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Abstract 

In order to increase the analysis frequency and thereby achieve a better understanding of the 

kinetics and dynamics of the chemical process without increasing the workload of the already 

strained analytical laboratory at Cambrex Karlskoga AB, this projects goal was to investigate 

whether a crude prototype for mobile on-line HPLC-analysis with automatic sampling and 

dilution could be built based on certain flow-injection analysis techniques. It was possible to 

achieve dilution with good repeatability even though saturation effects in the filter proved 

problematic. Separation and dilution of a binary mixture was also successful as proof-of-

concept. 
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Övergripande sammanfattning 

Genom att övervaka pågående reaktioner kan viktig kunskap om processen erhållas. För 

komplicerade processer räcker inte enkla industriella in-line mätinstrument såsom 

spektrometrar eller elektrokemiska prober för att få all nödvändig information om processen. 

Istället krävs mer avancerade analyser, t.ex. gaskromatografi (GC) eller vätskekromatografi 

(HPLC). 

 

Cambrex Karlskoga AB ser ett behov av tätare processanalyser. För tillfället tillämpas 

manuella off-line HPLC-analyser på deras interna analyslabb, något som är både 

arbetskrävande och långsamt vilket gör att resultaten kan vara inaktuella när analyserna är 

färdiga. En högre analysfrekvens kan ge ökad förståelse för processens kinetik samt dynamik 

och leda till bättre optimerade processer med förbättrad produktkvalitet och kortare 

produktionstider som resultat. On-line HPLC-analyser, dvs. automatiska analyser direkt i 

fabriken, kan leda till högre analysfrekvenser utan ökad arbetsbörda. Ett av de största 

problemen vid automatiska HPLC-analyser av en pågående process är att koncentrationen i 

lösningen oftast är hundratals gånger högre än detektorn i HPLC-systemet klarar av. För att 

kunna utföra on-line mätningar måste provet spädas innan det injiceras på kolonnen. 

Avsikten med det här projektet var att ta fram en enkel prototyp för att se om det är möjligt att 

späda prover automatiskt genom att m.h.a. två ventiler klippa skivor ur en bred flödesprofil. 

Målet hos Cambrex är att någon gång i framtiden ha ett komplett, lättanvänt och mobilt 

HPLC-system med automatisk spädning att använda ute i fabrikerna. 

För att erhålla en bandbreddad flödesprofil att klippa skivor ur skickades provlösningen 

genom ett filter innan den nådde en liten loop i en automatisk ventil. Genom att variera 

ventilens öppnings- och stängningstid var det möjligt att spara en liten vald del av provet i 

loopen för vidare injektion på HPLC-kolonnen. För att detta skulle fungera krävdes att den 

bandbreddade flödesprofilen dels hade en bra form men framförallt att den var repeterbar. 

Detta projekt bestod av två skilda delar, dels programmering av styrsystemet för ventilerna, 

pumpen och HPLC-systemet och dels praktiska tester för att se om spädningen fungerar. 

Styrsystemet programmerades i National Intruments LabVIEW och de olika delarna i 

systemet styrdes via datorns ethernet-, usb- samt seriell-portar.  

En mängd tester utfördes, dels för att få styrsystemet att fungera som planerat men framförallt 

för att testa repeterbarhet för olika delar i systemet. 
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Det visade sig att ett filter ger en bra och repeterbar form på flödesprofilen med en relativ 

standardavvikelse på 0.65% över tio mätningar och ett konfidensintervall på ±0.38%. Två 

filter fungerade däremot inte alls.  

Tyvärr visade det sig även att filtret gav upphov till mättnadseffekter vilket resulterar i att de 

första mätningarna får markant lägre absorbans än de efterföljande om filtret ej är mättat vid 

analysstart. Carry-over från tidigare mätningar och blödningseffekter från filtret var relativt 

små, 0.56% efter 7.5 minuters tvätt av spädningssystemet med mobilfas. Då detta sker under 

HPLC-analysen blir den effektiva väntetiden inte mer än någon minut mellan analyserna. 

 

Projektet visar att det fungerar att späda på det tänkta sättet men att det är många hinder som 

måste överkommas innan en användbar produkt kan existera. Främst bör det kontrolleras att 

den bandbreddade flödesprofilen är konstant oberoende viskositet hos provet, om inte 

kommer tidskrävande kalibrering krävas mellan olika mätningar. Vidare upptäcktes att 

gradientkörningar ej fungerar tillfredsställande med den hårdvara och de drivrutiner som 

existerar till LabVIEW. 

  



5 

 

Executive summary 

By monitoring ongoing reactions it is possible to gain important knowledge about the 

production process. For complicated processes it is not sufficient to use industrial 

spectrometric probes or similar simple in-line measurement methods to gain all the necessary 

information about the process. Instead more advanced analysis, such as GC or HPLC, is 

required. 

