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VWhAISTtIe analysiSHasient

In total a 10-fold decrease in analysis time is possible..
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EXPETIMENL

10 m x 0.53 Metal, 150 °C; 100 kPa He,
Column mounted in a MS

Restriction in the back

Rt =29.3 min

C14

! -

30

Ref: J of HRC &CC 2000, 23, (12), p 677

Restriction in the front

Rt =2.55 min

ACM

2.5 min
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Maserietior) in trig GC Oy

Make use of advantages of vacuum
separation by applying a restriction at
the injection side of the system.

Analytical bore (0.53mm) fused

EED column silica capillary column

Spectrometer
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Quanthtation | Confirmation
Tan
(mizh

nitrobenzene (NHE) .72 Sloe 77

2-nitrotoluene (INT) s 65

[

1,77,123

2 A-mitrotaluene (2ADNT)

1,3, 5-trinitroberuene (TNB)

24 S-trmitrosoluenc (TRT)

RDX

A-amine-26-dmitrotolsene (4AmMDNT )

3 S-dimitroansline (DNAY 183 or 6d 63, 64, 183

2-amino-4,6-dmitrotolwene {2AmDNT) 18000 78 52,78, 180

Tewyl 247 1940677 51,77, 194

3 A-dmitrotoluene (1S) 63 o0r 182 63, 78, 182
natrobemuene o, (SUR) L 82 4,028

1.3, S rimethyl- 2-nitrobeszene (SUR ) 148 o 91 1,93, 148

1.2 A-trimetil- S-nitmobesaene (SUR) 2 145 0r 91 77,91, 148

d Related Compound by Solid Phase Extraction and Capillary Gas
/Mass vy (GC/Ms)”
http://www.epa.gov/nerlcwww/m_529.pdf




\zleturr GC-\YUS Anizllysis of 24olosivas zinel =240 los)ya
Malzjtael Coprigotiriels ¢ Pascriatior) in tris ©ven

nitrobenzene . trinitrobenzene
2-nitrotoluene . trinitrotoluene

5 Hg/mL standard 3-nitrotoluene . PETN

1 pL injection

PNoumpWNE

220000 4-nitrotoluene . RDX
nitroglycerin . 4-aminodinitrotoluene

200000 3 dinitrobenzene . dinitroaniline

180000 4 7 2,6-dinitrotoluene . 2-aminodinitrotoluene
2,4-dinitrotoluene . tetryl

1680000

140000

120000

100000

20000

EO000

40000

20000

V0B ORI 00 TS0 14D 1BD 10 200 2b0 240 2BD 20 3000 300
— 3.2 minutes:
FAST analysis..
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Vzieirr) GC ArjzlYysis of Polorame Dioriarnyl Eerars:
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Conditions (Shimadzu QP2010-Plus)

Column: 1m, 0.1mm column connected to a 6m, 0.53mm,

0.25pm Rtx-TNT with an Alumaseal Connector

Inlet: 250 °C, Splitless, 1pL injection volume
Col. Flow: 2 mL/min (constant)
Oven: 80 °C (hold 1min.) to 320°C @ 20 °C/min (hold 1 min.) Oven Tem" @ 314

Detector: Mass Spec
Ion Source @ 225°C; Interface @ 280°C
Solvent cut @ 2.0 min.; SIM Analysis (ions shown below)
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rasirieton: 2, O S, cozitzel eziojllziry

2m x 0.18mm x 0.2um Rix-5
5m x 0.53mm x 0.25um Ritx-200

BERIEASETomatoarar
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BDE 10
BDE7
BDE 15
BDE

BDE 1.

BDE 205

BDE 209 elutes at 3.96 min
DBDPE elutes at 4.13 min
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Turning Visions into Reality
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AllETnatverseiup

VW hatNistthediierencey

Restriction being in the liner, and is always at high temperature..
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By rearrangement of Equation 3-1 above, Poiseuille’s Equation is derived. It follows that the flow rate through a
capillary can be expressed in terms of pressure drop. Mare importantly, the flaw rate is expressed in terms of the
capillary 1D, and is given by:

Al
8L eq37

The flow rate, F (sometimes expressed as v), varies as the 4th power of the radius, 1.e., a 2-fold change in radius
creates a 16-fold change in flow rate. Equation 3-3 offers an easy to use version that gives the flow rate, F, in mL/min:

F=(r*xAP) | (nxL) x 1.626x10%  (£q 33)

where, the radius {r) is in gm, the pressure drop (AP} is in psi, coefficient of the viscosity (m) is in cp, and the length (L)
5 in cm.

http://www.explorethecapabilities.com/catalog/3_10.htm

SmallNprdiametesfisedisilica

Product
Descriptor

TSP002150
TSP005150
TSP005375
TSPO10150
TSP010375
TSP015150
TSP015375
TSP020090
TSP020150
P0203
TSP025150
TSP025375
TSP030150
TSP030375
TSP040105
TSP040150
TSP040375
TSPO50150
TSP050192
TSP050375

Ref: Polymicro Technologies
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Ieilinlar rasiriciion
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Hosition of Rasirietion in linar
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Tasi sziolas Usse

nitrobenzene
2-nitrotoluene
3-nitrotoluene
4-nitrotoluene
nitroglycerin
dinitrobenzene
2,6-dinitrotoluene
2,4-dinitrotoluene
trinitrobenzene
trinitrotoluene

PETN

RDX
4-aminodinitrotoluene
dinitroanaline
2-aminodinitrotoluene
tetryl

L R G IS

Tn2 injction/avEzigoriion Ofoesss




Stizina ziniel Wielen of Air Pez)i

Usael for Dazic=timma M2zistramants zined Lir2ze Valoeisy C:letiirions

‘“;‘ R Column : 10m x 0.53mm Rxi-5ms, df = 0.25 ym
m Restriction  : 8mm x 25um in injector

Blue trace - m/z 28

i Black trace - m/z 32

- Sharp Injection band

= [l || 1 second wide peak

- lf I.\

AT 4 Turning Visions into Reality
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Explosivesiand Explosive-Related Compounds

1 Column : 10m, 0.53mm, 0.25pum Rxi-5ms
[~ Restriction : 8mm, 25um ID tubing
| 2400000
s Inlet : 250°C, split (5:1), cup splitter
i Carrier gas : Constant pressure, 50psi
ks Oven : 40°C to 70°C @ 60°C/min to 175°C @ 40°C/min to 220°C @ 30°C/min
[ MS Temp: Transfer line @ 280°C, Source @ 300°C, Quads @ 200°C
b MS: Solvent delay of 0.3min, Scan Range 92-500 m/z,
Linns Scan Rate @ = 5 scan/sec,
4 POD000 -
coucn l
¥ 500000 -
1 S00000 - .
e 4 minutes

AT 4 Turning Visions into Reality
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Solic Ipjeacion Faorocticisiliny

ABsolUtEArEs o ints S N Re GtivaN nterna IStanuard M ESSUTEMENLS

Column : 10m x 0.53mm Rxi-5ms, df = 0.25 ym I I e
Restriction : 8mm x 25um in injection port e G et

e TNT Reproducibility
S Trial Peak Area
el 1 10315464
e 2 10222331
p— 3 10284619
| 4 10603999
) 5 10247674
i 6 10181338
o) 7 10409439
o 8 10451616
o 9 10663108
- 10 10505438
S000
500004
— Ave = 10388502.60
o STD= 165472.94
e % RSD = 1.59
=
e 28 25 2% F1

Solitlasis injeation
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Ve GC-\S Arizllysis of 24olosivas, solitless injeetion)
RESUHCUORNRNTENOVER

Splitless injection

Column: 0.5m, 0.1mm Restriction, IP deactivated a 6m, 0.53mm, 0.5um Rtx®-TNT column via "
an alumaseal connector 1. mtr_obenzene
Inlet: 250°C, split (5:1), 4mm Drilled Uniliner® (Siltek deactivated, hole on bottom), 2. 2-nitrotoluene
column flow nominally at 2mL/min (constant flow) 3. 3-nitrotoluene
Oven: 50°C (hold 0.1min) to 70°C @ 60°C/min to 175°C @ 40°C/min to 300°C @ _ni
30°C/min [oven program meant to max out capability of the 7890 configuration we 4. 4. mtron"“.e"e
have] 5. nitroglycerin
MS Temp: Transfer line @ 280°C, Source @ 250°C, Quads @ 150°C 6. dinitrobenzene
MS: Solvent delay of 0.3min, Scan Range 42-300 m/z, Scan Rate @ ~ 5 scan/sec, 7. 2,6-dinitrotoluene
8. 2, nitrotoluene
5 pg/mL standard 9. trinitrobenzene
1 pL injection 10. trinitrotoluene
11. PETN
220000 12, RDX
200000 13. 4-aminodinitrotoluene
120000 14. dinitroanaline
15. 2-aminodinitrotoluene
ey 16. tetryl
140000
120000
100000
80000
E0000
40000
20000
it

060 080 100 120 140 160 180 200 220 240 260 280 300 320

-

— rg Turning Visic
TE2LELW .

