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ABSTRACT 

 

LC-NMR combines the powerful separation technique liquid chromatography (LC) with the 

structural information obtained of nuclear magnetic resonance (NMR) spectroscopy. The 

technique has become an important analytical tool to isolate and determine the structure of 

compounds of interest. However, a large amount of the compound, at least 20 µg, is needed to 

obtain good quality NMR spectrum. This large amount of the analyte can be obtained by 

preconcentration on a solid phase extraction (SPE) column. One µLC-NMR and two LC-SPE-

NMR systems with on-line and off-line NMR analysis were studied. In the on-line µLC-NMR 

system, no NMR information was obtained due to the low amount of the analyte. A 

commercial LC-SPE-NMR system was studied using commercially available 2 mm I.D. x 10 

mm Hysphere C18 SPE cartridges. Unfortunately, there were some difficulties with trapping 

large amounts of the target compound on the SPE cartridges. Therefore, an in-house LC-SPE 

system was designed and a 1 mm I.D. x 5 mm Hypercarb SPE column was used to isolate the 

target compound. The analytical column was a 2.1 mm I.D. x 150 mm, 3.5 µm Zorbax-SB-

C18 column. The Hypercarb SPE column provided higher retention, and allowed injection of 

larger volumes of the analyte solution without breakthrough of the target compound as 

compared to the Hysphere C18 cartridge. The target compound was desorbed from the SPE 

column with 100 % ACN-d3 and manually transferred to a NMR tube for subsequent NMR 

analysis. Upgrading of the quality of some instrumental parts was necessary to improve the 

performance of the system.  

 

Different compounds have been used to gain knowledge of the LC-NMR techniques, and 

identification of a degradation of monuron was explored using the in-house designed LC-SPE 

system with off-line NMR analysis.  
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ABBREVIATIONS AND DEFINITIONS 
 
ACN  Acetonitrile  
 
ACN-d3 Deuterated acetonitrile 
 
COSY  Correlated spectroscopy      
 
Da  Dalton 
 
DAD  Diodearray detector 
 
ESI  Electrospray ionization 
 
FA  Formic acid 
 
GC  Gas chromatography 
 
HMQC Hetronuclear Multiple Quantum Coherence 
 
I.D.  Inner diameter 
 
K   Kelvin 
 
LC  Liquid chromatography 
 
MAS  Molecular absorption spectrophotometry 
 
MeOH  Methanol 
 
MS  Mass spectrometry 
 
MW   Molecular weight 
 
NMR     Nuclear magnetic resonance 
 
NP-LC  Normal-phase liquid chromatography 
 
O.D.  Outer diameter 
 
PDA  Photodiode array detector 
 
PEEK  Polyetherether ketone 
 
PGC  Porous graphite carbon 
 
PS/DVB Polystyrene divinyl benzene 
 
ppm  parts per million 
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RF  Radiofrequency 
 
RIC  Reconstructed ion chromatogram 
 
RP-LC  Reversed-phase liquid chromatography 
 
RSD  Relative standard deviation 
 
SIM  Single ion monitoring 
 
S/N  Signal- to-noise ratio 
 
SPE  Solid phase extraction 
 
TIC  Total ion chromatogram 
 
TFA  Trifluoroacetic acid 
 
TMB  Trimethoxybenzene 
 
TOF  Time-of-flight 
 
tR  Retention time 
 
UV  Ultraviolet 
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1. Introduction 
 

During the last decade hyphenated analytical techniques such as LC-NMR and LC-MS, have 

grown rapidly and have been used successfully to solve many complex analytical problems. 

The combination of separation techniques with spectroscopic technology is extremely 

powerful in carrying out qualitative and quantitative analysis. Liquid chromatography (LC) 

has been coupled to nuclear magnetic resonance (NMR) and become a powerful analytical 

tool for determining the structure of unknowns in complex samples. LC is without any doubt 

one of the most important separation techniques. NMR is primary used to provide structural 

information of the analytes. In addition, NMR can identify structural differences between 

compounds with the same molecular mass or same molecular formula [1]. In the NMR, a 

magnetic field is applied on a compound and the atomic nucleis with a nuclear spin behave 

like bar magnets [2]. Not all nucleis have spin e.g. 12C, but fortunately both 1H and 13C 

nucleus do [2]. Thus, in the application of NMR spectroscopy 1H and 13C are the most 

important [2]. In 1H-NMR a signal for each proton in the molecule give structural information 

about the environment and the coupling partners of the proton [1]. Whereas in 13C-NMR a 

signal for each carbon in the molecule is given [3]. The 13C-NMR information is only 

restricted to very concentrated compounds since the technique is less sensitive than 1H-NMR 

[3]. In addition, coupling information can be provided using two-dimensional NMR 

spectroscopy experiments [4]. Two-dimensional spectra is used to determine all the coupling 

information in a single experiment and can be an enormous advantage when an unknown 

compound is to be analysed [4]. Hetronuclear multiple quantum coherence (HMQC) and 

Correlated spectroscopy (COSY) spectra are examples of two-dimensional NMR 

experiments. In HMQC the proton spectrum is correlated with a carbon spectrum and a 

complete structure elucidation can be facilitated [5], while in COSY, the spin-spin coupled 

protons are shown [6].  

 

LC-NMR 

 

LC is easily coupled with UV detectors and mass spectrometers, but the on-line coupling with 

NMR has proven to be difficult [7]. In addition, the solvents that enter the NMR probe have 

to be compatible with the NMR [8]. Nevertheless, the NMR can be used in combination with 

UV and MS and provide identification of unknown compounds. Among various spectroscopic 

methods, only NMR is capable of providing the full information needed for rigorous structure 
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determination of a natural product [9]. LC-NMR has been used for several applications e.g. 

metabolites [10], sugar nucleotides [11], drug impurities [12] and natural products [12]. One 

of the first real samples analyzed by LC-NMR was military jet fuel using normal-phase 

columns and deuterated chloroform [8].   
 

When a 4.6 mm I.D. LC column is used in on-line LC-NMR, the NMR probe has a volume 

between 60 and 240 µL [12]. However, trends show a miniaturization of the LC columns. 

When the inner diameter of the column is decreased, the eluted band gets more concentrated 

due to less dilution in the column [13]. When the LC columns are miniaturized, it is necessary 

to decrease the NMR probe volume [12]. If the probe volume is too large compared to the 

chromatographic peak, it is difficult and perhaps impossible to obtain NMR signals, due to 

large dilution in the probe [12]. Columns with an inner diameter between 75-900 µm require a 

NMR cell with a detection volume between 5 nL and 1 µL [14].  

 

Probe design

 

When on-line LC-NMR was introduced at the 1970s, the success was hampered because of 

the low sensitivity of the NMR instrument [15; 16]. The poor sensitivity in the NMR is due to 

the fact that there is a small energy gap between the ground and exited nuclear spin states 

[17]. However, there have been several technological advances in recent years that have 

increased the sensitivity of the NMR e.g. solvent suppression and improved probe design 

[15]. In addition, superconducting magnets with increased field strength, novel methods of 

polarization transfer and reduced-diameter radiofrequency (RF) coils have also contributed to 

increased sensitivity [18]. One approach to improve the sensitivity has been miniaturization of 

the NMR probe [19]. Figure 1a and b show two NMR probes. The micro-probe in Figure 1a is 

used in an on-line LC-NMR system and the analyte is transferred to the probe using a pump. 

While the flow-probe in Figure 1b is used for off-line NMR analysis. The analyte is 

transferred to a NMR tube which is placed into the NMR.  
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Figure 1. The images of a micro-probe (a) used in on-line LC-NMR and flow-probe (
LC-NMR analyses, respectively. In the micro-probe (a) the analyte is transferred int
pump, while in (b) the analyte is transferred to a NMR tube placed in the NMR [20; 

 

Alternatively, the S/N-ratio can be increased, by operating the NMR instrum

temperature, using cryoprobes [15]. In recent years the detection limit has i
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and increase the S/N ratio [17]. Because the operating temperature of the coil is reduced, the 

efficiency of the coil is improved [22]. Compared to conventional probes, the S/N gain of a 

cryoprobe is increased by a factor of 4 and hence the detection limit is decreased with a factor 

4 [22]. Furthermore, the experiment time can be reduced by a factor 16 compared with 

conventional probes [22].   

 

Solvent suppression 

 

In a chromatographic run, the solvent signal can be larger than the sample signal, and it is 

necessary to suppress the solvent signal [18]. The WET (water suppression enhanced through 

T1 effects) solvent suppression technique is a standard technique for LC-NMR, because it has 

the capability of suppressing at least two solvent lines [18; 23]. The WET solvent suppression 

technique was introduced by Ogg and co-workers [24]. This technique uses a series of 

variable-tip-angle solvent-selective radiofrequency (RF) pulses, where each pulse is followed 

by a field-gradient pulse [24]. When the solvent signal is suppressed, any nearby sample 

signal will also be suppressed, and this result in a loss of structural information [18]. Solvent 

suppression can therefore be a major drawback when an unknown compound is analysed. One 

way to overcome the problems due to solvent suppression is to perform the chromatographic 

separation in fully deuterated solvents [25]. However, this cannot be done in combination 

with standard 4.6 mm I.D. HPLC columns operating at a flow 1 mL/min because of the large 

consumption of deuterated solvents and increased expenses [25]. Nevertheless, deuterated 

solvent may be used in combination with micro or capillary columns [25].   

  

Modes of operation for LC-NMR  

 

The LC-system can be connected on-line to the NMR with PEEK tubing or fused silica 

capillaries [18]. When the magnet is shielded, the LC system can be as close as 30-50 cm to 

the magnet [18]. With an unshielded magnet, the distance from LC to the NMR might be 1.5 -

2 m [18]. A UV detector is normally used in the LC system to monitor the chromatography 

and trigger the peak of interest [18].  

  

It is possible to operate a LC-NMR system in four different modes; on-flow, stop-flow, loop 

collection and solid phase extraction (SPE) collection [18].  

 

 10



i) On-flow experiments require more sample for analysis because the resident time in the 

NMR flow cell is very short during the chromatographic run [18]. Since the residence time of 

the compounds is so short, the S/N ratio in the NMR spectra is poor [8]. Decreasing the flow 

rate with a factor 3-10 increases the residence time and the S/N ratio for each compound [8]. 

On-flow mode provides the lowest sensitivity of all the four modes [15]. The on-flow mode 

allows a rapid 1H-NMR-analysis, but only for the main components in a sample [8].  

 

ii) The stop-flow mode provides an improved S/N ratio compared with the on-flow mode 

[15]. A stop-flow experiment requires that the retention time of the analyte is known [15]. A 

UV detector is connected on-line prior to the NMR, and the signal of the analyte is used to 

trigger a valve, which will stop the LC flow [15]. The chromatographic run is then 

automatically stopped when the target compound is in the flow cell [18]. It is necessary to 

calibrate the system time, which is the time that passes from the band is in the UV detector to 

it reaches the NMR [18]. This time is dependent on the flow rate and the length of the tubing 

connecting the LC to the NMR [18]. It is possible to obtain NMR data on a number of 

chromatographic peaks in a series of stops during a chromatographic run, but it might be 

difficult to use this method if the peaks are closely eluting [15; 18]. Frequent stops may 

disturb the quality of the separation, and highly concentrated compounds can pollute the 

NMR probe and give a memory effect [8]. When the chromatographic run is stopped and the 

NMR-analysis is performed, the run is restarted and the procedure is repeated for another 

compound [8]. The stop-flow mode can be used in combination with conventional LC 

systems as well as µLC using deuterated solvents in the mobile phase. The flow rate in µLC is 

typically 5 µL/min and hence the consumption of deuterated solvents is decreased [26]. µLC 

makes it possible to work with small sample volume. Additionally, due to reduced inner 

diameter of the column, the dilution of compounds is decreased and the chromatographic 

peaks are more concentrated compared to conventional LC [26]. Hence, the NMR signals are 

increased and the structural determination may be less complicated.   

 

iii) When there is more than one chromatographic peak of interest in the same run, loop 

collection can be used [18]. The chromatographic run is not interrupted, but each analyte is 

stored in individual loops for NMR-analysis at a later time [8]. The stored peaks can be 

analyzed in different order from the chromatographic run, but they have to be stable during 

the time they are stored in the loops [8; 18]. However, a multiple trapping and hence a 

preconcentration of the analyte using loop collection is impossible. Additionally, if the 
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separation is carried out with protonated solvents and protonated solvents are delivered to the 

NMR probe together with the analyte. It is important to calibrate the time between the UV 

detector and the loop-storage device as well as the time between the loop and the NMR-probe 

[8]. After an analyte has been analysed, the loop and the NMR-probe are washed with a 

suitable solvent [8].  

 

iv) The sensitivity of an NMR analysis is increased with increasing concentration of the 

analyte using SPE, which is a rapid and selective sample preparation technique [27]. SPE can 

be used previously to separation, to preclean or preconcentrate the sample prior to injection, 

off-line or on-line, and after the analytical column to trap the LC peaks in an on-line LC-SPE-

NMR system [27]. The compound is extracted to the solid phase that acts as a sorbent [28]. 

To reduce the amount of protonated solvent, the sorbent must be rinsed with D2O, before a 

mobile phase with larger eluting strength is used to desorb the analyte(s) in a small volume 

[29]. In order to achieve an increased S/N-ratio, the SPE system has to fulfill some important 

requirements. Firstly, the compound should be trapped on the SPE-cartridge without any 

elution from the cartridge while it is in contact with mobile phase [30]. Secondly, the analyte 

must be eluted from the SPE-cartridge in a narrow band [30]. The sample should be 

concentrated and purified from the solvents and buffers that are used for separation [28]. 

Finally, the analyte(s) should be dissolved in a suitable solvent prior to the NMR-analysis 

[28]. On-line LC-SPE-NMR has been used to analyze and identify of pharmaceutical 

impurities [31], compounds present in Greek oregano [17] and plant extracts [32], but the 

applications are still few.  

 

An on-line LC-SPE-NMR instrumentation is shown in Figure 2. The compounds in the 

sample are separated on the e.g. reversed-phase analytical column using mobile phase 

delivered from the analytical pump. A make-up pump is incorporated in the LC-SPE-NMR 

system [33]. The make-up pump dilutes the separated compounds with aqueous mobile phase 

for more efficient trapping on reversed-phase SPE cartridges, which are most often used [33]. 

The DAD detector is used to monitor the chromatography and to trigger a valve in the stop-

flow mode, in order to stop the LC flow [18]. When the target compound is seen in the 

chromatogram a valve is switched and the eluent from the analytical column is transferred to 

the SPE unit. The compound is retained on the SPE cartridge using mobile phase with low 

eluting strength. Thereafter, the cartridge is rinsed with D2O or dried with N2-gas to remove 

protonated solvents [27; 32]. The purpose of drying the cartridge is to reduce the volume of 
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water retained by the eluting solvent [34]. Deuterated solvent with high eluting strength is 

used to elute the compound from the cartridge and transfer it into the NMR probe [27; 32]. In 

Figure 2, an MS is also incorporated in the LC-SPE-NMR system. The eluent is splitted prior 

to the DAD detector and SPE unit. Due to the poor sensitivity in NMR, only 5 % of the eluent 

is transferred to the MS and the rest is delivered to the NMR [17]. LC-SPE-NMR/MS will be 

further discussed below. 

 

 
Figure 2. A schematic presentation of on-line LC-SPE-NMR-MS instrumentation [ 17]. In the LC-SPE-
NMR/MS system only 5 % of the eluent is delivered to the MS and the rest is transferred to the NMR, due 
to the poor sensitivity in the NMR [17]. 

 

NMR requires deuterated solvents to obtain sufficient sensitivity and that is one of the reasons 

why the method is so expensive [17; 18]. In the LC-SPE-NMR system the chromatographic 

separation can be carried out in protonated solvents. Thus, deuterated solvents are only used 

to elute the compound from the cartridge and transfer it to the NMR [17].  

 

Although the trapping procedure in a LC-SPE-NMR system is time-consuming, there are 

several advantages with this kind of system compared to LC-NMR [35]. The mobile phase 

needed for the chromatographic separation can contain additives which often are not 

compatible with NMR [36]. Optimal conditions can be used for both the chromatographic 

step and the NMR analysis, because the two systems are virtually separated [28]. The 

deuterated solvents which are used for elution and transferring the trapped compounds can be 

chosen almost independently of the chromatographic conditions to improve spectral quality or 

to make exchangeable protons observable in NMR [36]. It is also possible to perform a 

multiple trapping to obtain a NMR detectable amount [36]. Even the concentration of trace 

components in a mixture can be increased to a sufficient amount [36]. The advantages of LC-

SPE-NMR over the loop collection mode are that a multiple trapping is possible and 

protonated solvents are not transferred to the NMR. 
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The breakthrough volume is an important parameter in the SPE system. Breakthrough volume 

is the sample volume which can be retained on the SPE cartridge before the analyte appears in 

the eluent [34]; the retention capacity is exceeded and further sampling will not be retained on 

the sorbent [34]. Eventually, the concentration of analytes entering and exiting the SPE-

cartridge becomes identical [34]. In on-line LC-NMR is there a possibility that a large 

fraction of the analyte is not exploited for NMR analysis due to peak broadness, however this 

problem is eliminated in LC-SPE-NMR [9; 30]. In LC-SPE-NMR, the analyte is focused on 

the SPE cartridge and the peak broadening is reduced [30]. 

 

LC-SPE-NMR/MS 

 

It might be difficult to find the structure of an unknown compound using only LC-SPE-NMR. 

It can therefore be useful to incorporate a MS to the system, as shown in Figure 2. LC-SPE-

NMR/MS makes it possible to rapidly obtain detailed structural information on small 

quantities of substances [37]. Some functional groups like carboxylic acid, phenol and amino 

groups are “NMR-silent” in many solvents because there is a proton-deuterium exchange 

[33]. Nitro groups and sulfate conjugates do not contain protons, so they are not detectable in 
1H-NMR, but they can be easily detected by MS [33]. The data obtained from the MS in a 

LC-SPE-NMR/MS system could sometimes be critical for full structural elucidation when 

there are “NMR-silent” groups in the compound [33]. MS data can provide information about 

the molecular weight, fragmentation and molecular formula, which can be very useful for 

structure determination of a novel or an unknown compound [33].      
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1.1 Aim of study 
 

The aim of this study was to develop a sensitive and robust method for structural 

identification of different analytes using LC-NMR. The purpose of employing these 

techniques was to utilize the advantages of both LC and NMR. In this thesis, different LC-

NMR systems were explored. A µLC-NMR system was operated on-line using the stop-flow 

mode. Additionally, two different LC-SPE-NMR systems were studied with on-line and off-

line NMR analysis.  

 

The LC-NMR systems have been investigated using different model compounds and samples. 

The on-line µLC-NMR system was tested using the synthesized compound TCB-424 (Part 

one), while the LC-SPE-NMR systems were tested using trimethoxybenzene (TMB) and 

monuron (Part two). Additionally, testing of the µLC autosampler and commercially SPE-unit 

was found necessary. This testing is described in Part two and Appendix (6.3 and 6.4). If 

nothing else is mentioned, the chapter referred to is in the present part.  
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PART ONE on-line µLC-NMR 
 
 
1. Introduction 
 

Microcolumn LC (µLC) has become a complementary technique to the more commonly 

conventional sized LC columns [26; 38]. µLC has several advantages over conventional LC. 

In µLC it is possible to work with smaller sample volumes and this makes µLC beneficial 

when e.g. biological samples are to be analysed due to the often limited sample volume [26]. 

