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ABSTRACT 

Inositol phosphates (IPs) represent a major part of the organic phosphorus found in the 

environment, which makes their identification and quantification very important. The goal of 

this project was to explore the possibility of quantification of IPs with inductively coupled 

plasma - atomic emission spectrometry (ICP - AES). 

This paper deals with the creation of an in-house IP standard and the considerations for the 

successful linking of high performance liquid chromatography (HPLC) with ICP - AES. 

Experiments with different nebulizers, mobile phases, standard solutions and model 

substance were performed. The proposed optimal conditions for the ICP experiments are: the 

use of a modified Lichte nebulizer, mobile phase without methanol and the use of standards 

matched to the mobile phase. Adenosine monophosphate (AMP) was found to be a good 

model substance and showed that the band broadening from HPLC to ICP – AES was 

approximately a factor of 2. Limits of detection for AMP were 5 µM for HPLC and 20 µM 

for ICP – AES. The optimal way to create an in-house standard was using the potassium salt 

of IP6 and treating it for 90 minutes at a temperature of 120 ºC with 3.2 M acetic acid. 
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1 INTRODUCTION 

Phosphorus (P) is an element needed by all living organisms as it is a building block for all 

basic processes in life. P is found preserved in soils and sediments. The availability of P to 

plants and other organisms as well as the transport of P into water bodies is very important. 

The P cycle is very complex (Figure 1), because it is driven by both chemical and biological 

reactions as well as by natural phenomena (i.e. amount of rain, erosion, etc.) this makes it 

difficult to fully understand it. When soils containing P come in contact with water, for 

example during precipitation events, water discharges or spills, P can be transmitted into the 

water body. This gives this topic an interesting environmental view as P plays an essential 

role in the eutrophication of surface waters I. 

Working with environmental samples is challenging, because samples can be in liquid form 

(aqueous or non-aqueous solutions) or solid (soil and sediment), organic (plant materials, 

micro-organisms) or inorganic (clay, soils). Each sample requires a different approach as how 

to extract P and how to determine it. Moreover P exists in different chemical forms. We can 

find dissolved forms (orthophosphates, inorganic condensed P and organic condensed 

phosphates), particulate forms (organic P, mineral P) and mixed forms (e.g. complexes, 

hydroxides or clays). Some of these forms can be separated by filtration, mainly using a 0.45 

µm membrane filter. 

There are different fractions of P that can be measured, some common forms are total 

phosphorus (TP), dissolved reactive phosphorus (DRP), total dissolved phosphorus (TDP) 

and dissolved hydrolysable phosphorus (DHP) II. The different organic P fractions can be 

analytically determined with many methods. If the P is found in a solid sample it has to be 

extracted first, this is mostly done with a specific reagent for the extraction of the P 

compound. Then the extracted P can be analysed with different techniques for example with 

chromatography III such as high performance liquid chromatography (HPLC), or gas 

chromatography (GC), 13P nuclear magnetic resonance (13P NMR), inductively coupled 

plasma (ICP) IV,V or spectrophotometric detection VI. 

This research project will focus on developing a method for the quantification of inositol 

phosphates (IP) with HPLC - ICP.  
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Figure 1: Scheme of the soil P cycle (based on Sims T. McDowel R. and Pierzynski G. Chemistry, Cycling, and 

potential movements of inorganic phosphorus in soils; Phosphorus: Agriculture and the environment) 

 

 

1.1 THE PROJECT 

This project is a small fraction in a larger PhD project led by Per Sjöberg, Emil Rydin and 

Julia Paraskova, with the overall goal to develop a set of quantitative environmental tools for 

the speciation of organic P in a variety of environmental samples. It is assumed that in these 

samples IP will make up for a great part of the organic P. 

Inositol phosphates (IPx, x = 1 - 8) are organic compounds widely found in nature. IPs belong 

to the family of phosphoric esters of hexahydroxycyclohexane (inositol, Figure 2). They are 

present in nature in different isomeric forms, where myo stereoisomer is the most common 

form. In terrestrial systems IPs are synthesized in plants, they accumulate in soils and become 

the primary class of organic P. Even though they represent a large group of P found in 

terrestrial and aquatic systems their role in the global P-cycle is not yet well explored VII.  

 

Depending on the amount of substituted phosphate groups on the ring which can vary from 

one to eight, this project will focus on IP1-6; myo-inositol mono phosphate (IP1), myo-inositol 

bis phosphate (IP2), myo-inositol tris phosphate (IP3), myo-inositol tetrakis phospate (IP4), 

myo-inositol penta phosphate (IP5) and myo-inositol hexakis phosphate (IP6) 
VIII.  

IPs have a rising anionic charge, as the number of phosphates on the ring increases. This 

property is used in the HPLC separation for increased selectivity prior to the detection. IPs do 

not have chromophoric groups and only weekly absorb ultraviolet (UV) and visible light 

(VIS). This means that they cannot be detected with traditional UV-VIS detectors as diode 

array detectors (DAD). For the detection spectroscopy; solid-state and solution 31P NMR, 

mass spectrometry (MS) and enzymatic hydrolysis are being used IX. For this project an ion-
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exchange column is used for the HPLC separation of the six different IPs and MS is used for 

the identification. 

