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The Need FET

» Many labs wish to run more than one application on an expensive and sensitive
analytical system such as a GC-MS.

» To do this, they must either:

Purchase more than one system
= Expensive
= Requires more bench-space
= May be under-used

Swap columns and conditions
Time consuming

Prone to mistakes

Stresses system

Affects sample throughput

»  Application switching offers convenience and ease of use without the significant added
cost or increased bench-space requirements of multiple systems.
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The Application Switching Concept KA
Column 1
Injector 1
Flow Transfer Line =
Switching

Device
=]
Detector

Injector 2

Column 2
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The Design Approach to
Application Switching
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Mechanical Switching Valve At

» High thermal mass - causing thermal lag

» Limited temperature limit — restricts
application

» Moving parts — may wear and leak
» Metal surfaces — risk of activity
» Large internal volumes - risk of dispersion

» Causes flow disruption — baseline artifacts
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I ——
» Simple — doesn't need many parts
» Low thermal mass — no thermal lag

» Low dead volumes — gives good peak Input A
shape |

» Easy to deactivate — high inertness Output

—

> Both columns always active — possible | —
increase in column bleed and other
contamination

»  Qutput flow rate increased- may give Input B

problems with the MS
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Pressure Controlled T-Piece PoridnEimer

» Column is deactivated by dropping its inlet
pressure

»  Simple — doesn't need many parts

» Low thermal mass — no thermal lag

» Low dead volumes - gives good peak shape
» Easy to deactivate — high inertness

» Only one column is active — other is
backflushed. No increase in bleed etc.

» Flow rate into detector only increased slightly
—good for MS

> Sample from active column is splitinto
inactive column - loss in effective sensitivity
and cross-contamination issues
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The Traditional Deans’ Switch .

. o . Output A
» The simple switching of a solenoid |

valve directs the input flow between
two outputs

» Low dead volumes

» Low thermal mass

Output B
» No moving parts

» Fast response

» |nert

» No disruption to flows

_

Output B
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The Reversed Deans’ Switch FET

» The simple switching of a solenoid
valve directs the output flow between
two inputs

» Aninput is made inactive by dropping
its pressure slightly (e.g. by lowering
the pressure at the column injector)

Input B

» No disruption to detector flow
InputA

» Pressure balancing is not so important
as long as the Golden Rule is
observed: the flow from the active input
must be less than the output flow.
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The Swafer Technology R

Ports 1,2 and 6 are
configured according
to application GR o2

Ports 3 and 5 are \I IJ

inputs for switching

- N (Y

Integrated by-pass
restrictor
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Swafer Technology KA

» About the same size as a US 5-cent coin
» Layers are 80um thick

» Channels are laser-fabricated to different
widths down to 50um

» Channels are chemically deactivated
» Easy to remove and replace

» Low effective thermal mass holder

13
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Demo Animation R

D-Swafer™Technology - Inlet Switching

P3

|_|_

Injector A

Restrictor

Detector

Valve Position A ”m

P2 Data From Detector
u Restrictor Swafer Column
P1 Low Pressure - V
. : PerkinElmer
= _ | Sampling Device For the Better
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Example A
Simple HS/GC/MS Methods
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Example A - 3 Simple Applications on 1 GC/MS At

» PAH Analysis
Liquid extraction of liquid or solid matrix
Liquid autosampler introduction of extract
Thin Film Column

» Nonylphenol Analysis
Liquid extraction
Liquid autosampler introductions of extract
Thin film column

» Trihalomethane Analysis
HS Analysis of Water
Thick film column
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» PAH to be calibrated between 0.2 - 10 ug/mL
» Nonylphenol to be calibrated between 5 - 50 ug/mL

» Trihalomethanes should have a quantification limit of 1.0 pg/mL

» |t should be possible to switch between HS Trap analysis and liquid injection in a
sequence automatically — unattended.
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Conditions for PAH Analysis At

