s. for analysis of
molybdenum based materials. - Anal.Chim.Acta 279, 253-260 (1993)

» spectral interference

Zn 213.8 nm 0.5 mg SiC matrix

Dz-compensation system Zeeman-effect compensation system

as-pooz iy 3 zAA0S —=
Ba0a /\ : [
e e :
Fe 252.7 nm 0.1 mg SiC matrix Fe 248.3 nm

Dz-compensa(ion system

aa-s002 —

SSA 600 assisted insertion of solids & HR CS AAS

Absorbance

Wavelengih (nm) 55" %

Fig. 6. Absartance over time and wavelengeh far a biscuit sample in the vicinity
of Cd reconance |ine at 226812 o pyrolysis cemperaturs: 700°C. atomis arion
temperaturs: (700°C for Cdand 2500°C for Fe.

B.Welzetal. ..................

Lisia M.G. dos Santos, Rennan G.O. Araujo, Bernhard Welz, Silvana do C. Jacob,
Maria Goreti R. Vale, Helmut Becker-Ross: Talanta 78 (2009) 577-583

“Problems” of direct solid sampling AAS ?

* calibration
lack of standards, RMs, CRMs, preparation of standards
is complicated or even impossible

consequences:
- occurrence of systematic errors

» homogeneity of the sample
lack of information about the homogeneity (distribution
of the impurities in the sample), what portion of the
sample is representative for the reality

consequences:
- bad reproducibility, occurrence of systematic errors

Calibration

method of internal laboratory

TiO, samples reference samples

Various samples - element Pb
1.0
standard addition 3 ¥=0.0807+ 00641
R* =0.9799
method 1
4
— i
g 0.0 +
0 2 4 6 8 10
0.1 ng Pb/1mg TiO,
v =0.0824x + 0.0152
omee Various sample mass - sample FIS
LT s 2s ! % med pg) " %
202 02
o H
m As (ng) 2
R y=00177x+ 000941 *
H R?=0.9904
£00 + + + + + 0.0|
0 4 5 8 0 12
mTi0, (mg)




Calibration

Zeeman effect 3-field dynamic mode high value 0.8 T

* homogeneity — ,,fractionation” study

2 | Fe - nuggets ‘ 2
- jena fow value 0.5 ! J pomEs
i aliquots /
Sample LAB, Element Sb Ti0, LAB 1.4 mg 15 e
slurry — L
gs +low 05T 0.2 mg MoO,
54 2 {1 [
2 +high 0.8 T 1 1
23 dissolution — I
g ) y =0.4263¢+ 00404 @ 0.5 g MoO, J /
2 R’ =0.9641 | = -
gn 1 W - | Q s — o | 7 .
o = i . . .
00 05 10 15 20 25 0 25 [
mTiOz (mg) Time [s] L“
s i
1. 2 3 4 8 1 8 34
slurry - pot No. sample solution
B.Docekal, V.Krivan: Determination of trace elements in high purity molybdenum trioxide by slurry sampling ET
AAS. - J.Anal.Atom.Spectrom. 8, 637-641 (1993).
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Bohumil Docekal
Institute of Analytical Chemistry, Czech Academy of Sciences v.v.i.
Veveii 97, CZ 60200 Brno, Czech Republic
e-mail: docekal@iach.cz