 

Figure 2: Structure of inositol  

 

The aim of this bachelor project is to link an HPLC with an ICP atomic emission 

spectrometer (ICP-AES), to examine if the analytical quantification of IPs is possible and the 

development of a protocol for the creation of a suitable in-house standard. 

Commercial individual IP standards are very expensive. This is why the creation of an in-

house standard is necessary and why the proper separation of IPs in that standard, for the 

analytical quantification of each, is very important. 
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2 MATERIALS AND METHODS 

 

2.1 CHEMICALS 

Three different IP standards were used to create the in-house standards: phytic acid solution, 

C6H18O24P6, ~40% in H2O; phytic acid sodium salt hydrate from rice, C6H18O24P6xNa+yH2O, 

Ca<2% (Sigma Life science) and phytic acid dipotassium salt C6H16K2O24P6 ; ≥95% (Sigma 

Life science). The mobile phases were prepared with ammonium carbonate, CH8H2O3 for 

HPLC,30-33% NH3 basis; ammonium bicarbonate, CH5NO3 ; Methanol, CH4O, for HPLC. 

Dilutions were performed with milli-Q water (MQ), Merck millipore systems. All chemicals 

used are from Sigma Aldrich unless otherwise mentioned. 

 

2.2 INSTRUMENTATION AND METHODS 

The system used for the spectrophotometric detection, was a Unicam 5625 UV/VIS 

spectrometer with a 4cm flow through cuvette and a Gilson minipuls2 pump. The 

measurement was performed at a wavelength of 882nm.  

The ICP used was a SPECTRO CIROS CCD with smart analyser vision software. The optimal 

parameters are: plasma power 1400 W, pump step 2 l/min, coolant flow 14 l/min, auxiliary 

flow 0.9 l/min, nebulizer flow 0.9 l/min, the total integration time was 3.9 seconds for each 

measurement. For P the 177.495 nm line and the 213.618 nm line are monitored. Also the 

argon (Ar) line (430.010nm) is monitored, this line is monitored to check the argon gas flow 

into the system.  

 

The MS used was a 3200 Q Trap LC/MS/MS system (Applied BioSystems MDS Sciex). This 

MS was used together with an electro spray ionisation system (ESI). The ESI-MS obtained 

chromatograms are used to visualise the separation and breakdown of the IPs. 

The HPLC system was an Agilent 1100 series with an auto sampler, column oven, diode 

array detector (DAD) and Agilent chemstation software. The column used for the separation 

is a Hypersil GOLD AX (particle size 3 µ; Dim 100x2.1 mm) from Thermo Scientific.  

For the standard preparation a heating block and bombs where used. The protocols can be 

found in Appendix 2 (7.2). Extra information about the used instrumentation can be found in 

the following parts, 2.2.1 - 2.2.4. 

 

2.2.1 The molybdenum blue method 

 

The molybdenum blue method is one of the oldest and most commonly used methods for P 

detection in aqueous samples. This method is based on the spectrophotometric detection of 

the colour formed when molybdenum reacts with phosphate X. To an aqueous solution 

containing phosphate, an acid solution of ammonium molybdate is added. This forms a 

yellow coloured phosphomolybdic acid solution (reaction 1), which is then reduced by 

ascorbic acid into a blue complex (reaction 2). 
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P + MoIV   PMo12O40
3- (yellow)        (1) 

PMo12O40
3- + C6H8O6  PMo12O40

7- (blue)       (2) 

 

The colour development when using ascorbic acid is independent of temperature and salt 

concentrationsXI. The colour development is stable after 10 minutes and stays stable for 24 

hours. The measurement is best performed after 15 minutes, to make sure the colour is fully 

developed. The system used for the spectrophotometric detection is illustrated in Figure 3. 

 

 

The amount of blue complex formed is proportional to the concentration of phosphate in the 

solution. There is a linear relationship between the absorbance and the concentration; this is 

how the concentration of an unknown sample can be determined through interpolation as 

illustrated in Figure 4. 

During this project this method is used as a basic test to control for the presence of phosphate 

in the standards and other solutions. 

 

Figure 4: An example of a phosphate calibration curve with A 0-1, y = 3.1222x + 0.0035; R2 = 0.9982  

 

Figure 3: Samples measured with molybdenum blue method on 

spectrophotometer, UNICAM 5625 
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2.2.2 Inductively coupled plasma - ICP  

ICP is a spectrometric technique that uses plasma as an emission source. Each element has a 

specific set of absorption and emission wavelengths. ICP can be used connected to different 

detectors, for example an atomic emission spectrometer (ICP-AES) or MS (ICP-MS). This 

project will focus on ICP-AES. 

