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1  Introduction

The technical aspect of the Alliance 2695 high pressure Upgrade was discussed in Technical 
Note #4. Now I like to review the concept of the Alliance 2695 Separations Module. 

The Alliance served us well for more than a decade and many customers may ask; “is this  
concept  dead”? Thinking about  this  question showed me some new aspects that  I  like to 
explain to  you.  Later  we compare the binary UPLC, H-Class and Agilent  12X0 with the 
upgraded Alliance. Then we find the answer what can the new U-HPLC instrument generation 
do better or worse. The progress in instrument development is fast and U-HPLC is the new 
standard in modern chromatography.
For  a  customer  considering  to  buy a  new instrument  it´s  not  easy to  pick  the  right  one, 
because all manufacturers claim that their instrument is the best. Today, you may have an 
Alliance sitting in your lab and maybe you like to improve it. With this technical note you 
have all the information how to make a high performance system out of your Alliance and we 
didn´t charge you a cent. Together with our high pressure upgrade you have a real U-HPLC 
system which gives you comparable results to Acquity. It is a good tool to bridge the gap 
between the new instrument generation and your Alliance system.

Modification Note to U-HPLC Performance 



fischer analytics GmbH TN 0005 Valid from: 01.03.2012 Page 5 / 21

2  Considerations on Dwell Volume and Fast Gradients

Some people argue that the Alliance can´t do fast gradients and it´s impossible because of the 
large dwell volume. First, what is a fast gradient and second, how large is the dwell volume? 
The dwell volume is mentioned in the Alliance 2695 handbook and is 650µl. I consider a fast 
gradient from 0-100% in 1 min at flow rates that match standard column size 0.3-1.5 ml/min. 
Dwell volume becomes more important when you use low flow rates <0.5 ml/min.

Usually a low pressure mixing pump has a larger dwell volume, because the volume counts 
from the outlet of the gradient proportioning valve (GPV) to the outlet of the chromatograph. 
All parts between like the inline filter, draw off valve, sample loop and column add a little 
dwell volume to the system. Compared to a high pressure mixing system (HPM), for example 
the Agilent  1100 binary pump, the dwell  volume counts  from the “Tee” where the pump 
channels A and B connect together.

The following graphic show the dwell  volume of an Agilent 1100/1200 system. After the 
injection  they  immediately  switched  to  another  channel  which  contains  an  UV  active 
compound. There is no column used. With a lower dwell volume the dispersion is getting 
smaller and the slope of the curve increase.
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Figure 1: Dwell volumes of an Agilent 1100/1200 binary system
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The result of this example show a dwell volume of 675µl and most of this volume is added by 
the mixer. In the Agilent 1290 Infinity they use some kind of a plate channel mixer called “Jet  
Weaver”. This part is available in two sizes 35µl and 100µl. The pump and mixer has only 
50µl dwell  volume, the total  system dwell  volume is  approximate 125-200µl.  The Waters 
binary UPLC has 150-200µl and the H-Class 400µl.

Let´s have a look on our Alliance system now. The following curve was acquired by using 
100% water in channel A. After the injection it was switched to channel C 99% water + 1% 
acetone, monitored at 254nm. For the red line a stroke volume of 25µl was used and for the 
green line 130µl. The total flow rate is 500µl/min.
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Tab. 1: Results table of the dwell volume experiment
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Figure 3 shows a dwell volume of 1.4min * 0.5 ml/min = 700µl. Our “standard system” was 
already optimized by replacing the capillary from the pump to V1 with a smaller one, that 
saved ~100µl. The total dwell volume of a standard Alliance system is approximate 800µl. 
This include the pump, injector and detector (2487 with standard 10mm, 10µl flow cell). This 
result is close to a standard Agilent 1100/1200 binary system. The mission was to reduce the 
dwell volume and we modified the system tubing’s. The result is shown below.
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Figure 2: Alliance 2695 dwell volume, 25µl and 130µl stroke volume
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The red line shows our standard test Alliance and the green line our modified system. With the 
new setup the dwell volume was reduced to 0.8min * 0.5 ml/min = 400µl. This is exactly the 
same as in the new UPLC H-Class.

