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LV Technique
Evaporation in 

a vaporizing 

chamber

Solvent 
venting 

1

Recondensation 
in a pre-column

Evaporation 
in a pre-

column

Solvent 
venting 

2

On Colum n w/out SVE - - - Yes -

On Colum n with SVE - - - Yes Yes

CSR Splitless Yes - Yes Yes -

CSR Splitless with SVE Yes - Yes Yes Yes

PTV Splitless (delayed) Yes - Yes Yes -

PTV Solvent Split Yes Yes (Yes)* - -

PTV LV - BKF Yes Yes Yes Yes -

PTV Precolum n Solvent Split Yes - Yes Yes Yes

Large volume injection techniques: LVI for SSL, PTV, OC
a whole range of different LVI techniques exist for all types of liquid GC injectors

SVE: solvent vapor exit
CSR (= SSL-LVI): concurrent solvent recondensation 
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LVI Techniques Comparison
application requirements lead to the selection of the appropriate LVI technique

MediumMediumHighSuitability for thermolabile and 
actives compounds

YesNoYesSoftware assisted set-up

SmallLargeMedium Number of parameters

YesNo*YesRequire uncoated precolumn

NoYesYesSolvent vented

Yes
Optimization

required
YesVolatiles analysis

YesYesNoRobust versus contaminants

3050-150150-200Typical injection volume

SSL-LVIPTV-LVIOC-LVI

* It can be necessary if large amount of solvent is retained for improving volatiles recovery or if BKF is used
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LVI techniques: parameters / variations / options
many parameters and options in different LVI techniques

Basic Application params:

- solvent
- analyte b.p

Injection:

- speed controlled
- at once
- multiple
- injection volume
Basic method settings:

- Precolumn (length, I.D.)
- packed liner / liner type
- syringe type (side hole)

method params:

- injector temperature/program
- head pressure/program
- reversed flow (backflush)
- oven temperature 
- vent flow 
- delay time
- sve open/close time
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SSL-LVI and OC-LVI: LVI on the SSL and on the OC injector
similarities: e.g. separation of solvent and analytes in precolumn

1) Injection with liquid band 
formation

2) Auto pressure surge
3) Concurrent solvent 

recondensation into the 
precolumn

4) Sample transfer
5) Solvent evaporation in the 

precolumn

GC oven

Syringe

SSL
liner Detector

Precolumn
Separation

column

5

4

3

2

1 SSL-LVI OC-LVI

OC injector

precolumn analytical column

SVE: solvent vapor exit
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Thermo Scientific B.E.S.T PTV Injector 

Main characteristics:

� Long liner (12 cm) in comparison with other injectors (normally less then 10 
cm long . This will ensure the possibility to maintain the internal diameter low 
(no more then 2mm) while is offering enough surface to retain the injected 
sample even in large volume mode, without using packing materials.

� Small diameter and long liner will ensure good transfer efficiency in 
comparison with larger systems that require packing to retain the sample 
during injection either for small or large volume. 

� Small liner diameter allows much better temperature profile along the whole 
liner length and across the diameter. This permit a lower temperature during 
sample transfer with reduction of the thermal stress on the sample. Larger 
diameters cause difficult heating of the sample in the liner with consequent 
difficult sample transfer with the need to over heat the injector.  

� No cooling fluids or cooling systems are required for normal operation above 
ambient temperature 

� Inert liners and no use of glass whole in the majority of cases will reduce 
possible sample degradation of labile samples due to catalytic activity.

� The injector can be heated with 3 rumps from -50C to 400 °C at various speed 
up to 14.5 °C/sec

� 5 injection modes with various combination of parameters setting 
� Pressure and Split flow can be programmed within the injection program 

according to the different injection phases
� Back Flush capability is available to avoid heavy compounds, not interesting 

for the analysis, enter in the column or to avoid solvent enters into the column 
during LVI.