. . 30m x 0.25mm x 0.25um Elite-5MS
Split/Splitless

Injector
| P D-Swafer
Helium // =
Pressures 20.0 L AAA
in psig \ 0.1mm Fused
AN y Silica Restrictor -

TurboMass MS

Oven 50(1)-20-320(5)

__J R ___

30m x 0.25mm x 1.0um Elite-1IMS
TurboMatrix HS-Trap
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Software Tool to Aid Method Development Periintimer

i Swafer Setup Utility. - D7 Configuration

General
o | Column 1 Carier Gas [Hafium
njector Length an m
Ambient Temp [ 250 °C
Length/Type [Cap - ; :
- . id 250 E.:h_ Ambient Pressure [ 14 53 psila) P_
p 300 Flaw 1.42 mbLdmin .

. Pressure Units psi -

Tranzfer Line [ Lack [~
Length cm
id _.:jl_
Restrictor
Length B0.0 EM
P | i g _.5._“_ Detector
Fressure 291 psilg) Flow 1.85 mL/min Length/Type [ps -
-~ Lock Flow [~ Ve 250 '
PPC 3 ﬂ H ﬁ
Prezsure 20,0 Ppsilg)
PPC 2
Prezsure 19,0 Psilg)
Injector 2
Length/Type [Cap - Oven _|
Temp 300 T Column 2 Teme SR
Transfer Line
r Length an m
Length it d oE0 E.:b
id ] i
|_ Flow | .0.14 mLmin Print 7 Help 7 Eit 7
Lock Flow [
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PAH Analysis e

1004

PAH Standard (0.2 ug/mL)

B %%

:_ |

o O O B e e e e e s e e s (1]

5.50 7.50 9.50 11.50 13.50 15.50 17.50 19.50 21.50 23.50 2550
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PAH Quantitative Performance F A

PAH 1 2 3 4 5 % RSD (n=5) r2
benzo(b)fluoranthene 0.2 0.4 0.8 2 4 1.9 0.9935
benzo(K)fluoranthene 0.2 0.4 0.8 2 4 2.2 0.9986
benzo(a)pyrene 0.2 0.4 0.8 2 4 3.2 0.9998
indeno(1,2,3-cd)pyrene 0.4 0.8 1.6 4 8 7.3 0.9985
benzo(ghi)perylene 0.2 0.4 0.8 2 4 5.3 0.9995
. ; Compound & name: Bensola)pyren
e o oaaus Correlation coefficient r = 0.899905, 2 = 0.999810
Calibration curve: 0.739608 * x +-0.0133896 Callbration curve: 08853077 + -0, 0445758
Response type: Internal Std [ Ref 2 ), Area = { 1S Canc. / 1S Area ) Response type: Internal std { Ref 2], Area * (15 Conc. /15 Area |
Curve type: Linear, Origin: Exclude, Weighting: Mull, Axis trans: MNaor Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: Nor
2.95- 3.1
Response- Response-
0011 34 - e GO -0.0446 ¥ e Cone
oo 05 10 15 20 25 A0 35 40 00 05 10 15 20 25 30 35 40
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Conditions for Nonylphenol Analysis At

. . 30m x 0.25mm x 0.25um Elite-5MS
Split/Splitless

Injector
| P D-Swafer
Helium // =
Pressures 20.0 L AAA
in psig \ 0.1mm Fused
AN y Silica Restrictor -

TurboMass MS

Oven 65(1)-18-320(10)

__,_ W ___

30m x 0.25mm x 1.0um Elite-1IMS
TurboMatrix HS-Trap
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Nonylphenol Performance At