The influence of this modification on gradient runs in given in the next figure.
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Figure 3: Dwell volume, modified system (green) vs. standard system 
(red)
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The  green  curve  show  that  the  modification  has  only  little  influence  on  the  gradient 
composition. Because of the lower dwell volume the green line shifts to a shorter time.
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Figure 4: Fast gradient 0-100% in 1 min
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3  How to reduce the Dwell Volume

This chapter show how to reduce the dwell volume in the Alliance 2690/95 system.

We start with the tubing from the Gradient Proportioning Valve to the Primary pump head. 
This tubing is 20cm long and can be replaced with an orange peek tubing 0.02” id. This is the 
smallest tubing that you should use because it is attached to the pump intake. This side must 
have a larger diameter because the piston is drawing fluid.

Figure 5 shows the orange capillary that you have to build. It replaces the steel tube. For this 
application a peek tubing is the best choice. 

Figure 6,7 show the ports where you must connect the orange tubing.
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Figure 5: Replacing the intake tubing

Figure 6: Use a PEEK fitting for 
connection

Figure 7: Re-use low pressure nut & 
ferrule
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Now we replace the 0,02" with 0,01" tubings. We have to build 

2 x steel tubing 15cm long 0.01” id, Primary – Transducer – Accumulator

1 x steel tubing 12cm long 0.01” id, Accumulator – System Transducer

1 x steel tubing 65cm long 0.01” id, System Transducer – V1 top port

That are all tubings that need to be replaced for the pump drive. We uninstalled the draw-off 
valve and the Filter. How we do a wet prime is shown later. The filter is not needed, particles 
will be forwarded to the pre column filter.

   

We replace the tubing’s in the injector region, that are:
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Figure 8: Replace steel tubings (red 
arrows)

Figure 9: Remove draw off valve & filter

Figure 10: Connect to V1 top port Figure 11: Replace tubings (red arrows)
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1 x steel tubing 12cm long 0.01” id, V1 center port – V2 bottom port

1 x steel tubing 11cm long 0.01” id, V2 top port – Sample Transducer

1 x steel tubing 35cm long 0.01” id, Sample Transducer – Injector Needle
1 x steel tubing 40cm long 0.01” id, V1 bottom port – Sealpack

The length of the sample and the restrictor loop depends on the injection volume that you 
want to use and the mixing ratio for  at column dilution.  This example work for injection 
volumes  up  to  25µl.  We  are  dosing  the  sample  to  the  solvent  flow.  This  lowers  the 
concentration of the strong solvent. The analyte is focused on the column. This is called at 
column dilution. We use the injector to mix sample and solvent.

Modification Note to U-HPLC Performance 

Figure 12: Replace sample & restrictor 
loop

Figure 13: Connect restrictor loop to 
injector

Tab. 2: Modification Table and Dwell Volume Savings
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4  The use of a solvent filter

Did you recognized that we don´t use the inline solvent filter. The question is why do Waters 
use this filter and what is its purpose? During my time as a field service engineer I have seen 
only  one  blocked  filter  and  that  was  at  a  customer  who  used  a  mixture  of  DMF  and 
Dichloromethane which destroyed the plunger seals. Sometimes you see a discolored surface 
of the hastelloy filter, especially when a certain buffer is used. Maybe a few small particles 
from a worn plunger  seal  will  be released.  However,  all  particles  will  be forwarded and 
accumulated at the pre column filter. This part need to be changed from time to time. You 
should always use a filter for the intake tubings. These filters remove most of the dust that 
may find a way into the solvent bottle.