� BKF during LVI increase the retention of the volatiles and eliminate peak 
deformation due to flooding effects.
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The most flexible liquid injector: PTV modes at a glance 

� 1.) PTV split and splitless injection (PTV-splitless)

� 2.) PTV delayed splitless injection (PTV-delayed splitless)

� 3.) PTV large volume injection (PTV-LVI)

� 4.) PTV backflush (PTV-BKF)

� 5.) PTV large volume / backflush injection (PTV-LVI-BKF)

� 6.) PTV on-column injection (PTV-OC)
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The most flexible liquid injector: PTV modes at a glance 

� 1.) PTV-splitless

� 2.) PTV-delayed splitless

� 3.) PTV-LVI

� 4.) PTV-BKF 

� 5.) PTV-LVI-BKF

� 6.) PTV-OC

- Injection volumes of 1 or 2 ul

- Injection volumes of 3 to 10 (20) ul

- Injection volumes of 10 to > 100 ul

- Remove matrix 

- Combination of 3.) and 4.)

- Avoid or reduce analyte decomposition



11

The most flexible liquid injector: PTV LVI modes

� 1.) PTV-splitless

� 2.) PTV-delayed splitless

� 3.) PTV-LVI

� 4.) PTV-BKF 

� 5.) PTV-LVI-BKF

� 6.) PTV-OC

3 basic PTV LVI modes:

� 1.) PTV-delayed splitless

� 2.) PTV-LVI

� 3.) PTV-LVI-BKF
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PTV and SSL-LVI for elevated and large injection volumes
differences and limitations

� 1.) PTV-delayed splitless (no precolumn)

� 2.) SSL-LVI (precolumn)

� 3.) PTV-LVI (no precolumn)

- no solvent venting
- at once injection
- injection volume limited
- no losses of analytes

- solvent vented
- speed controlled injection
- large injection volumes
- analyte losses possible
- more parameters
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PTV splitless – advantages over standard SSL injectors 

Cold syringe needle (no analyte discrimination / avoid needle carry-over)

Analyte refocussing: solvent and analytes partly separated

Softer evaporation: analytes are evaporated at their specific temperature

Complete sample transfer

Improved repeatablility

Injector temperature can be set below oven temperature (active cooling)

Liner can be easily changed
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TR5MS 15 m; 0.25mm;
0.1 um film, 1 ml/min He

Splitless injections:

a.) SSL injector with 
5 mm I.D. liner (empty)

b.) PTV injector with 2 mm 
I.D. metal liner (empty) 

� PTV offers better 
sensitivity and stability for 
Deca - BDE analysis.

RT: 16.56 - 27.99 SM: 5G
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RT: 17.38
AA: 12925

RT: 26.72
AA: 10591

RT: 17.39
AA: 9632

RT: 26.72
AA: 6407

RT: 17.36
AA: 9815

RT: 26.68
AA: 3365

RT: 26.65
AA: 14659

RT: 17.33
AA: 10030

RT: 26.32
AA: 47.33

NL:
4.40E3
m/z= 561-563 
F:  + m/z= 
798-800  MS  
ICIS 
pbrdpe_30

NL:
3.27E3
m/z= 561-563 
F:  + m/z= 
798-800  MS  
ICIS 
pbrdpe_39

NL:
3.17E3
m/z= 561-563 
F:  + m/z= 
798-800  MS  
ICIS 
pbrdpe_60

NL:
4.12E3
m/z= 561-563 
F:  + m/z= 
798-800  MS  
ICIS 
pbrdpe_127

SSL injector: first analysis

SSL injector: later analysis

SSL injector: next day

PTV injector: same sensitivity
after 30 runs

Hepta-BDE Deca-BDE

PTV or SSL for  BDE analysis – here: Deca-BDE (209)
PTV: more efficient analyte transfer / better repeatability
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PTV splitless injection
PTV splitless injection method for 1 or 2 ul injection of Dioxins / Furans (here: in nonane) 