Cambrex Karlskoga AB utilizes off-line HPLC-analysis for their ongoing processes. A 

sample is manually extracted and transported to the analytical laboratory where it is analyzed. 

This gives important information, but the update frequency is low and the information may be 

obsolete since extraction, sample processing and analysis times are too long. A higher 

sampling frequency would increase the knowledge about the process kinetics and dynamics, 

in time leading to better optimized processes, but would drastically increases the required 

workload and put a strain on the analytical laboratory.  

By using on-line HPLC-analysis it would be possible to greatly increase the analysis 

frequency, decrease the individual workload and relieve the analytical laboratory. 

One of the main problems with HPLC-monitoring of ongoing reactions is that the 

concentration of the reaction mixture often is hundred-folds too high for the detector in the 

HPLC-systems. To be able to perform on-line HPLC measurements the reaction samples need 

to be diluted before they are injected onto the column. 

The purpose of this project was to construct a crude prototype system to see if it is possible to 

automatically dilute samples by using two valves to cut slices out of a broad flow-profile. The 

vision at Cambrex is to someday in the future have a complete, easy to use, mobile HPLC-

system with automatic dilution, for use in the manufacturing plants. 

To achieve an intentional bandbroadening to cut slices from, the sample was sent through a 

filter before reaching a small loop in an automatic valve. By varying the opening and closing 

time of the valve it was possible to store a small amount of the sample for subsequent 

injection onto the HPLC column.  

This project was divided into two parts. The first was the programming of the control system 

for the valves, pump and HPLC-system and second part was more practical tests of the 

dilution. The control system was programmed in National Instruments LabVIEW and the 

different parts were controlled via the ethernet, usb and serial ports of the computer. 

Many different tests were performed, partly to make sure that the control system worked 

satisfactory but above all to test the repeatability of the different parts of the system. 
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It was found that one filter results in a flow-profile with a good and repeatable shape with a 

relative standard deviation of 0.65% over ten measurements and a confidence interval of 

±0.38%. Two filters did not work at all.  

Unfortunately the filter gave rise to saturation effects which markedly affects the absorbance 

of the first measurements if the filter is not already saturated. Carry-over and bleeding effects 

from the filter were found to be relatively small, 0.56% after the dilution system had been 

washed with mobile phase for 7.5 minutes. As the washing is performed during the HPLC-

analysis the effective waiting time between analyzes is only a few minutes. 

 

This project shows that diluting samples in the proposed way works, but there are many 

obstacles that have to be overcome before this can be turned into a useful easy to use product. 

To avoid time-consuming calibration work between different measurements it should 

primarily be controlled that the bandbroadened flow-profile is constant disregarding the 

viscosity of the samples. With the present hardware and software drivers available it is not 

possible to satisfactory run a phase gradient during the HPLC-analysis. 
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List of symbols and abbreviations 

DAQ: Data Acquisition 

FIA: Flow-injection analysis 

HPLC: High Pressure Liquid Chromatography 

I/O: Input/output 

NI: National instruments 

RSD: Relative standard deviation 

VI: Virtual instrument 

VWD: Variable wavelength detector 
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1 Introduction 

1.1 Cambrex 

Cambrex is a global life science company with cGMP certified manufacturing plants in the 

US, Europe and India that produce APIs (Active Pharmaceutical Ingredients), advanced 

intermediates for the pharmaceutical industry and drug delivery products. They also perform 

custom manufacturing on demand [1]. 

 

Cambrex Karlskoga AB consists of an R&D-department along with several pilot plants and 

full scale plants, giving the capability to produce an amount of a few grams up to several 

tonnes of a substance [2]. 

By monitoring ongoing reactions it is possible to gain important knowledge about the 

production process. This information can then be used to control and optimize the process, 

thereby maximizing product quality while minimizing cost, production time and safety 

hazards. In order to monitor the production of complicated substances it is not sufficient to 

use industrial spectrometric probes or similar simple in-line measurement methods since the 

reaction solutions contain many different substances that will interfere with the 

measurements. More advanced analysis, such as HPLC, is required to correctly monitor the 

ongoing process. 

 

Cambrex Karlskoga utilizes off-line HPLC-analysis for their ongoing processes. A sample is 

manually extracted and transported to the analytical laboratory where it is analyzed. This 

gives important information, but the update frequency is low and the information is often 

already obsolete since extraction, sample processing and analysis times are too long. A higher 

sampling frequency would increase the knowledge about the process kinetics and dynamics, 

in time leading to better optimized processes, but would drastically increases the required 

workload and put a strain on the analytical laboratory.  