The Acquity has no inline solvent filter, the solvent from the pump head passes through a vent 
valve and a mixer which consist of 50µm zirconia oxide particles. The mixer is like a small 
column with nonactive column material, but has no filter function for small particles <2µm. 
The old binary Acquity without the intelligent intake valve use a check valve inlet filter (# 
700002912). This filter should prevent check valve failures.

The function of the inline filter in the 2695 is not clear. We believe it is a relict from the 717  
sample manager that was re-used in the design of the Alliance. The injector of the 2695 is 
quite the same as in the 717. From a technical point of view the filter is not essential. Other 
instruments like the Acquity or Agilent 12X0 do not use it.

5  How to purge the System if the Draw Off Valve is removed

Customers may ask how do you purge the system if the draw off valve is removed? This is 
quite simple. During a Wet Prime V1, V2 and V3 are open. You need to connect a syringe to 
the waste line of V3 and draw fluid. Please notice, a column must be installed. The following 
schematic show the flow path.

Modification Note to U-HPLC Performance 
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The Alliance has three solvent waste tubings. The 
small  clear  tubing  is  the  waste  line  from  V3. 
Connect a syringe to this tubing, start a wet prime 2 
ml/min, choose the channel that you like to prime 
and draw the syringe until clear fluid flow out. The 
larger clear tubing is the seal wash and the yellow 
tubing is from the  injector needle wash pump. The 
largest  tube  is  the  exhaust  of  the  degasser  pump 
(not shown). 

6  How the Injection of Large Volumes work

In preparative chromatography there is a technique called at column dilution. This technique 
is used to inject large sample volumes dissolved in strong solvents like Methanol, Acetonitrile 
or DMSO. The maximum injection volume on a UPLC column is between 3-5µl, sample 
dissolved in strong solvent. The Alliance injector is able to do small volumes <5µl, but the 
accuracy becomes worse because the standard 250µl syringe is too large to measure such a 
small volume. For that reason the Acquity has a 100µl syringe. The first action would be to 
replace the 250µl syringe with a smaller one (100µl 700000564, 25µl WAT077343). 

Modification Note to U-HPLC Performance 

Figure 14: Flow path during Wet Prime

Figure 15: Small clear tube to draw the 
fluid
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To overcome  this  limitation,  we  use  a  mixing  technique  “at  column dilution”  to  enable 
large(r) injection volumes. The precision of 10µl injections is good and we like to do this with 
our UPLC column. Do you think an injection of 30µl sample dissolved in pure Acetonitrile is 
possible on a UPLC column 2.1x50mm? Usually not, but with the modified Alliance you can 
do it. Now I explain the science of what is possible.

How it works: In the standard Alliance system the flow from the pump split in two paths at 
V1. One path is the flow that goes through the restrictor loop, the other path goes through V2 
to the Sample Transducer, further to the injector needle. Usually most of the flow goes this 
way and only 5% through the restrictor.  By changing the tubing diameter  and length we 
change the dwell volume and the ratio of the mass flow.

We measured the mass flow that exit the restictor 
loop (RL) and the injector needle (IN) by weighting 
the volume. The results of our tests are given in the 
table below.
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Figure 16: Schematic of the flow during an injection

Figure 17: How we determine the mass 
flow
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Solvent Mass [g] Mass Flow [%] IN / RL 

Experiments  Needle Restrictor  Needle Restrictor Ratio

1st: Original Setup with original 
Restrictor 65cm id. 0,005" 

10,03 0,96 91,3 8,7 10,4

2nd:  Sample  Loop  35cm  id. 
0.01",  Restrictor  65cm  id. 
0,005" 

9,69 2,85 77,3 22,7 3,4

3rd:  Sample  Loop  id.  35cm id. 
0.01", Restrictor 40cm id. 0.01"

6,03 9,65 38,5 61,5 0,6

Tab. 3 Results of the mass flow experiments

I like to explain the 3rd experiment. Here we route more solvent through the restrictor than the 
injector needle. Our sample is diluted by weak solvent from the restrictor loop. The easy way 
to calculate the mass flow ratio is to use the same tube diameter for the injector and restrictor 
path. In that case you can do the following calculation.