 

Figure 5: Schematic diagram of an ICP-AES XII         

Figure 5 gives an overview of the parts of the ICP-AES. Three parts can be distinguished: the 

sample introduction system, the emission source and the measuring device, here a 

spectrophotometer. 

The sample is brought into the nebulizer through the capillary tubing, illustrated in Figure 6. 

In the nebulizer nose it collides with the Ar flow forming a mist. Here a fine mist of the 

solution is formed and led into the plasma torch where it is vaporized, dissociated and 

atomized in a few milliseconds due to the high temperatures in the plasma. The nebulizer is 

attached to a cyclonic spray chamber (Figure 7) where the big drops are separated from the 

small ones. Only drops smaller than 10µm are led into the plasma torch. 

This system consists of the peristaltic pump, the nebulizer and spray chamber. The peristaltic 

pump is used to pump sample into the nebulizer and pump out the waste out of the spray 

chamber. 

 

 

 

 

 

                

Figure 6: Modified Lichte nebulizer for                Figure 7: Cyclonic spray chamber for 

                ICP-AES, SPECTRO CIROS CCD             ICP-AES, SPECTRO CIROS CCD 
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Figure 8: Torch structure of the ICP-AES, SPECTRO CIROS CCD   

The emission source is made out of three parts: the torch, the induction coil and the plasma. 

The torch is made out of three concentric tubes as illustrated in Figure 8. The outer tube 

contains cooling gas so the induction coil does not melt. The middle tube contains the 

auxiliary gas; with this gas the plasma is formed. The inner tube contains the sample and 

some support gas, which in most cases is Ar. The induction coil provides a very powerful 

electrical charge, a tesla spark that ignites the ionization of the Ar gas. This ionized Ar gas is 

called plasma. 

The induction coil is coupled to a radio frequent generator that produces a magnetic field. 

The ions and electrons subjected to this force start moving in a circular manner very fast. The 

resistance against this circular movement produces the high temperatures (7000 K - 10000 

K). 

The high temperatures make sure that the sample, which is injected into the plasma torch as 

an aerosol, is vaporized, dissociated and atomized in a few milliseconds. 

The sample has to be introduced into the plasma torch in very small droplets (aerosol) ensure 

that the energy transference is not disturbed. This is done by nebulising the sample. 

The measuring device used during this project is an AES. Atomic emission is measured when 

an electronic transition within an atom takes place. The high temperatures in the plasma 

deliver extra energy to the atoms; this extra energy makes it possible for an electron of a low 

energy level to move to a higher energy level. When the electron resides in this higher energy 

level the atom is in an exited state. The excited state is not stable and the electron will fall 

down/return to a lower energy level, while this happens the electron will release the extra 

energy in the form of light with a specific wavelength, this process is illustrated in Figure 9. 

It is this light emission (photon emission) that is measured. 
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Figure 9: Graphic representation of an electron excitation and light emission 

 

2.2.3 Mass spectrometer - MS 

MS is a detector that can provide unique quantitative information about different samples. It 

is used together with an ESI system, illustrated in Figure 10. This ESI breaks the liquid 

sample stream into small droplets by the action of a high potential. The droplets are then led 

into the MS where the different ions are formed. The different mass-to-charge ratios of the 

different IPs are monitored. The MS data is collected in multiple reaction monitoring (MRM) 

mode providing higher selectivity XIII.  

 

 

 

 

 

 

 

 

 

 

 

Figure 10: 3200 Q TRAP mass spectrometer 
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2.2.4 High performance liquid chromatography (HPLC) 

The HPLC system used during this project is illustrated in Figure 11. HPLC is a separation 

technique based on column chromatography. This separation is based on the difference in 

interaction strength with the column that gives a different retention time for each IP 

depending on the gradient used. During this project a weak anion- exchange column is used 

(Figure 12). The negatively charged IPs interact with the positively charged column 

(stationary phase), this makes sure that the IPs are retained in the column. As the number of 

phosphates on the IPs increases the interaction is stronger so the retention time of the IPs is 

longer. As the IPs only move through the column when they are in the mobile phase they 

have to get loose of the stationary phase. To get the IPs to detach from the stationary phase an 

ammonium carbonate and methanol - water (MeOH: MQ) mobile phase (5:95) is used. The 

separation is obtained using a gradient; this gradient changes the composition of the mobile 

phase during the run. The carbonate ion has a higher affinity to the stationary phase than the 

IPs. This implies that as the concentration of ammonium carbonate in the mobile phase 

increases, the attached IPs are replaced by carbonate ions and released into the mobile phase 

and eluted from the column. 

 

                                    

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Agilent 1100 HPLC system  Figure 12: Hypersil GOLD ion-exchange column 
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3 RESULTS AND DISCUSSION  

Some of the challenges encountered during this project were the selection of an IP6 standard, 

ICP nebulizer deviation problems and some maintenance problems on the used equipment.  

One of the first issues encountered during this project was finding a good IP6 standard to 

create our own in-house standard from. This meant finding a standard that was stable in the 

delivered form and that could be manipulated using the sample preparation protocols. 