Cormpound 1 name: Monylphenol
Correlation coefficient r= 0999812, r2 = 0.999523
Calibration curve: 54330786 *x +-1.60934e7
Fesponse type: External std, Area
Curve type: Linear, Origing Exclude Weighting: Mull, Axis trans: ko
2.50e8 s
100- .
Nonylphenol STD 4 ]
Response |
o ]
. 5-50 ug/mL
0 L I L B B L DL B I L I I I BN I I UL I I IR LN LR -1.81e7 ___h_ﬁ_m________#_h__m_______m_h_ _m_______m_h__m______b_b__m___ Conc
191209_013 : : : : :
TIC
1007 1.5788
Nonylphenol STD 1
n o 16.83
10.28
Wit __

0 LR UL BRI N BLELELELEN ILULALL BLLELELE BLNLELRL BLURLRLELEN BLNLELLE BLALELELEN BURLILELE B BLALELLE NLELRLALE BLALELELE BLELULEL BLLALELE BUELULELE BLRLELELE BLELILELE BLRLELELE BLRLLELE BLELILALE BLELRLL I Time

5.65 6.6 7.68 §.68 9.65 10.65 11.68 12.65 13.65 14 .68 15.65 16.6G 17.68

24



[ Bg

Conditions for Trihalomethane Analysis PeridnEimer

. . 30m x 0.25mm x 0.25um Elite-5MS
Split/Splitless

Injector
| P D-Swafer
Helium // =
Pressures 20.0 L AMAA
in psig \ 0.1mm Fused
AN y Silica Restrictor -

TurboMass MS

Oven 35(2)-10-110(0)

__,_ W ___

30m x 0.25mm x 1.0um Elite-1IMS
TurboMatrix HS-Trap
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Trihalomethane Analysis F A

SIR, 10 mL (H20), 0.5 ng/mL trihalomethane standard

- 1,1,2-trichloroethane (IS) TI0

100 1.21eh

Chloroform

Bromodichloromethane

Chlorodibromomethane Bromoform

0

SN RMES=3122.12

4.45 5.45 5.45 745 5.45 545 1045
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Trihalomethane Analytical Results R

Compound 4 name: Klorodibromometan

IZorrelation coefficient: r= 0.999553, 2 = 0.999127

ICalibration curve: 00838721 * % +-0.0405423

Fesponse type: Internal Std ( Bef 3 ), Area * (15 Conc. /15 Area )
Curve type: Linear, Origin: Exclude, Weighting: mull, Axis trans: Me

8.95

Cormpound S name: Bromoform

Caorrelation coefficient: = 0.999334, 2 = 0.999559

Calibration curve: 1747 19 % +-3858.607

RESpONSE type: External Std, Ares

Curve type: Linear, Origin: Exclude, Weighting: Mull, Axis trans: No

1.76854

|_H__”_h._”_m 1 1 1111 11711 __U_H__.u__u lmm@ L B LB _O_H__.-__U
0.0 a0.0 100.0 0.0 a0.0 100.0
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Switching between Liquid and HS Injection At

° | TurboMass - Swafer - Swafer
Fle Edit Samples Run  Miew Quantify  Configure GC Tools Help
2| (E| S| »|m|o] G|oTF| £lm|mewmE g %[E@) AlelE] o] L8] =[]
GC File Mame _ M5 Method _ M3 Tune File _ G Methad _{a_ t __3_25_ Sample ID _ File Text _ Conditians
B3 |031.209_002 THKO3 TESTO Swafer_chasl005 10 B THH std 0.5 ng/mL
9 E B4 |091209 003 THMO3 TESTO Swaler_chasl005 11 B THH ztd H20
Dven Temg B5  |031209_004 THKOZ TESTO Swafer_chasl006 12 B THH std 0.5 ngsmL 10 mL splitt
mm 50°C EE
General Status b7
[Run Done | Eo 031203 aar FIMEC e TES 101 1) (-1 =10 ] T ] & [0 )=t i) =T T AT gene
B3 [091209_008 Fullzcanil TESTM Swafer_chBel_nonplphOl g B Maorlphenal Std 4 49 ug/mlL
BE St 70 [091:209_009 Fullzcanil TESTOM Swafer_chBsl_nonylphOl 9 B Maorwlphenal Std 2
_H_ 1 (091209_010 Fullzcanil TESTM Swafer_chBel_nonplphOl 10 B Maorlphenal Std 3
72 |091208_011 Fullzcanil TESTOM Swafer_chBsl_nonplphOl 11 B Maorwlphenal Control
3091209012 Fullzcan TESTO Swafer_chBzl_nonpliph0l 12 B Monylphenol Std 4
MS 74 |091209_013 Fullzcanil TESTO Swafer_chBsl_nonplphil 13 B Marlphenal Std 1
@ Operate E 5 |031209 014 FPaHSIFI0Z2 TESTO Swafer_chBsl005 1 B PaHSid Std1
76 |091209 015 FaHSIFID2 TESTO Swaler_chBsI005 1 B PAH Std Std1
0 Pressures
. 7 |031209 016 FPaHSIFI0Z2 TESTO Swafer_chBsl006 1 B PaH Stdl Std1 05wl inj
® Filament 78 |091200 017 P&HSIFID2 | TESTOI Swafer_chB007 1 B |PaH Stdl Std 1 1.0 uL splitt 30 mLAmin
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Switching between HS and Liquid KA

