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The Need

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


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

Colum
n 1

Injector 1

Transfer Line
Flow 

Switching 
Device

Detector

Device

Injector 2

Detector
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Mechanical Switching Valve

I
t A

High thermal mass -causing thermal lag

Li
itd t

t
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it 
tit 

Input A

Output
Vent

Limited temperature limit –restricts 
application

p
Vent

Moving parts –may wear and leak

Metal surfaces –risk of activity

Input B

Large internal volumes –risk of dispersion
Input A

Output
Vent

Causes flow disruption –baseline artifacts
Output

Vent
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T-PieceSimple –doesn’t need many parts

Low thermal mass –no thermal lag

Low dead volumes –gives good peak 
shape

Input A

Easy to deactivate –high inertness

Both columns always active –possible 
i

 i 
l

 bl
d 

d th
 

Output

increase in column bleed and other 
contamination

Output flow rate increased-may give 
Input B

p
yg

problems with the MS
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Pressure Controlled T-Piece

Column is deactivated by dropping its inlet 
pressure

Simple –doesn’t need many parts

Input A

O
t
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p

yp

Low thermal mass –no thermal lag

L
 d

d 
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i

 
d 

k h

Output
P

Low dead volumes –gives good peak shape

Easy to deactivate –high inertness
Input B

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

Input A

Output
Flow rate into detector only increased slightly 
–good for MS

Sample from active column is split into 

Output
P
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Sample from active column is split into 
inactive column –loss in effective sensitivity 
and cross-contamination issues

Input B



The Traditional Deans’ Switch

O
t

t A
The simple switching of a solenoid 
valve directs the input flow between 
two outputs

Output A

Input

Low dead volumes
P

Input

Low thermal mass

No moving parts
Output B

gp

Fast response
Output A

Inert

No disruption to flows

P
Input
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No disruption to flows
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The Reversed Deans’ Switch

I
t A

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

Input A

Output
two inputs

An input is made inactive by dropping 
its pressure slightly (eg by lowering 

P
Output

its pressure slightly (e.g. by lowering 
the pressure at the column injector)

No disruption to detector flow

Input B

No disruption to detector flow

Pressure balancing is not so important 
G

Input A

as long as the Golden Rule is 
observed: the flow from

 the active input 
m

ust be less than the output flow.
P

Output
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The Swafer Technology

1

Ports 1,2 and 6 are 
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Ports 1,2 and 6 are 
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2
6

configured according 
to application

Ports 3 and 5 are 
i

t
f
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hi

2
6

configured according 
to application

Ports 3 and 5 are 
i
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f
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inputs for sw
itching 

gas
inputs for sw

itching 
gas

3
5

3
5
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Integrated by-pass 
restrictor

Integrated by-pass 
restrictor
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  US 5

t 
i

SwaferTechnology

About the same size as a US 5-cent coin

Layers are 80µm thick
y

µ

Channels are laser-fabricated to different 
widths down to 50µm
widths down to 50µm

Channels are chemically deactivated
y

Easy to remove and replace

Low effective thermal mass holder
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Photos of the Technology
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Demo Animation
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Example A 
S

S/GC/
S

Simple HS/GC/MS Methods
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Example A -3 Simple Applications on 1 GC/MS

PAH Analysis


Liquid extraction of liquid or solid matrix


Liquid autosamplerintroduction of extract


Liquid autosamplerintroduction of extract


Thin Film Column

N
lh

lA
l

i
NonylphenolAnalysis


Liquid extraction


Liquid autosamplerintroductions of extract
Thi fil

 
l


Thin film column

TrihalomethaneAnalysis


HS Analysis of W
ater 


Thick film column
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Requirements

PAH to be calibrated between 0.2 -10 ug/mL

N
lh

lt b
 

lib
td b

t
 5 

50 
/

L
Nonylphenolto be calibrated between 5 –50 ug/mL

Trihalomethanesshould have a quantification limit of 1.0 pg/mL

It should be possible to switch between HS Trap analysis and liquid injection in a 
sequence automatically –unattended. 
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30m
 x  025m

m
 x 025µm

 Elite
5MS

Conditions for PAH Analysis

30m
 x  0.25m

m
 x 0.25µm

 Elite-5MS
Split/Splitless 

Injector27.0
D-Swafer

01m
m

 Fused 
20.0

Helium
 

Pressures 
in psig

TurboMassMS

0.1m
m

 Fused 
Silica Restrictor

19.0

in psig

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

1919
30m

 x  0.25m
m

 x 1.0µm
 Elite-1MS

TurboMatrix HS-Trap



Software Tool to Aid Method Development

2020



PAH Analysis

PAH Standard (0.2 ug/mL)
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PAH Quantitative Performance

PA
H

 
1

2
3

4
5

%
 R

S
D

 (n=5)
r 2

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
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
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30m
 x  025m

m
 x 025µm

 Elite
5MS

Conditions for NonylphenolAnalysis

30m
 x  0.25m

m
 x 0.25µm

 Elite-5MS
Split/Splitless 

Injector29.5
D-Swafer

01m
m

 Fused 
20.0

Helium
 

Pressures 
in psig

TurboMassMS

0.1m
m

 Fused 
Silica Restrictor

19.0

in psig

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

2323
30m

 x  0.25m
m

 x 1.0µm
 Elite-1MS

TurboMatrix HS-Trap



NonylphenolPerformance

NonylphenolSTD 4

5 –50 ug/mL

NonylphenolSTD 1
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30m
 x  025m

m
 x 025µm

 Elite
5MS

Conditions for TrihalomethaneAnalysis

30m
 x  0.25m

m
 x 0.25µm

 Elite-5MS
Split/Splitless 

Injector19.0
D-Swafer

01m
m

 Fused 
20.0

Helium
 

Pressures 
in psig

TurboMassMS

0.1m
m

 Fused 
Silica Restrictor

29.4

in psig

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

2525
30m

 x  0.25m
m

 x 1.0µm
 Elite-1MS

TurboMatrix HS-Trap



TrihalomethaneAnalysis

SIR, 10 mL(H2O), 0.5 ng/mLtrihalomethanestandard

1,1,2-trichloroethane (IS)