The flow rate is typically reduced 200 times in the µLC system compared with conventional 

LC [26]. Due to the low flow rates, it is possible to use deuterated solvents as mobile phase 

solvents, these are expensive but necessary in NMR [25]. Solvents that are compatible with 

NMR, is a necessity in on-line LC-NMR. Thus, separation conditions which are NMR 

compatible have to be found, without additives like formic acid and trifluoroacetic acid 

(TFA).  

 

The reduced radial dilution of the chromatographic band in miniaturized columns provides 

increased mass sensitivity compared to conventional columns, when concentration sensitive 

detection principles are applied and the same absolute mass is injected [13]. However, despite 

the advantages associated with µLC it was not until very recently that instrumentation for 

µLC was commercially available from several vendors.  

 

The aim of this study was to identify the isomers of the synthesized compound TCB-424 

using the on-line µLC-NMR system in the stop-flow mode. Different model compounds were 

utilized; the alkaloids, camptothecin and yohimbine, and TCB-424. The preliminary studies of 

camptothecin and yohimbine are presented in Appendix (6.1).   
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2. Experimental  
 

2.1.1 Materials and reagents 

 
The sample, TCB-424 (Figure 3) was supplied by Tom Christian S. Berg from the 

Department of Chemistry (University of Oslo, Norway). The sample was dissolved in grade 1 

water obtained from an ultrapure water purification system (MilliPore, Bedford, MA USA) 

and the concentration was 2.0 mg/mL. The mobile phase was made of water and HPLC grade 

ACN (Rathburn, Walkerburn, UK). 

 

 

  

Figure 3. The structure of the isomers of TCB-424 

 
 
Two different columns were used and both the 3.5µm ZirChrom-MS- 300 Å and the 3.0 µm 

Kromasil-C18-100 Å columns were obtained from G&T Septech AS (Kolbotn, Norway). The 

dimensions of the ZirChrom-MS and the Kromasil-C18-columns were 0.3 mm I.D. x 5 cm.  

 

2.1.2 Chromatographic system 

 
A Waters ®CapLC ® system (Waters Corporation, Milford, MA, USA) was used with a 

Waters CapLC autosampler with a 5 µL loop and a 25 µL syringe. The autosampler needle 

had a volume of 2.4 µL and the autosampler was operated in the µL-pickup mode. 

Autosampler settings are given in Table 1. The CapLC pump had three pump reservoirs and 

the detector was a CapLC photodiode array detector, PDA 996. The detector measured the 

absorbance between 190 and 400 nm. For on-line µLC-NMR the Bruker 600 MHz Ultrashield 

NMR (Bruker BioSpin, Rheinstetten, Germany) with a capillary LC-NMR probe equipped 
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with z-gradient (MRM- Protasis, Savoy, IL, USA). The volume of the probe was 5 µL, and 

the volume where the detection took place was 3.5 µL. The Bruker Advance DRX 500 MHz 

NMR spectrometer was used for off-line LC-NMR analysis. The time-of-flight mass 

spectrometry (TOF-MS) (Micromass, Manchester, UK) was equipped with a Z-spray 

atmospheric pressure ionization source for electrospray ionization (ESI). The ionization was 

performed in positive mode. The following voltages were used; 3.0 kV on the capillary, 20 V 

on the sample cone, 5 V on the extraction cone, 200 on the RF lens and 3.0 kV on the MCP 

detector. In order to obtain a stable spray performance and solvent vaporization the 

dessolvation gas were applied at 450 L/hour. The dessolvation and source temperatures were 

120 °C. The TOF-MS instrument was controlled by MassLynx V4.0 (Micromass) software.   

 

Table 1. Autosampler settings 

Autosampler setting Parameter 
Injection mode µL-pickup 
Flush volume  1 and 3 µL 
Pump synchronisation No 
Draw height 5 
Draw speed  Slow 
Flush volume 15.00 µL 
Head space pressure No 
Air segment No 
Wash volume 10.00 µL 
Temperature limit 20.00 

 
 
 
3. Results and discussion 
 

The aim of this study was to identify the isomers of TCB-424 using on-line µLC-NMR. When 

compounds are going to be identified using on-line LC-NMR, it is important that the 

chromatographic peaks are baseline separated. It can be difficult to identify a compound and 

find the NMR-signals belonging to the analyte when the compound is coeluting with another 

compound. If an unknown compound is to be identified, there is a necessity that the 

compound is not coeluting with other compounds. 
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3.1.1 Stationary phase considerations 

 

Initially, a ZirChrom-MS column was explored for its ability to separate the two isomers, 

however it was not possible to achieve a baseline separation. Figure 4 shows the best 

separation obtained with the zirconia based C18 column. Due to the large concentration of the 

analytes, the chromatographic peaks were very broad.   

 

 
Figure 4. Separation of TCB-424 using the ZirChrom-MS column in the µL-pickup mode with a flush 
volume of 1 µL. 20 nL of TCB-424 with a concentration 2.0 mg/mL was injected. The mobile phase  
contained 100 % H2O and the detector measured the absorbance between 200-400 nm. The flow rate was 
set to 5.0 µL/min.   

 
The best separation obtained with the ZirChrom-MS column was achieved with 100 % H2O in 

the mobile phase. When a reversed- phased column, like ZirChrom-MS is used in 

combination with an aqueous mobile phase without any organic modifier, the long alkyl chain 

can self-associate [39]. The surface area is reduced and the retention is lowered [40]. 

However, it was not proven that the poor separation in Figure 4 was due to self-associated 

alkyl chains or that the column was not suited for this application. Additionally, the lifetime 

of the ZirChrom-MS column was found to be rather poor. Therefore a Kromasil-C18 column 

was explored for its ability to separate the compounds in the sample. Figure 5 shows the 

separation of the compounds using the Kromasil-C18 column. 
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Figure 5. Two replicates of the separation of TCB-424 on a Kromasil-C18 using the TOF-MS for 
detection. 50 nL TCB-424 at a concentration of 2.0 mg/mL was injected. The mobile phase contained 
ACN/ H2O (10/90, v/v). The flow rate was set to 5.0 µL /min. The electrospray ionization (ESI) was done in 
positive mode. The voltages and temperatures that were used are described in “Chromatographic system” 
(2.1).  

 

The reactant and the products had the same monoisotopic weight, 190 Da and it was 

impossible to identify the compounds present in the sample and decide the retention order of 

the compounds using the MS due to the lack of fragmentation information. The two peaks 

may contain the possible two isomers of TCB-424 shown in Figure 3, or one of the peaks may 

contain the reactant and the other one of the isomers. The combination of NMR and MS/MS 

detection could provide structural information to identify the compounds.  

 

3.1.2 Large volume injections 

 

Connecting the LC-system to the NMR makes it necessary to have a large amount of the 

compounds due to poor NMR sensitivity. Hence, the injection volume had to be increased. It 

was therefore necessary to determine how large the injection volume could be and still obtain 

the separation using the Kromasil-C18 column. The injection volume was varied from 20-

1000 nL. At large injection volumes, 700 and 1000 nL, the flush volume was increased to 3 

µL to make sure that the right volume was injected. When the injection volume is as large as 

in this case, care has to be taken so the column is not overloaded and the separation lost. 

Table 2 shows the R2 values for peak heights and areas when the injection volume of TCB-
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424 was varied between 100 and 1000 nL. The raw data are given in Table 7 in Appendix 

(6.2.1). In preliminary experiments, the autosampler did not always inject the expected 

amount of sample. It was therefore found necessary to examine the functionalities of the 

autosampler. Description and raw data for these experiments are given in Appendix (6.3 and 

6.4). The autosampler was tested for larger injection volumes and the injection volume varied 

from 100 to 1000 nL using µL-pickup and partial loop as injection modes. The uracil/caffeine 

test solution was used as test substance and the R2-values are also given in Table 2. 

 

Table 2. The R2-values of peak heights and areas, when 100-1000 nL of TCB-424 and uracil/caffeine test 
solution were injected. Number of replicates testing the autosampler with the uracil/caffeine solution was 
4 and 1 when the TCB-424 sample was analysed. 

Compound Area/ Height (mAU) Injection mode R2-value 
Area 0.998  

TCB-424 (First eluting peak) Height 
µL-pickup 

0.994 
Area 0.997 TCB-424 

(Second eluting peak) Height 
µL-pickup 

0.993 
Area 0.998 Uracil 
Height 

µL-pickup 
0.998 

Area 0.997 Caffeine 
Height 

µL-pickup 
0.995 

Area 0.999 Uracil 
Height 

Partial loop 
0.998 

Area 0.999 Caffeine 
Height 

Partial loop 
0.999 

 

Table 2 shows that the peak heights and areas as a function of increasing injection volume 

gave a linear coefficient higher than 0.993 for the first and second eluting peak of TCB-424. 

This study shows that the analytical column can be used with injection volumes up to 1 µL 

without overloading the column. Furthermore, the autosampler provided correct injection 

volumes with maintenance. The autosampler was also tested for smaller injection volumes 

using different injection modes, but this study was not so relevant for this thesis, because 

large amounts of the target compound are required for NMR analysis. This testing is 

presented in Appendix (6.3). Furthermore, using the autosampler there is a possibility that the 

sample is not injected due to a faulty autosampler syringe or needle. In addition if the draw 

height of the needle is set to high and there are just small amounts of sample left in the vial, 

there is a chance that the sample is not injected. However, injecting the sample manually 

using a valve with a loop could be more robust and accurate than using an autosampler, 

because the injection volume is fixed and only depending on the size of the loop. 
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3.1.3 1H-NMR analysis of TCB-424 

 

When the separation conditions had been determined, stop-flow µLC-NMR analysis on the 

Bruker 600 MHz NMR with the capillary LC-NMR probe was performed. When the stop-

flow mode is used in combination with µLC-NMR, it is important that the compounds are 

baseline separated. It can therefore be difficult to identify compounds in complex samples 

using on-line LC-NMR. Coeluting compounds can give complicated NMR spectra due to the 

mixture of compounds analysed by the NMR. Though, it can be possible to obtain structural 

information and draw some conclusions.  

 

Even though a large injection volume was used, 1000 nL, it was impossible to obtain any      
1H-NMR signals. The amount of TCB-424 transferred to the on-line NMR was 2 µg, but the 

concentration had to be increased even more. However, increasing the injection volume could 

lead to column overloading with consequent loss in separation. The NMR analysis was 

therefore done off-line on the Bruker Advance DRX 500 MHz NMR spectrometer using the 

non-separated sample dissolved in ACN-d3. The NMR analysis (data not shown) showed that 

the two compounds eluting in the two peaks, were the reactant and one of the isomers in a 

ratio 4:1, shown in Figure 6a and b. Thus, the compounds present in the sample were the 

reactant and the isomer seen in Figure 6b, and not the possible two isomers of TCB-424. 

              
 
 

4 1 
        
 6a       6b 

Figure 6a and b. The compounds that gave 1H-NMR signals. 

 
The two possible isomers of TCB-424 are shown in Figure 7a and b. The 1H-NMR analysis 

showed a coupling between two protons, hence between the proton at position 1 and the two 

protons at position 2 (Figure 7a). The distance between the proton at position 3 and the two 
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protons at position 4 (Figure 7b), is too far for chemical coupling. Thus, one of the 

compounds in the sample was the isomer seen in Figure 7a.  

 
 

   
       7a           7b 

Figure 7a and b. The structures of the possible isomers of TCB-424. Only the isomer in 7a was present in 
TCB-424. 

 

Since the reactant and the products had the same molecular weight, it was difficult to decide 

the retention order of the compounds. The total ion chromatogram (TIC) chromatogram 

(Figure 5) gave no information about the retention order. However, MS/MS analysis could be 

carried out, the fragments of the compound could give the necessary information that would 

make it easier to determinate the retention order. However, since the main aim of this thesis 

was to study the µLC-NMR system, no further analysis of the compounds using MS/MS was 

performed.  
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4. Conclusions 
 
The present study has shown that a large amount of the analytes is needed for on-line µLC-

NMR analysis. No NMR signals were obtained when 2 µg TCB-424 was introduced to the 

NMR flow cell. Thus, the amount of analyte transferred to the NMR had to be increased. The 

injection volume could be increased, but care had to be taken so the analytical column was 

not overloaded and the separation lost. Furthermore, the compounds could have been 

preconcentrated on a SPE cartridge by incorporating a SPE unit in the on-line µLC-NMR 

system, but this was not examined in this study. Two different reversed-phase columns were 

utilized. The ZirChrom-MS column showed poor separation of the compounds and poor life 

time. The Kromasil-C18 column provided better separation of the compounds. When an off-

line NMR analysis was carried out on the non-separated sample it was found that the 

compounds present in the TCB-424 sample were the reactant and one of the possible isomer 

products.  

 

It was necessary to have complete control of the different instrumental parts in the on-line 

µLC-NMR system to ascertain that the analytes are transferred to the NMR flow cell at the 

expected time and of expected amount. The functionalities of the autosampler had to be 

examined due to the non-repeatable injections observed in preliminary experiments. The 

repeatability of the autosampler was improved with maintenance. However, the problems 

with the autosampler can be eliminated by injecting the analyte manually using a valve.  

 

The present study has shown that it s difficult, if not impossible to separate efficiently the 

amount of analyte that is necessary for 1H-NMR analysis by the on-line µLC-NMR system. 

Therefore, involving a preconcentration using SPE seems to be a better approach.
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PART TWO LC-SPE-NMR 

 

1. Introduction 
 

It was experienced in Part one that NMR requires a large amount of the analyte. In addition 

the analytes need to be baseline separated prior to the NMR analysis. In order to increase the 

amount of the analyte, the injection volume can be increased and the analyte can be 

preconcentrated on a SPE cartridge. The SPE unit can be incorporated in the LC-NMR system 

and the NMR analysis can be performed on-line or off-line. The target compound is trapped 

on the SPE cartridge using a mobile phase with low eluting strength. It is possible to perform 

a multiple trapping of the analyte to obtain a NMR detectable amount [36]. However, care 

must be taken to avoid a breakthrough of the SPE cartridge. If the retention capacity of the 

cartridge is exceeded, further sampling will not be retained on the cartridge [34]. 

Consequently, the concentration of the target compound entering and exiting the SPE 

cartridge becomes identical [34]. Thus, the gain in LC-SPE-NMR over LC-NMR is no longer 

significant.   

 

Deuterated solvents are needed in NMR and the expenses of deuterated solvents are extremely 

high. Since the chromatographic system and NMR are virtually separated in the LC-SPE-

NMR system, solvents which are incompatible with NMR can be used to separate the 

compounds in a sample [17]. Thus, deuterated solvents are only used to elute and transfer the 

compound from the cartridge to the NMR [17].  

 

The aim of this study was to optimize the commercial LC-SPE-NMR system focusing on the 

LC-SPE system. The analytes were preconcentrated on SPE cartridges prior to the NMR 

analysis. TMB and monuron were used as test compounds. Different parameters were 

examined and are presented in 3.1. One of the subaims was to identify a degradation product 

of monuron using the LC-SPE-NMR system. This study is presented in 3.2.   
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2. Experimental 
 
 

2.1.1 Materials and reagents 

 
TMB timing test (Bruker BioSpin) and uracil/caffeine test samples (Waters Corporation) were 

used as standard solutions to examine the SPE-unit in the commercial LC-SPE-NMR system. 

The structures of these compounds are shown in Figure 8. TMB was dissolved in ACN/D2O 

(70/30, v/v) at a concentration of 5 µg/µL. The concentration of uracil and caffeine was 0.10 

mg/mL and the compounds were dissolved in H2O/MeOH (85/15, v/v).   

 

   
  TMB    Uracil    Caffeine  
      8a      8b         8c 

Figure 8. The structures of TMB (a), uracil (b) and caffeine (c) [41] 

 
Monuron (3-(4-chlorophenyl)-1, 1-dimethylurea) and N’-(4-chlorophenyl)-N-methylurea 

were used as standard solutions in this study and were purchased from Sigma-Aldrich Chemie 

GmbH (St. Louis, MO, USA). The structures are shown in Figure 9.    

 

                     
 Monuron    N’-(4-chlorophenyl)-N-methylurea 
                  9a                     9b      

  

Figure 9. The structures of monuron (a) and N’-(4-chlorophenyl)-N-methylurea (b) [41]. 
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HPLC grade water (Fluka, Buchs, Switzerland), ACN (Rathburn), 50 % formic acid (FA) 

(Fluka), grade 1 water obtained from an ultrapure water purification system (MilliPore), D2O 

and ACN-d3 (99.8 % D) (Cambridge Isotope Laboratories Inc., Apeldorn, The Netherlands) 

were used in the mobile phases and to prepare standard solutions of monuron and N’-(4-

chlorophenyl)-N-methylurea. 

 

The analytical column was a 2.1 mm I.D. x 150 mm, 3.5 µm Zorbax-SB-C18 column 

(Agilent, Palo Alto, CA, USA). The 2 mm I.D. x 10 mm 7 µm Hysphere C18 SPE-cartridges 

(Spark Holland, Emmen, The Netherlands), 1 mm I.D. x 5 mm Tracy® enrichment column 

(G&T Septech AS) packed with 5 µm Hypercarb PGC particles (Thermo El. Corp., 

Cheschire, UK) and a 3.5 µm, 0.3 mm I.D. x 5 cm Kromasil-C18 100 Å column were used to 

trap the target compounds. The Hysphere C18 cartridges were dried with nitrogen (99.99 %) 

(AGA, Oslo, Norway).  

 

2.1.2 Commercial LC-SPE-NMR system 

 
LC-SPE-NMR measurements were carried out with a chromatographic system consisting of 

an Agilent Quat Pump G1311A equipped with a G 1322A degasser (Agilent), an Man. Inj. 

G1328 B autosampler (Agilent) and a diodearray detector (DAD) with 2 mm x 3 m UV cell 

(Bruker Corporation). A K120-pump (Knauer, Berlin, Germany) was used as a make-up 

pump. The waste tubing from the SPE was connected to a Waters 486 Tunable Absorbance 

(Waters Corporation) detector, in order to control the breakthrough of the cartridges. The 

Spark Prospekt 2 SPE unit (Spark Holland) with 2 mm I.D. x 10 mm, 7 µm C18 Hysphere 

SPE cartridges (Spark Holland), was used to trap the compounds. The trapped compound was 

eluted with ACN-d3 using the CapLC pumps (Waters Corporation) in the Waters CapLC 

system, and the PDA 996 detector (Waters Corporation) was used to monitor the 

chromatography. The eluted compound was transferred to the 1H {13C} capillary LC-NMR 

probe equipped with z-gradient (MRM- Protasis). The probe had a total volume of 5 µL and 

the volume of the area where the detection took place was 3.5 µL. HyStar V2.3 (Bruker 

Corporation) was used to control the LC-SPE-NMR system. The instrumentation is shown in 

Figure 10. 
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         Figure 10. The instrumentation of the commercial LC-SPE-NMR system [42]. 

 
 

2.1.3 In-house LC-SPE-NMR system 

 

The in-house LC-SPE system is shown in Figure 11.  

 Inject  

      

Figure 11. The in-house LC-SPE system 
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LC system 

 

The LC system contained a G 1311A Quat pump (Agilent) (anal. pump in Figure 11). A 

Valco Cheminert C2-six port valve (Valco International, Houston, TX, USA) was used for 

injecting the sample manually. Loops made of stainless steel with a volume of 5, 200 and 400 

µL were used. For UV detection, a Waters 486 Tunable Absorbance detector (Waters 

Corporation) with 100 µm on-capillary detection was employed. For elution of trapped 

compounds, the pumps in the Waters CapLC system were utilized. The PDA-detector in the 

CapLC system was used to monitor the chromatographic peak. HyStar software V2.3 (Bruker 

Corporation) was used to control the Waters CapLC system. 