Vziettynr) GC-\S ArzllYsis of 24olosivas
Magerietior) ir) cr2 Lryjeetion Pore

Column: 6m, 0.53mm), 0.5um Rtx®-TNT column, restriction in injection port

Inlet: 250°C, splitless, 0.1min. hold-time,
Oven: 50°C (hold 0.1min) to 70°C @ 60°C/min to 175°C @ 40°C/min to 300°C @ 30°C/min
MS: Agilent 5975, Solvent delay of 0.3min, Scan Range 45-300 m/z, Scan Rate @ = 5 scan/sec,
;. :qule:zune
50 pug/mL standard 13 3. 3nitrotolene
1 pL injection 7 1 p bl
8 6. dinitrobenzene
14 7.  Z.&-dinitrotoluens
8. 2.4-dinitrotoluens
2 10 9. trinitrobenzene

15 10. winitrotoluene
1

3

4 12, RDX

6 13, 4-aminodinitrotoluene
14. dinitreanaline

15. Z-aminodinitrotoluene

9 16. tetryl

1
5 1112 16
~ 1AW W L . L .

IR 0 e e e 0.0 S i s e
0ED 080 1.00 120 1.40

200 220 240 260 280 300

Turning Vis




Vzieutmn S-S ArizllYysis of 24olasives, solitlass irjeetior)

‘ Restriction in oven 500mm x 0.10mm ‘

7 i3

i4

060 080 1.00 1.20

50 pg/mL standard
= == =i=pd mjection

.40

T T Y T T T T T
.60 180 200 220 240 250 280 300

‘ Restriction in injector 8mm x 25 um ‘

1.20 1.40 1.0 1.80 200 2.20 240 280 2.80

8
10
6 is5
-]
L TR L
b 3.20

Effaer of izl Ovan F2ro2rzcira o =zirhy =lueine)
Corriootriel Paz1< Shzinss usine Solitless irjeetion

T T

[ il T I O o O B T

1100°C

nitrobenzene
2-nitrotoluene
3-nitrotoluene
4-nitrotoluene

PUuhE

IR ENENNENREEN

40°C

ERRNN NN RN NN NN

|

3 1.55 min

Solvent: acetonitrile, bp = 82 °C 2'séc

Turning V

isions into Reality
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PaziicWielin of 2-rlitro) io))ijar)e

Czlliprzitior Hipgziriey witrl zietim-GC Conelitions

Response Ratio

1,3,5-Trinitrobenzene
Target ion: 213

2,4,6-TNT

i§ @8 8§§§i

Response Ratio

2,4,6-Trinitrotoluene
Target ion: 210

R2 = 0.996552

0.5 1 1.5
Concentration Ratio

i
B
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Czlliorziciorn Linigziriey of fitrocl/earine Wit Vziettinr)-

GC Conclitiors

TIC: 071802201
TIC: 07 20z2005|
T s}

TIF AT RREEANA)

Response Ratio

Nitroglycerine
Target ion: 76

R2 = 0.997492

0.5 1 1.5
Concentration Ratio

|grigzier of Flow \Eirieitions
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Elow & MS sensitivity,

Same sample
“" Same scale
1 daull?
1. Jeull0
Lot
Ton source pressures
1. 9eil7
w104 torr
00000
. ~10-5 torr
OO
000
O
00000
- L
B ‘
UL
1 000000
-t nln

A ,l’hlla J\!.;“Wb.]uwmn

T VBTSN Dt e
TIC: B7IMITSE00 1 clta ma

If too much helium is in
the analyzer sensitivity
will be reduced..

|

I

’ |
U’M M. r MJL_M__

ezl Dlaagiiar olos

UpdervacuimieEiconditions

Column : 10m x 0.53mm, Rxi-5ms, df = 0.25 ym, Restriction 8 mm x 25 pm

H(mm)

" lon source pressures in red
Inlet pressures in blue
1.1
1] 1.3 x 10° kPa
N 1.4x 10° kPa
68.9 kPa 6205kPa S