Chloroform

Bromodichloromethane

B
f

Chlorodibromomethane
Bromoform
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TrihalomethaneAnalytical Results
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Switching between Liquid and HS Injection
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Switching between HS and Liquid

HS Trap run of 
trihalomethanesstandard 
(1.0 ng/mL) followed by a 
liquid injection of PAH 

13:47:23

liquid injection of PAH 
standard 3.
HS Sample injected at 13:47
Liquid sample injected at 
Liquid sample injected at 
14:10
Time difference 23 minutes. 
Headspace Trap method run 

141029
p

p
time 18.8 min.
GC oven cool down and 
liquid autosamplerwash 

l
 

 42 
i

t

14:10:29

cycles = 4.2 minutes
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Example B 
S

&
US-EPA Methods 8260 & 8270
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8260 D
t

i
ti

 f VOC
 b

 P
 & T

 
d GC/MS

System for Switching Between Methods 8260 and 8270

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

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

3131



30m
 x  025m

m
 x 025µm

 Elite
5MS

Conditions for 8260 Analysis

30m
 x  0.25m

m
 x 0.25µm

 Elite-5MS
Split/Splitless 

Injector20.0
D-Swafer

01m
m

 Fused 
21.0

Helium
 

Pressures 
in psig

TurboMassMS

0.1m
m

 Fused 
Silica Restrictor

32.0

in psig

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

3232
20m

 x  0.18m
m

 x 1.0µm
 Elite-624

Aquatech
P&T



Volatiles 8260 Chromatogram

100%

Tim
e

0

3333

2.53
4.53

6.53
8.53

10.53
12.53

14.53
16.53

18.53
Tim

e
0



4-Bromofluorobenzene (BFB) Tune Evaluation

B
FB

100
95

174

%
75

50

37
49

39

74

69
51
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88
7681

96
173

177

28
48

68
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108
128
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168
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208

228 m
/z

0
3739

61
88

81
143
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128135
173

155
219

3434



C
om

pound
11

nam
e:1

1
D

ichloroethene
C

om
pound

32
nam

e:1
3

D
ichlorobenzene

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

79.7
C

om
pound 11 nam

e: 1,1-D
ichloroethene

R
S

D
%

 = 2.78
209 C

om
pound 32 nam

e: 1,3-D
ichlorobenzene

R
S

D
%

 = 4.33

Response

Response

0.0
20.0

40.0
60.0

80.0
100.0

120.0
140.0

160.0
180.0

200.0 ppb
0

0.0
20.0

40.0
60.0

80.0
100.0

120.0
140.0

160.0
180.0

200.0 ppb
0

28.6
C
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pound 19 nam

e: D
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ethane

40.9
C

om
pound 36 nam

e: H
exachlorobutadiene

onse

pR
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D
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R
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D
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 = 6.35

Respo

Resp

3535
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30m
 x  025m

m
 x 025µm

 Elite
5MS

Conditions for 8270 Analysis

30m
 x  0.25m

m
 x 0.25µm

 Elite-5MS
Split/Splitless 

Injector30.0
D-Swafer

01m
m

 Fused 
20.0

Helium
 

Pressures 
in psig

TurboMassMS

0.1m
m

 Fused 
Silica Restrictor

18.0

in psig

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

3636
20m

 x  0.18m
m

 x 1.0µm
 Elite-624

Aquatech
P&T



8270 SemivolatileChromatogram

100%

5
07

7
07

9
07

11
07

13
07

15
07

17
07

19
07

21
07

Tim
e

0

3737

5.07
7.07

9.07
11.07

13.07
15.07

17.07
19.07

21.07



Decafluorotriphenylphosphine(DFTPP) Tune Evaluation

100

D
FTP

P
)

198

442

%
77

51
69

127
255

50

110
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78

129
186

206
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244

275

256
441 443

43
93

143
193

243
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443
m

/z
0

49
57

93
78
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148

229
423
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323
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373
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3838



C
d

5
1

4
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Semivolatile8270 Calibration (10 –80 ug/ml)

124e

C
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pound 5: 1,4-D
ichlorobenzene

R
S

D
%

 = 7.88
26.3

C
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pound 50: 4-N
itroaniline

R
S

D
%

 = 6.84

Response

Response

0.0
10.0

20.0
30.0

40.0
50.0

60.0
70.0

80.0 ug/K
g

0
0.0

10.0
20.0

30.0
40.0

50.0
60.0

70.0
80.0 ug/L

0

C
d

23
2

N
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h
l
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8

36.9

e

C
om

pound 23: 2 -N
itrophenol

R
S

D
%

 = 8.79

54.8e

C
om

pound 67: B
utyl benzyl phthalate

R
S

D
%

 = 7.02

Response

Response

3939

0.0
50.0

100.0
150.0

200.0
ug/L

0
0.0

10.0
20.0

30.0
40.0

50.0
60.0

70.0
80.0 ug/L

0



Conclusions

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.
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 
applications or saves hours of otherwise lost time in venting the detector, 
exchanging columns, etc.

Analytical performance is not significantly affected
Analytical performance is not significantly affected.

The system may also be used, without modification, to backflushlate-eluting 
f

f
unwanted sample material from either or both channels to further save time and 
increase analytical throughput.

4040