 

SPE-system 

 

The Agilent G1376A Cap pump (make-up pump, Fig.11) was used as a diluter pump. A 

Valco Cheminert C2-six port valve was used for manual column switching. The SPE system 

was connected to a LCT TOF-MS (Micromass) to control the breakthrough of the target 

compound. The TOF-MS was equipped with Z-spray atmospheric pressure ionisation source 

for ESI. Ionization was performed in positive mode. The following voltages were used; 3.0 

kV on the capillary, 20 V on the sample cone, 5 V on extraction cone, 200 on the RF lens and 

3.0 kV on the MCP detector. In order to obtain a stable spray performance and solvent 

vaporization the dessolvation gas were applied at 450 L/hour. The desolvation and source 

temperature were 120 °C. The TOF-MS instrument was controlled by MassLynx V4.0 

(Micromass) software.   

 

NMR 

 

For off-line LC-NMR, a 1H {13C, 15N} TCI triple resonance 5 mm cryoprobe with cold 1H- 

and 13C-coils and preamplifiers and z-gradient accessory was used (Bruker Biospin). The 

eluted compounds were transferred to a 1 mm O.D. NMR tube (Hilgenberg, Malsfeld, 

Germany) and the tubes were used with "Match" spinners in the 5 mm TCI probe (Bruker 

Biospin). The NMR tubes were made of borosilicate glass, the length was 100 mm and the 

inner diameter was 0.7 mm.  A 1 mL plastic syringe connected with a 450 µm O.D. capillary 

was used to draw up the small sample volume and transfer it to the NMR tube.  
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Direct infusion 

For direct infusion using the TOF-MS, a syringe pump (Harvard Apparatus, Holliston, MA, 

USA) was used. The TOF-MS was equipped with Z-spray atmospheric pressure ionisation 

source for ESI. Ionization was performed in positive mode. The voltages and temperatures 

utilized were the same when the MS was used to control the breakthrough, except for the 

desolvation gas was applied at 250 L/hr.  

 

PEEK tubing was purchased from Upchurch Scientific (Oak Harbor, WA, USA) and fused 

silica capillaries were obtained from Polymicro Technologies Inc (Phoenix, AZ, USA). 

Different parameters were examined and the instrumentation was not always arranged in the 

same way as described in Figure 11. The instrumentation set up used will be specified in the 

text. 

 

2.1.4 Sample preparation 

 
Different standard solutions of monuron were used. Water (Fluka) solutions of monuron at 

0.15, 0.08, 0.04 and 0.02 mg/mL concentrations and a standard solution prepared by Bobu et 

al. [43], and the concentration was 100 ppm (pH 3). Monuron was photochemical degraded in 

aqueous solutions under simulated solar irradiation using different oxidation processes e.g. 

UV/H2O2, UV/H2O2/Fe2+, UV/ H2O2/TiO2, UV/ TiO2 and dark H2O2/Fe3+ [43]. 

 

Stock solutions of N’-(4-chlorophenyl)-N-methylurea were prepared by dissolving the 

compound in ACN-d3 at concentrations 1 mg/mL and 1 µg/mL, respectively. In addition, two 

standard solutions of N’-(4-chlorophenyl)-N-methylurea were prepared by dissolving the 

compound in H2O and D2O at a concentration 0.10 mg/mL. Small amounts of ACN were 

added to the solutions to dissolve the compounds completely.  
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3. Results and discussion 
 
3.1. Optimizing the commercially LC-SPE system 
 

The aim of this project was to optimize the commercial LC-SPE system with on-line NMR 

analysis, focusing on the LC-SPE system. TMB and monuron were used as model 

compounds.  

 

3.1.1 Controlling the breakthrough volume of the Hysphere C18 cartridges 

 
The purpose of this study was to examine and control the breakthrough volume of the 

Hysphere C18 cartridges since this trap material is most commonly used. Breakthrough 

volume is the sample volume which can be retained on the SPE cartridge before the analyte 

appears in the eluent [34]. The retention capacity is exceed and further sampling will not be 

retained on the sorbent [34]. One of the aims was to find out how many injections, with a 

fixed volume and concentration, that could be trapped on the Hysphere C18 cartridge without 

a breakthrough occurring. 

 

The injection volume was 20 µL and the test substance TMB was dissolved in ACN/D2O 

(70/30, v/v) at a concentration 5 µg/µL. It was difficult to obtain repeatable NMR signals in 

the on-line LC-SPE-NMR analysis. The often observed lack of NMR signals could be a 

consequence of unnoticed breakthrough of the cartridge or a faulty SPE-NMR transferral. 

Therefore, a UV detector was placed after the SPE unit to control the breakthrough of the 

cartridge. The UV detector also made it possible to monitor the traces of the eluted 

compound, and improve the on-line transfer to the NMR. However, it was sometimes difficult 

to decide if a peak observed in the UV chromatogram was a system peak or due to a 

breakthrough of the analyte. Chromatographic peaks with low intensity were observed in the 

chromatogram when TMB was trapped, and it was impossible to decide if the peaks were 

breakthrough of the cartridge or a system peak.  

 

There was no sign of breakthrough when TMB was trapped four times on the same SPE-

cartridge, like Figure 12a shows. However, breakthrough was observed when TMB was 

trapped the fifth time, as seen in Figure 12b.  
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   12a            12b 

Figure 12. Breakthrough studies of TMB directly introduced onto the Hysphere C18 cartridge. The 
mobile phase contained ACN/H2O (10/90, v/v) and the flow rate was set at 0.10 mL/min. The make-up 
pump delivered 100 % H2O at a flow rate of 0.30 mL/min into the system. The injection volume was 20 µL 
and the concentration of TMB was 5 µg/µL. The detector measured the absorbance at 254 nm. TMB was 
trapped four (a) and five times (b) on the Hysphere C18 cartridge. 

 
Thus, it was possible to trap 80 µL (4 x 20 µL) TMB on the Hysphere C18 cartridges without 

breakthrough occurring. When the fifth injection of TMB was trapped, a breakthrough was 

observed even though the mobile phase had the same low eluting strength. This result 

depends on the compound examined, and may not be achieved with other compounds, which 

have different chemical structures and properties than TMB. The reason for breakthrough 

could be that the stationary phase was not suited for large numbers of multiple trappings of a 

particular compound, or a too high flow rate over the cartridge. This can be a serious problem 

if a compound is present at such low concentrations that it is necessary to repeat the trapping 

procedure e.g. 15 times to obtain a sufficient amount for NMR analyses. However, in many 

cases it may not be possible to trap that many times because of the chemical properties of the 

analyte and the stationary phase. 

 

3.1.2 Controlling the time a compound spends in the different parts of the Prospekt 2- 

unit  

 
To improve the control of the LC-SPE system it was necessary to know the time a compound 

spends in the SPE-unit. The time depends on the flow rate and the switching time. Uracil in 

the uracil/caffeine test solution was used as a standard for testing the system.  
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The analytical column was a reversed-phase 3.5 µm Zorbax-SB C18 column, with the 

dimensions 2.1 mm I.D. x 150 mm. Uracil has no retention on reversed-phase columns. The 

flow rate was set to 0.50 mL/min and 254 nm was employed as detection wavelength. 

 

The tubing connected in the central port to the HPD-valve and port number two in the Clamp 

valve, was connected together with the LC-waste in a T-coupling. The T-coupling was 

connected to the Waters 486 absorbance UV detector. Uracil used 2.1 min to reach the UV 

detector using a flow rate of 0.50 mL/min. This corresponds to the time the mobile phase used 

from the injector, through the column and to the SPE inlet. Afterwards the system was 

connected in the original way, as shown in Figure 10. In this case, uracil used 2.3 min to reach 

the UV detector. The 0.20 min difference corresponds to the time uracil was inside the SPE 

unit and this is the minimum time a compound spends inside the Prospekt 2 unit. The time 

depends on the flow rate and is independent of the chemical structure and properties in 

general.     

 

3.1.3 The importance of drying the Hysphere C18 cartridge with N2-gas 

 
The importance of drying the Hysphere C18 cartridge with N2-gas, before transferring the 

trapped compounds to the on-line NMR was investigated using TMB dissolved in ACN/D2O 

(70/30, v/v) at a concentration 5 µg/µL. The mobile phase contained ACN/H2O (10/90, v/v) 

and was delivered at a flow rate of 1.0 mL/min. The make-up pump delivered 100 % H2O at a 

flow 3.0 mL/min. The detection wavelength was 254 nm.  

 

Ten times trapping of 2 µL TMB 5 µg/µL was performed on the same Hysphere C18 SPE 

cartridge. This was done on two different cartridges, but only one of the cartridges was dried 

with N2-gas. The trapped peaks were eluted with ACN-d3 using the dispenser pump in the 

Prospekt 2 unit and transferred on-line to the NMR using the stop-flow mode. The 1H-NMR 

spectra of the two TMB solutions were compared, see Figure 13. When the cartridge was 

dried with N2-gas, the solvent signals became smaller compared to the 1H-NMR of TMB 

without drying the cartridge. TMB gave two 1H-NMR signals at 3.73 and 6.12 ppm. The 

signal at 3.73 ppm was not seen in the H-NMR spectrum of the non-dried TMB sample due to 

the large solvent signal at 3.75-3.79 ppm. Furthermore, when the cartridge was dried with N2-

gas, the solvent signal and the TMB signal at 3.73 ppm was separated in two NMR signals, 

and it was possible to observe all the NMR signals belonging to TMB. Thus, drying the SPE 
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cartridge with nitrogen decreases the amount of protonated solvents present and reduces the 

solvent signals in the 1H-NMR spectrum. If an unknown compound is to be identified using 

NMR, it is necessary to observe all the NMR signals and the solvent signals have to be as 

small as possible. Thus, drying the Hysphere C18 SPE cartridge is very important to obtain 

good quality NMR spectra. 

 

 

2

      13a 

 
13b 

Figure 13. 1H-NMR spectra of TMB with (a) and without (b) drying the Hysphere C18 SPE cartridge with 
N2-gas. For trapping, the mobile phase contained ACN/H2O (10/90, v/v) and the flow rate was 1.0 mL/min. 
The make-up pump delivered 100 % H2O at a flow 3.0 mL/min. The trapped compounds were desorbed 
with ACN-d3. Number of scans was 16 in both NMR spectra using the capillary LC-NMR probe. 
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3.1.4 Hypercarb as an alternative packing material for trap columns 

 

The rather low total volume of which could be applied to the Hysphere C18 cartridge without 

breakthrough could be a result of the chemical properties of the stationary phase. It is possible 

that a SPE material giving higher retention could allow a larger volume to be applied without 

breakthrough. The porous graphited carbon (PGC) material Hypercarb is known to provide 

higher retention than alkyl-bonded silicas [44]. The cost of ordering custom packed 

Hypercarb SPE cartridges for this system was too high for consideration, so instead an in-

house SPE system was designed for the alternative SPE packing material. In this study a 

Hypercarb SPE column was used in the in-house LC-SPE system, and not in the commercial 

LC-SPE system. The Hypercarb stationary phase material consists of PGC particles [45]. 

PGC is comprised of flat sheets of carbon atoms arranged hexagonally [46]. Due to the flat 

surface, the PGC material has successfully separated closely related compounds [46]. This 

type of stationary phase offers different retention mechanisms and selectivity than silica and 

polymer based phases [45]. The PGC surface is highly inert and the Hypercarb column has 

several advantages over silica based stationary phases, e.g. no swelling, shrinking or 

dissolution is observed with 100 % H2O in the mobile phase [45]. In addition, the column 

does not suffer from effects of rest silanol groups [47]. The column is stable in the entire pH-

range (1-14) and it can be used in combination with high salt concentrations and high 

temperature [45]. Furthermore, the Hypercarb column can be used with normal and reversed-

phase eluents [45]. Hypercarb is available in 5 and 7 µm particle size. 

 

3.1.5 Controlling the breakthrough of monuron on a Hypercarb SPE column using a 

LC-UV-SPE-MS system 

 
In the commercial LC-SPE-NMR system (3.1.1) a UV detector was placed after the SPE-

cartridge to control and monitor eventual breakthrough from the cartridge. However as earlier 

mentioned, it was difficult to decide if a peak in the UV chromatogram was a system peak or 

due to breakthrough of the compound from the cartridge. Consequently, the UV detector was 

replaced with the TOF-MS with an electrospray interface. Using MS with Single Ion 

Monitoring (SIM) made it simpler to monitor the breakthrough of the target compound.  

 
The breakthrough of the test compound monuron on Hypercarb was examined, using different 

amounts of ACN in the mobile phase, which was delivered by the make-up pump. The 
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instrumentation is shown in Figure 14. The system contained two pumps; one was used as a 

make-up pump. A six port injector (5 µL) was used for manually injecting the samples. The 

analytical column was a 3.5 µm Zorbax-SB-C18 column. The target compound monuron was 

trapped on the Hypercarb SPE column and the TOF-MS was used to control the 

breakthrough.  

 

 

Figure 14. The LC-UV-SPE-MS instrumentation. The system contained two pumps, one analytical pump 
and one make-up pump (CapLC pump). A six port valve was used for manually injecting 5 µL samples. 
The analytical column was a 2.1 I.D. x 150 mm, 3.5 µm Zorbax-SB-C18 column. UV detection with on 
capillary detection was employed at 254 nm. The analytical pump delivered a mobile phase with the 
composition and H2O with 0.1 ACN/ H2O (40/60, v/v) with 0.1 % FA at a flow of 60 µL/min. The make-up 
pump delivered mobile phase with various amounts of ACN with 0.1% FA and the flow rate was set to 160 
µL/min. 

 

The difference in retention time between the UV detector and the MS (∆tR), using various 

amounts of ACN in the mobile phase delivered by the make-up pump, is illustrated in Figure 

15. The raw data are given in Table 16 in Appendix (6.5.1).  
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Figure 15. The difference in retention time between the MS and UV detector, with various amounts of 
ACN in the make-up mobile phase.  

 
The difference in retention time was almost the same when 15-100 % ACN was used as the 

make-up mobile phase. In this case, the total amount of organic solvent was too high for 

monuron to be retained on the Hypercarb column. With 10 % ACN in the mobile phase 

delivered by the make-up pump, there is a difference in retention time, but monuron was not 

trapped on the Hypercarb SPE column. With 5 % ACN in the mobile phase, the eluting 

strength was so low that monuron was trapped on the column. In this case, elution of the 

compound was obtained by deliver 100 % ACN + 0.1 % FA by the make-up pump, ten 

minutes after the sample trapping was finish. 

 

In conclusion, it was necessary to use a mobile phase with low eluting strength to trap 

monuron and hence related compounds on a Hypercarb SPE column. Monuron was trapped 

using approximately 14 % ACN in the combined mobile phase delivered from both the 

analytical and the diluter pump.  

 

Hypercarb and LC-MS 

 

When a Hypercarb column is used in combination with LC-MS and ESI, the ESI voltage can 

interfere with the LC separation [48]. The PGC particles are conductive and it is necessary to 

ground the column to avoid any undesired reactions [48]. Due to the high voltage on the ESI 

interface, a current across the LC system is generated [48]. Because of the conductive PGC 
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particles, the current is enhanced compared to less conductive materials like silica- and 

polymer based stationary phase materials [48]. If the generated current is sufficiently high, the 

chromatographic separation can be affected [48]. Consequently, it is necessary to ground the 

column to avoid these interferences [48]. Peak splitting, significantly decrease in retention 

time and reduced response from the MS are some of the effects that can interfere when the 

column is not grounded [48]. However, the chromatographic behavior is slowly returned back 

to normal when the column is grounded again. Splitted peaks and decreased retention time 

can be a result of redox reactions on the column and the chromatographic properties of the 

stationary phase are changed [48]. These redox reactions may involve oxidation and reduction 

of the PGC material, analytes or mobile phase [46]. Rinne et al. showed that the Hypercarb 

column was easily oxidized [49]. Furthermore, it was also experienced that the analytes were 

oxidized after the Hypercarb column had been oxidized [49]. Tornkvist et al. showed that an 

oxidized column has different chromatographic properties compared with a non-oxidized 

column using heparin disaccharide [46].  

 

Figure 16 shows the total ion MS signal of the mobile phase running through the Hypercarb 

SPE column, with and without grounding the column. The signal increases at the beginning 

and the end of the chromatogram was a consequence of not grounding the column. A signal 

drop was observed when the column was grounded again.   

 

   

        

Column grounded 

Column not grounded

Figure 16. The total ion MS spectrum with and without grounding the Hypercarb column. Mobile phase 
was running through the column. The mobile phase contained ACN/H2O (40/60, v/v) with 0.1 % FA and 
the flow rate was set to 120 µL/min.  
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In this study, the analytes were trapped on the Hypercarb column, which was grounded. After 

using the Hypercarb column for some time, the column lost the ability of trapping monuron 

even though the same conditions were used for trapping. When the column was replaced with 

a new one, it was possible to trap the monuron again, but after at least 20 injections it was 

necessary to replace this one as well. The reason for this is not fully understood, but there was 

a possibility that the stationary phase was oxidized and the chromatographic properties were 

changed when monuron was trapped several times on the column and mobile phase running 

through the column for a longer period, even though the column was grounded. Apparently, 

the lifetime was increased when the Hypercarb column was grounded compared with a non-

grounded column. No studies on the lifetime of the Hypercarb SPE column were carried out, 

but at least 20 injections of monuron could be performed on a grounded column without 

observing breakthrough of the compound.     

 

3.1.6 Trapping procedure in the in-house LC-SPE system 

 

In the in-house LC-SPE system (Figure 11) a column switching system was used to trap 

monuron and similar compounds on a Hypercarb SPE column. The column switching system 

functioned like a simplified LC-SPE-system. Before the peak of interest was detected by the 

UV detector, the mobile phase delivered from the analytical pump was transferred directly to 

waste. Valve 2 was switched when the target compound was observed in the UV detector, and 

the mobile phase from the analytical pump was directed to the Hypercarb SPE column and the 

MS. The MS was used to control the breakthrough. The make-up pump delivered mobile 

phase with low eluting strength to get a more efficient trapping on the reversed-phase trap 

column. To assure that all of the compound was transferred to the column, valve 2 was 

switched back approximately one minute after the peak eluted from the column, see 3.1.7 for 

the conditions for trapping the target compound. This in-house LC-SPE system was used to 

trap one compound in each run, however it can be expanded to trap ten compounds in the 

same run using a commercial column carousel. 

 

It was especially important to avoid breakthrough from the SPE cartridge. For that purpose, it 

could be useful to stop the make-up pump when one fraction of the analyte was retained on 

the column so the trapped compound would not elute from the column, since the make-up 

flow continuously pass through the SPE cartridge, while the separation mobile phase do not. 

Therefore to avoid breakthrough from the Hypercarb column, the make-up pump was turned 
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on only one minute before the target compound was detected by the UV detector, and turned 

off when valve 2 was switched back to the load-position.  

 

3.1.7 Trapping large volumes of monuron on the Hypercarb column using the in-house 

LC-SPE system 

 
A comparison of the trapping efficiency of a multiple trapping as compared to a single large 

volume trapping was performed, using 200 and 400 µL loop. A 100 ppm solution of monuron 

was trapped twice using the 200 µL loop and one time using the 400 µL loop, and the results 

were compared. Monuron was trapped using the trapping procedure in 3.1.6 and the 

instrumentation in Figure 11. However, the make-up pump was turned on during the entire 

trapping procedure. Additionally, small volumes, 5 and 15 µL of monuron were trapped on 

the Hypercarb SPE column. Since the amount of the target compound had to be large for 

NMR analysis, the amount of monuron loaded on the Hypercarb SPE column was poor in this 

case and the study is presented in Appendix (6.5.2). 