According to the manufacturer the IP salts and solution that were used to make the in-house 

standard consisted of IP6, which implied that this is what was supposed to be detected. To 

control the composition of the bought standards two samples of each standard where made. 

The first one was prepared by dissolving the bought salt or solution in MQ and the second 

one by subjecting the solution to an acid heating treatment. The untreated samples were 

tested with the molybdenum blue method to examine the amount of phosphate in them and 

then both samples where measured on the HPLC-ESI-MS instrument and the results are 

presented in section 3.1 and 3.2. 

 

3.1 IP STANDARDS TESTED WITH MOLYBDENUM BLUE 

METHOD 

All the reagents needed for the molybdenum blue method where added to the untreated 

solutions of the standards. After the colour development the absorbance (A) was measured. 

As the blue colour in the IP6-solution and the IP6-Na-salt was too high, >1, the A could not be 

measured (Table 1). The A of the untreated IP6-K.salt was low and gave a concentration of 

0.088 ppm phosphate. To see if this would change after the acid heating treatment, also a 

treated sample of IP6-K-salt was tested (Figure 13). The used treatment for the standards can 

be observed in Appendix 2 (7.2). The A of the treated IP6-K-salt was a bit higher than the 

untreated one but within the possibilities to be measured, the concentration of phosphates 

measured was 0.328 ppm. The treated IP6-K-salt gave blue colour formation, but was not as 

high as the untreated IP6-solution and the IP6-Na-salt. 

 

This results show that the IP6-solution and the IP6-Na-salt are already broken down into 

different IPs in their delivered form, the concentration of phosphate is high. The IP6-K-salt in 

its delivered form has a low phosphate concentration and therefore is less broken down. 

 

Table 1: Molybdenum measurements IP6 standards 

 

A 

IP6 solution >1 

IP6-Na-salt >1 

IP6-K-salt 0.1 

 

 

 Figure 13: Color reaction of the IP6-

K-salt standards, measured with the 

molybdenum blue method (left: 

treated (90 min, 120 ºC; right: 

untreated) 
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3.2 IP STANDARDS TESTED WITH HPLC - ESI - MS METHOD 

A solution consisting of IP6 would give one peak in the chromatogram. By knowing the 

concentration of the prepared solution and creating a calibration curve with known amounts 

of IP6 further calculations could be made to quantify other IPs in a IP6 sample which has 

been hydrolyzed. Solutions, subjected to various acid heating treatments would give different 

proportions of IPs. 

Every standard was measured with HPLC-ESI-MS to visualize which IPs where detected and 

how far the standards where degraded. In the chromatograms 7 possible groups of peaks 

could be expected, one for each of the IPs and one for the P. Since the phosphate peak is 

much larger it has been excluded from the chromatograms. The first possible peak is the P 

peak followed by the lowest IP (IP1) and as last IP6.  

Phytic acid solution (IP6-solution) 

Figure 14 illustrates the untreated IP6-solution, in which the different IP1-4 are clearly visible, 

IP5 is vaguely visible and IP6 is not visible.  

 

 

Figure 14: Chromatogram of a sample, consisting of an untreated IP6-solution 

 

After an acid heating treatment the concentration of IP5-6 is so low that the signal from the 

two compounds gets lost in the background and cannot be separated from the noise. The 

signals from IP5-6 can only be observed if the MRM transitions for respective transition are 

selected (Figure 15). The signals for IP1-4 increases as the signals for IP5-6 decreases (Figure 

16). 

IP1 

IP2 

IP3 

IP4 
IP5 
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Figure 15: Chromatogram of extracted MRM transitions for IP5-6 from a sample, consisting of a treated IP6-

solution (60 min, 100 ºC) 

 

 

 

 

 

Figure 16: Chromatogram of a sample, consisting of a treated IP6-solution (60 min, 100 ºC) 

IP1 

IP3 

IP4 

IP2 

IP3 

IP4 

IP1 
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 Phytic acid sodium salt (IP6-Na-salt) 

 

The untreated IP6-Na-salt solution (Figure 17) shows the whole range of IPs. After an acid 

heating treatment the concentration of some IPs increased, but in general not much difference 

can be detected (Figure 18). 