total  length  of  path1  (L1)  =  length  tubing  from V1 to  V2  +  length  tubing  from V2 to 
Transducer + length of the sample loop + (needle, we skip this because of the large i.d.)

total length of path2 (L2) = length restrictor loop

the ratio is the quotient of L1 / (L1+L2) 

this ratio is equal to the ratio of mass flow MF [%]

we use now the following parameter for our example

tubing V1 to V2 = 13cm

tubing V2 to Transducer = 12cm

sample loop = 35cm

restrictor loop = 40cm

L1 = 13 + 12 + 35 = 60

L2 = 40

ratio = L1 / (L1 + L2) = 60 / (60 + 40) =  0.6 = (MF1 / MF2)

Modification Note to U-HPLC Performance 
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to calculate the mass flow in [%] we set MF1 + MF2 = 100% => MF2 = 100 - MF1 

MF1 = (L1 / (L1+ L2)) * (100 - MF1) = 0.6 * (100 - MF1) = 60 – 0.6MF1

MF1 = 60 / 1.6 = 37.5%

Result: 37.5% of the flow pass the sample loop and 62.5% the restrictor loop.

Why is this useful? We can use this information to calculate the Acetonitrile concentration 
that enter the column during the injection. To do this we use the mixing equation.

MF1 * C1 + MF2 * C2 + … MFn * Cn = MFtotal * Ctotal 

MF is the mass flow and C the concentration of organic solvent for example Acetonitrile.

Example: Our sample is dissolved in 50% Acetonitrile and the initial condition of our HPLC 
method is 98% Water, 2% Acetonitrile. Total flow is 1000µl/min => MF1 = 375µl/min, MF2 
= 625µl/min

Ctotal = (MF1 * C1 + MF2 * C2 ) / MFtotal 

Ctotal = (375 * 0,5 + 625 * 0,02) / 1000 = 0,20 

Result: Our analyte that we inject will be mixed with a weak solvent composition, that the 
concentration of sample that reach the column is diluted from 50% to 20% Acetonitrile. This 
is independent from the injection volume and that is the reason why large volume injections 
are possible. We suppose that the analyte is focused under these conditions at the column head 
and  in  practice  the  peak  width  are  smaller  and  peak  shape  is  better  compared  to  direct 
injections. With this technique the influence of salt and matrix compounds is reduced. This is 
a large improvement for your daily work, make your methods more robust! 

If you have a compound that shows no retention like Uracil, the peak width will be increased 
by the dosing time. 

An example how to calculate it for a 30µl injection 

30µl / 375µl/min = 0.08 min = 4.8 sec

Result: The Uracil peak of a 30µl injection volume will be increased by 4.8 seconds. If you 
inject 10µl then the peak width is increased by 1.6 seconds.

There is one question left. How large is the maximum injection volume based on the tubing 
length that we used?

Modification Note to U-HPLC Performance 
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Max Injection Volume = 0.8 * (volume of the tubing from V2 to the Transducer + volume of  
the sample loop + volume of the injector needle)

Max Injection Volume = 0.8 * (6 + 18 + 13) = 26,4µl

I used the volumes calculated in table two. 

Result: Because of the laminar flow profile in the tube we use only 80% of the total volume. I  
would recommend a maximum injection volume of 25µl for this system.

Modification Note to U-HPLC Performance 
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7  Summary

In the previous chapter I explained the improvements of what´s possible. I recommend to do 
the following modifications.