 

Trapping 200 µL monuron two times on the Hypercarb column  

 

The analytical pump delivered mobile phase with low eluting strength at 120 µL/min, to focus 

monuron in a narrow band at the beginning of the analytical column. In addition, the make-up 

pump delivered mobile phase at 160 µL/min. The MS is based on nebulization and flow 

splitting is needed at such large flow rates [13]. Since flow splitting can result in sample loss 

and reduced sensitivity [13], the flow rate was decreased to 80 µL/min after monuron was 

focused on the analytical column.  

 

There was no sign of breakthrough when monuron was trapped one time (Figure 17a and c). 

Five minutes after the first injection was trapped, another 200 µL monuron was injected and 

trapped in the same way. When monuron was trapped twice, the compound was eluted with 

100 % ACN + 0.1% FA delivered by the make-up pump. The eluted peak is shown in Figure 

17b. 
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Figure 17. The mass spectra when monuron was trapped on the Hypercarb column. The gradient used on 
the analytical pump was; 0-2 min: 100 % H2O + 0.1 % FA, 2-2.5 min: 0 - 40 % ACN + 0.1 % FA. The 
analytical pump delivered a mobile phase at 120 µL/min 0 – 1.67 min, and then the flow rate was 
decreased to 80 µL/min. The make-up pump delivered 100 % H2O + 0.1 % FA and a flow 160 µL/min. 
The ionization was done in positive mode and the voltages and temperature that were used, were the same 
that were used to monitor the breakthrough from the Hypercarb column given in 2.1.3. 

a) The mass spectrum in SIM mode, when 200 µL monuron was trapped on the Hypercarb SPE column. 

b) The MS chromatogram in SIM mode, when 400 µL monuron was trapped on and eluted from the 
Hypercarb SPE column. 

c) The TIC chromatogram when 200 µL monuron was trapped on the Hypercarb SPE column. 

d) The TIC chromatogram when 400 µL monuron was trapped on and eluted from the Hypercarb SPE 
column. 
 
 
Trapping 400 µL monuron one time on the Hypercarb column 
 

The analytical pump delivered the mobile phase at 170 µL/min during the time monuron was 

focused on the analytical column. After monuron was focused, the flow was decreased to 80 

µL/min to reduce the total flow rate and to avoid flow splitting prior to the MS [13]. The 

make-up pump delivered 100 % H2O + 0.1 % FA with a flow 160 µL/min. Five minutes after 

monuron was trapped, the make-up pump started to deliver 100% ACN + 0.1 % FA to elute 

the trapped compound. The trapping conditions used to trap 200 µL monuron in Figure 17, 

were also used to trap 400 µL monuron.  

 
Comparing the eluted peak areas and heights, made it possible to evaluate the trapping 

efficiency of both multiple and single trapping. The eluted peak heights and areas are given in 

Table 3. The raw data are given in Table 17 in Appendix (6.5.2). In this study, mobile phase 

with low eluting strength was led through the column during the entire trapping procedure, 

but there was not observed any breakthrough of the Hypercarb column. 
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Table 3. The peak areas and heights when totally 400 µL monuron was trapped on the Hypercarb column, 
200 µL two times or 400 µL one time. 

Trapped volume (µL) n  Area Height 
Average 6566 5830 
STDEV 330 82 

 
2 x 200 

 
3 

RSD (%) 5.0 1.4 
Average 6752 5850 
Difference 289 60 

 
1 x 400 

 
2 

% Difference 4.3 1.0 
 

Table 3 shows that almost the same peak heights and areas were obtained for multiple and 

single trapping, indicating that multiple and single trapping had the same trapping efficiency. 

A multiple trapping was more time consuming than a single trapping. The retention time 

when 200 µL monuron was injected was approximately 28 minutes, compared to 31 minutes 

when 400 µL monuron was injected. However, the total time of the analysis was longer for a 

multiple trapping, because the procedure had to be repeated several times. In addition more 

solvents were consumed during a multiple trapping. Thus, a single trapping with a larger loop 

can be recommended to reduce the expenses and the time for analysing. Nevertheless, when a 

larger injection volume is injected, care has to be taken so the analytical column is not 

overloaded and the separation is lost.  

 

3.1.8. Monuron trapped on the Hypercarb and eluted out two days after the trapping 

 

In some cases it can be beneficial to store compounds on the SPE cartridge for a longer time 

before elution and subsequent NMR analyses. Since the Hypercarb material is known to 

possible oxidize compounds [46], and since monuron can be oxidized [43] the storage time of 

monuron on Hypercarb was investigated. The aim of this study was to explore if monuron and 

similar compounds could be stored on the Hypercarb column for a longer time of period 

before elution. Hence, monuron dissolved in H2O at a concentration 0.15 mg/mL was trapped 

on the Hypercarb SPE column using the system shown in Figure 18. The chromatographic 

system consisted of an analytical pump, a Valco six-port injector (200 µL) and a UV detector. 

The UV detector was used to control breakthrough of the column. 
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Figure 18. The LC-SPE-UV system used to trap monuron directly on the Hypercarb SPE column. The 
analytical pump, delivered mobile phase that contained ACN/H2O (0/100, v/v) + 0.1 % FA with a flow 175 
µL/min. The sample was injected manually and 58 µL of the 200 µL sample was injected by filling the 
loop, switching the valve to the inject-position and switching back to load-position after 20 seconds. A UV 
detector was used to control breakthrough at 254 nm.  

 

Monuron was trapped on the Hypercarb SPE column using the instrumentation in Figure 18. 

The compound was eluted from the column right after it was trapped on the Hypercarb SPE 

column. The mass spectrum is seen in Figure 19 and the ions with highest abundance are 

described. 
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Figure 19. The mass spectrum of trapped monuron eluted from the column right after the trapping 
procedure.  For elution, the makeup-pump delivered 100 % ACN + 0.1% FA at a flow rate 150 µL/min. 
The ionization was done in positive mode and the voltages and temperature that were used were the same 
as used to monitor the breakthrough of the Hypercarb column given in 2.1.3. 
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Monuron was trapped one more time on the Hypercarb SPE column and stored on the column 

for two days before elution. To elute the trapped compound, the analytical pump delivered 

100 % ACN + 0.10 % FA. The TOF-MS was connected to the LC-UV system and the mass 

spectrum was used to examine if monuron had been oxidized when stored on the column. The 

mass spectrum in Figure 20 shows the m/z 199.12 and 201.12 were due to monuron (35Cl and 
37Cl isotopes). 
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Figure 20. The mass spectrum of trapped monuron eluted from the column two days after the trapping. 
For elution, the makeup-pump delivered 100 % ACN + 0.1% FA at a flow rate 150 µL/min. The ionization 
was done in positive mode and the voltages and temperature that were used were the same as used to 
monitor the breakthrough of the Hypercarb column given in 2.1.3. 

 

The same m/z values were obtained as seen in Figure 19, when monuron was eluted from the 

Hypercarb column right after it was retained on the column. This experiment showed that 

monuron could safely be stored on the Hypercarb column for up to two days. Even though 

redox reactions can take place on the Hypercarb column, monuron was neither oxidized nor 

reduced. 
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3.1.9 Testing the trapping efficiency of the Hypercarb SPE column 

 
In many cases, a compound has to be trapped multiple times on a SPE column to obtain a 

sufficient amount for NMR analysis. One of the subaims in this thesis was to identify a 

degradation product of monuron using the in-house LC-SPE system with off-line NMR 

analysis, and the concentration of the compound was expected to be in the low ppb-range. 

Hence, the degradation product had to be trapped multiple times on the 1 mm I.D. x 5 mm 

Hypercarb SPE column, this study is presented in 3.2. It was therefore found necessary to 

examine the trapping efficiency by the amount of compound retained on the Hypercarb SPE 

column increased with increasing number of trapping. Due to similar chemical properties, 

monuron was used as model compound. Thus, standard solutions of monuron dissolved in 

H2O at 0.08, 0.04 and 0.02 mg/mL concentrations were trapped 5, 10 and 20 times on the 

Hypercarb SPE column, respectively, in order to load the same amount of monuron on the 

column (to assure that the amount is large enough to get sufficient signals in a subsequent 

NMR analysis, to be performed later). Monuron was retained on the Hypercarb SPE column 

using the instrumentation in Figure 21. The analytical pump delivered 100 % H2O with 0.1 % 

FA at a flow rate of 100 µL/min. The injection volume was 100 µL.  

 

 

Figure 21. The LC-SPE-MS system used to trap standard solutions of monuron dissolved in H2O at 0.08, 
0.04 and 0.02 mg/mL concentrations. The sample was manually injected using a 100 µL loop. The LCT 
TOF-MS was used to control the breakthrough.  

 

After monuron was retained on the column, the Hypercarb SPE column was manually 

transferred to the Waters CapLC pump and desorbed with 100 % ACN-d3 at the flow rate of 

30 µL/min. The PDA detector was used to monitor the chromatography. The elution 

procedure is described in 3.1.10. The peak heights and areas of the eluted peaks are given in 

Table 4. 
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Table 4. The peak heights and areas when standard solutions of monuron at 0.08, 0.04 and 0.02 mg/mL 
concentrations were trapped 5, 10 and 20 times on the Hypercarb SPE column, respectively. This study 
was performed one time. 

[Monuron] 
(mg/mL) 

No of trapping on Hypercarb SPE 
column 

Area (mAU) Height 
(mAU) 

0.08 5 1042 28.2 
0.04 10 1035 28.0 
0.02 20 960 28.3 
Average  1012 28.2 
STDEV  45 0.2 
RSD (%)  4.5 0.7 
 

Table 4 shows that the same amount of monuron was retained on the Hypercarb SPE column 

when standard solutions of monuron at different concentration levels, were trapped 5, 10 and 

20 times on the column. Thus, the amount of monuron obtained on the SPE column when the 

0.08 mg/mL standard solution was trapped 5 times, was the same when the 0.02 mg/mL 

standard solution was trapped 20 times. In addition, it can be concluded that at least 40 µg of 

monuron can be retained on the Hypercarb SPE column without breakthrough.  

 

3.1.10 Eluting the trapped compounds with the Waters CapLC pump 

 
The dispenser pump in the Prospekt 2 unit was in charge of pumping fixed amounts of ACN-

d3 to and through the SPE cartridges in order to elute the trapped compound. Unfortunately, 

technical difficulties often occurred with the dispenser pump. It was difficult to see if air had 

entered the dispensers and the pump was not found very user friendly. Thus, the eluted 

compound was eluted from the SPE cartridges using the Waters CapLC pump instead. When 

an analyte was eluted from the cartridge, the valve positions of the commercial LC-SPE 

system could be set so the Waters pump pumped deuterated solvents through the SPE 

cartridge. The PDA detector in the Waters CapLC system was used to monitor the 

chromatography. The analyte retained on the Hypercarb SPE column in the in-house LC-SPE 

system, and subsequently the column was manually transferred to the CapLC system, and 

monuron was eluted with 100 % ACN-d3. Preliminary experiments were carried out using 

TMB and monuron as test compounds.  
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Commercial on-line LC-SPE-NMR system 

 

The pump in the Waters CapLC system was used to elute the trapped peaks and the PDA-

detector was used to monitor the eluted peaks. The Hysphere SPE-cartridges were for-flushed 

in the elution process. Backflushing the cartridges, which could provide elution in a smaller 

volume, was a difficult task, since the cartridges would have to be turned around manually. 2, 

10 and 30 µL of a TMB solution were trapped on the Hysphere C18 SPE cartridge. When 2 

µL TMB was trapped, it was possible to observe the entire peak upon elution and the peak 

shape was almost Gaussian, as seen in Figure 22. Protonated solvents were removed from the 

compound, by drying the cartridge with N2-gas for 30 minutes. In order to elute the trapped 

compound from the cartridge, a mobile phase with high eluting strength was needed. The 

desorbing mobile phase consisted of 100 % ACN-d3 in this case. When the trapped compound 

was eluted, two flow rates were examined 20 and 30 µL/min, respectively. Figure 22 shows 

the eluted TMB peaks when the flow rate was 30 µL/min.   
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 Figure 22. 2µL TMB, 5 µg/µL, was trapped and eluted from a Hysphere C18-cartridge using the Waters 
CapLC pumps. The desorbing mobile phase contained 100 % ACN-d3 and a flow rate a 30 µL /min. The 
PDA-detector measured the absorbance between 250 and 260 nm. 

 

Surprisingly, the half height width of the peak decreased with increasing flow rate, the eluted 

peak became narrower with increased flow rate. Table 5 shows the half height peak width and 

the peak volume in µL at 20 and 30 µL/min. The raw data are given in Table 18 in Appendix 

(6.5.3).  
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Table 5. The half height peak width and the peak volume in µL using the two flow rates 20 and 30 µL/min. 

Flow               20 µL/min                    30 µL/min 
 Half height 

peak width (µL)
Peak volume 
(µL) 

Half height line 
width (µL) 

Peak volume 
(µL) 

Average (n=3) 14.9 63.9 11.2 43 
STDEV 1.5 0.9 0.93 17 
RSD (%) 10 1.4 8.3 40 

 

The commercial LC-SPE system was connected on-line to the NMR. In on-line LC-SPE-

NMR analyses it is important that the chromatographic peaks are narrow and that a large 

fraction of the analyte is exploited for the NMR analysis. Table 5 shows that the half height 

peak width decreased with increasing flow rate. Furthermore, the half height peak width can 

additionally be decreased using miniaturised cartridges and columns with reduced volume, 

due to less dilution the peaks would become more concentrated and elute in a smaller volume. 

The volume of the 2 mm I.D. cartridges was 31.4 µL, but if the inner diameter of the columns 

was reduced to 1 mm, the volume was decreased to 7.9 µL and the peak would have been 

narrower. However, when the porosity in the column was taken in count, the volume of the 

columns is decreased, and hence the chromatographic dilution is reduced. Tubing and valves 

can also contribute to band broadening. PEEK tubing with an inner diameter of 0.25 mm was 

used in the SPE-system. Reducing the inner diameter and the length of the tubing could also 

decrease the band broadening contribution, but care should be taken to avoid getting a high 

backpressure.  

 

In conclusion, peaks with decreased half height peak width can be obtained, by miniaturizing 

the utilized cartridges, columns and tubing in order to decrease the dilution of the peaks and 

the compounds would elute in a smaller volume. The total volume of the capillary NMR 

probe was 5 µL and the volume where the detection took place was 3.5 µL. Thus, the 

chromatographic peaks had to be narrow, so that a large fraction of the analyte would enter 

that detection place and promote for the NMR analysis. 

 

In-house LC-SPE system for off-line NMR analysis 

 

The Hypercarb SPE column was used to trap of the target compound in the in-house LC-SPE 

system. Instead of using N2-gas to remove protonated solvents, the Hypercarb SPE column 

was washed with D2O. The CapLC pump delivered 100 % D2O for three minutes before the 
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mobile phase was changed to 100 % ACN-d3 to desorb the trapped compound. As soon as the 

eluting peak was observed by the PDA-detector, the eluent was collected in a 1.5 mL 

polypropylene vial. To assure that all of the compound was collected in the vial, the collecting 

process lasted about a minute after the compound eluted from the column and approximately 

100 µL was collected. 20 µL of the solution was transferred to a 1 mm O.D. NMR tube for 
1H-NMR analysis.  

 

When an unknown compound is to be identified using NMR, it is important to have small 

solvent signals to be able to discover all the NMR signals belonging to the compound. 

Sometimes the solvent signals are so large, that the small NMR signal from the compound is 

hidden in the solvent signal making it difficult to identify the compound. The 1H-NMR signal 

of ACN was extremely high when the column was washed with D2O for three minutes 

(Figure 23a). Figure 23b shows the NMR signals when the Hypercarb column was washed 

with D2O for ten minutes. 
 

 

   
  23a                   23b 

Figure 23. The difference in intensity of the ACN signals in 1H-NMR as a consequence of washing the 
Hypercarb column with D2O for three minutes (a) and ten minutes (b).   

 
Thus, the 1H-NMR signal of ACN was significantly decreased when the washing time with 

D2O was increased to ten minutes. The longer the column was washed with D2O, the smaller 

became the ACN signal.  

 

The Hypercarb column was replaced by a union to examine the baseline during the gradient, 

like shown in Figure 24a. Figure 24b shows the chromatogram when 200 µL 100 ppm 
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monuron was trapped and eluted from the Hypercarb column using the procedure described 

above. The Hypercarb column was washed with D2O for three minutes.  
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Figure 24. The chromatogram of monuron when it was eluted from the Hypercarb SPE column. The 
gradient used was 0 - 3 min: 100 % D2O, 3 – 3.1 min: 0 – 100 % ACN-d3, 3.1 - 20 min: 100 % ACN-d3 with 
a flow 30 µL/min. The PDA-detector scanned between 200 and 400 nm. 

a) The baseline during the gradient, when the Hypercarb SPE column was replaced with a union.  
b) The chromatogram when 200 µL monuron was trapped and eluted from the Hypercarb SPE column. 
  
 

Comparison of Figure 24a with 24b, shows that the trapped compound eluted from the 

Hypercarb column when the mobile phase was changed to 100 % ACN-d3. The eluted peak 

was very broad, due to the high concentration of monuron. Table 6 shows the eluted peak 

areas and heights when 200 and 400 µL monuron was trapped and eluted from the Hypercarb 

column.  

 
Table 6. The peak heights and areas when 200 and 400 µL of 100 ppm monuron were trapped and eluted 
from the Hypercarb column using the Waters CapLC pump. This study was performed one time.  

Trapped monuron (µL) Trapped monuron (µg) Area (mAU) Height (mAU) 
200  20 1.45·104 0.43·103

400  40 1.84·105 1.4·103

 
 
Table 6 shows that the peak heights and areas increased with increasing amount of trapped 

monuron. Trapping and eluting standards with a known concentration can be useful to find an 

estimate of the trapped amount of an analyte of unknown concentration if assumed that ε in 

Beers law is equal.  
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3.1.11 1H-NMR analysis of monuron  

 
One of the subaims in this project was to identify a degradation product of monuron using 

LC-SPE-NMR. Because of the low concentration of the target compound [43] and poor 

sensitivity of the NMR, it was necessary to do a preconcentration of the compound prior to 

the NMR detection. Due to expected similar chemical properties, monuron was used to test 

the method. For the 1H-NMR analysis a Bruker 600 MHz Ultrashield NMR with a 5 mm 

cryoprobe was used. The reason for doing this experiment was to investigate which 

concentration of monuron, preconcentrated on a Hypercarb column could be adequate to 

provide a 1H-NMR signal with a good S/N ratio. The possibility of increasing the 

concentration of the target analyte in the desorb ACN-d3 solution by N2 evaporation was also 

investigated as a mean to obtain better S/N ratio in the NMR analysis. 

 

Monuron (0.15 mg/mL) was trapped directly on the Hypercarb column using the 

instrumentation shown in Figure 18. In each injection 58 µL 0.15 mg/mL (= 9 µg) monuron 

was injected. There was no sign of breakthrough for at least 15 minutes after the sample was 

injected and monuron was injected two more times. Thus, monuron was trapped three times 

on the same Hypercarb SPE column and the total amount of monuron on the column was 

approximately 27µg. After the trapping procedure, the compound was eluted from the column 

using the Waters CapLC pump and the procedure described in 3.1.10. The eluted peak was 

collected in a polypropylene vial and the total volume was approximately 100 µL. 20 µL of 

this solution was transferred to a 1 mm O.D. NMR tube. The rest of the sample was 

concentrated to 30 µL using nitrogen gas and 20 µL of this sample was transferred to another 

NMR tube. To obtain the best S/N ratio in the NMR analysis, only 4 cm of the NMR tube was 

supposed to be filled with sample. That corresponded to about 20 µL of the sample.  