By using on-line HPLC-analysis it would be possible to greatly increase the analysis 

frequency, decrease the individual workload and relieve the analytical laboratory.  
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1.2 On-line and in-line analysis 

On-line and in-line analysis refers to the practice of integrating the analysis equipment 

somewhere in the production line. In-line analysis often utilizes some electrochemical or 

spectrometric measurement method that can be directly inserted into the product stream and 

provide continuous supervision of the process. On-line analysis methods require a sample to 

be extracted from the main stream before analysis. Many on-line methods also require the 

sample to be pre-treated in some way, for example diluted or cooled. On-line analysis can be 

divided into two subcategories, intermittent methods where a sample is extracted, (pre-

treated) and injected into the instrument and continuous methods where the extracted sample 

flows continuously through the instrument. Regardless of which method is used, it will 

drastically shorten analysis times compared to off-line analysis [3]. 

1.3 HPLC 

High Pressure Liquid Chromatography (HPLC) is a widely used method for separation and 

detection of compounds in a mixture. A typical HPLC-system consists of at least one pump, 

one column, a detector and a mobile phase. The separation of the compounds is based on the 

difference in polarity between the mobile phase and the stationary phase in the column. The 

most common setup is called reversed phase and utilizes a non-polar column and a polar 

mobile phase. Polar compounds will stay in the polar mobile phase, resulting in short 

retention times, while less polar compounds will be retained in the column, resulting in a 

longer retention time, this difference in retention times effectively separates the components. 

Sometimes one component is very polar while the other is very non-polar, resulting in a very 

short retention time for the polar compound but a very long retention time for the non-polar 

compound. If the non-polar compound elutes from the column at all, it will result in a very 

broad and badly shaped peak in the chromatogram. To avoid this problem it is common to use 

a concentration gradient for the mobile phase, where the polarity of the mobile phase is 

changed gradually during the analysis. A finely tuned gradient run can result in a complete 

separation of the compounds and at the same time give very thin peaks with short retention 

times [4]. 
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1.4 LabVIEW 

LabVIEW is a programming environment for the high-level graphical programming language 

G. Both LabVIEW and G are developed by National Instruments and are proprietary products. 

LabVIEW was specifically designed for data acquisition, automation and signal- analysis and 

processing. It is, unlike most other programming languages, dataflow-based and completely 

graphical. A program in LabVIEW consists of two parts, the front panel and the block 

diagram. The front panel contains the GUI (graphical user interface), i.e. everything that is 

visible to the user, for example a numeric control or a graph. The block diagram on the other 

hand contains all the data-manipulation and programming and is invisible to the user. 

 To create a program, all the parts of the GUI are dragged from a toolbox to the desired place 

on the front panel. Icons for the different functions are automatically created in the block 

diagram, where it is possible to connect them using data-wires. By using other toolboxes it is 

possibly to add different data operators to the wires. As mentioned, the language is flow-

based so when a program is run, the data flows through the wires from left to right, going 

through each data operation one at a time.  

A central part of LabVIEW programming is something called VI’s and SubVI’s. The main 

program is called a VI and it can contain many different SubVI’s which in turn can contain 

some SubVI’s themselves. This allows a program to be built in parts by first creating a SubVI 

for each function the program should have and then connecting them all in the main VI. By 

doing this the main VI becomes less cluttered and easier to supervise.  

LabVIEW contains many different premade SubVI’s with functionality from simple 

mathematical operations to advanced I/O-operations. National Instruments also provide a big 

database with both official and unofficial drivers, in the form of SubVI’s, for many different 

laboratory instruments to further simplify data collection [5]. 

1.5 Dilution 

One of the main problems with HPLC-monitoring of ongoing reactions is that the 

concentration of the reaction mixture often is hundred-folds too high for the HPLC-systems, 

often resulting in one big peak since the detector cannot handle the high concentrations. 

 

To be able to perform on-line HPLC measurements the reaction samples need to be diluted 

before they are injected onto the column. In this project dilution will be performed using 

flow-injection analysis (FIA) principles with the sample flowing through a filter to achieve an 
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intentional bandbroadening as can be seen in Figure 1. This broadened flow plug then flows 

into a valve with a small loop that will be used to cut the plug apart, making it possible to 

choose which part of the profile to use. This is shown in Figure 2.  

 

 

 

Figure 1: Theoretical concentration profile with 

respect to time, before and after filter. 

 

Figure 2: Careful timing allows cut-outs to be 

made at for example maximum concentration, at 

50%, 10% and even at 1%. 

 

In order for this idea to work it is crucial that the band broadening results in a good shape of 

the flow profile and that the same shape is obtained with every measurement. The optimal 

shape would be a broad Gaussian peak but a tailed peak should work as well. The peak should 

not be more than a few minutes wide to make sure it is quickly washed out of the system, 

allowing many samples to be analyzed in quick succession. 