EPA 1613 CS 3 standard in nonane

natives

13C labeled IS

C:\Xcalibur\...\080505dioPTVSSL01 5/5/2008 5:28:26 PM
TR-Dioxin 30mx0.25 (0.1 um film), ISTS 270 C, emult (as found) 2xE6 = 1740 volt, probe 250, 95 dlens
RT: 12.31 - 27.93 SM: 5G
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RT: 18.76
AA: 10001793RT: 16.31

AA: 7961887
RT: 26.68
AA: 11199477RT: 21.73

AA: 8839156
RT: 23.63
AA: 7466837

RT: 13.33
AA: 2275910

RT: 13.33
AA: 29651584

RT: 18.75
AA: 17555731

RT: 16.30
AA: 14884444 RT: 21.72

AA: 15306297
RT: 26.48
AA: 15504592

NL: 2.54E6
TIC - m/z= 
315-318+331-334+351-354+
367-370+385-388+401-404+
419-422+435-438+453-456+
469-472  MS  ICIS 
080505dioPTVSSL01

NL: 8.86E6
TIC - m/z= 
303-306+320-322+339-342+
355-358+373-376+389-392+
407-410+423-426+441-444+
457-460  MS  ICIS 
080505dioPTVSSL01

Basic “recipe” for PTV splitless:
(empty liner – no wool, e.g. silcosteel)

X (0.1 min) – 8 (10) / sec – 300 (1 min)
X = solvent b.p. or  solvent b.p. – 20 C
splitless time: 0.5 – 1 min
Split flow: 30 – 50 ml
(20 – 30 min cleaning phase) !!! always

method in use
here

120
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PTV delayed splitless: increased injection volumes
injection volumes from 1 to 4 ul; here: 2,3,7,8 - tcdd (10 fg / ul)
d:\xcalibur\...\dk_csldil40 7/6/2007 12:31:08 AM 4 ul CSL (1:10) PTV injector, ISTS 270, 45 eV
DB5MS 30x0.25 (0.1), 150(2)-15-220-4-290, PTV, ,PTV metal liner empty, aux 270

RT: 10.84 - 11.64
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RT: 11.07
AA: 2117

RT: 11.07
AA: 1394

RT: 11.08
AA: 802

RT: 11.07
AA: 406

NL:
1.00E3
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_csldil40
NL:
1.00E3
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_csldil39
NL:
1.00E3
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_csldil38
NL:
1.00E3
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_CSLdil36

PTV delayed splitless:

no precolumn / no glasswool in liner
solvent: nonane
oven starttemperature: 150 °C

PTV: 140 °C (X min) - 8 °C/s - 300 °C
Red: delay time (inject time) 1 ul / 0.2 min

2 ul / 0.5 min

3 ul / 0.8 min

4 ul / 0.8 min
Same scaling 
for all peaks

Solvent:
nonane
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PTV delayed splitless: 1 to 4 ul response curve
here: 2,3,7,8 tcdd (1 – 4 ul of 10 fg/ul injected)

CF = 0.977

Peakarea versus amount
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PTV delayed splitless: 1 to 4 ul response curve
here: 2,3,7,8 [13C] TCDD (IS) – (1 – 4 ul of 10 pg/ul injected)

CF = 0.997

Peakarea versus amount
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PTV delayed splitless: increased injection volumes
comparison: 2,3,7,8 – tcdd: 1 ul 10 fg / ul – 5 ul 2 fg / ul
D:\XCALIBUR\...\dk_CSLdil33 7/5/2007 8:59:12 PM 5 ul CSL (1:50) PTV injector, ISTS 270, 45 eV
DB5MS 30x0.25 (0.1), 150(2)-15-220-4-290, PTV, ,PTV metal liner empty, aux 270