 

Additionally, a 1H-NMR analysis was carried out on a blank sample. The blank sample was 

obtained using the same conditions when monuron was trapped. The 1H-NMR spectra of the 

monuron sample without evaporation and the blank sample are shown in Figure 25a and b.  
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     25a 

D2O ACN and 
ACN-d3

 
     25b 

Figure 25. The 1H-NMR spectra of monuron (a) and the blank (b). Both, monuron and the blank were 
trapped on the Hypercarb column using 100 % H2O + 0.1 % FA at a flow 175 µL/min. For elution, the 
Hypercarb column was washed with D2O for three minutes, before it was eluted in ACN-d3. The gradient 
used (Waters CapLC pump) was 100 % D2O (0-3 min), 100 % ACN-d3 (3-3.1 min), 100 % ACN-d3 (3.1-10 
min) and the flow rate was 30 µL/min.  Number of scans was 32 (a) and 10240 (b) using the 5 mm 
cryoprobe. 

 

The 1H-NMR signal in Figure 25a shows that the six protons in the two methyl groups at 

position 1, gave a NMR signal at 2.91-2.92 ppm, because they had the same rotation around 
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the N-C=O bounding. The proton at position 2 was exchanged with a deuterium due to the 

large amount of D2O (from washing procedure) present in the sample, and was not seen in the 
1H-NMR spectrum. The signal belonging to the proton at position 2 was therefore in the large 

D2O signal at 3-3.5 ppm. Monuron has a symmetry plane and the four protons at position 3 

and 4 were equivalent, giving two NMR-signals with a shift-value of 7.21-7.23 and 7.36-7.37 

ppm. The protons at position 4 gave a NMR signal with a higher shift value than the protons 

at position 3, because they were closer to the chlorine atom. Atoms with low electron density 

give a larger shift value, because the nucleus is shielded [50]. Chlorine atom is more 

electronegative than a carbon and the chlorine atom withdraw electrons [50]. ACN and ACN-

d3 gave two 1H-NMR signals with a shift value at approximately 1.96-2.00 ppm. 

 

The 1H-NMR spectrum of the blank sample showed no signals that were characteristic for 

monuron. This shows that the NMR signals obtained for monuron in Figure 25a belonged to 

monuron and were not impurities. Additionally, NMR signals for D2O were observed at 2.8-

3.3 ppm, while ACN and ACN-d3 gave NMR signals at 1.7-2.0 ppm.    

 

There was no change in the shift-values in the concentrated monuron solution (by nitrogen 

evaporation). However, the 1H-NMR spectrum showed a much larger D2O signal compared 

with the non-concentrated sample. Since ACN-d3 is more volatile than D2O, relatively more 

ACN-d3 had been evaporated and hence the relative amount of D2O and the D2O signal were 

much larger. The large D2O signal can overlap any small sample signals that are nearby and 

structural information can be lost. It is possible to suppress the water signal, but every signal 

that are close to the signal will also be suppressed which leads to loss in structural 

information. This is a major drawback when unknowns are analysed. Therefore, if sufficient 

sample is available, a larger sample volume should be preconcentrated on the SPE column 

instead to obtain a good NMR spectrum. 

 

3.2 Application; identification of a degradation product of monuron 
 

Monuron is a pesticide and it is also known as a phenylurea herbicide [43]. Phenylurea 

herbicides are neutral in nature and have possible carcinogenic properties [51; 52]. Pesticides 

have attracted much attention due to their presence in the environment and their use in 

household applications [43]. It has been important to find out what kind of possible processes 

 53



pesticides might undergo in the environment [52]. Solar irradiation is one of the main factors 

that are responsible for pollutant degradation in aquatic environment [52]. Pesticides and their 

degradation products can attain surface, soil and ground water [53]. Many pesticides can 

cause a risk for the environment as well as the drinking water quality [53]. According to the 

German drinking water regulation, the concentration of pesticides in drinking water cannot 

exceed 100 ng/L [53]. Phenylurea herbicides and their degradation products have been 

detected as contaminants of groundwater [54], rivers [54], lakes [55] and seawater [55] world 

wide. Pesticides are characterized by long life times in the environment, e.g. monuron having 

a life time of eight weeks in river water [43]. The half-life of monuron in soil is equal to 170 

days [52].   

 

Monuron is not degraded when it is stored in the dark at room temperature [52]. However, 

monuron can be degraded by photochemical degradation and other advanced oxidation 

processes [43]. Monuron (Fig. 26a) has several degradation products, and the main products 

have a molecular weight of 214.65 Da (Figure 26b, N´-(4-chlorophenyl)-N-hydroxymethyl-

N-methylurea), 184.62 Da (Figure 26c, N’-(4-chlorophenyl)-N-methylurea) and 170.59 Da 

(Figure 26d, p-chlorophenylurea) [56]. The degradation of monuron producing these products 

is shown in Figure 26a-d.  

 26c26a (Monuron) 26b

26d
  

Figure 26a-d. The degradation of monuron producing three degradation products [56]. 

 

Gas chromatography (GC) has been used for many years to determine a wide range of 

pesticides in environmental water samples at the µg/L level [51]. Phenylurea herbicides like 

monuron cannot be analysed directly with GC because it requires special conditions, like cold 

injection or derivatisation procedures prior to GC [51]. Reversed-phased LC (RP-LC) has 
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been tested and compared with normal-phase LC (NP-LC), and RP-LC gave the best 

separation [57]. Furthermore, normal-phase columns do not allow traces of water in the 

sample and this complicates the preparation of environmental samples [57]. A RP-LC system 

can be used in combination with a SPE-unit, which is a great advantage for LC-NMR [58]. 

RP-LC with UV and/ or MS detection has successfully been used to determinate these types 

of compounds in environmental samples [51; 58]. LC-MS is used more frequently in these 

analyses because MS detection offers higher selectivity compared to UV detection and other 

less specific detectors [53; 58]. Especially MS-MS detection provides a significant 

improvement in selectivity and reduces the risk of false identification [53]. 

 

3.2.1 Identification of a degradation product (MW 184.62 Da) of monuron in a UV 

irradiated water sample 

 

One subaim of this study was to identify a degradation product of monuron using the off-line 

LC-SPE-NMR system. Off-line NMR analysis made it easier to perform post-NMR analysis, 

since the compound was collected in a tube instead of collecting it from the outlet from the 

NMR probe. The sample was prepared by Bobu et al. [43] and the degradation product of 

interest had the molecular weight 184.62 Da. Search in the literature showed that the 

degradation product could be N´-(4-chlorophenyl)-N-methylurea, seen in Figure 26c. The 

concentration of N´-(4-chlorophenyl)-N-methylurea was expected to be very low and it was 

necessary to preconcentrate the compound to obtain NMR signals. Furthermore, another 

degradation product with the molecular weight 214.65 Da was also tried identified using the 

in-house LC-SPE system with off-line NMR analysis. However, preliminary experiments 

showed that the amount of the target compound was too low to obtain NMR signals in a 

reasonable time. This study is presented in Appendix (6.6.1). 

  

The instrumentation in Figure 11 was used to trap the compound and valve 1 was equipped 

with a 200 µL loop. Approximately 73 µL of the sample was injected by filling the loop, 

injecting and switching valve 1 back to load-position after 25 seconds. The compound was 

trapped using the same trapping procedure as described in 3.1.6. The analytical pump 

delivered mobile phase containing ACN/ H2O (25/75, v/v) with 0.1% FA at 175 µL/min. The 

make-up pump delivered 100 % H2O + 0.1 % FA at a flow rate of 150 µL/min to trap the 

compounds efficiently on the Hypercarb column.  
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There were several compounds in the water sample and UV and TOF-MS was used to 

determine the eluting compounds. Figure 27 shows the chromatograms of the degradation 

products in the water sample. The target compound expected to be N´-(4-chlorophenyl)-N-

methylurea and had to be preconcentrated without any interferences from the other 

compounds present in the water sample for identification by NMR. The target compound with 

the molecular weight 184.62 Da, eluted at approximately 38 minutes, while monuron eluted at 

50 minutes.  
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Figure 27. Chromatogram of 73 µL of the water sample on the 3.5 µm Zorbax-SB-C18 column. The 
analytical pump delivered ACN/H2O (25/ 75, v/v) with 0.1 % FA at a flow rate of 175 µL/min. The make-
up pump delivered 100 % H2O + 0.1 % FA at 150 µL/min. The UV detector was set to measure at 254 nm. 
ESI was performed in positive mode and the voltages and temperature that were used were the same that 
were used to monitor the breakthrough of the Hypercarb column given in 2.1.3. 

a) UV chromatogram 

b) RIC chromatogram at m/z = 201 

c) RIC chromatogram at m/z = 215 
d) RIC chromatogram at m/z = 199 (monuron) 
e) RIC chromatogram at m/z = 185 
f) TIC chromatogram  
 
 

Trapping the degradation product five times 

 

To obtain a sufficient amount of the target compound for NMR analysis, the degradation 

product was trapped five times using the procedure described in 3.1.6. The injection volume 

was approximately 73 µL. The trapped target compound was eluted from the column using 

the Waters CapLC pump and the procedure described in 3.1.10. In order to remove protonated 

solvents, the Hypercarb column was washed with D2O for three minutes. The 1H-NMR 

spectrum of the target compound with the expected structure N´-(4-chlorophenyl)-N-

methylurea is shown in Figure 28. 

 

 57



 

Figure 28. The 1H-NMR spectrum of the target compound, N´-(4-chlorophenyl)-N-methylurea, 
preconcentrated from a water sample. N´-(4-chlorophenyl)-N-methylurea was trapped five times on the 
Hypercarb column. For trapping, the analytical pump delivered mobile phase containing ACN/ H2O 
(25/75, v/v) with 0.1% FA at 175µL/min and the make-up pump delivered 100 % H2O + 0.1 % FA at a 
flow rate of 150 µL/min. The Waters CapLC pump was used to elute the trapped compound. The 
Hypercarb column was washed with D2O for three minutes before the compound was desorb with ACN-
d3. The gradient used for elution was 100 % D2O (0-3 min), 100 % ACN-d3 (3-3.1 min), 100 % ACN-d3 
(3.1-10 min) and the flow rate was 30 µL/min. The approximately volume collected was 150 µL and 20 µL 
of this solution was used for NMR analysis.  Number of scans was 51200 using the 5 mm cryoprobe. 

  

The protons at position 1 and 3 could not be observed in the 1H-NMR spectrum, most 

possibly due to the large amount of D2O. With large amounts of D2O present in the sample, 

labile protons like the protons at position 1 and 3 will be exchanged with deuterium [59]. The 

exchange process is depended of the amount D2O present in the sample, more D2O gives a 

faster exchange process [59]. The methyl group at position 2 gave a singlet at 2.63-2.70 ppm 

and the integral was 2 (~ 1.7). The integral of the methyl group should have been 3 due to the 

three protons. The protons couple with the proton at position 1 and the signal should have 

been a doublet. However, since the proton at position 1 was exchanged with deuterium there 

was no coupling between the protons and the signal was a singlet. The four protons at position 

4 and 5 gave the signals at 7.20-7.25 and 7.32-7.37 ppm. The protons at position 5 had a 

higher shift-value, due to the chlorine atom which is more electronegative than a carbon atom 

[50]. Chlorine withdraws electrons and the shift-value was increased [50]. ACN-d3 and ACN 

gave NMR signals at approximately 2-2.3 ppm, while D2O gave a signal at 3.2-3.7 ppm. 
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To ascertain that the target compound (N´-(4-chlorophenyl)-N-methylurea) was not altered 

during storage and 1H-NMR analysis, an MS analysis was subsequently performed by direct 

infusion. The sample was transferred from the NMR tube to a polypropylene vial and added 

50 µL H2O and 2 µL formic acid for better ionization in the MS. The mass spectrum is shown 

in Figure 29 with details of m/z signals.  
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Figure 29. The positive electrospray ionization mass spectrum of the target compound (N’-(4-
chlorophenyl)-N-methylurea) preconcentrated on a Hypercarb column. The conditions used for trapping 
and eluting the target compound from the Hypercarb SPE column are described in Figure 27. The 
voltages and temperatures that were used are given in “Direct infusion” in 2.1.3 

 
The m/z 187.56 and 189.26 could be due to N’-(4-chlorophenyl)-N-methylurea (35Cl and 37Cl 

isotopes). Because of the large amount of D2O present in the sample, the protons at position 1 

and 3 were exchanged with deuterium and the monoisotopic weight of N’-(4-chlorophenyl)-

N-methylurea was increased from 184.62 Da to 186.62 Da. Furthermore, m/z 171.51 and 

173.69 were also observed in the mass spectrum indicating that p-chlorophenylurea (Figure 

26d) or MS fragment most probably was present in the sample. P-chlorophenylurea is another 

degradation product of monuron, and results from the oxidation of N’-(4-chlorophenyl)-N-

methylurea. The m/z 171.51/173.69 showed the typical isotope pattern. Due to the presence of 

D2O, protons in p-chlorophenylurea were most probably exchanged with deuterium. The mass 

spectrum shows that the amount of N’-(4-chlorophenyl)-N-methylurea was small relative to 

the amount of p-chlorophenylurea. More adducts and clusters were observed for p-

chlorophenylurea compared to N’-(4-chlorophenyl)-N-methylurea. Hence, N’-(4-
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chlorophenyl)-N-methylurea was most probably oxidized and just small amounts o

compound were not oxidized in the sample. However, the oxidation was not proven. A 

f the 

C-

 could be 

d 

y 

s seen from the structures in Figure 26c and d, N’-(4-chlorophenyl)-N-methylurea has one 

ng to 

R 

.2.2 

13

NMR analysis could prove the oxidization of N’-(4-chlorophenyl)-N-methylurea, but since 
13C-NMR is less sensitive than 1H-NMR a larger amount of N’-(4-chlorophenyl)-N-

methylurea was needed. The reason for the oxidation was not fully understood, but it

due to the presence of D O or the Hypercarb SPE column. It is known that redox reactions 

can take place on the PGC in the Hypercarb column [46]. Thus, the Hypercarb column coul

be the reason for N’-(4-chlorophenyl)-N-methylurea was oxidized to p-chlorophenylurea if 

oxidation has occurred.  Additionally, the degradation products of monuron were prepared b

UV irradiation of monuron and the compounds were sensitive for light. Hence the oxidation 

could be caused by the light in the laboratory.  

 

2

A

methyl group, whereas in p-chlorophenylurea the methyl group is exchanged with a proton. 

The 1H-NMR spectrum of the target compound (N’-(4-chlorophenyl)-N-methylurea) in 

Figure 28, showed that the integral of the signal at approximately 2.63-2.70 ppm belongi

the methyl group was 2 instead of the expected 3. If some of the N’-(4-chlorophenyl)-N-

methylurea was oxidized and if p-chlorophenylurea was present in the sample, the 1H-NM

signal would show an average integral of the two compounds. Hence, the possible oxidation 

process could explain the decrease in the integral of the 1H-NMR signal belonging to the 

methyl group. 

 

3 1H-NMR analysis of standard reference material of N’-(4-chlorophenyl)-N-

methylurea 

 

Due to the inconsistency of the NMR analysis result of the target compound, 1H-NMR 

 

-d3 

e 

analysis of a standard solution of N´-(4-chlorophenyl)-N-methylurea was carried out to 

determine the expected NMR signals of the compound to help identification of the target

compound. The target compound was trapped on the trap column and desorbed with ACN

and therefore the standard solution of N’-(4-chlorophenyl)-N-methylurea was dissolved in 

ACN-d3 at a concentration 1.0 mg/mL. 1H-NMR and a COSY analysis were carried out. A 

COSY spectrum is a 2D NMR spectrum that indicates all the spin-spin coupled proton in on

spectrum [6]. The 1H-NMR and COSY spectra are shown in Figure 30a and b. 
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Figure 30. /mL a standard solution of N (4-
chlorophe ans was 128 (a) and 4 (b) using the 

ince the sample was dissolved in ACN-d3 and D2O was absent in the sample, the protons at 
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The 1H-NMR (a) and COSY spectrum (b) of 1.0 mg ’-
nyl)-N-methylurea dissolved in ACN-d . Number of sc
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ACN-d3
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cryoprobe.  

 

S

position 1 and 3 were not exchanged with deuterium and it was possible to obtain NMR 

signals for these protons. Additionally, there was a coupling between the protons at posit

and 2, and the NMR signal belonging to the protons at position 2 was a doublet. The COSY 

spectrum showed that the signal at 5.07 ppm had a coupling with the doublet at 2.69 ppm. Th
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signal at 5.07 ppm belonged to the proton at position 1, while the signal at 2.69 ppm 

corresponded to the methyl group at position 2. The integral of the signals at 5.07 ppm

2.69 ppm were 1 and 3, respectively. The protons at position 4 and 5 gave two signals at 7.2

7.23 and 7.37-7.40 ppm. The integral of the signal at 7.37-7.40 ppm was 2, while the integral 

of the signal at 7.20-7.23 ppm was 3.0 indicating that the proton at position 3 was included in 

the signal and hence the integral was increased. The signal at 7.20-7.23 ppm was fronting, 

showing that the proton at position 3 was in the signal because protons in a NH-group give 

broad and small 

 and 

0-

he concentration of the target compound (N’-(4-chlorophenyl)-N-methylurea), in the UV 

 

d 

1H-NMR signals. Furthermore, the proton at position 3 did not couple with 

any other protons. The COSY spectrum showed that the NMR signals at 7.20-7.23 and 7.37-

7.40 ppm coupled only with each other.  

 

T

irradiated water sample was expected to be much lower than 1 mg/mL. The N’-(4-

chlorophenyl)-N-methylurea standard solution was therefore diluted with ACN-d3 to 1 

µg/mL. A 1H-NMR analysis was carried out to explore the NMR signals at the expected

concentration level for the target compound (N’-(4-chlorophenyl)-N-methylurea) obtaine

from the water sample. The 1H-NMR spectrum of the standard is shown in Figure 31.  

 

 
Figure 31. The 1H-NMR spectrum of N’-(4-chlorophenyl)-N-methylurea dissolved in ACN-d3 at a 
concentration 1.0 µg/mL. Number of scans was 259 using the 5 mm cryoprobe. 
 
 

 62



The proton at position 1 gave a signal at 5.10 ppm, but the signal was so small that it was 

n 3 

 1H-

e 

S analyses were carried out to explore if N’-(4-chlorophenyl)-N-methylurea was oxidized 

mL 

difficult to distinguish between the signal and the noise. Furthermore, the proton at positio

gave a 1H-NMR signal at 7.25-7.30 ppm and the integral was 1.0. The NMR signals 

belonging to the protons at position 2, 4 and 5 had the same shift-values as seen in the

NMR spectra in Figure 30. Furthermore, the integrals of the NMR signals were also the sam

as in Figure 30, except for the integral of the signal to the proton at position 4 which was 2.  

 
M

to p-chlorophenylurea when it was dissolved in ACN-d3. The standard solutions of N’-(4-

chlorophenyl)-N-methylurea dissolved in ACN-d3 at the concentration 1 mg/mL and 1 µg/

were analysed. The mass spectra are shown in Figure 32a and b with details of m/z signals. 

 

 

[184.62+Na]

[184.62 + K]

[184.62+Na++ACN-d3]

[184.62+K+ +ACN-d3]

       32a 
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Figure 32. Mass spectra of the N’-(4-chlorophenyl)-N-methylurea standard solution dissolved in ACN-d3 
at (a) 1 mg/mL and (b) 1 µg/mL. The MS analyses were carried out using direct infusion in positive 
electrospray ionization mode. The voltages and temperatures that were used are given in “Direct 
infusion” in 2.1.3. 