» HS Trap run of

ooy 13:47:23 T gﬂwm__m trihalomethanes standard
(1.0 ng/mL) followed by a
liquid injection of PAH
] standard 3.
» HS Sample injected at 13:47
»  Liquid sample injected at
, | 14:10
R S T S T A e - e e M T Time difference 23 minutes.
ha1355_006 P ——— . Imm.Qm_umom ._u_\m.b method run
L I 14:10:29 3 56e1 time 18.8 min.
»  GC oven cool down and
liquid autosampler wash
b o cycles = 4.2 minutes
o _T______F?____?_F__._._Bm
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Example B
US-EPA Methods 8260 & 8270
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System for Switching Between Methods 8260 and 8270 KA

» 8260: Determination of VOCs by Purge & Trap and GC/MS

» 8270: Determination of semi-volatiles by liquid injection and GC/MS

31
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Conditions for 8260 Analysis

. . 30m x 0.25mm x 0.25um Elite-5MS
Split/Splitless

Injector

Helium =
Pressures ( 210 L AMAA
in psig \ 0.1mm Fused

Silica Restrictor
E

TurboMass MS
Oven: 40(2)-10-100(0)-15-240(3)

20m x 0.18mm x 1.0um Elite-624
Aquatech P&T
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Volatiles 8260 Chromatogram KA

100+

gl

o AWIAJLUN LI JVURUUITC LWL UL L JUUL

1253

L e B e i sl 111
14.53 16.53 18.53
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4-Bromofluorobenzene (BFB) Tune Evaluation PerkinEimer

BFB
100 95
174
% 75
i EPA Report . .
T _mmm 624/8260 TEST Fesult _?a Passed H
50 NN/_ 94 Feference  Relative
wﬂwwhm o1 61 69 Nmm“_.mm \@@ Mass Mass Abundance  Criterion Fazz Fail Print Options
0 104 117 _ _ _ |COMBINE(304:307}{236) [Pass
P |
28 48 68 88 108 _m_u _mm _4 B.6% _vu 15% and <= 40% _Eﬁ -
_Hm _mm _ﬁ.mN _vu 30% and <= B0 _F._ﬁ F_
_m_m _m%_ _4 00z _u 100% _Eﬁ
_m_m _m_m _m.mm _vu B% and <= 9% _P.E
_ﬂ _E _g.mN _ﬂ 2% _F._ﬁ
174 95 78.6% » B0% and < 100% Pass
| | _ | |
175 174 B.4% »=5% and <= 9% Pass
| | | | |
176 174 97.9% 5 95% and < 101% Pass
| | | | |
_ﬁ__ _:m _m.mw _vu 5% and <= 9% _m_% -
34




Example 8260 Calibration Data (5 — 200 ug/mL)

