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OVERVIEW 
Typical requirements for a chromatographic 
injector are accuracy, repeatability, linearity, 
minimized carryover, and speed.  The 
optimization of one of these parameters for 
some injectors may involve a compromise to one 
or more of the other performance 
characteristics.  In addition to these performance 
parameters, usability plays an important role in 
ensuring that the injector is employed at 
maximum performance levels.  Ideally a sample 
delivery mechanism that can capitalize on all of 
these performance attributes and increase 
usability for routine analysis is desired by 
chromatographic users.  The need for high 
performance sample delivery is increased when 
trace analysis utilizing mass spectrometry 
detection is employed.  Minimizing carryover 
performance in the sub-ng range can be a 
challenge for most modes of sample delivery.  
The ACQUITY UPLC® H-Class Sample Manager 
with Flow-Through Needle (SM-FTN) Design 
demonstrates that performance characteristics 
do not need to be compromised when optimizing 
a highly-flexible and simple-to-use injector. 
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THE TECHNOLOGY 

Ease-of-Use for Routine Analysis 
 
Any system that will be deployed for routine analysis must be 
simple-to-use.  The single wash solvent design for carryover 
management and single injection mode reduce the chance of 
error.  The sample tray carousel is easy to load and was 
designed with input from chromatographers, with routine 
analysis in mind.  For methods that must be transferred 
between multiple LC systems, a pre-injection volume is 
available to match the system volumes of the two systems so 
that integration methods do not need to be altered. 

Flow-Through Needle Design 
 
There are two common injector platforms that are used in 
autosamplers, fixed-loop and needle-in-flow-path.  Each design 
has its benefits and drawbacks in terms of precision, linearity, 
carryover, dispersion, throughput, and usability. The ACQUITY 
UPLC H-Class System’s SM-FTN uses a needle-in-flow-path 
design. The two major design concerns for this style of injector 
for UPLC are robust sealing of the needle at high pressures and 
minimizing the extra-column band spread for narrow UPLC 
peaks.  The fluidic path of the SM-FTN is shown in Figure 1.  
When the injection sequence is initiated, the inject valve 
diverts the flow from the needle so it can collect sample from 
the vial.  The sampling mechanism is an RTZ configuration in 
which the needle only moves in a diagonal direction and the 
rotary sample tray rotates to position the vial under the 
sample needle path (Figure 2).  The needle is lowered into the 
vial and withdraws the exact volume requested and returns to 
the injection port.  Once at the port, the needle moves down 
and pushes against the sealing surface.  In the bottom of the 
port there is a force transducer that measures the sealing force 
and only applies the pressure needed to seal to 15,000 psi 
(Figure 3).  This ensures that no leaks will occur at the port 
and that the lifetime of the sealing surface is maximized.  Once 
the needle has sealed, the injection valve turns and the sample 
is pushed down the injection port, through the injection valve, 
and out to the column.  The injection port is located as close 
as possible to the inject valve to minimize dispersion of the 
sample as it travels to the chromatographic column.  Typical 
bandspread on the SM-FTN is 8-9µL.  After the injection is 
made, the needle is washed for a specified amount of time to 
minimize sample carryover.  Typical system cycle times are on 
the order of 20-25 s for UPLC injection volumes. 

 

THE PERFORMANCE 
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Figure 1. Schematic diagram of the flow path of the SM-FTN 
TOP: Load Position; BOTTOM: Inject Position. 

Figure 2. The RTZ mechanism of the SM-FTN allows for  
reduced dispersion because the injection port can be located 
near the inject valve.  The rotary design of the sample tray 
provides an ease-of-use-benefit for sample introduction. 

Figure 3. Injection port design features a force transducer that 
ensures that the needle seals to the correct force at each  
injection to ensure optimal and reliable performance at the 
high UPLC pressures. 

Figure 4.  Injection linearity 
and repeatability for a series of 
3 anesthetics.   
Linearity was assessed from 
0.1µL to 10µL.  The range was 
over 2 orders of magnitude and 
therefore a 1/x weighting was 
applied to the curve.  No in-
strument configuration changes 
were needed to achieve this 
linear range.  Similar perform-
ance is observed for the same 
volume range when the 50µL 
extension loop is installed.   
Repeatability was assessed 
from 0.5µL to 10.0µL and was 
well below 0.5% and typically 
on the order of 0.1—0.2% for 
six replicate injections. 
[Conditions: 2.1x50mm BEH 
C18; Eluent A: 10mM Ammo-
nium Bicarbonate @ pH 10, 
Eluent B: ACN; 800µL/min; 
Gradient: 20%-90% B over  
2 min; 50°C; Default wash 
with 50/50 Water/ACN; UV/Vis 
@ 300nm, 20Hz Normal] 

 

Figure 5.  With the excellent 
repeatability and linearity 
achieved using the ACQUITY 
UPLC H-Class System with 
the SM-FTN, it is possible to 
run the same separation 
across 2 orders or magnitude 
or 100-fold and achieve the 
same chromatographic per-
formance without instrument 
configuration changes.  See 
Figure 4 for conditions. 

Figure 7.  Carryover perform-
ance with a flow-through-
needle-design is typically  
easier to manage because the 
gradient washes through the 
needle. Chlorhexidine, which is 
representative of a ‘sticky’ 
compound and is difficult to  
remove from the injector, had 
carryover well below specifica-
tion of 0.005%. [Conditions: 
2.1x50mm BEH C18; Eluent A: 
0.1% TFA in Water, Eluent B: 
0.1% TFA in ACN; 750µL/min; 
Gradient: 10%-90% over 
2min, hold@ final conditions; 
40°C; Default wash with 1% 
Formic Acid in Methanol; UV/
Vis @ 260nm, 20Hz Normal] 

Figure 8.  Carryover perform-
ance of the SM-FTN was  
assessed with MS detection on 
the ACQUITY UPLC TQD to 
demonstrate carryover with a 
more sensitive detection tech-
nique.  [LC Conditions: 
2.1x50mm BEH C18; Eluent A: 
0.1% FA in Water, Eluent B: 
0.1% FA in ACN; Gradient: 
25%-95% over 1.7min, hold @ 
final conditions, 920µL/min 
split to 220µL/min into TQD; 
50°C; default wash with 50/50 
Water/ACN] {MS Conditions: 
SIR ES+; Terfenadine @ 
472.31 Da with cone @ 40V; 
Oxybutynin @ 358.30 with 
cone @ 30V; 0.05s Dwell; 
Source T @ 150°C; Desol. T @ 
450°C; Desol Gas @ 600L/hr; 
Cone Gas @ 50 L/hr} 
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SUMMARY 

 The ACQUITY UPLC H-Class SM-FTN is a low dispersion needle-in-flow 
path injector that is compatible with UPLC separations 

 
 Linearity and repeatability are excellent with R2 >0.9999 and %RSD 

for replicate injections typically 0.1% - 0.2% 
 
 Low sample carryover is observed for both UV and MS applications 
 
 The design minimizes the need to optimize and is ideally suited for 

routine analysis 

Figure 6.  Injection accuracy is 
assessed by injecting 6 replicates 
at high concentration and collect-
ing the effluent into a volumetric 
flask.  The flask is then made up 
to the mark and the final solution 
is re-injected onto the system.  A 
standard at the expected concen-
tration is prepared and injected 
and compared.  This measures 
the accuracy of sample delivery.  
An overlay of standard and  
sample @ 10µL injection volumes 
is shown. 
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