 
The m/z 185.03 and 187.04 were due to N’-(4-chlorophenyl)-N-methylurea, 35Cl and 37Cl 

isotopes. These signals were observed in both mass spectra, when the concentration of N’-(4-

chlorophenyl)-N-methylurea was 1.0 mg/mL and 1 µg/mL. No m/z signal at 171.59 was 

observed in the mass spectra and hence p-chlorophenylurea was not present in the sample of 

N’-(4-chlorophenyl)-N-methylurea. The mass spectra showed that N’-(4-chlorophenyl)-N-

methylurea was not oxidized to p-chlorophenylurea when it was dissolved in ACN-d3. Hence, 

N’-(4-chlorophenyl)-N-methylurea can safely be stored in ACN-d3. 

 

3.2.3 Trapping N’-(4-chlorophenyl)-N-methylurea on trap columns with different 

packing materials  

 

Since oxidation of the target compound could have occurred, and possibly on the Hypercarb 

SPE column, a0.10 mg/mL standard solution of N’-(4-chlorophenyl)-N-methylurea dissolved 

in H2O was trapped on the Hypercarb column. The standard solution was additionally trapped 
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on a Kromasil-C18 column. 1H-NMR and MS analyses were carried out on the ACN-d3 

desorb solutions. 

  

Trapping N’-(4-chlorophenyl)-N-methylurea on a Hypercarb column 

 

A standard solution of N’-(4-chlorophenyl)-N-methylurea was prepared by dissolving it in 

H2O at a concentration 0.10 mg/mL. The instrumentation shown in Figure 21 with a 200 µL 

loop, was used to trap N’-(4-chlorophenyl)-N-methylurea on the Hypercarb column and the 

MS was used to control the breakthrough from the column. Approximately 73 µL of N’-(4-

chlorophenyl)-N-methylurea was injected by filling the 200 µL loop, switching the valve to 

the inject-position and back to load-position after 25 seconds. The analytical pump delivered 

100 % H2O + 0.1 % FA at a flow rate of 175 µL/min. After the analyte was retained on the 

Hypercarb column, the analyte was eluted from the column using the Waters CapLC system 

and the procedure described in 3.1.10. To avoid large solvent signals in the 1H-NMR 

spectrum, the Hypercarb column was washed with D2O for ten minutes. The 1H-NMR 

spectrum is shown in Figure 33.  

 

 

4 5 

2

4 2
5 

Figure 33. The 1H-NMR spectrum of N’-(4-chlorophenyl)-N-methylurea standard dissolved in H2O at a 
concentration 0.10 mg/mL. The analyte was trapped one time on the Hypercarb column. For trapping, the 
analytical pump delivered mobile phase containing 100 % H2O with 0.1% FA at 175µL/min. The Waters 
CapLC pump was used to elute the trapped compound. The Hypercarb column was washed with D2O for 
ten minutes before it was eluted in ACN-d3. The gradient used for elution was 100 % D2O (0-10 min), 100 
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% ACN-d3 (10-10.1 min), 100 % ACN-d3 (10.1-20 min) and the flow rate was 30 µL/min.  Total volume 
collected was approximately 120 µL and 20 µL of this solution was used in the NMR analysis. Number of 
scans was 128 using the cryoprobe. 

 
The protons at position 1 and 3 were found to be exchanged with deuterium because of the 

large amount of D2O present in the sample and were not seen in the 1H-NMR spectrum. Due 

to the proton deuterium exchange there was no coupling between the protons at position 1 and 

2. Thus, the protons at position 2 gave a singlet at 2.65-2.67 ppm and the integral was 2. The 

protons in the aromatic ring had NMR signals at 7.20-7.25 ppm and 7.31-7.36 ppm. These 

signals did not show the same pattern as seen in previous 1H-NMR spectra of N’-(4-

chlorophenyl)-N-methylurea preconcentrated from the water sample and standard solutions 

dissolved in ACN-d3. The pattern of these signals could indicate that there was more than one 

compound present in the sample when it was analysed by the NMR. Which compounds that 

were present in the sample during the NMR analysis were not concluded. 

 

A MS analysis was subsequently carried out on this sample to examine if the compound could 

have been oxidized on the Hypercarb column and if p-chlorophenylurea could be present in 

the sample. Figure 34 shows the mass spectrum.  
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Figure 34. The mass spectrum of standard solution of N’-(4-chlorophenyl)-N-methylurea dissolved in H2O 
at a concentration 0.10 mg/mL and trapped on the Hypercarb column. See Figure 33, for the conditions 
used for trapping and eluting N’-(4-chlorophenyl)-N-methylurea from the Hypercarb SPE column. The 
electrospray ionization was performed in positive mode and the voltages and temperatures that were used 
are given in “Direct infusion” in 2.1.3. 
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Due to the positive ionization mode, the nitrogen at position b was positively charged, and a 

deuterium was bonded to the nitrogen in N’-(4-chlorophenyl)-N-methylurea like Figure 35 

shows. The m/z value increased from 185.62 to 188.60 in the mass spectrum.  

 

 

Figure 35. The proton-deuterium exchange of N’-(4-chlorophenyl)-N-methylurea in large amounts of D2O 
in positive electrospray ionization mode. 

 
Additionally, a m/z signal at 171.50 was observed. This can be due to fragmentation of the 

molecular ion, but can also be due to p-chlorophenylurea resulting from oxidation of N’-(4-

chlorophenyl)-N-methylurea. As previously mentioned, p-chlorophenylurea is another 

degradation product of monuron. The reason for oxidization was not fully understood, but the 

presence of D2O or trapping on the Hypercarb column could cause the oxidation of the 

analyte. As previously mentioned, redox reactions can take place on the PGC particles in the 

Hypercarb column [46]. Thus, the Hypercarb column could cause the oxidization of N’-(4-

chlorophenyl)-N-methylurea to p-chlorophenylurea. The presence of p-chlorophenylurea in 

the N’-(4-chlorophenyl)-N-methylurea sample can probably be seen in a NMR spectrum. The 

NMR signals of the protons in the aromatic ring showed a different pattern than previous and 

it can be due to the presence of another compound. Additionally, the integral of the signal 

belonging to the methyl group was reduced. If several compounds were present in the sample 

during the NMR analysis, the NMR signals would show the average integral of the 

compounds. However, the presence of other compounds in the sample was not proven. 

 

N’-(4-chlorophenyl)-N-methylurea trapped on a Kromasil-C18 column 

 

The 0.10 mg/mL standard solution of N’-(4-chlorophenyl)-N-methylurea dissolved in H2O 

was also trapped on a 3.5 µm Kromasil-C18 100 Å column, where probably no redox 

reactions can occur. The standard solution of N’-(4-chlorophenyl)-N-methylurea dissolved in 

H2O was trapped on the Kromasil-C18 column using the instrumentation in Figure 21 with a 

15 µL loop. The injection volume was 15 µL and the analytical pump delivered H2O/ACN 

(5/95, v/v) + 0.1 % FA at a flow 10 µL/min. No breakthrough was observed five minutes after 
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the sample was injected. The Waters CapLC pump and the procedure described in 3.1.10 was 

used for elution at a flow rate of 5 µL/min and the column was washed with D2O for ten 

minutes before the mobile phase was changed to ACN-d3. The analyte was not retained on the 

Kromasil-C18 column as well as on the Hypercarb SPE column and N’-(4-chlorophenyl)-N-

methylurea eluted in D2O before ACN-d3 was led through the column. Since the analyte 

eluted in D2O during the elution process, it was necessary to lock on D2O rather than ACN-d3 

in the NMR analysis. Thus, the shift-values were different compared with the shift-values 

when ACN-d3 was used for locking. A 1H-NMR analysis was performed and the 1H-NMR 

spectrum is shown in Figure 36.   

 
 

 

5 
4 

2

2

5 4 

Figure 36. The 1H-NMR spectrum of standard solution of N’-(4-chlorophenyl)-N-methylurea dissolved in 
H2O at a concentration 0.10 mg/mL. The analyte was trapped one time on the Kromasil-C18 column. For 
trapping, the analytical pump delivered mobile phase containing H2O/ACN (5/95, v/v) with 0.1% FA at 10 
µL/min. The Waters CapLC pump was used to elute the trapped compound. The gradient used for elution 
was 100 % D2O (0-10 min), 100 % ACN-d3 (10-10.1 min), 100 % ACN-d3 (10.1-20 min) and the flow rate 
was 5 µL/min. The total volume collected was approximately 50 µLand 20 µL of this solution was used for 
the NMR analysis. Number of scans was 10240 using the 5 mm cryoprobe.  

 
The protons at position 1 and 3 were exchanged with deuterium because of the large amount 

of D2O. Hence no NMR signals were obtained for these protons in the 1H-NMR spectrum. 

Due to the deuterium exchange of the proton at position 1, there was no coupling between the 
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protons at position 1 and 2. Consequently, the NMR signal to the protons at position 2 was a 

singlet and the integral was below 2 (1.6). The aromatic signals at 7.14-7.19 and 7.24-7.29 

ppm were triplets. The protons at position 4 and 5 coupled only with each other and doublet

signals were expected. Due to the triplets there was a possibility that the protons were couple

with other protons or that other compounds were present in the sample.  

 

 

d 

he sample was also analysed by MS (direct infusion). Small amounts of formic acid were T

added obtain better ionization. The mass spectrum is shown in Figure 37. 
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Figure 37. The mass spectrum of standard solution of N’-(4-chlorophenyl)-N-methylurea after trapping 

 

he mass spectrum showed that protons in N’-(4-chlorophenyl)-N-methylurea most probably 

on a Kromasil-C18 column. N’-(4-chlorophenyl)-N-methylurea was dissolved in H2O at 0.10 mg/mL. The 
MS analyses were carried out using direct infusion in positive electrospray ionization mode. The voltages
and temperatures that were used are given in “Direct infusion” in 2.1.3. 

 
 

T

were exchanged with deuterium, and the molecular weight was increased accordingly. A m/z 

signal at 186.51/188.52 showed that one proton was exchanged. The proton at position 1 was 

most acidic and was most likely exchanged with deuterium first, but this was not proven. The 

m/z 187.51 and 188.52 indicated that two and three hydrogens were exchanged with 
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deuterium. Since the MS analysis was carried out in positive ionization, the nitrogen 

position b was positively charged and a deuterium could be bonded to the nitrogen in N’-(4-

chlorophenyl)-N-methylurea like Figure 35 shows. A clear 

atom at 

 

ation of 

he mass spectrum of N’-(4-chlorophenyl)-N-methylurea after being trapped on the 

sent in 

 

yl)-

 The 

.2.4 MS analysis of N’-(4-chlorophenyl)-N-methylurea dissolved in H

35Cl/ 37Cl isotope pattern was not

seen for m/z 186.51/188.52, due to the large amount of N’-(4-chlorophenyl)-N-methylurea 

chemical bonded with three deuteriums. In addition, m/z 171.46 was seen in the mass 

spectrum showing that p-chlorophenylurea might be present in the sample or fragment

the molecular ion. 

  

T

Hypercarb and Kromasil-C18 columns, showed that p-chlorophenylurea could be pre

the samples. Additionally, in both cases, the 1H-NMR signals of the aromatic protons showed

different pattern compared to the 1H-NMR spectra of N’-(4-chlorophenyl)-N-methylurea 

dissolved in ACN-d3. Since almost the same results were obtained when N’-(4-chlorophen

N-methylurea was trapped on the Hypercarb and Kromasil-C18 column, it cannot be 

concluded that the Hypercarb column did oxidize N’-(4-chlorophenyl)-N-methylurea.

oxidation of N’-(4-chlorophenyl)-N-methylurea must therefore be caused by other 

parameter(s). 

 

3 2O and D2O 

pparently, p-chlorophenylurea was present in the sample after N’-(4-chlorophenyl)-N-

 

f 

 

wo standard solutions of N’-(4-chlorophenyl)-N-methylurea were prepared by dissolving the 

hen N’-(4-chlorophenyl)-N-methylurea was dissolved in H2O, the m/z signals belonging to 

the analyte 185.15 and 187.15. The mass spectrum is shown in Figure 38 with the explanation 

 

A

methylurea had been trapped on the Hypercarb and the Kromasil-C18 column and desorb

with ACN-d3. Since oxidation on the Hypercarb problem could be ruled out, the stability o

the compound was investigated. Because the compound was exposed to H2O during trapping

and D2O during washing and desorption from the SPE column, MS analyses were performed 

to determine if N’-(4-chlorophenyl)-N-methylurea could be oxidized in the presence of H2O 

and D2O, and if p-chlorophenylurea was a resulting product.     

 

T

compound in H2O and D2O at a concentration 0.10 mg/mL. The standard solutions were left 

over night in H2O and D2O and the MS analyses were performed the following day.  

 

W
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of the signals of highest abundance. When ESI is used for ionization in the MS and when the 

concentration of the analyte is high, there is a possibility that dimers of the analyte are 

produced. In this case, a dimer of N’-(4-chlorophenyl)-N-methylurea was produced and m/z 

369.260 was observed. Furthermore, m/z 171.12 was observed in the mass spectrum, 

indicating that p-chlorophenylurea might be present in the sample and that N’-(4-

chlorophenyl)-N-methylurea was oxidized or due to the presence of H2O. 

 

  
Figure 38. The mass spectrum of N’-(4-chlorophenyl)-N-methylurea dissolved in H2O at 0.10 mg/mL, and 
stored for one night before the MS analysis. Small amounts of formic acid were added to the sample right 
before the analysis to obtain better ionization. The MS analyses were carried out using direct in

pared to the amount of p-chlorophenylurea. Additionally, when N’-(4-chlorophenyl)-N-

d 

sed 

y 

fusion in 
positive electrospray ionization mode. The voltages and temperatures that were used are given in “Direct 
infusion” in 2.1.3. 

 
The amount of N’-(4-chlorophenyl)-N-methylurea present in the sample was relatively large 

com

methylurea was trapped on the Hypercarb SPE column and Kromasil-C18 column, a larger 

amount of p-chlorophenylurea was observed in the mass spectra (Figure 34 and 37) compare

to the amount in Figure 38. This shows that N’-(4-chlorophenyl)-N-methylurea was most 

probably oxidized when it was trapped on the Hypercarb SPE column and Kromasil-C18 

column, and not in the presence of H2O. The small amount of p-chlorophenylurea in the 

sample could be due to fragmentation in the MS, but the MS conditions were the same as u

in the other studies using direct infusion. However, the fragmentation can be influenced b
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altering the sample cone voltage. Altering the sample cone voltage can increase or decrease 

the intensity of the signals belonging to N’-(4-chlorophenyl)-N-methylurea and p-

chlorophenylurea, as seen in Appendix (6.5.4.). Consequently, the abundance of p-

chlorophenylurea was thought to be higher than the original abundance.  

 

On the other hand, when N’-(4-chlorophenyl)-N-methylurea was dissolved in D2O protons 

ere exchanged with deuterium and the monoisotopic weight was consequently increased 

p 

w

from 184.62 Da to 187.62 Da. The m/z 374.30 was due to the dimer of N’-(4-chlorophenyl)-

N-methylurea. Because of the positive ionization, the nitrogen connected to the methyl grou

and proton at position 1 was positively charged and three deuterium atoms were therefore 

chemically bonded to N’-(4-chlorophenyl)-N-methylurea like Figure 35 shows. The mass 

spectrum is shown in Figure 39 with details of m/z signals. 
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Figure 39. The mass spectrum of N’-(4-chlorophenyl)-N-methylurea dissolved in D2O at 0.10 mg/mL and 
stored for one night before the analysis. Small amounts of formic acid were added to the sample right 
before the MS analysis to obtain better ionization. The MS analyses were carried out using direct infusion 

 signals were obtained for p-chlorophenylurea. Additionally, the MS 

d. The 

in positive electrospray ionization mode. The voltages and temperatures that were used are given in 
“Direct infusion” in 2.1.3. 

 
This study showed that the presence of D2O did not oxidize N’-(4-chlorophenyl)-N-

ethylurea since no m/zm

conditions were the same as used in other MS analysis when direct infusion is applie

oxidation of N’-(4-chlorophenyl)-N-methylurea was therefore not caused by the MS. Hence, 
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the oxidation of N’-(4-chlorophenyl)-N-methylurea must be due to the trapping on the SPE 

columns. Several parameters can affect the oxidation, however we were not able to configure 

the reason for the oxidation of N’-(4-chlorophenyl)-N-methylurea.  
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4. Conclusions 

 shown that approximately 20 µg of the analyte is needed to obtain good 

MR spectra. However, it was possible to obtain some NMR information with smaller 

ses. 

he 

 1 

m I.D. x 5 mm Hypercarb SPE column provides high retention and allowed a larger volume 

ssary to improve the commercial LC-SPE instrumentation to control and 

onitor the breakthrough of the analyte from the Hysphere C18 SPE cartridge. Both UV and 

e 

n. 

mercially 

s 

 
The present study has

N

amounts, but the S/N ratio was poor. In order to obtain such a large amount of the analyte, the 

compound had to be preconcentrated on a SPE cartridge/column prior to the NMR analy

In this study two LC-SPE-NMR systems were studied, and the NMR analysis were carried 

out on-line and off-line, respectively. Off-line NMR analysis made it easier to perform post-

NMR analysis, since the analyte was collected in a NMR tube instead of collecting it from t

outlet from the NMR probe. LC-SPE-NMR can be time consuming, and especially if a 

multiple trapping is needed to obtain a NMR detectable amount of the target compound. 

 

Different packing materials in trap columns were examined, and it was experienced that a

m

of the analyte to be applied without a breakthrough occurring than the 2 mm I.D. x 10 mm 

Hysphere C18 cartridges. In order to retain the analyte on trap column, mobile phase with low 

eluting strength had to be utilized; and the test compound monuron was trapped on the 

Hypercarb column with 14 % ACN in the mobile phase combined from the analytical- and 

make-up pump. 

 

It was found nece

m

MS detection were examined for the capability to control the breakthrough. MS in SIM mod

made it easier to control the breakthrough of the target compound. An in-house LC-SPE 

system was designed and the target compound was retained on a Hypercarb SPE column, 

while the analytical column was a 2.1 mm I.D. x 150 mm, 3.5 µm Zorbax-SB-C18 colum

The in-house LC-SPE system proved to be simpler and more user friendly than the 

commercial LC-SPE system. The present system can be used to trap one compound in each 

run, however it can be expanded to trap ten compounds in the same run using a com

available column carousel. In contrast, in theory it is possible to trap 30 or more compounds 

in the same run using the commercial LC-SPE system. The in-house LC –SPE system was 

tested using monuron as model compound. Some problems with identifying a degradation 

product of monuron using the off-line LC-SPE-NMR system, due to possible degradation 

when trapped on the Hypercarb SPE column. The concentration of the degradation product
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of monuron was expected to be low. Thus, the target compound had to be preconcentrated 

prior to the NMR analysis. To obtain 1H-NMR signals of the degradation product, the 

degradation product was trapped five times on the Hypercarb SPE column and the injection

volume was 73 µL. However, it was possible to trap at least 40 µg of the test compound

monuron on the Hypercarb SPE column without breakthrough. This study has also provided 

the LC-NMR research group valuable experience in LC-SPE-NMR analysis of compound

containing exchangeable protons present in low concentration.   
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6. Appendix 
 

PART ONE µLC-NMR 
 

6.1 Alkaloids 

 
6.1.1 Aim of study 

 

The aim of this study was to separate and chromatograph two different alkaloids, with on-line 

µLC-NMR in mind. It was therefore necessary to chromatograph the analytes without using 

any additives in the mobile phase, since additives are incompatible with the NMR in most 

cases.The analytes were chromatographed using different types of stationary phases. 