RT: 10.84 - 11.64
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AA: 332

RT: 11.07
AA: 417

RT: 11.05
AA: 348

RT: 11.05
AA: 515

NL:
2.50E2
m/z= 
319.7970-
319.9970  
MS  ICIS 
dk_csldil36

NL:
2.50E2
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_csldil36

NL:
2.50E2
m/z= 
319.7970-
319.9970  
MS  ICIS 
dk_CSLdil33

NL:
2.50E2
m/z= 
321.7940-
321.9940  
MS  ICIS 
dk_CSLdil33

1 ul 10 fg / ul tcdd

5 ul 2 fg / ul tcdd

Ratiomass

Ratiomass

Quanmass

Quanmass Peakarea = 417

Peakarea = 515

Same scaling 
for all peaks

Solvent:
nonane
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PTV : Delayed Temperature Programming Splitless
How does it work: partial separation of analytes & solvent in injection phase
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PTV delayed splitless: Crucial parameters 1 – delay time
correct duration depends on volume injected

D:\XCALIBUR\...\dk_CSLdil36 7/5/2007 10:30:06 PM 1 ul CSL (1:10) PTV injector, ISTS 270, 45 eV
DB5MS 30x0.25 (0.1), 150(2)-15-220-4-290, PTV, ,PTV metal liner empty, aux 270

RT: 10.69 - 11.30
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RT: 11.09
AA: 312287RT: 10.89

AA: 285983

RT: 11.09
AA: 247071

RT: 10.90
AA: 223590

NL:
1.36E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_CSLdil3
6

NL:
1.02E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_CSLdil3
7

PTV: 140 °C (0.2 min) - 8 °C/s - 300 °C

PTV: 140 °C (0.8 min) - 8 °C/s - 300 °C

1 ul injected

1 ul injected

tcdd IS peaks

Solvent: nonane

empty liner
no precolumn used
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PTV delayed splitl.: Crucial parameters 1 – Oven start temp.
correct oven start temperature

D:\XCALIBUR\...\dk_CSLdil11 7/4/2007 11:00:22 PM 1 ul CSL (1:10) PTV injector, ISTS 270, 45 eV
DB5MS 30x0.25 (0.1), 120(2)-15-220-4-290, PTV, ,PTV metal liner empty, aux 270

RT: 12.80 - 13.58
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RT: 13.31
AA: 375812

RT: 13.07
AA: 346680

RT: 13.40
AA: 2067

RT: 13.13
AA: 1392

RT: 13.30
AA: 861290RT: 13.06

AA: 787725

RT: 13.12
AA: 2927

RT: 13.43
AA: 4041

RT: 13.29
AA: 1348629RT: 13.04

AA: 1203197

RT: 13.41
AA: 6140

RT: 13.31
AA: 1193917RT: 13.11

AA: 1074524

RT: 13.52
AA: 954

NL:
1.52E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_CSLdil11

NL:
2.88E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_csldil12

NL:
3.24E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_csldil13

NL:
4.76E5
m/z= 
331.8370-
332.0370  
MS  ICIS 
dk_csldil39

120 °C

120 °C

120 °C

150 °C

1 ul

2 ul

3 ul

3 ul Offset on retention 
time for 
comparison

empty liner
no precolumn used

tcdd IS peaks

Solvent: nonane
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PTV delayed splitless – crucial parameters

� Solvent type

� Precolumn

� PTV start temperature (depends on solvent and volume injected)

� PTV Delay time (depends on volume injected)

� Oven start temperature (depends on solvent and volume injected)

� Liner (Liner must be able to hold the liquid volume injected)
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Injection volumes from 10 to 20 ul – Large Volume
PTV delayed splitless / SSL LVI: concurrent solvent evaporation 
C:\XCalibur\...\dioPTVSL35 2/21/2008 9:02:26 AM SL: 10 ul Std F ( 1/40 ca. 1-16pg), PTV 110 / 0.5 min
closed EI vol., 30 m TR5MS (0.25), 140(2)-, 80 uA, cal dk_EI_080131, tune dk_EI-40eV_080215_man, glasliner with wool, 100 ul syringe with side hole 