Compound 11 name: 1,1-Dichloroethene
79.7

RSD% = 2.78
g
oo.o 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 No%.mc
286 Compound 19 name: Dibromomethane
RSD% = 1.87
e
oo.o 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0

35

200°8°

[ Bg

Compound 32 name: 1,3-Dichlorobenzene

209

RSD% =4.33
oo.o 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 mo%%w
“® " Compound 36 name: Hexachlorobutadiene
RSD% = 6.35
g
oo.o | 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0

PeriinElimer’
For the Better

208°8°
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Conditions for 8270 Analysis

. . 30m x 0.25mm x 0.25um Elite-5MS
Split/Splitless

Injector

Helium =
Pressures 20.0 L AAA
in psig \ 0.1mm Fused

Silica Restrictor
E

TurboMass MS

Oven: 45(0)-25-260(0)-6-300(7)

20m x 0.18mm x 1.0um Elite-624
Aquatech P&T
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8270 Semivolatile Chromatogram KA

100+

0/

cf r.z_l gfl{f LU A A S

11.07 | “_.m_ON | U_.N_ON

AU e s 11015
19.07 21.07
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Decafluorotriphenylphosphine (DFTPP) Tune Evaluation S S

DFTPP)
100 198
442
7 127
% 51 69 255
-
EPA Report _— = E
110
206 275 Tast _o_ﬂ% E25/8270 TEST Result _?m_ Passed E
107 WN@ 186 Reference  Relative
50 ) Mazs Mazs Abundance  Crterion Pazs/Fail Print Options
Nmow 167 224 244 256 206 _ _ _ _nazm_zm_mm%umﬂ 32488 _u&w
0 Am a7 148 wmm 32 _9 _A 98 _#m%\o _vu 0% and <= B0% _ummm
43 93 143 193 243 293 [68 EE [z oz [Pass
_mm _%_ _#m.m,,\o _zE TESTED _ummm
_3 _mm_ _D.mN _A 2% _m.ws,
_Q _am _mBN _vﬂao\o and <= B0% _ummm
_aﬂ __m_m _Do\o _A 1% _m.ws,
198 EPI 1003 =100 Pass
_ _ _ _ _

_am __m_m _m.NN _VumN and <= 9% _m.ws,
_m.a _am _MEN _vuao\o and <= 30% _u&w
_mmm _%_ _EN _v 1% _uma
_E _ﬁw _qm_mN _A 100% and > 0 _u.wm
_tm _am _m_wm,,\o _A 100% and » 40% _ummm

_tm _ﬁm _a.h_o\o _vu 17% and <= 23% _ummm —
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Semivolatile 8270 Calibration (10 — 80 ug/ml) R

124  Compound 5: 1,4-Dichlorobenzene : -
26.3 Compound 50: 4-Nitroaniline

RSD% = 7.88
RSD% = 6.84
g @
o g
(@]
Q.
(%]
Q
@
ug/Kg 0 ug/L
bo 100 200 300 400 500 600 700 800 0.0 100 20.0 300 40.0 50.0 60.0 70.0 80.0
: 54.8
36.9 Compound 23: 2 - Nitrophenol Compound 67: Butyl benzyl phthalate
RSD% = 8.79
RSD% = 7.02
b
5 o]
e Q.
2 (%3]
3 [3)
4 o
o
0 ugi, O ug/L
0.0 50.0 100.0 150.0 200.0 00 100 200 300 40.0 500 600 700 80.0
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Conclusions PoridnEimer

» The reversed heartcut switching technique based on this micro-channel wafer
technology is a highly effective means of switching applications between a single
MS as illustrated by these example environmental analyses.

» The technique reduces the need for multiple instruments to run multiple
applications or saves hours of otherwise lost time in venting the detector,
exchanging columns, etc.

> Analytical performance is not significantly affected.

» The system may also be used, without modification, to backflush late-eluting
unwanted sample material from either or both channels to further save time and
increase analytical throughput.