1.6 Existing products and similar research 

Commercial on-line HPLC-systems are either built for use in small bioreactors or to be 

completely integrated in big industrial plants. The first type for use in bioreactors is too 

specialized for varied use in laboratories or plants while the second type is too big and 

immobile for Cambrex needs. Some manufacturers have fairly mobile systems for use in 

various locations in plants but these are too big for laboratory use, Waters PATROL™ 

UPLC® Process Analyzer [6] is a good example of this. A small Finnish company has, in 

cooperation with the University of Oulu and Helsinki Metropolia University, created a small, 

mobile and relatively cheap automated HPLC-system simply called OnlineHPLC [7]. Its 

primary use is for monitoring bioreactors but unlike most other products it is not limited to 

that.  

Concentration profile of sample

Before filter After filter 0

0,2

0,4

0,6

0,8
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Choosing concentration by timing

100% 50%    10 %  1%
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Another research project conducted by Schafer et al. [8] together with the HPLC-

manufacturer Eksigent resulted in the ExpressRT™-system [9]. 

None of the commercial products use our intended method of dilution, instead the most 

common solution is to use several separate pumps and a mixer. 

 

Different FIA techniques similar to the idea of this project have been described in several 

published articles. Tzanavaras et al.[10] and Zacharis et al.[11] used multiport valve setups to 

achieve derivatization and dilution of different samples before analysis. Even more similar 

setups were successfully used by Tyson et al.[12] and Garcia-Mesa et al.[13] in their attempts 

to achieve automated dilution. Tyson et al. used two multiport valves and a loop where the 

sample is circulated, diluted and mixed prior to injection while Garcia-Mesa et al. used one 

multiport valve and a peristaltic pump to circulate and dilute the samples. 

Although very similar setups have been used no identical setup was found in published 

articles. 

2 Vision and purpose of the project 

The vision at Cambrex is to someday in the future have a complete, easy to use, mobile 

HPLC-system with automatic dilution, for use in the manufacturing plants. Ideally anyone 

should be able to use it by inserting a sample collector into the reactor and press start. The 

system then automatically analyzes the ongoing reaction at set intervals and presents a graph 

showing the turnover of the reactants.  

The purpose of this project is to construct a crude prototype system to see if the proposed 

solution for dilution works. 
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3 Materials and methods 

3.1 Materials used 

The following materials were used for this project: 

3.1.1 Hardware 

Vici Cheminert C2H-2008EH 8-port valve with microelectric actuator 

Vici Cheminert C2H-2006EH 6-port valve with microelectric actuator 

National Instruments USB-6009 DAQ-card 

PTFE syringe filters 100 µl  

Watson-Marlow 405U peristaltic pump 

PEEK-tubing with 0.75mm ID and 0.25mm ID 

 

Agilent 1100 HPLC-system composed of the following components: 

G1411A Quaternary pump 

G1314A Variable wavelength detector (VWD) with Jetdirect network interface card 

Waters Symmetryshield RP8 3.5µm 4.6x50mm C8 column 

3.1.2 Software 

National Instruments LabVIEW 2011 Full 

BootP-server 

Agilent 1100 drivers for LabVIEW [14] 

3.1.3 Chemicals 

In this project the following chemicals were used: 

Chemical Brand name 

Acetone J.T. Baker HPLC Analyzed for HPLC 

Benzoic acid Merck pro analysi >99.9% 

Dimethyl isophthalate Merck-Schuckardt zur synthese >98% 

Formic acid J.T. Baker HPLC Analyzed for HPLC 

Methanol J.T. Baker HPLC Analyzed for HPLC 

Water MilliQ 
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3.2 LabVIEW 

The control program essentially consists of two entangled parts, one part controlling the 

external hardware and the other part process the acquired data. The program allows precise 

control of the valves, the peristaltic pump used for sampling and the HPLC-system. It also 

provides the user with the possibility to automatically run sequential measurements, with the 

possibility to increase the switching time of the ports and the time between measurements 

with each run. When the set number of measurements is reached, the system can be 

automatically switched off to preserve mobile phase. A small part of the LabVIEW program 

can be seen in Figure 3. Instructions for viewing the complete code can be found in Appendix 

9.1 on page 33. 

 

Figure 3: Part of LabVIEW block diagram for controlling the peristaltic pump. 

3.2.1 Controlling the HPLC 

The HPLC-system is controlled via the Ethernet port of the computer using official but 

unsupported LabVIEW drivers from Agilent Technologies. This makes it possible to control 

the entire HPLC-system from within LabVIEW, eliminating the need for multiple control 

programs. 

3.2.2 Controlling valves and external pump 

The external pump used for sampling as well as the two valves are controlled through the 

USB-port via the DAQ-card. The DAQ-card has 8 analog inputs, 2 analog outputs and 12 

digital inputs/outputs and is fully supported by LabVIEW. The pump is controlled 
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analogously by varying the output voltage from -5 to +5 V while the valves are controlled 

digitally with serial commands through their internal controllers. 