RT: 21.62 - 24.25
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RT: 22.24
AA: 840415 RT: 22.77

AA: 797271 RT: 23.53
AA: 785890

RT: 22.23
AA: 203815 RT: 22.75

AA: 182300 RT: 23.51
AA: 190271

RT: 22.25
AA: 444889

RT: 22.77
AA: 412106 RT: 23.52

AA: 378329

NL:
2.44E5
TIC F: + c EI SRM 
ms2 373.900 
[310.899-
310.901]  MS  
ICIS dioPTVSL73

NL:
6.12E4
TIC F: + c EI SRM 
ms2 373.900 
[310.899-
310.901]  MS  
ICIS dioPTVSL35

NL:
1.36E5
TIC F: + c EI SRM 
ms2 373.900 
[310.899-
310.901]  MS  
ICIS dioSSLLVI02

PTV splitless: 
1 ul Std F (undiluted)

PTV delayed splitless: 
10 ul Std F (1/40)

SSL LVI : 
20 ul Std F (1/40)

10 ul

20 ul

1 ul

Native Hexa-Furans

Solvent: toluene

offset on RT for this view 
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PTV delayed splitless
method parameters – (at-once injection on PTV injector)

native tetra – hexa dioxins / 
furans shown

RT: 12.54 - 20.33
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RT: 13.02
AA: 115824

RT: 13.33
AA: 64763

RT: 15.23
AA: 227946

RT: 15.99
AA: 133505

RT: 18.23
AA: 203815 RT: 19.51

AA: 190271

RT: 18.96
AA: 117724

NL: 4.57E4
TIC F: + c EI SRM ms2 
305.900 [242.899-242.901] 
MS  ICIS dioPTVSL35

NL: 2.58E4
TIC F: + c EI SRM ms2 
321.900 [258.899-258.901] 
MS  ICIS dioPTVSL35

NL: 8.46E4
TIC F: + c EI SRM ms2 
339.900 [276.899-276.901] 
MS  ICIS dioPTVSL35

NL: 4.56E4
TIC F: + c EI SRM ms2 
355.900 [292.899-292.901] 
MS  ICIS dioPTVSL35

NL: 6.12E4
TIC F: + c EI SRM ms2 
373.900 [310.899-310.901] 
MS  ICIS dioPTVSL35

NL: 3.46E4
TIC F: + c EI SRM ms2 
389.900 [326.899-326.901] 
MS  ICIS dioPTVSL35

PTV del splitless: 
10 ul Std F (1/40)

PTV delayed splitless method parameters:
column TR5 Dioxin 30m x 0.25 mm (0.1 um)  
oven prgr. : 140 °C (2 min) -….
Mode: PTV splitless

PTV prgr: 110 °C (1.5 min) – 8 °C/sec - 300 °C
Splitless time: 1 min 
Purge flow closed: 0.6 min
Asamp: 
Dwell time post-/preinjection: 0.2 min
Injection volume: 10 ul
Injection speed: 50 ul/sec  

Basic configuration / settings:
PTV glas liner with glass wool (PN 45522070)
No precolumn
100 ul syringe (needle with front hole)
Solvent: toluene 
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SSL LVI (large volume splitless)
method parameters – (at-once injection on splitless injector) 

native tetra – hexa dioxins / 
furans shown

RT: 16.08 - 24.76
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RT: 17.02
AA: 221405

RT: 17.34
AA: 133386

RT: 19.24
AA: 443739

RT: 20.00
AA: 244720

RT: 22.25
AA: 437371 RT: 23.52

AA: 375394

RT: 22.97
AA: 264809

NL: 9.08E4
TIC F: + c EI SRM ms2 
305.900 [242.899-242.901] 
MS  ICIS dioSSLLVI02

NL: 5.65E4
TIC F: + c EI SRM ms2 
321.900 [258.899-258.901] 
MS  ICIS dioSSLLVI02