0.9

0.8 -

0.7

0.6 -
6.6 x 10° kPa ;

051 ’ Optimum: 60-75 cm/s
344.7 kPa

Test component:
04 Tridecane, k = 6.9 ‘ ‘ ‘ ‘
0 20 40 60 80 100 1

Linear Velocity (cm/sec)
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[gnoziet of rasifieiien ieeosreiivfe

At higher temperatures:
+ Carrier gas becomes more viscous : flow decreases

* Restriction ID will expand : flow increases

Retention times of explosives were measured by
changing the injection port temperature
respectively: 200, 250 and 300°C ;

System in constant pressure mode

Effaer of raserietign) tanneerz|ti|re

Azo-benzene

|
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120000

125000

120000
115000
110000
105000
100000

95000

a0000

s5000

20000 ey
75000
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70000 5 e B SHle = Lna
s5000 FEoq oo oD = = " :
ceanl| | 7 I 6.5
55000 1 1 . "
| ' minutes
5000 | 1
| ! . |
35000, I I
30000 | |
25000 X !
20000 |
15000, I
10000
|
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L Turning Visions into Realit
seoue( g Visions into Reality

Explosivesiand Explosive-Related Compounds

Column : 10m, 0.53mm, 0.25pum Rxi-5ms
Restriction : 8mm, 25um ID tubing

Inlet : 250°C, split (5:1), cup splitter

Carrier gas : Constant pressure, 50psi

Oven 1 40°C to 70°C @ 60°C/min to 175°C @ 40°C/min to 220°C @ 30°C/min
g MS Temp: Transfer line @ 280°C, Source @ 300°C, Quads @ 200°C

b MS: Solvent delay of 0.3min, Scan Range 92-500 m/z,

Scan Rate @ = 5 scan/sec,

e 4 min
300000 Tri-nitro - —
Toluene

pore nitroglycerine

- A L) L_I\_,L__Jlx
abo ) 2o akn

erer 1.0 27 140 1.0 1ho zho 2k 240 260 20

L Turning Visions into Realit
seoue( g Visions into Reality
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Polyaromatic Hydrocarbons

Column : 10m, 0.53mm, 0.25pum Rxi-5ms
Restriction : 8mm, 25um ID tubing inside the injection port

Fundance

SAnon Inlet : 300°C, split (5:1),
Carrier gas : Constant pressure, 50psi

1 200000

1150000 Oven 1 40°C (no hold) to 300°C @ 30°C/min
1100000 MS Temp  : Transfer line @ 280°C, Source @ 300°C, Quads @ 200°C
[ 0s0000 MS : Solvent delay of 0.1min, Scan Range 92-500 m/z,

1nnnnnn

Scan Rate @ = 5 scan/sec,

as0000

00000,

850000

000000

pT

700000
es0000
annann
550000
500000
asnnnn
400000
250000
200000
250000
200

150000

100000 h
. Pﬁ—ﬂigvﬁm EEEYﬁfLLA —J.L—-.——“w-afﬁ«v} %}LJ L«H—-‘»M Ea e A

Other applications of
restriction..




Couoligic) of 0,25, 0,52 ziniel 058 znzlyiiczll coltgnns

Aooliezition of rasiirietion Wit flen-zieuig) caiseiors;
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Aodliezitior) of raisiriction Witrl pori=vziattr) olaisaiors

RESCHoRallEmatVeIsEilpRdeuberseallapplication

Offers possibility for a Direct semi-on-column
injection.. Due to the high velocity and the
vacuum, there will be virtually No solvent
condensation..
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Preiciiezl] saie sine) 1 “Ugli=Eiger?

\fzietinr) GC of Orcziriocrilorinia Pasticieles:
Coltrnr @ raserietion gosiciorizel el = M Uriilipsr

Column : 10m, 0.53mm, 0.25pm Rxi-5ms
Restriction : 8mm, 25pm ID tubing inside a drilled uniliner

Inlet : 300°C, 4mm Drilled Uniliner, hole on top
Carrier gas : Constant pressure, 50psi
Oven: 100°C (no hold) to 300°C @ 45°C/min
MS Temp: Transfer line @ 280°C, Source @ 300°C, Quads @ 200°C
MS: Solvent delay of 0.1min, Scan Range 92-500 m/z,
Scan Rate @ = 5 scan/sec,

Tegqppeagniee
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Plotgla 2zl Masirietior)

Column Flow s

il b L a2 o T

SUMMany,
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