1. replace the standard intake tube with a 0.02” tube, save 50µl

2. replace the the tube from the pump to V1 with a 0.01” tube, save 110µl

3. consider if you really need the inline solvent filter

4. if 25µl injection volume is enough, replace the sample loop with a smaller one, save 
90µl

5. replace the restrictor loop to enable at column dilution

You can  save  250µl  or  ~1/3  of  the  total  system dwell  volume  by changing  the  tubings 
(1,2,4,5).You still have the draw off valve and inline filter installed and all other tubings are 
untouched. If you don´t know how to calculate at column dilution, choose a 40cm loop with a 
0.01” id for the sample loop and a 30cm loop with a 0.01” id tube for the restrictor loop. That 
will work well.

The most important thing in chromatography is the column. The column is the part that is  
responsible  for  the  resolution  of  the  peaks  in  your  chromatogram.  It  make no difference 
whether you instrument is blue or white. The color can´t cheat physics. What is the magic of 
the Acquity or Agilent 1290? The answer is, there is no magic. If you look behind the curtain 
you see a pump with an injector, small dwell volumes, small capillary inner diameter, short 
ways  from the  column outlet  to  the  detector.  The  binary  Acquity  is  well  optimized  and 
improvements are not as easy as for the Alliance.  However,  the Acquity H-Class still  has 
400µl dwell volume and the Alliance can be optimized to that level. The pump algorithm is of 
the H-Class compared to the Alliance is quite the same and that makes not a big difference. If 
we compare the pressure range, the Acquity can reach 1000bar (~15000 psi) up to 1ml/min 
and then the max pressure should decrease to 620bar (~9000 psi) when the pump reach a flow 
of 2ml/min (spec sheet, waters.com). The Alliance can easily do 3ml/min over 1000bar. If we 
compare real chromatograms acquired under UPLC conditions, the upgraded Alliance come 
close to Acquity. We reach peak widths about 1-3s at half height and 3-6s at baseline with a 
2487  and  a  standard  flow cell.  The  runtimes  are  15-30s  longer  compared  to  the  binary 
Acquity. You maintain the same good reproducibility as you had under HPLC conditions. The 
other feature is, you can convert from HPLC to UPLC by setting a switch in your HPLC 
method!

The Alliance Upgrade from fischer  analytics  is  a  great  tool  to  enable  the use of  modern 
column technology which requires extended pressures. With a few modifications, the Alliance 
system is equal to the Acquity H-Class. Many customers are surprised about the improvement. 
Together with a Acquity UV detector the results are quite the same as you obtain on a Acquity. 
There is not much left that the Acquity can do better, especially when you compare the costs. 
For a small price you get a large improvement. Together with our other performance parts like 
the Titanium Nitride hard coated needle, you can make an analytical weapon out of it.

Finally: Yes, we can... do real U-HPLC with your Alliance

Modification Note to U-HPLC Performance 
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8  Tools, Tips & Tricks

To make a coil of a stainless steel tubing, use a cylindrical 
body and wrap the tubing around it. If you want to make a 
PEEK coil, use a metal body and heat the coil from all sites 
with an electrical heat gun for 5-10 seconds.

 

The easy way to cut a stainless steel tubing is to use such a 
cutter. The wheel will do a 0.2mm deep cut and than you can 
break the tubing by bending it a few degrees for a couple of 
times.  Tubing  Cutter  WAT022384,  Cutter  Wheels  3pk 
WAT022385.

It is critical to over tighten a check valve. There is a torque 
wrench available from Waters WAT025178. If you don´t have 
it, use great care, hand tight + 1/8 turn is enough. 

If you tighten a fitting to the check valve housing, hold the 
insert  with  one wrench and tighten  the  nut  with the  other 
wrench. Otherwise you may also turn the complete housing 
and over tighten the check valve.

Sometimes it is difficult to access the nut in the center of the 
gradient valve. The tool shown in this picture can be ordered 
from Upchurch Product No. P-299. 

Modification Note to U-HPLC Performance 
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To have a durable leak free system, we recommend the 
use  of  the  two  piece  Swagelok  ferrule.  They  are 
available as a set of ten, Swagelok order number SS-100-
SET, €36,-

Waters Part 700002635, €129,-

Modification Note to U-HPLC Performance 
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