 

Figure 17: Chromatogram of a sample, consisting of an untreated IP6-Na-salt  

 

Figure 18: Chromatogram of a sample, consisting of a treated IP6-Na-salt (60 min, 100 ºC)  

IP1 

IP2 

IP3 

IP4 

IP5 

IP6 

IP1 

IP2 

IP3 

IP4 

IP5 

IP6 
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Phytic acid dipotassium salt (IP6-K-salt) 

The chromatogram of the untreated solution of IP6-K-salt is shown in Figure 19. IP6 is clearly 

present, however, IP5 can also be detected. After an acid heating treatment of 60minutes at a 

temperature of 100ºC the IP6-K-salt solution broke down a little (Figure 20) and only a small 

signal for IP4 is visible. When the MRM transitions for IP1-4 are extracted from the 

chromatogram weak signals for degradation of the original IP5-6 is visible (Figure 22). This 

tells us that the IP6-K-salt standard is very stable. 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Chromatogram of a sample, consisting of an untreated IP6-K-salt  

 

Figure 20: Chromatogram of a sample, consisting of a treated IP6-K-salt (60 min, 100 ºC) 

IP5 

IP5-6

 
 IP1 

IP4 

IP6 
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Figure 21: Chromatogram of the extracted IP1-4 from a sample, consisting of a treated IP6-K-salt (60 min, 100 

ºC) 

To break down the IP6 even further the acid heating treatment was adjusted to 90 minutes and 

a temperature of 120 ºC. The obtained chromatogram is shown in Figure 22. All the IPs are 

present. The signals for IP1-3 were still low so a treatment of 90 min at 150 ºC was performed 

to try to get the IP1-3 signals higher. Figure 23 shows that this treatment broke down all the 

IP5-6 into IP1-3 and a small amount of IP4.  

 

Figure 22: Chromatogram of a sample, consisting of a treated IP6-K-salt (90 min, 120 ºC) 

IP3-4 

IP1 

IP2 

IP3 

IP4 

IP5 

IP6 
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Figure 23: Chromatogram of a sample, consisting of a treated IP6-K-salt (90 min, 150 ºC) 

 

This results show that the IP6-solution and the IP6-Na-salt are already broken into different 

IPs in their delivered form and are broken down even more after the acid heating treatment. 

The IP6-K-salt contains only IP5-6 in the delivered form and is broken down further with the 

acid heating treatment. For this project the IP6-K-salt will work best as the breakdown of the 

initial IP6 into the different IPs could be followed and quantified, also the complete 

breakdown of IP5-6 can be followed with the extended acid heating treatment (90 min, 150 

ºC). 

3.3 ICP CONSIDERATIONS 

The biggest problem with the ICP was the recurrent nebulizer flow deviation error. This error 

finds its roots in the clogging of the nebuliser or the deteriorating signal transfer from the ICP 

mass flow controller to the external computer. The clogging occurred because of the salts 

used in the mobile phase. To find the best working nebulizer for this application different 

types where tried. 

3.3.1 Nebulizers  

Three different nebulizers were tested during this project. 

The concentric nebulizer (Figure 24) gives a good sensitivity due to the uniform of droplet 

size used. The micro concentric nebulizer has a high performance when a low flow rate of 

sample is used; it is used with a Scott double pas spray chamber. The problems associated 

with this nebulizer depended on the use of methanol in the mobile phase. When methanol got 

into the plasma, it disturbed the plasma and extinguished it. The modified Lichte nebulizer 

has a nose (Figure 25) which provides good spray formation and uniform droplet size. These 

uniform droplets and good spray formation provide great sensitivity XIV,XV. 

IP1 

IP2 

IP3 
IP4 
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Figure 24: Concentric nebulizer   Figure 25: Modified Lichte nebulizer nose 

The nebulizer used for the measurements during this project was a modified Lichte nebulizer. 

3.3.2 Matched standards 

As ammonium carbonate is used in the mobile phase the use of matched and unmatched 

standards for the calibration on the ICP was tested. 

 

Different amounts of ammonium carbonate where added to phosphate standards solutions 

(0.25 and 0.75 ppm). The concentration of P measured with the ICP was evaluated on 

accuracy (Table 2).  

When standards only contained P, measurements always underestimated the actual 

concentration in the sample. In the matched standards measurements overestimated the actual 

concentration. However with a high concentration of ammonium carbonate the 

overestimation was lower, especially when lower concentrations of P were measured. 

The optimal ratio of ammonium carbonate that should be present in the standards could not 

be determined, but this test confirmed that matched standards give better measurements than 

unmatched standards.  

Table 2: Test matched standards ammonium carbonate 

 

Measured 

concentration 

P  [ppm] 

standard 

deviation 

[ppm] rsd % 

Accuracy 

% 

0.25 ppm P in 

standards 

    

Unmatched standard 

(only MQ) 0.236 ± 0.008 3.3 94.5 

Matched standard with 

20.32mM ammonium 

carbonate 0.266 ± 0.008 3.1 106.3 

Matched standard with 

99.12mM ammonium 

carbonate 0.255 ± 0.010 3.7 102.0 
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0.75ppm P in 

standards 

    

Unmatched standard 

(only MQ) 0.716 ± 0.017 2.4 95.5 

Matched standard with 

20.32mM ammonium 

carbonate 0.791 ± 0.027 3.4 105.5 

Matched standard with 

99.12mM ammonium 

carbonate 0.785 ± 0.018 2.3 104.6 

 

 

3.4 HPLC CONSIDERATIONS 

During this project the HPLC system gave some injection and pressure problems. The 

injection problems were resolved by the disassembly, cleaning and reassembly of the 

injection system.  