 

Some alkaloids have become important ingredients in pharmaceutical products [60]. 

Camptothecin is a naturally occurring alkaloid that is isolated from plant extracts [61]. The 

compound is used in anticancer drugs and is widely used for therapy of cancer derived from 

various organs, including lungs [61]. Yohimbine on the other hand, has important α-

adrenergic blocker properties and has been employed for the treatment of male impotency. 

 
6.1.2 Experimental 

 
Camptothecin and yohimbine (Figure 40a and b) are alkaloids and were obtained from Sigma-

Aldrich Chemie GmbH. To prepare the mobile phases, water from an ultrapure water 

purification system (MilliPore) was used together with HPLC grade ACN (Rathburn). 

Chloroform (Rathburn) was used to dissolve camptothecin.  
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 Camptothecin            Yohimbine  
  40a        40b  

Figure 40. The structures of camptothecin (a) and yohimbine (b) [41] 

 
The 3 µm ZirChrom-MS-300 Å and 3.5 µm Kromasil-C18-100 Å columns were provided 

from G&T Septech AS. The dimensions of the columns were 0.3 mm I.D. x 5 cm. The other 

columns used were slurry packed in-house using 3.5 µm Kromasil-C18-100 Å (Eka Nobel 

(Bohus, Sweden), 5.42 µm PS/DVB (Dyno Particles, Lillestrøm, Norway) and 3 µm 

Hypercarb (Thermo El. Corp.). The dimensions of the columns were 0.32 mm x 5 cm.  

 

Column preparation 

 

The columns packed in-house were made of fused silica capillaries from Polymicro 

Technologies Inc. with the dimension of 320 µm I.D. and 450 µm O.D. The columns were 

packed with a downward high pressure liquid slurry method, using a mixture of ACN/H2O 

(70/30, v/v). The slurry was made by adding carbon tetrachloride (Rathburn) to the packing 

material. The column was made by putting a nut, a polyimide ferrule (FS 1, 4) and a union at 

the end of the capillary. A frit, 10SR1 (Valco International) was placed inside the union. A 

nut and a ferrule on the other end of the capillary were used to connect the column to the 

packing chamber. A syringe connected with a capillary, drew the slurry into the syringe and 

transported it to the packing chamber which was connected to the column. Using a downward 

pressure pump, the pressure was increased from 100 to 650 bar at a rate of 200 bar/min. At 

650 bar, the column was conditioned for 20 minutes. The column was depressurized for 

another 20 minutes. The pressure in the system was decreased by another program, starting at 

650 bar and ending at 1 bar. The flow rate was set to -100 bar/min. When the column was 

packed, a union with a frit inside was connected to the nut and ferrule. 
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Sample preparation 

 

Camptothecin was completely dissolved in chloroform at a concentration 1.0 mg/mL. 

Yohimbine was dissolved in ACN at the concentration 1.0 mg/mL. To make sure that the 

compounds were completely dissolved, the solutions were treated ultrasonically with heating.  

 

Chromatographic system 

 

The chromatographic system contained a Valco Cheminert C4-four port valve, with an inner 

loop of 50 nL, a pump from Hitachi Ltd model L-7100 (Tokyo, Japan) and a Linear UVIS 

200-detector (Spectra-Physics, Fremont, CA, USA) with an 100 µm on-column capillary flow 

cell. A Mistral oven from Spark Holland was used to examine if the peaks became narrower 

at temperatures above ambient. The software, TotalChrom V6.2 was purchased from Perkin 

Elmer (Wellesly, MA, USA).   

 
6.1.3 Result and discussion 

 

Sample preparation 

 

It was difficult to dissolve camptothecin completely in ACN at a concentration 1.0 mg/mL. 

However, camptothecin was easily dissolved in chloroform at 1.0 mg/mL. Yohimbine was 

dissolved in ACN at the concentration 1.0 mg/mL. The solutions were treated ultrasonically 

with heat to make sure that the samples were completely dissolved. 

 

Choice of UV wavelength 
 

A wavelength of 210 nm was first used. When camptothecin was dissolved in chloroform and 

chromatographed, two peaks were observed in the chromatogram. The absorption maximum 

of both camptothecin and yohimbine were measured as a function of the wavelength, using 

the molecular absorption spectrophotometry (MAS). The absorbance maximum for 

camptothecin dissolved in chloroform was 340 nm and 210 nm for yohimbine dissolved in 

ACN.  
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Stationary phase considerations 

 

Camptothecin 

 

Four different stationary phases were explored to chromatograph camptothecin. First, the 

Kromasil-C18 column was explored and different mobile phase compositions were examined. 

Camptothecin dissolved in ACN was chromatographed first. The amount of ACN in the 

mobile phase varied between 10 and 50 %. Camptothecin did not elute using 10 % ACN in 

the mobile phase, while 15 % provided appropriate retention. The chromatographic peaks had 

almost a Gaussian peak shape and were not very broad. The chromatogram is shown in Figure 

41a. 

 

 

           ’ 
      41a       41b  
 

     
             41c             41d 
Figure 41a. Five replicates of camptothecin dissolved in ACN at the concentration 0.10 mg/mL, on a 
Kromasil-C18 column with a mobile phase containing ACN/H2O (15/85, v/v) with flow rate 5 µL/min. The 
injection volume was 50 nL and the wavelength was 210 nm. 

b)  Two replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL, on a 
Kromasil-C18 column with a mobile phase containing ACN/H2O (20/80, v/v) with flow rate 5 µL/min. The 
injection volume was 50 nL and the wavelength was 210 nm. 

c) Two replicates of chloroform, injecting on a Kromasil-C18 column with a mobile phase containing 
ACN/H2O (20/80, v/v) and the flow rate was 5 µL/min. The injection volume was 50 nL and the 
wavelength was 210 nm. 
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d) Two replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL on a Kromasil-
C18 column, using a mobile phase containing ACN/H2O (30/70, v/v) with flow rate 5 µL/min. The injection 
volume was 50 nL and the wavelength was 340 nm. 

 

When camptothecin was dissolved in chloroform, two peaks were observed in the 

chromatogram using the Kromasil-C18 column, as seen in Figure 41b. The first one was 

camptothecin and the other one might be chloroform or an impurity. Another possibility is 

that chloroform washed out different compounds from the column, which gave the second 

peak. Injecting only chloroform (Figure 41c) gave the same peak shape of peak number two 

as seen in Figure 42b. A MS or NMR detection of the peak would give structural information, 

and therefore making it easier to identify the peaks. When the UV detector scanned at the 

absorption maximum at 340 nm, the second peak disappeared, as shown in Figure 41d.  

 

A PS/DVB column was also examined for its ability to chromatograph camptothecin. The 

amount of ACN in the mobile phase varied from 15 to 50 %. Camptothecin did not elute with 

15 % ACN in the mobile phase. The chromatographic peaks were broader and the peak 

heights were smaller compared to the peaks when the Kromasil-C18 column was used. The 

chromatogram is shown in Figure 42a. 

 

 

  
  42a            42b  

 

Figure 42a. Five replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL, on a 
PS/DVB column using a mobile phase containing ACN/H2O (40/60, v/v), with 5 µL/min. The injection 
volume was 50 nL and the wavelength was 340 nm. 

b) Three replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL, on a 
ZirChrom-MS column, using a mobile phase containing ACN/H2O (15/85, v/v) with flow rate 5 µL/min. 
The injection volume was 50 nL and the wavelength was 210 nm. 
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Camptothecin had shorter retention time using the PS/DVB column compared with the 

Kromasil-C18 column. The retention time was approximately 6 minutes using the PS/DVB 

column with ACN/H2O (40/60, v/v) in the mobile phase. As seen in Figure 41d, the retention 

time of camptothecin using the Kromasil-C18 column with ACN/H2O (30/70, v/v) was 

approximately 3 minutes.   

 

The zirconia based, ZirChrom-MS column was also used to chromatograph camptothecin. 

The mobile phase contained different amounts of ACN, varying between 10 and 30 %. 

Camptothecin did not elute with 10 % ACN in the mobile phase. The column gave almost the 

same peak shape as the PS/DVB column; the peaks were broader and had smaller peak 

heights compared to when the Kromasil-C18 column was used. The chromatogram is shown 

in Figure 42b. It seemed like that the peaks were narrower when the ZirChrom-MS column 

was used, compared with the PS/DVB column. 

 
When camptothecin was chromatographed with the Hypercarb column, the eluted peaks were 

broad and the chromatogram is shown in Figure 43a. With an on-line LC-NMR system in 

mind, it was examined if the peaks became narrower when the column was heated. It is 

important to have narrow peaks in on-line LC-NMR, so all of the compound contributes to the 

NMR signal. Otherwise, there will be a loss in the structural information, due to peak 

broadness. The column was therefore put in a thermostated oven and heated between 60 and 

100 °C. Hypercarb is a type of column which can be used with a higher temperature, without 

damage. At 60 °C the peaks were still broad and they had worse peak shape than the peaks in 

Figure 43a. While, Figure 43b shows three replicates of camptothecin, when the temperature 

was increased to 70 °C. Compared with the peaks at 60 °C, the peak shape was much better, 

but still broad. When the temperature was even higher, 80-100 °C, the peaks had the same 

shape and they were still broad. 
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  43a       43b 

Figure 43a. Three replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL, on 
a Hypercarb column at room temperature, using a mobile phase containing ACN/H2O (50/50, v/v) with 
flow rate 5 µL/min. The injection volume was 50 nL and the wavelength was 210 nm. 

b) Four replicates of camptothecin dissolved in chloroform at the concentration 1.0 mg/mL, on a 
Hypercarb column using a mobile phase containing ACN/H2O (50/50, v/v) with flow rate 5 µL/min. The 
injection volume was 50 nL, the wavelength was 210 nm and the temperature was set to 70 °C. 

  

As a conclusion, Kromasil-C18 seemed to give narrower peaks with higher peak height than 

the other columns, and seemed to be the best choice of stationary phase. The ZirChrom-MS 

column gave narrower peaks than the PS/DVB column, but both of them gave satisfactory 

results. When the Hypercarb column was used, the peaks became broader at higher 

temperatures. It seemed that the column gave the best result at room temperature, especially 

for this application. 

 

Yohimbine 

 

Yohimbine was chromatographed using three different columns; Kromasil-C18, PS/DVB and 

the ZirChrom-MS column. When yohimbine was chromatographed using the Kromasil-C18 

column, the amount of ACN varied from 10 to 50 %, but yohimbine did no elute with 10 % 

ACN in the mobile phase. The peaks were approximately one minute broad using a mobile 

phase containing ACN/H2O (30/70, v/v) at a flow 5 µL/min. The chromatogram of yohimbine 

using the Kromasil-C18 column is shown in Figure 44a.  
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  44a       44b 

       
  44c 
Figure 44a. Four replicates of yohimbine dissolved in ACN at a concentration 0.10 mg/mL, on a Kromasil-
C18 column, using a mobile phase containing ACN/H2O (30/70, v/v) with flow rate 5 µL/min. The injection 
volume was 50 nL and the wavelength was 210 nm.  

b) Three replicates of yohimbine dissolved in ACN at a concentration 0.10 mg/mL, on a PS/DVB column, 
using a mobile phase containing ACN/H2O (50/50, v/v) with flow rate 5 µL/min. The injection volume was 
50 nL and the wavelength was 210 nm.    

c). Two replicates of yohimbine dissolved in ACN at a concentration 0.10 mg/mL, on a ZirChrom-MS 
column, using a mobile phase containing ACN/H2O (5/95, v/v) with flow rate 5 µL/min. The injection 
volume was 50 nL and the wavelength was 210 nm.  

 

A PS/DVB column was also examined for its ability to chromatograph yohimbine, and the 

peaks were very broad and the peak shape was poor. The chromatogram using the PS/DVB 

column is shown in Figure 44b. 

 

When the ZirChrom-MS column was used to chromatograph yohimbine, the analyte eluted in 

the void volume. The retention time of yohimbine with a mobile phase containing ACN/H2O 

(5/95, v/v) was approximately 0.7 minutes and the eluted peaks were narrow, the 

chromatogram is shown in Figure 44c. Kromasil-C18 and the ZirChrom-MS column gave the 

best peak shape. However, the retention time was very short using the ZirChrom MS column, 

even with a small amount of ACN in the mobile phase. The PS/DVB column gave broad 

peaks with poor peak shape. The chromatogram of yohimbine using the PS/DVB column 

could be improved if there had been an additive in the mobile phase, but since the goal of this 

study was to avoid additives in the mobile phase was no additives investigated.  
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A mixture of yohimbine and camptothecin was tried separated using the Kromasil-C18 

column. Camptothecin and yohimbine were both dissolved in ACN and the concentration was 

1.0 mg/mL. The two compounds were baseline separated as seen in the chromatogram in 

Figure 45. 

 

 

Figure 45.Three replicates of the separation of yohimbine and camptothecin in a mixture, on a Kromasil-
C18 column using a mobile phase containing ACN/ H2O (15/85, v/v) with a flow rate 5 µL/min. The 
injection volume was 50 nL and the wavelength was 210 nm.  Both yohimbine and camptothecin were 
both dissolved in ACN at a concentration 0.10 mg/mL.  

These analyses were carried out using an isocratic pump. The repeatability of the retention 

time using isocratic conditions can be poorer compared with gradient conditions. This is 

because the mobile phase content and the time for degassing can vary every time a new 

mobile phase is prepared. However, if the analysis is carried out on the same day using the 

same mobile phase, this problem is eliminated.  

 

6.2 cis-trans isomers of TCB-424 
 
6.2.1 Large volume injections 

 

The peak heights and areas when the injection volume of TCB-424 increased from 100 to 

1000 nL are given in Table 7.  

Table 7. The peak heights and areas when the injection volume of TCB-424 was increased from 100 to 
1000 nL. 

Injection volume (nL)     First eluting peak       Second eluting peak 
 Height (mAU) Area (mAU) Height (mAU) Area (mAU)
100 50 438 146 1714 
300 205 1894 456 6280 
600 515 4904 1203 15237 
1000 992 8823 2238 28062 
 

 90



6.3 Testing injection modes in the Waters CapLC-autosampler 
 
6.3.1 Aim of study 

 

The autosampler was examined using different injection modes and parameters. TMB was 

used as test substance. Only small injection volumes were examined in this study. Peak 

heights and areas were used to compare the different injection modes and parameters.   

 
6.3.2 Experimental 

 

TMB (Sigma-Aldrich) was used as a test solution and it was easily dissolved in ACN-d3/ H2O 

(70/30, v/v) at a concentration of 1.0 mg/mL. The mobile phase contained HPLC grade water 

(Fluka) and ACN (Rathburn). The column used in this study was an YMC-C30 column 

(YMC, Kyoto, Japan), with the dimensions 0.32 mm I.D. x 10 cm and it was slurry packed in-

house. The procedure for packing the columns is described in 6.1.2 “Column preparation.” 

 
Chromatographic system 
 

The Waters ®CapLC ® system (Waters Corporation) was used with a Waters CapLC 

autosampler with a 5 µL loop and a 25 µL syringe. The autosampler needle had a volume of 

2.4 µL and it was operated in both µL-pickup and partial loop mode. The CapLC pump had 

three pump reservoirs and the detector was a CapLC photodiode array detector, PDA 996. 

The detector measured the absorbance between 190 and 400 nm. The software, MassLynx 

V4.0 (Waters Corporation) was used to control the system. 

 

6.3.3 Results and discussion 

 

 Different injection modes and parameters were used for optimizing the system. Two injection 

modes were utilized µL-pick up and partial loop, and the parameters were pump 

synchronisation and reduced flush volume. With µL-pick up, the sample was aspirated and 

then transported into the loop with the mobile phase, resulting in zero sample loss, but 

reduced repeatability [62]. In partial loop, the sample loop is partially filled with sample, 

resulting in little sample loss [62]. Partial loop does not require transporting liquid, which is 

necessary for the µL-pick up mode [62]. Using pump synchronisation, the pistons in the pump 

are at the exact same position at each injection. Because of the synchronisation is the analysis 
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time increased with approximately two minutes [62]. The flush volume was set to be 10 µL, 

this means that the syringe drew up 10 µL. If the injection volume was set to be 20 nL, then 

20 nL was injected and the rest went to waste. When the amount of sample is limited, the 

flush volume may be set to be 1 µL so that less of the sample goes to waste [62]. 

  

Several injections were made (Table 8), using the two injection modes and injection volumes 

of 20, 50 and 100 nL. 

Table 8.  An overview of the injections that were performed. µL-pickup and partial loop were used in 
combination with reduced flush volume and pump synchronisation. 

Injection mode Injection volume 
(nL) 

Pump synch. Flush volume 
(µL) 

Yes No 10 1 

X  X  
X   X 
 X X  

 
µL-pick up 
 
 
partial loop 

 
20 
50 
100 
 
  X  X 

 
 

Figure 46a and b show injections with the µL-pick up mode and pump synchronisation. The 

injection volume was 20 nL with a flush volume of 10 µL (a) 1 µL (b). The difference in peak 

height and shape is not significantly different. As a conclusion; changing the flush volume did 

not have a large influence on the repeatability.  

 

 

  46a            46b 

Figure 46. Injection of 20 nL TMB at a concentration 1.0 mg/mL using an YMC-C30 column with 
ACN/H2O (70/30, v/v). The injection mode was µL-pickup with pump synchronisation. The detector 
measured the absorbance between 200 and 400 nm. The flush volume was 10 µL (a) and 1 µL (b).  
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Figure 47a and b also show injection in the µL-pick up mode, but without pump 

synchronisation. Reducing the flush volume from 10 µL (a) to 1 µL (b) does not seem to 

influence the peak height or area significantly. Comparing Figure 46a and b with Figure 47a 

and b, show that pump synchronisation does not have a big influence on the repeatability. The 

peak shape and retention time is almost the same, with and without pump synchronisation.    

      

 47a       47b 

Figure 47. Injection of 20 nL TMB at a concentration 1.0 mg/mL using a YMC-C30 column with 
ACN/H2O (70/30, v/v). The injection mode was µL-pickup and without pumps synchronisation. The 
detector measured the absorbance between 200 and 400 nm. The flush volume was 10 µL (a) and 1 µL (b). 

       

Figure 48a and b show injection using partial loop as injection mode and with pump 

synchronisation using a flush volume of 10 µL (a) and 1 µL (b), respectively. In the latter 

chromatogram, no chromatographic peak is observed, as seen in the other chromatograms. In 

conclusion, partial loop and a flush volume 1 µL is not a good combination.  

    

        48a                         48b 

Figure 48. Injection of 20 nL TMB at a concentration 1.0 mg/mL using a YMC-C30 column with 
ACN/H2O (70/30, v/v). The injection volume was 20 nL using the injection mode was partial loop and 
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pump synchronisation. The detector measured the absorbance between 200 and 400 nm. The flush volume 
was 10 µL (a) and 1 µL (b). 

            

The next figures, Figure 49a and b, show partial loop injection mode and without pump 

synchronisation, using a flush volume of 10 µL (a) and 1 µL (b).  There was not observed a 

chromatographic peak in Figure 49b, the same as in Figure 48b. Thus, partial loop should not 

be used in combination with reduced flush volume, due to lack of the chromatographic peak. 

The peak shape was not improved with pump synchronisation.  

   
   49a              49b   

Figure 49. Injection of 20 nL TMB at a concentration 1.0 mg/mL using a YMC-C30 column with 
ACN/H2O (70/30, v/v). The injection mode was partial loop without pump synchronisation. The detector 
measured the absorbance between 200 and 400 nm. The flush volume was 10 µL (a) and 1 µL (b). 