3.2.3 Presentation and integration of peaks 

The chromatogram is stored in the memory of the HPLC-system during analysis and is 

transferred to the LabVIEW program where it is presented in a graph at the end of the 

analysis. Due to technical difficulties it is not possible to continuously extract the data during 

analysis. 

The chromatogram is then automatically analyzed with a spline-based algorithm that tries to 

find and integrate all peaks bigger than a set value, taking baseline-drift and irregular peak 

shapes into account [15]. The produced data is then presented on the screen and written to a 

text file. This algorithm is based on Visual Basic code provided by Jonas Nilsson at Cambrex. 

3.3 Dilution 

The dilution of the sample in this project is based on FIA and the dilution procedure can be 

seen in Figure 4 below. When no sampling is done the system is in its idle state (A) where the 

loops and the filter are washed continuously with mobile phase. Prior to sample injection the 

peristaltic pump used for sample collection is started and sample solution is circulated through 

the 8-port valve to ensure that the tubing is completely filled with solution. Then the 8-port 

valve is switched and the sample fills the 50µl sample loop (B), any excess sample is sent to 

waste and not recirculated since the loop contains mobile phase that could contaminate the 

reactor solution. After a set amount of time, enough to rinse and fill the loop with sample, the 

valve is switched back to the original position (C) and the mobile phase carries the sample 

from the loop to the filter where the sample plug is broadened, resulting in a more Gaussian 

shaped peak. At the same moment as the 8-port valve is switched back, the 6-port valve is 

switched. The sample leaves the filter and fills the much smaller (~5µl) injection loop in the 

6-port valve (D), any excess sample is once again sent to waste. At this point there is a 

broadened flow plug going through the injection loop and when the loop is closed only a 

small part of the complete plug is contained in the loop and injected onto the column (E,F). 

This is the basis for the dilution in this system. By switching the 6-port valve it is possible to 

obtain small cut-outs from specific parts of the complete flow profile, allowing only a tiny 

part of the original sample volume into the HPLC-system. With careful timing it is possible to 

control which part of the complete Gaussian-like flow profile to use. By picking out only the 
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part of the profile with the highest concentration or by waiting a longer time and pick a part of 

the tail it is possible to achieve a large range of dilution. 
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Figure 4: Schematics of sample dilution. The red lines represent the position of the sample at 

certain times. A) System idle. The sampling pump starts a set amount of time before the valve 

is switched. B) The sample loop is filled. C) Sampling pump stops. The sample ejected from 

the loop, moving on to band broadening. The sample loop is washed by circulated mobile 

phase. D) Bandbroaded sample moving on through injection loop. E) Injection valve closed. 

The injection loop is now filled with sample cut-out and mobile phase. The dilution rate 

depends on the closing time of the injection loop. The excess sample goes to waste. F) The 

diluted sample is injected onto the column. The injection loop is washed with fresh mobile 
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Unless otherwise stated the following conditions were used for all experiments. 

HPLC 

Flow: 1 ml/min 

Detection wavelength: 265 nm, maximum absorbance for acetone [16]. 

Mobile phase: 600/400/1 ml Water/Methanol/Formic acid 

Column: None 

Sample solution: 20% w/w acetone in water 

3.3.1 Evaluation of band broadening 

To study the band broadening only the 6-port valve was used and filters were connected 

between the valve and the detector. By doing this it was possible to detect the whole sample 

plug and study its shape. At first ten measurements were performed without a filter to see if 

the switching time of the port was precise enough. To determine how many filters that should 

be used to obtain a good peak, eighteen additional measurements were carried out; ten 

measurements with one filter and eight measurements with two filters connected serially. The 

measurements were performed on a solution containing 0.5% w/w acetone in water to avoid 

overloading the detector. 

3.3.2 Timed cut-outs 

For the timed cut-out experiments, both valves were connected as shown in Figure 4 with one 

filter between the valves. To mimic actual plant conditions and avoid detection problems the 

sample solution was changed to 20% w/w acetone in water. In these experiments the 8-port 

valve was switched open long enough (10 seconds) to ensure that the sample loop was 

completely filled before injection into the band broadening filter. By varying the time 

between the closing of the 8-port valve and the opening of the 6-port valve it was possible to 

obtain varying degrees of dilution. Due to both hardware and software limitations the 

maximum time the valves can be open is 65 seconds. 

3.3.2.1 Complete profile 

Sixty-one measurements were carried out with the 8-port valve set to be open for 10 seconds. 

With each measurement the delay of the injection from the 6-port valve was increased by 1 

second, resulting in measurement from a 5 seconds delay up to 65 seconds delay. Since the 

flow rate of the system is 1 ml/min and the volume of the injection loop is 5 µl each cut-out 

will be equivalent to 0.3 seconds of the complete flow profile. To compensate for any 
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subsequent unintentional band broadening, the areas of the cut-outs are divided by 0.3 to 

obtain the equivalent height. By plotting these heights with 1 second intervals a profile very 

similar in shape to the complete flow-profile should be obtained.  