The pressure problems were first thought to be due to from the possible degradation of the 

column, imposing that it would take longer to properly equilibrate the pressure in the column. 

But after further testing unstable pressure signals were observed for both pumps, as shown in 

Figure 26-27. 

The problem was found with leak and pressure tests and solved by replacing the worn out 

seals in both the plunger shafts of each pump. 

 

  

Figure 26: Unstable pressure signal pump A (HPLC) [Y: Bar; X: min] 
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Figure 27: Unstable pressure signal pump B (HPLC) [Y: Bar; X: min] 

 

3.5 HPLC HYPHENATED WITH DIFFERENT DETECTORS XVI 

The HPLC provides a separation based on the different retention times but it is not able to 

identify exactly which compounds are being separated. With the help of HPLC-ESI-MS 

different compounds can be identified with a high degree of accuracy and the ICP gives us 

the opportunity to quantify the separated compounds if the response factors are well known. 

3.5.1 AMP as a model substance 

The linking of the HPLC and ICP was not without a challenge. Physically the actual 

connection had to be tight to make sure that no extra dead volume was created. The 

connection was made with a rubber tube, within that tube the two sample tubes where 

brought together tightly so as little dead volume as possible was created (Figure 28). 

To examine the signal differences between the HPLC - DAD and HPLC - ICP - AES 

adenosine mono phosphate (AMP; Figure 29) was used as a model substance. AMP has 

approximately the same retention time as phosphate and in contrast to P and IP6, it can be 

detected by a DAD. 

                            

Figure 28: HPLC-ICP link used in the project    Figure 29: AMP structure 
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A method for the continuous (transient) detection of P needed to be created. 

The normal measurement with the ICP uses 5 ml of sample (pre-flush and three 

measurements). The gathering and integration of these results takes 3 minutes. However, for 

the use of the HPLC-ICP system a constant gathering of information is required as well as the 

use of a gradient and small amounts of sample. The continuous measurement on the ICP is 

obtained by changing the sample amount to the maximum and the total integration time to 3.9 

seconds for each measurement. For the optimal ICP parameters see Materials and Methods. 

Initially a series of samples containing AMP and IP6-K-salt was run through the HPLC-MS 

system to assess the signal concentration ratio. The different dilutions and obtained signals 

are summed up in Table 3 and the obtained chromatograms can be consulted in Appendix 3 

(7.3). In these results the proportional distribution of signals to the corresponding 

concentrations can be observed.  

 

Table 3: AMP- IP6-K.salt signal – concentration measured on HPLC-ESI-MS 

 

Concentration 

IP6-K.salt 

[µM] 

Signal 

IP6-

K.salt 

  
Concentration 

[µM] 

Signal 

AMP 

Stock 188.8 20000 
 

20.43 16000 

diluted 

2x 
94.4 10000 

 

10.22 9540 

diluted 

5x 
37.76 4000 

 

4.09 3460 

diluted 

10x 
18.88 1500 

 
2.04 2000 

 

The use of methanol as organic modifier in the mobile phase gave problems when a modified 

Lichte nebulizer was used. To address this problem the organic modifier was removed from 

the mobile phase. It did not have adverse effects on the separation. 

To properly access the linearity of the AMP model substance a dilution series was measured 

in duplicates on the HPLC - DAD. The obtained chromatograms and data can be consulted in 

Appendix 4 (7.4). The obtained peak areas and corresponding concentrations (Table 4) where 

plotted and are shown in Figure 30. This results show a nice linear relationship between the 

concentration and peak area. 

Table 4: Results of duplicate injections of AMP 

Concentration 

AMP [µM] Area 

5.01 387.95 

10.03 797.00 

20.06 1619.90 

35.53 2967.75 
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Figure 30: Results of the testing of AMP showing the linear relationship between AMP concentration and  peak 

area (y = 84.568 x – 50.204; R2 = 0.9997) measured on HPLC-DAD 

 

A dilution series of AMP was run with the HPLC - DAD and the HPLC - ICP - AES to assess 

the limits of detection and see if the band broadening was constant. The used dilution series 

and if the ICP - AES was able to detect it is listed in Table 5. The high AMP concentrations 

were detected by the DAD and ICP - AES. The band broadening differences between the 

HPLC - DAD and the HPLC - ICP - AES are assessed on the chromatograms and graphs of 

the detected AMP solutions. The data obtained with the ICP is processed with a Origin 9 

program. The used chromatograms and graphs can be consulted in Appendix 5 (7.5). The 

obtained data by measuring the band width at half peak height is listed in Table 6. The 

measurements are performed at half peak height because the peaks are not symmetric at the 

base. This results gives us a band broadening of approximately a factor 2. 