 

The raw data when the Waters CapLC autosampler was tested with TMB as a standard are 

given in Table 9. The peak areas and heights given in Table 10 did not increase with an 

increasing injection volume in these experiments. The reason for this inconsistency could be 

that the autosampler drew up a volume which was different from the set injection value.  
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Table 9. Area and intensity of TMB, using µL-pickup and partial loop in combination with different 
parameters.  

Injection vol. 
(nL) 

µL-pickup Partial loop Peak Height Peak Area 

 P.S F.V (uL) P.S F.V (uL)   
 Y N 10 1 Y N 10 1   
 x  x      27.3 ± 9.3  2,45*107 ±4.8% 
  X x      30.3±11.1% 1.88*107± 18.3% 
20  X  x     29.5 ± 12.8% 2,39*107 ± 8.3% 

 
 x   x     31.5 ± 13.2 

% 2,68*107 ± 7.4% 

      x  X No peak  No peak 
     x  x  103.1±35.3% 1.31*108 ± 54.9%
      x x  131.6±17.1% 2.20*108 ± 36.3%

 
     x   X No peak No peak 
  X x      34.1± 49.6% 2.31*107 ± 46.2%
  X x      53.9± 8.6% 3.65*107± 10.4% 
50  X x      54.7± 6.1% 3.79*107 ± 6.5% 
 x  x      53.8 ± 3.6% 3.98*107 ± 3.1% 
  X  x     56.3 ± 5.1% 3.90*107 ± 4.8% 
 x   x     57.2 ± 7.9% 4.11*107 ± 6.6% 
      x x  34.7± 25.6% 1.95*107 ± 58.7%
      x  X No peak No peak 
     x  x  56.4 ± 23.6% 4.25*107 ± 40.4%
     x   X No peak No peak 
  X x      73.2 ± 1.9% 4.80*107 ± 2.9% 
  X x      74.5 ± 1.7% 5.09*107 ± 5.6% 
 x  x      76.2 ± 2.6% 5.92*107 ± 3.5% 
100  X  x     75.8 ± 3.1% 5.38*107 ± 5.3% 
 x   x     77 ± 2.6% 5.75*107 ± 2.5% 
      x x  51.0 ± 8.2% 3.64*107 ± 17.1%
      x  X No peak No peak 
     x  x  55.8 ± 9.6% 4.17*107 ± 19.3%
     x   X No peak No peak 
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Table 10. The R2-value for the different injection modes in combination with the parameters; pump 
synchronisation and reduced flush volume. The injection volumes were 20, 50 and 100 nL.  

Injection mode Pump 
synchronisation 

Flush 
volume(µL) 

R2-value 

 Yes No 10 1 Area Height 
X  X  0.984 0.954 
X   X 0.955 0.916 
 X X  0.881 0.928 

 
 
µL-pickup 
 
  X  X 0.947 0.925 

X  X  0.483 0.533 
X   X No peak No peak 
 X X  0.765 0.844 

 
 
Partial loop 

 X  X No peak No peak 
 

The conclusion of the autosampler test using MassLynx software was that pump 

synchronisation does not improve the peak shape, height and area; it just increases the 

analysis time. A flush volume of 1 µL is a benefit when the amount of sample is limited, but 

is not good in combination with partial loop. µL- pick up seems to be more repeatable with 

smaller injection volumes, than the partial loop mode.  

 

6.4 Testing the Waters CapLC-autosampler for larger volumes 
 
6.4.1 Aim of study 

 

The aim of this work was to test the autosampler performance for larger injection volumes. 

Because the autosampler showed poor repeatability for injection of smaller injection volumes, 

it was explored if the autosampler could inject the correct and repeatable volume at larger 

injection volumes.   

 
6.4.2 Experimental 

 
A uracil/caffeine test sample (Waters Corporation) was used to test the autosampler. The 

uracil/caffeine test sample was dissolved in H2O/MeOH (85/15, v/v) and the concentration 

was 0.10 mg/mL of each. HPLC grade water (Fluka), ACN (Rathburn) and MeOH (VWR 

International Ltd, Poole England) were used in the mobile phase. The 0.5 mm I.D. x 150 mm, 

5 µm Zorbax SB-C18 column (Agilent) was used to separate the compounds.  
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Chromatographic system 
 

The Waters ®CapLC ® system was used with a Waters CapLC autosampler, with a 5 µL loop 

and a 25 µL syringe. The autosampler needle had a volume of 2.4 µL and the autosampler 

settings are presented in Table 11. The CapLC pump had three pump reservoirs and the 

detector was a CapLC photodiode array detector, PDA 996. The detector measured the 

absorbance between 200 and 320 nm. This system was obtained from Waters Corporation. 

The software, HyStar 2.3 was obtained from Bruker BioSpin (Rheinstetten, Germany). PEEK 

tubing in the system was provided from Upchurch Scientific.  

 

Table 11. The autosampler settings 

Autosampler setting Parameter 
Draw height 5 
Draw speed  Slow 
Flush volume 15.00 µL 
Head space pressure No 
Air segment No 
Wash volume 10.00 µL 
Temperature limit 20.00 

 
 
 
6.4.3 Results and discussion 

 
The autosampler was first tested in the partial loop mode and two different injection volumes 

were examined; 100 and 400 nL. Before the injections were performed, the CapLC syringe 

washing procedure was done twice with the degassed ACN/H2O (50/50, v/v).    

 
The mobile phase contained ACN/ H2O (40/60, v/v) and the flow rate was set to 10 µL/min. 

The column was heated to 40 °C. The retention time to uracil was approximately 2.50 min 

and caffeine 3.10 min. The results are shown in Table 12. 
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 Table 12. The intensity of uracil and caffeine, with statistical values.  

Injection 
volume (nL) 

n  Uracil Caffeine 

Average (mAU) 22 26 
STDEV (mAU) 3 3 

 
100 

 
3 

RSD (%) 11 12 
Average (mAU) 123 245 
STDEV (mAU) 140 310 

 
400 

 
5 

RSD (%) 110 130 
 

The repeatability was not satisfactory, as seen in Table 12. The CapLC syringe washing 

procedure was performed twice one more time. Wash solvent and mobile phase were 

replaced, again with degassed water and ACN. There were also done several replicates with 

new test solution, but the repeatability was still not improved. To eliminate the possibility that 

the problems were due to a faulty lamp, the UV-lamp in the PDA detector was replaced, but 

the repeatability was still poor. In conclusion, the problem could not be traced to lack of 

degassing, quality of standards or solutions or a faulty UV-lamp. 

 

On the other hand, the repeatability was improved when the syringe dispenser valve was 

replaced. The wash solvent was changed to degassed MeOH/H2O (50/50, v/v) and the mobile 

phase contained MeOH/H2O (70/30, v/v). Five different injection volumes were examined 

using both the µL-pickup and partial loop injection mode, and four replicates of each volume 

were performed. The peak heights and area are shown in Table 13 and 14. Table 15 shows the 

R2-values when the injection volume was a function of peak height and area. The detector 

measured the absorbance at 260 and 276 nm, due to the absorption maximum at 260 nm 

(uracil) and 276 nm (caffeine). The uracil/ caffeine test solution dissolved in H2O/MeOH 

(85/15, v/v) at a concentration 0.10 mg/mL was used to test the autosampler. The injection 

volume was 100 nL and the mobile phase contained MeOH / H2O (70/30, v/v) with a flow 

rate of 10 µL/min.  
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Table 13. Peak heights and areas of uracil and caffeine using the µL-pickup injection mode (n = 4).   

Uracil Caffeine  Injection 
volume 
(nL) 

 

Area Height Area Height 
Average (mAU) 1558 176 1091 85 

STDEV (mAU) 120 12 73 9 

 
100 

RSD (%) 8 7 7 11 
Average (mAU) 5027 578 3354 262 

STDEV (mAU) 235 29 160 20 

 
250 

RSD (%) 5 5 5 8 
Average (mAU) 10839 1267 7295 578 

STDEV (mAU) 170 29 190 18 

 
500 

RSD (%) 2 3 3 3 
Average (mAU) 16696 1935 11458 904 

STDEV (mAU) 290 25 240 23 

 
750 

RSD (%) 2 1 2 3 

Average (mAU) 23532 2678 16326 1300 

STDEV (mAU) 420 96 330 42 

 
1000 

RSD (%) 2 4 2 3 

 

Table 14. The peak heights and areas of uracil and caffeine using partial loop as injection mode (n = 4). 

Uracil Caffeine  Injection 
volume (nL) 

 

Area Height Area Height 

Average (mAU) 1731 153 1226 90 
STDEV (mAU) 16 6 17 4 

 
100 

RSD (%) 1 4 1 5 
Average (mAU) 5069 473 3698 269 
STDEV (mAU) 205 13 88 6 

 
250 

RSD (%) 4 3 2 2 
Average (mAU) 11701 1131 8453 626 
STDEV (mAU) 140 32 55 12 

 
500 

RSD (%) 1 3 1 2 
Average (mAU) 17677 1660 13043 939 
STDEV (mAU) 205 31 200 13 

 
750 

RSD (%) 1 2 2 1 
Average (mAU) 24180 2201 17723 1259 
STDEV (mAU) 450 22 330 15 

 
1000 

RSD (%) 2 1 2 1 
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Table 15. The R2-values when the injection volume varied between 100-1000 nL is a function of peak 
height and area (n = 4). 

Compound Height / Area (mAU) Injection mode R2-value 
Area 0.998 Uracil 
Height 

µL-pickup 
0.998 

Area 0.997 Caffeine 
Height 

µL-pickup 
0.995 

Area 0.999 Uracil 
Height 

Partial loop 
0.998 

Area 0.999 Caffeine 
Height 

Partial loop 
0.999 

 
 
Waters Corporation operates with an injection area precision of 2.0% RSD for 200 nL 

injection volume using the partial loop injection mode. The area precision for uracil and 

caffeine was 4 % RSD and 2 % RSD for 250 nL injection volume using partial loop injection 

mode. The results given in Table 13-15 are therefore acceptable. The RSD-value is decreasing 

with an increasing injection volume, because the autosampler is more precise when the 

injection volume is larger. This applies for both µL-pickup and partial loop given in Table 13 

and 14. 
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PART TWO LC-SPE-NMR 
 
 
6.5. Optimizing the LC-SPE system 
 

6.5.1. Controlling the breakthrough of a Hypercarb column using a LC-UV-SPE-MS 

system 

 

The average retention time in both UV detector and MS, with various amounts of ACN in 

mobile phase delivered by the make-up pump are given in Table 16. 

  

Table 16. The average retention time measured by UV detector and MS, when various amounts of ACN 
were used in mobile phase delivered by the make-up pump.  The analytical pump delivered ACN/H2O 
(40/60, v/v) with 0.1 % FA and the flow rate was set to 60 µL/min. The flow rate at the make-up pump was 
160 µL/min. Monuron was used as test compound. 

 ACN (%) delivered by 
diluter pump 

tR (UV) 
(min) 

tR (MS) (min) 

100 12.9 17.7 
70 13.1 18.1 
50 14.2 18.8 
15 13.4 18.7 
10 13.5 20.4 
5 13.8 27.4 

 
 
 
 
 
 
 
 
 
 
 
6.5.2 Trapping monuron on the Hypercarb column using the in-house LC-SPE system 

 

Trapping large volumes of monuron on the Hypercarb column 

 

Monuron 100 ppm was trapped, both single and multiple, on the Hypercarb column. The raw 

data are given in Table 17. 
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Table 17. The peak heights and areas when 40 µg monuron was trapped on a Hypercarb column, using a 
200 and 400 µL loop.  

Trapped volume (µL) Trapped amount (µg) tR (UV) (min) Area Height 
2 x 200  2 x 20 28.3 6917 5907 
2 x 200  2 x 20 28.5 6519 5744 
2 x 200  2 x 20 28.3 6261 5840 
1 x 400 1 x 40 30.9 6607 5820 
1 x 400  1 x 40 31.2 6896 5880 
 
 
Trapping small volumes of monuron on the Hypercarb column 
 

A 100 ppm monuron solution (pH 3) was trapped, both multiple and single, directly on the 

Hypercarb column. The LC system contained an analytical pump with an incorporated on-line 

vacuum degasser, a Valco six port valve (5µL) and TOF-MS, the instrumentation is shown in 

Figure 21. The mobile phase composition was ACN/H2O (15/85, v/v) with 0.1 % FA at a flow 

of 100 µL/min. Monuron was trapped one time on the column. To elute the trapped monuron, 

the mobile phase was changed to 100 % ACN 5, 10 and 15 minutes after the injection, in 

three separate runs. This was done to examine if there was a breakthrough from the column 

when mobile phase with a low eluting strength was led through the column for a longer time 

of period. MS was used to detect the eluted peak. There was no sign of breakthrough, even 

though mobile phase with low eluting strength was led through the column 15 minutes after 

the injection. 

 

Monuron was also trapped three times on the same Hypercarb column. Five minutes after 5 

µL monuron was trapped on the column another 5 µL monuron was injected. Totally 15 µL 

monuron was trapped on the same column. Five minutes after the third trapping, the mobile 

phase was changed to 100 % ACN with 0.1 % FA to elute the trapped compound. The eluted 

peaks when 5 and 15 µL monuron was trapped on the Hypercarb column are shown in Figure 

50a and b.  
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  50a       50b 

Figure 50. The MS chromatogram when 5 µL (a) and 15 µL (b) 100 ppm monuron was trapped directly 
on the Hypercarb column and eluted out of the column with 100 % ACN + 0.1 % FA 5 minutes after the 
injection. The mobile phase contained to ACN/ H2O (15/85, v/v) with 0.1 % FA and a flow 100 µL/min. 
The ionization was done in positive mode. 

 

This study showed that it was possible to do a multiple trapping of monuron directly on the 

Hypercarb column without having a breakthrough at the column. Monuron was easily trapped 

on the Hypercarb column using a mobile phase with low elution strength. Trapped compound 

eluted from the Hypercarb column using mobile phase with high eluting strength. 

 

6.5.3 Eluting the trapped compounds with the Waters CapLC pumps 

 

The half height line width and peak volume in µL using 20 and 30 µL/min are given in Table 

18. Surprisingly the half height line width and peak volume decreased with increasing flow 

rates. 

Table 18. The half height line width and peak volume in µL, when the 20 µL/min and 30 µL/min were 
used (n = 3). 

 Run \  Flow                    20 µL/min             30 µL/min 
 Half height line 

width (µL) 
Peak volume 
(µL) 

Half height line 
width (µL) 

Peak volume 
(µL) 

1 14.1 63.8 10.6 24 
2 16.7 63 12.3 57 
3 14 64.8 10.8 48 
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6.5.4 The effect of altering the sample cone voltage in a MS signal 

 

The target compound can be fragmented or oxidized in the MS due to direct infusion. Altering 

the sample cone voltage can increase or decrease the MS signal of the target compound, 

fragments and other compounds present in the sample. This effect was investigated using 

monuron as model compound. The mass spectrum in Figure 51 shows the effect of altering 

the sample cone voltage. Monuron dissolved in H2O and a fragment of monuron with m/z 

126, were used as test compounds. When the sample cone voltage was set to 10 V, the mass 

spectrum of monuron had highest intensity, while the intensity of m/z 126 was low. However, 

when the voltage was increased to 50 V, the intensity of the fragment with m/z 126 was higher 

than the intensity of monuron. 

 

m/z 199

(Monuron)

m/z 199
(Monuron)

m/z 126

m/z 126

Sample cone 

voltage = 10 V

Sample cone 

voltage = 50 V

   

Figure 51. The mass spectrum show that the intensity of the signals increase and decrease with altering 
sample cone voltage.  
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6.6 Monuron and identification of a degradation product 
 

 
6.6.1 Identification of a degradation product (MW 214.65) of monuron  

 
The aim of this study was to identify a degradation product of monuron using off-line LC-

SPE-NMR. The compound of interest had the molecular weight 214.65 Da. After searching in 

the literature there was a possibility that the degradation product was N´-(4-chlorophenyl)-N-

hydroxymethyl-N-methylurea, the structure is seen in Figure 26b. 

 

The instrumentation used in this study was the same as shown in Figure 11 and valve 1 was 

equipped with a 200 µL loop. Valve 1 was switched to the inject-position and switched back 

to load-position after 20 seconds. In that way, only 58 of the totally 200 µL sample was 

transferred to the column. Figure 52 shows the difference in peak height between the N´-(4-

chlorophenyl)-N-hydroxymethyl-N-methylurea and the monuron standard solution peak, 

indicating that the concentration of the degradation product is low. The intensity ratio was 

approximately seven. 

 

 

  

Monuoron 0.15 
mg/mL 

MW 214, degradation product 

Figure 52.Two UV chromatograms show the difference in peak height between the degradation product in 
the real sample and the monuron standard solution with the concentration 0.15 mg/mL. The injection 
volume was 58 µL in both cases. The analytical column was a Zorbax-SB-C18 column and the mobile 
phase contained ACN/H2O (25/ 75, v/v) with 0.1 % FA and a flow 175 µL/min. The UV detector was set to 
measure at 254 nm. 
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Since the intensity ratio was approximately seven, it was necessary to trap the degradation 

product seven times more than the 0.15 mg/mL monuron standard to obtain an amount 

sufficient for NMR analysis. Monuron 0.15mg/mL, trapped three times on the Hypercarb 

column gave high 1H-NMR signals, as seen in 3.1.11 Thus, the degradation product of 

monuron had to be trapped 21 times to get the same amount.  

 

The degradation product of monuron was trapped 21 times on the Hypercarb column using 

the switching system as shown in Figure 11 and the trapping procedure described in 3.1.6. in 

Part two. The analytical pump delivered the mobile phase containing ACN/ H2O (25/75, v/v) 

with 0.1% FA at 175µL/min, and the make-up pump delivered 100 % H2O with 0.1 % FA at 

150 µL/min. The injection volume was 58 µL and the UV detector scanned at 254 nm. The 

trapped compound was eluted with deuterated solvents using the pumps in the Waters CapLC 

system and the same procedure as described in 3.1.10. Afterwards, 20 µL of the ACN-d3 

desorbed solution was transferred to a 1 mm O.D. NMR tube and a 1H-NMR analysis was 

performed. It was not possible to draw any conclusions, because there were no observed 

NMR signals as a consequence of too low amount.  

 

To find out the amount of the trapped degradation product, monuron 0.15 mg/mL was trapped 

one time directly on the Hypercarb column using the same trapping procedure as described in 

3.1.10. in Part two. Approximately 58 µL 0.15 mg/mL monuron was injected and retained on 

the Hypercarb column. That corresponds to 9 µg monuron. The trapped monuron was eluted 

from the column using the Waters CapLC system and the procedure described in 3.1.10. in 

Part two. Comparing the area and height of the eluted peak with the peak obtained with the 

degradation product, showed that the amount of sample was approximately the same. Table 

20 shows the peak areas and heights. In addition, Table 19 contains the peak area and height 

when 0.15 mg/mL monuron was trapped three times on the Hypercarb column in 3.1.11. in 

Part two. 
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Table 19. The heights and areas of the eluted peak when 9 and 30 µg 0.15 mg/mL monuron and 
approximately 9 µg of the degradation product of monuron was trapped on the Hypercarb column. 

Compound No. trapping Concentration 
(mg/mL) 

Area Height Amount 
(µg) 

Degradation product 
of monuron 

21    92912 1245 ∼ 9 

Monuron  1 0.15   83049 2075 ∼ 9 
Monuron 3 0.15 192017 1752 ∼ 27 

 

To get the same peak area and height of the eluted peak as shown in 3.1.11, the degradation 

product had to be trapped three times more, almost 65 times. That task would be very time 

consuming. The best solution would be to inject a larger volume if the separation is obtained. 
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