3.3.2.2 Saturation and carry-over effects 

Carry-over effects, i.e. residuals from previous samples that in some way interfere with the 

ongoing analysis, are likely to occur since a filter is used to achieve the band broadening. This 

may lead to both saturation and bleeding effects, i.e. a portion of the sample will first stay in 

the filter until the filter is saturated and will then continuously leak out. The design of this 

system, with recirculation of analyzed samples through the sample loop, further increases the 

possibility of carry-over related problems. 

To study the extent of these effects two kinds of experiments were carried out. To see how big 

the carry-over effect is and if there is any saturation effects to it, a number of repeated 

measurements were performed with a valve switch time corresponding to maximum 

absorbance. This experiment was done under three different conditions: With a filter, without 

a filter and with a filter and a column. The reason for this was too see how the different 

components affect the carry-over. 

 

After the system had been given enough time to be thoroughly washed, new measurements 

were done to determine how long time it takes for all the sample residues to elute from the 

system. This was done by injecting fresh sample, perform a measurement and wait a set 

amount of time before performing another measurement without injecting a fresh sample. 

This was done seven times, and for these measurements the column was removed. 

3.3.3 Dilution and separation of a mixture 

To evaluate how the system would work during more realistic circumstances, a C8 column 

was connected and a sample solution containing 2.5% w/w dimethyl isophthalate and 2.5% 

w/w benzoic acid in methanol was used. These measurements were carried out with the 

detector wavelength set to 237 nm since that was found to be a good compromise between the 

absorbance maximum of the substances.  
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4 Results 

Please note that all absorbance data is presented in deciAU. This is due to a bug in the HPLC-

drivers for LabVIEW. 

4.1 Band broadening 

As seen in Figure 5, the ten repeated measurements yield very similar results. 

 

Figure 5: Plot of ten repeated measurements on a 0.5% acetone solution without any intentional 

bandbroadening.  

 

As can be seen in Figure 6 and Figure 7, one connected filter results in a broad peak with 

tailing without any loss in repeatability while two filters gives a double peak with extreme 

tailing and bad repeatability. Note the different timescales in the figures. 
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Figure 6: Plot of ten repeated measurements on a 0.5% acetone solution with a filter to achieve intentional 

bandbroadening. 

 

Figure 7: Plot of eight repeated measurements on a 0.5% acetone solution with two filters. 
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In Table 1 below, the confidence intervals and the relative standard deviation (RSD) for the 

repeated measurements are shown. They are calculated from the area under the graph of the 

repeated measurements and can be seen as a measurement of the repeatability.  

 

Table 1: Mean and confidence intervals calculated from the peak area of the repeated measurements.  

 No filter One filter Two filters 

Mean [area units] 2.095 1.333 1.090 

RSD 0.23% 0.53% 9.36% 

Confidence interval (95%) ±0.003 (0.17%) ±0.005 (0.38%) ±0.085 (7.82%) 

 

4.2 Timed cut-outs 

As seen in Figure 8 it is possible to achieve a plot very similar to the complete bandbroaded 

profile by overlaying timed cut-outs and compensating for any subsequent bandbroadening 

after the filter.

 

Figure 8: Plot of peaks obtained with a one second increase of the injection valve switch time for each 

consecutive measurement. The maximum concentration possible, 10% of the maximum and 1% of the 

maximum are shown in red. The areas of the peaks were divided by 0.3 to obtain their height which was 

plotted against the delay time. Each peak is 0.3 seconds wide. Time ranges from 5-65 seconds. The sample 

valve switch time was held constant at 10 seconds.  
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Figure 8 and Table 2 show peaks from different switch times compared to the complete flow-

profile and their relative sample concentration. 

 

Table 2: Peak areas, relative amount of sample and the dilution factor obtained by choosing peaks at 

approximately the maximum, 10% of maximum and 1% of maximum concentration possible. 

 Peak area [dAUs] Amount of total sample  Dilution factor 

Complete flow-profile 1520.7 100% - 

Sum of all peaks 456.4 30% - 

Maximum concentration 39.7 2.6% 1/38 

10% of maximum 3.9 0.26% 1/390 

1% of maximum 0.4 0.026% 1/3800 

 

4.3 Saturation and carry-over 

The results of the saturation measurements with and without a filter are presented in Figure 10 

and Figure 9 while Figure 11 shows the results with both a filter and a column. A summary of 

the results can be found in Table 1 and Table 3. 