 

Tabel 5: Detection of AMP with ICP-AES  Table 6: Band width 

Concentration AMP [µM] 

Detected on 

ICP-AES 

5.01 No 

10.03 No 

20.06 Yes 

35.53 Yes 

  

 

 

Concentration 

AMP [µM] 

Band width 

HPLC-DAD 
[min] 

Band width 

HPLC-ICP-

AES [min] 

20.06 0.24 0.5 

35.53 0.24 0.4 
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3.5.2 Carbonate effects on ICP – AES P signal 

The effects of ammonium carbonate in the mobile phase on the P signal are tested using a 

series of solutions with a fixed amount of P (0.5 ppm) and different concentration of 

carbonate (20 – 180 mM). The solutions are measured at random to exclude the possibility of 

cumulative effects. Figures 31-32 illustrate these measurements. No specific trend is 

observed, but independent of the carbonate concentration the measured P signal is always 

several percent higher than the fixed 0.5 ppm. On average the signal varied 3 percent. 

 

Figure 31: Effects of ammonium carbonate on ICP P signal (concentration P – order of measurement) 

 

Figure 32: Effects of ammonium carbonate on ICP P signal (concentration P – ammonium carbonate) 
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3.5.3 Equilibration – Memory effects 

A recurring problem while using ion-exchange columns is the memory effect. It is observed 

when the column was not equilibrated for a sufficient time 

If the column is not equilibrated well, small amounts of ammonium carbonate residue in the 

column reduce the initial retention of P, IPs or AMP and an elution of these is obtained the 

moment they get into the column. An example of memory effects due to insufficient 

equilibration time during a run of P HPLC-ICP is illustrated in Figure 33, an example of a 

HPLC (DAD) run with insufficient equilibration time is illustrated in Figure 34. 

 

The only way to prevent these problems is to make sure that the used column is well 

equilibrated.  The Gold column used during this project needs 15 minutes to equilibrate. 

 

Figure 33: HPLC-ICP memory effects on P run 

 

 

Figure 34: HPLC (DAD) memory effects on AMP run 
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4 CONCLUSIONS 

This project proved that the linking of an HPLC with an ICP is possible and that the 

quantification of IPs is possible. 

4.1 QUANTITATIVE RESULTS 

During this project AMP was determined to be a good P model substance. Using this 

substance the limits of detection for HPLC, 5 µM, and for ICP - AES, 20 µM were 

determined. The use of standards matched to the matrix (in this case mobile phase) was 

encouraged as they give more accurate calibration with the ICP-AES. And when hyphenating 

HPLC with ICP a band broadening of approximately a factor 2 was determined. 

4.2 PRACTICAL 

The IP6-K.salt should be used to make the in-house standard. For a nice distribution of IPs in 

the standard the acid heat treatment should be performed for 90 min at a temperature of 

120ºC. A mobile phase without MeOH should be used when a modified Lichte nebulizer is 

used and the nebulizers should be cleaned in aqua regia overnight and rinsed thoroughly 

before use. 
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5 FUTURE WORK 

IP can be quantified by HPLC-ICP but the quantification of complex samples is not yet 

possible, for this to be possible a good separation of the different IPs and further tests on the 

different nebulizers, to optimize the ICP part of the system, should be performed. 
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7 APPENDIX 

7.1 ANALYTICAL CHEMISTRY – CHEMISTRY BMC 

DEPARTMENT 

The department of analytical chemistry is divided into a number of research groups that are 

led by a group leader. Each group has an area of expertise and within the group the members 

study different subjects, all related to the main subject or research area of the group.  

In the department of analytical 

chemistry there are 4 group leaders: 

Jonas Bergquist, Jean Pettersson, 

Per Sjöberg and Torgny Fornstedt. 

This project is part of the research 

done by the Per Sjöberg’s group. 

Jonas Bergquist vice head of the 

department and one of the group 

leaders also manages other research 

groups: Scilife lab, Berzelii 

technology.  

 

 

 

 

 

The department fulfils several functions: 

 - Teaching: most researchers, PhD. students and professors are required to teach. 

This provides the opportunity to consolidate their own knowledge, share it with other people, 

practice knowledge they learned a long time ago. This also keeps them exercising 

communication skills and by talking with new people about their subject hey can get new 

perspectives.  

 - Research: performing research and publishing papers so the newly obtained 

information is shared with the rest of the world.  

 - The 3rd function: consists of reaching out to society, making people interested in 

science and informing the people about what the department is about or more in general 

getting scientific information out to the big public. This is accomplished through seminars, 

open lectures, info days, and information sessions at schools. 

Each project is chosen based on few criteria’s, the most important being the interest of the 

researcher in the subject. Further it is also very important that the project can be supported by 

the department’s infrastructure, equipment, staff and that the needed knowledge for the 

project is available.  
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Projects that have a high novelty prospect or where the possibility for publishing a paper is 

higher are more likely to be chosen. The reason for this being that the more publications the 

department has, the more funds they receive to support their research. Research projects are 

assessed by their scientific quality, novelty and application on real samples. 