NL: 1.54E5
TIC F: + c EI SRM ms2 
339.900 [276.899-276.901] 
MS  ICIS dioSSLLVI02

NL: 8.87E4
TIC F: + c EI SRM ms2 
355.900 [292.899-292.901] 
MS  ICIS dioSSLLVI02

NL: 1.36E5
TIC F: + c EI SRM ms2 
373.900 [310.899-310.901] 
MS  ICIS dioSSLLVI02

NL: 8.06E4
TIC F: + c EI SRM ms2 
389.900 [326.899-326.901] 
MS  ICIS dioSSLLVI02

SSL LVI : 
20 ul Std F (1/40)

SSL LVI  method parameters:
column TR5 Dioxin 30m x 0.25 mm (0.1 um)  
oven prgr. : 110 °C (4 min) -….
Splitless time: 1 min 
Purge flow closed: 1 min
Injector temperature: 260 °C 
Asamp: 
Dwell time post/preinjection: 0.2 min
Injection volume: 20 ul
Injection speed: 100 ul/sec  

Basic configuration / settings:
Merlin cap installed
Glas Liner ( 5 mm ID) with glass wool
Precolumn: 3m x 0.53 um (pressfit connected)
100 ul syringe (needle with front hole)
Solvent: toluene 
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DFS: PTV LVI 80 ul injection of Dioxins/Furans in toluene
PTV  LVI method parameters overview / summary

C:\Xcalibur\...\080505dioPTVLVI02 5/5/2008 6:17:01 PM
TR-Dioxin 30mx0.25 (0.1 um film), ISTS 270 C, emult (as found) 2xE6 = 1740 volt, probe 250, 95 dlens
RT: 12.58 - 27.48 SM: 5G
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RT: 13.34
AA: 1376868

RT: 13.65
AA: 769578

RT: 16.32
AA: 4924807

RT: 16.51
AA: 3392534

RT: 18.79
AA: 5904746

RT: 20.21
AA: 5230631

RT: 19.88
AA: 3490339

RT: 13.34
AA: 34588938 RT: 18.77

AA: 29511972
RT: 21.74
AA: 26680551

RT: 26.52
AA: 28059161

NL: 4.62E5
m/z= 
305.0000-307.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 2.65E5
m/z= 
321.0000-323.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 1.46E6
m/z= 
339.0000-341.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 9.90E5
m/z= 
355.0000-357.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 1.48E6
m/z= 
373.0000-375.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 8.81E5
m/z= 
389.0000-391.0000  
MS  ICIS 
080505dioPTVLVI02
NL: 1.06E7
TIC  MS  ICIS 
080505dioPTVLVI02

PTV delayed splitless method parameters:
column TR5 Dioxin 30m x 0.25 mm (0.1 um)  
oven prgr. : 140 °C (2 min) -….
Mode: PTV large volume

PTV prgr: 100 °C (0.2 min) – 8 °C/sec - 300 °C
Inject pressure 100 kPa
Vent flow 50 ml/min
Inject Time: (delay) 0.2 min (see PTV prgr.)
Splitless time: 1 min 
Purge flow closed: 0.6 min
(Cleaning phase as usual, e.g. 30 min at 310 °C)
Asamp: 
Dwell time post-/preinjection: 0.2 min
Injection volume: 80 ul
Injection speed: 20 ul/sec

Basic configuration / settings:
PTV glas liner with glass wool (PN 45522070)
No precolumn
100 ul syringe (needle with side hole)
Solvent: toluene 
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Trace GC Ultra PTV: Liner types 
different liner types for different PTV modes – several liner types for PTV LVI

Liner type used 
in the here 
described 
experiments
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Trace GC Ultra PTV: Liner types 
For LVI: Liners F, L & G (H); other lines might only be able to keep smaller volumes

LVI liners can hold higher solvent volumes












































