 

Figure 9: Plot of the peak areas from ten consecutive measurements on a 20% w/w acetone solution 

without a filter. All peaks have about the same area showing that no saturation effects are present. The 

analysis times for these measurements were set to 10 minutes each. 
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Figure 10: Plot of the peak areas from ten consecutive measurements on a 20% w/w acetone solution with 

a filter. The first peaks have a considerably smaller area than the following due to saturation effects in the 

filter. The analysis times for these measurements were set to 10 minutes each. 

 

Figure 11: Plot of peak areas from five consecutive measurements on a 20% w/w acetone solution with a 

filter and a column. The first peaks have a smaller area than the following due to saturation effects in the 



26 

 

filter. But compared to the previous measurements the difference is smaller, this is probably caused by the 

column which slows and concentrates the sample. The analysis times for these measurements were set to 

10 minutes each. 

 

Table 3: Mean and 95% confidence intervals for the saturations measurements. 

 Without filter With one filter With filter & column 

Mean [area units] 64.544 49.468 12.741 

RSD 1.09% 13.87% 3.50% 

Confidence interval (95%) ±0.504 (0.78%) ±4.907 (9.92%) ±0.553 (4.34%) 

 

The results of the carry-over measurements are seen in Figure 12. By injecting a sample, wait 

a set amount of time while the system is cleaned and then start an analysis without injecting a 

new sample it was possible to measure how long residues of previous samples are present in 

the system. The relative carry-over is presented in Table 4. 

 

 

Figure 12: Results of carry-over test with one filter and no column. A sample was first injected and 

analyzed. After a set amount of time clean mobile phase was flushed through the valves and filter before it 

was analyzed. This was repeated seven times and the waiting time was increased with each measurement. 
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Table 4: Peak area and relative carry-over from previous measurements. The relative carry-over is 

calculated as the percentage of the peak area relative to the average peak area of measurement 4-10 in 

Figure 10. 

Time between injections [min] Peak area [dAUs] Relative carry-over [%] 

7.5 0.299 0.56 

12.5 0.151 0.28 

17.5 0.071 0.13 

22.5 0.068 0.13 

27.5 0.023 0.04 

32.5 0.010 0.02 

37.5 0.009 0.02 

 

4.4 Dilution and separation of mixture 

The dilution and separation of a binary solution was carried out with a mixture of 2.5% w/w 

benzoic acid and 2.5% w/w dimethyl isopthalate and the results for two different dilution 

levels are presented in Figure 13 and Figure 14. 

 

Figure 13: Separation of 2.5% w/w benzoic acid and 2.5% w/w dimethyl isophthalate in MeOH. Switch 

time of the injection valve was set to roughly pick the maximum concentration possible. The first peak is 

benzoic acid and the second dimethyl isophthalate. 
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Figure 14: Separation of 2.5% w/w benzoic acid and 2.5% w/w dimethyl isophthalate in MeOH. Switch 

time of the injection valve was set to roughly pick 1% of the maximum concentration possible. 
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5 Discussion 

5.1 LabVIEW 

LabVIEW is a great program for making small programs fast and easy but for a project of this 

size the block diagram became extremely cluttered and hard to overview. This makes it very 

hard to find and fix bugs in the program. There were also some minor problems with the 

Agilent HPLC-drivers but that was expected since they were not officially supported by 

Agilent but overall they really simplified the whole programming phase. Unfortunately there 

was no easy way to program gradient runs which might cause problems in the future if this 

project is continued. 

5.2 Bandbroadening and timed cut-outs 

The repeated measurements without a filter show that the switching of the valve is precise and 

repeatable with a confidence interval of < 0.20%. When one filter is added the confidence 

interval is doubled but still < 0.40% so the repeatability is still good. The obtained peak 

shapes with one filter are very good, the width is adequate and the sloped tail contains a linear 

part which makes it possible to control the dilution with good accuracy.  

Two filters resulted in very bad peaks with splits, very long tails and bad repeatability. One 

possible reason for this is that the connection between the two filters was too weak to 

withstand the increase in pressure. This became evident after eight measurements when the 

connection burst. No further work was done to make the system work with two filters since 

one filter gave a decent bandbroadening. 

 

The timed cut-outs in Figure 8 proves that the initial idea of picking slices of the complete 

profile by varying the switch time of the injection valve is possible. Table 2 gives an 

appreciation of the dilution ranges possible with this technique. This specific setup allows the 

dilution factor to vary between 1/38 and 1/3800. This dilution range is completely dependent 

on the ratio between the volumes of the loops so it is easy to obtain a different dilution range 

by changing the loops. 

5.3 Saturation and carry-over tests 

By comparing the results of the sequential measurements without (Figure 9) and with (Figure 

10) a filter it is clear that a saturation effect is present. Without a filter the area of the peaks 

are relatively constant during all ten measurements. As soon as a filter was introduced the first 
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three measurements were considerably lower than the rest. Whether this is only due to 

saturation of the filter, i.e. a part of the sample stays in the filter, or if it is due to carry-over 

effects are hard to say and may require more research. It is likely that is it due to a 

combination of both.  