The funds for the department come from many sources, both private and public, i.e. the 

university faculty, the Swedish state, but also from private organizations and international 

collaborators. Another small income for the department comes from small scale projects, 

testing products for external clients. This is not only a little financial help, but it provides an 

opportunity to develop techniques and to gauge what techniques and methods are needed at 

the moment. 
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7.2  PREPARATION OF IP STANDARDS 

 

Protocol 1: 

 Dilution of IP salt or solution in MilliQ-water (MQ). 

Protocol 2:  

1. Measure the required amount of IP salt or pipette the required amount of IP  

 solution into a vial. 

 2. Add 2.50 ml (3.2 M) acetic acid. 

 3. Place the vial into a Pyrex tube; add some water to make sure the heat is evenly 

 distributed. Then place the tube into the heating bomb and close properly. This 

 procedure is illustrated in Figure A1.  

 4. Place the bong in the heating block for 90 minutes at a temperature of 120 °C       

 (Figure A2). 

 5. Remove from heating block and let it cool down 

 6. Evaporate the acid (Figure A3) overnight using a nitrogen (N2) flow 

 7. Add 5.00 ml of MQ. 

Note: Protocol 2 subjects the IP to a high temperature and pressure so the IP6 is broken down 

into the other IPs. During this project different conditions were tested: 60 min, 100 °C; 90 

min, 120 °C and 90 min, 150 °C. The mentioned temperature and time in the protocol are the 

best when using the IP6-K-salt standard. 

 

 

 

 

 

 

 

 

          

 

 

 

 

Figure A2: Heating block           Figure A3: Evaporation of acid                                                                            

Figure A1: Closing procedure 



  36 

  

7.3 AMP - IP6-K-SALT  HPLC-MS DATA 

Signal to concentration ratio AMP and IP6-K-salt solutions illustrated in the obtained 

chromatograms. From top to bottom:  

Mix 1: Stock solution (188.8 µM IP6-K-salt + 20.43 µM AMP)  

Mix 2: Stock solution diluted 2x 

Mix 3: Stock solution diluted 5x 

Mix 4: Stock solution diluted 10x 

Figure A4 shows the chromatograms of the AMP signals, Figure A5 shows the 

chromatograms of the IP6-K-salt signals. 

 

Figure A4: Chromatograms of the AMP signals on Q TRAP 3200  MS system 
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Figure A5: Chromatograms of the IP6-K-salt signals Q TRAP 3200  MS system 
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7.4 AMP HPLC - DAD DATA 

Chromatograms obtained when testing AMP. 

Injection volume 20 µl  

Hypersil GOLD column 

Mobile phase MQ: Ammonium carbonate  

Figures A6-7 show the chromatograms obtained when a 5.0 µM AMP solution was used. 

 

Figure A6: Chromatogram of a 5.0 µM AMP run 

 

Figure A7: Chromatogram of a 5.0 µM AMP run 
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Figures A8-9 show the chromatograms obtained when a 10.0 µM AMP solution was used. 

 

Figure A8: Chromatogram of a 10.0 µM  AMP run 

 

Figure A9: Chromatogram of a 10.0 µM  AMP run 
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Figures A10-11 show the chromatograms obtained when a 20.1 µM AMP solution was used. 

 

Figure A10: Chromatogram of a 20.1 µM  AMP run 

 

Figure A11: Chromatogram of a 20.1 µM  AMP run 

 

 

 



  41 

  

 

Figures A12-13 show the chromatograms obtained when a 35.5 µM AMP was used. 

 

Figure A12: Chromatogram of a 35.5 µM  AMP run 

 

 

 

Figure A13: Chromatogram of a 35.5 µM  AMP run 
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7.5 AMP HPLC (DAD) - ICP - AES COMPARISON  

 

HPLC - DAD 

20 µl injection of AMP solutions 

Hypersil GOLD column 

Mobile phase MQ: Ammonium bicarbonate 

 

 Gradient:  

 

  

 

 

  

The band broadening differences between the HPLC - DAD and the HPLC - ICP - AES are 

assessed on the chromatograms. The green band on the figures indicates were the band width 

was measured. 

Figure A14 shows the chromatograms obtained with DAD and Figure A15 shows the 

chromatogram plotted with the Origin 9 program from the IPC – AES data for the 20.1 µM 

AMP solution. 

 

Figure A14: Chromatogram obtained with HPLC (DAD) of a 20.1 µM AMP solution 

 

Time 

[min] 

A (MQ) 

% 

B (ammonium 

bicarbonate) % 

0 100 0 

5 60 40 

10 50 50 

11 0 100 

13 0 100 

14 100 0 

29 100 0 
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Figure A15: Chromatogram plotted with the origin 9 program from the ICP data of a AMP 20.1 µM solution 

 

Figure A16 shows the chromatograms obtained with DAD and Figure A 17 shows the 

chromatogram plotted with the Origin 9 program from the IPC – AES data for the 35.5 µM 

AMP solution. 

 

 

Figure A16: Chromatogram obtained with HPLC (DAD) of a 35.5µM AMP solution 
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Figure A17: Chromatogram plotted with the origin 9 program from the ICP data of a AMP 35.5 µM solution 
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