 

Figure 11 seem to indicate that the saturation effects are lessened when a column is added to 

the HPLC-system. This was confirmed by the calculated confidence interval in Table 3. This 

could be because the sample is considerably slowed down and concentrated at the beginning 

of the column allowing most of the sample to bleed out from the filter before detection. This 

can be avoided by thoroughly washing the filter with sample extracts before starting the actual 

measurement. It may also be possible to decrease the saturation effects by using a smaller 

filter although that may lead to insufficient bandbroadening. 

 

As seen in Table 4 the carry-over effects are not as big as expected, < 0.6% relative carry-over 

with just 7.5 minutes between the injections. This means that the limiting factor regarding 

analysis speed will probably be the analysis itself and not the cleaning phase of the dilution 

system.  

5.4 Dilution and separation of mixture 

Separation and dilution of a binary mixture is shown in Figure 13 and Figure 14 where the 

first one corresponds to 100% of the maximum concentration possible and the second one to 

approximately 1%. One disconcerting observation is that the peaks in the 1% analysis elutes 

faster than the peaks in the 100% analysis. Optimally they should elute at the same time 

regardless of the dilution rate. 

Due to a malfunctioning HPLC-pump, there was a shortage of time for these experiments so 

they should be seen only as a proof of concept. 

5.5 Other problems and limitations 

Since picking slices of the complete flow-profile is very time-sensitive in regards to the 

switching of the injection valve it is probable that it is affected by varying viscosities. It might 

be necessary to calibrate the system from time to time by constructing the complete flow-

profile in the same way as described in 3.3.2.1. This is something that needs to be investigated 

further. 
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6 Conclusions 

By using the proposed method it is possible to achieve a repeatable dilution. Acceptable 

bandbroadening is achieved by using one filter but the saturation effects severely affect the 

repeatability of the analyzes so it is imperative that the filter is thoroughly saturated before the 

analysis starts.  

In the event that this project is to be continued it should be investigated if the saturation 

effects can be decreased without impairing the bandbroadening. It should also be controlled if 

the flow-profile is constant regardless of viscosity or if there is a need to recalibrate the 

system between different measurements. Something else of importance is the gradient runs; if 

it is not possible to achieve this with the Agilent drivers for LabVIEW it may be necessary to 

consider another way to control the HPLC-system. 
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9 Appendix 

9.1 LabVIEW code 

The LabVIEW code created for this project is too big and complex to be easily displayed on 

paper but it can be downloaded as a password-protected zip-file from either of the following 

links and the password is: OnlineHPLCexjobb 

https://rapidshare.com/files/1245071316/LabVIEWfiler.zip  

http://home.no/efor103/LabVIEWfiler.zip 

A free 30 day trial version of LabVIEW can be obtained from: 

http://www.ni.com/trylabview/ 

9.2 Statistics  

9.2.1 Band broadening 

Table 5: Peak area of all measurements during the band-broadening tests and their statistical parameters. 

Measurement 
Peak area [dAUs] 

No filter 

Peak area [dAUs] One 

filter 

Peak area [dAUs] Two 

filters 

1 2.1092 1.3284 0.8817 

2 2.0963 1.3189 1.0336 

3 2.0932 1.3270 1.1975 

4 2.0941 1.3341 1.1982 

5 2.0947 1.3280 1.1405 

6 2.0924 1.3336 1.0967 

7 2.0950 1.3420 1.1044 

8 2.0956 1.3410 1.0711 

9 2.0930 1.3381 - 

10 2.0949 1.3343 - 

Mean 2.0959 1.3326 1.0905 

Standard deviation 0.0049 0.007093 0.1021 

t(0.05) 2.2622 2.2622 2.3646 

Confidence interval ±0.003476 (0.17%) ±0.005074 (0.38%) ±0.08537 (7.83%) 

RSD 0.23% 0.53% 9.36% 
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9.2.2 Saturation 

Table 6: Peak area of all measurements during the saturation testing and their statistical parameters. 

Measurement Without filter With one filter With filter & column 

1 63.3001 35.6127 12.1940 

2 64.8846 41.7676 12.3178 

3 64.9465 42.3090 13.0472 

4 64.7393 53.6710 13.0741 

5 64.4514 52.4070 13.0725 

6 64.8331 54.7430 - 

7 64.5644 53.9257 - 

8 65.4232 53.5627 - 

9 63.3042 53.0686 - 

10 64.9932 53.6125 - 

Mean 64.5441 49.4680 12.7411 

Standard deviation 0.7044 6.8591 0.4453 

t(0.05) 2.2622 2.2622 2.7765 

Confidence interval ±0.5039 (0.78%) ±4.9067 (9.92%) ±0.5529 (4.34%) 

RSD 1.09% 13.87% 3.49% 

 


