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Abstract 

 

Ultraviolet (UV) protection is crucial for all living organisms as it can cause serious harm 

damaging the DNA of cells and leading to conditions such as cataracts, blindness and skin 

cancer. Many animals can either produce their own sunscreen compound or acquire it in 

their diet. Goose eyes contain a single, unknown component (“Compound X”) that 

dominates the UV absorbing profile of the goose eye chamber fluid and with its high 

absorbance functions as natural sunglasses for geese. 

The aim of this study was to identify “Compound X” using various established 

analytical techniques and methods, as well as develop a new one; the concept of 

temperature programming crystallization prior to single crystal X-ray diffractometric analysis 

for limited samples was explored. 

High performance liquid chromatography (HPLC)-UV analysis confirmed the presence 

of a single compound with a maximum absorption of 254 nm, implying the presence of               

an aromatic ring. MS analysis implied a molar mass of 149.05 g/mol, and presence of 

hydroxyl group and carbon chain containing methyl group. As the “Compound X” crystallized 

in the form of fibers, it was not possible to conduct single crystal X-ray diffraction (SCXRD) 

analysis on the available diffractometer.  

When using model compounds, crystals obtained with temperature programming 

were suitable for SCXRD analysis. Further experimentation with this technique may open 

possibilities for structure elucidation of the “Compound X” and other new compounds in 

small samples.   
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1 Introduction  

 

Sunlight is the earth's primary energy source and is critical to life on Earth. It is exploited by 

an array of processes in nature and industry, like photosynthesis [1, 2] or solar panels [2, 4]. 

Excessive exposure to sunlight can, however, cause serious harm as it contains ultraviolet 

(UV) radiation (see Figure 1), which damages the DNA and other sensitive molecules in cells 

[5]. 

  

 

 

 

 

 

 

 

 

 

 

Figure 1. Spectrum of sunlight reaching Earth. Figure reproduced from [6]. 

 

This damage can lead to conditions such as cataracts and skin cancer [5]. UV radiation 

causes also permanent photooxidative stress on eyes of diurnal (active at the daytime) 

species, which can even lead to blindness [7].  

Many animals can either produce their own sunscreen compound, to protect eyes 

and other body parts, or acquire it from a diet [8]. 

One of the mechanisms proposed regarding the protection of mammalian/vertebrate 

eyes from UV radiation is associated with existence of yellow coloration of the eye lens that 

shields the retina (see Figure 2) from light in the UV wavelength range [9]. It is                       

the interaction of crystalline lens with a UV filter compound, 3-hydroxykynurenine glucoside, 

which allows the coloration to occur [10]. Another possible solution for UV protection of                

the eye is high concentrations of ascorbic acid in the aqueous humour [11]. The aqueous 

humour is the watery fluid filling the anterior chamber of the eye (see Figure 2). It maintains 



 
 

2 
 

the pressure needed to inflate the eye and provides nutrition for lens, which does not have 

its own blood supply [12, 13].  

However, neither of these mechanisms are observed in nocturnal and diurnal birds, 

therefore they have to use a different mechanism for UV protection [14]. In birds, the end 

product of the nitrogen metabolism is uric acid, which just as ascorbic acid, is a strong UV 

radiation absorbent. Birds have low concentration of ascorbic acid and high concentration of 

uric acid in their aqueous humour (an integral part of the optic pathway, see Figure 2), while 

it is the opposite for mammals, especially diurnal species [15]. This suggests that uric acid 

and ascorbic acid in birds and mammals, respectively, may have the same UV protection 

function.  

 

Figure 2. Schematic structure of a bird eye. Figure reproduced from [16]; text added by the author of 
the thesis.  
 

In addition to uric acid, several other UV absorbing compounds (some proteins, 

tryptophan, tyrosine and some other amino acids) have been proposed to be present in         

a bird aqueous humour. Liquid chromatography-UV spectroscopy (LC-UV) shows however 

that, in addition to these, a single, unknown component dominates the UV absorbing profile 

in a goose eye chamber fluid (see Figure 3) [17]. Particularly interesting is the fact that this 

compound (the “Compound X”) is less present in lower flying species e.g. duck and owl, and 

not present in non-flying species [17]. Geese are among the highest flying birds; some goose 

species migrate over the Himalayas at up to 9000 m elevation [18]. UV radiation levels 

increase by 10 % to 12 % with every 1000 m increase [19]. Hence the very strong and 

efficient UV protection in their eyes is crucial for them. 
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Figure 3. The UV absorbance of native and mock aqueous humour from various birds. Figure 
reproduced from [17]; axis titles edited by the author of the thesis. 

 

Identifying the “Compound X” could be of fundamental interest from an evolutionary 

point of view and for potential implementation in sunblock products.  To be able determine 

the structure of the “Compound X”, it is vital to obtain the pure compound from the 

aqueous humour by using proper separation techniques. Initial studies (performed by Steven 

Ray Wilson) showed that, according to the Beer-Lambert law (see section 3.1.), the 

compound of interest must have a high molar absorptivity at the wavelength of 254 nm 

(considering its large LC-UV peak). Also, the amount of it in the goose eye sample is low 

(μg/mL range). Therefore finding the proper method for structure elucidation in very limited 

samples is imperative. 

 

2 Tools for purifying compounds in mixtures 

 

To obtain the most unambiguous identification, many structure elucidation techniques 

require a pure compound. Hence the "Compound X" must be separated from the other 

compounds in the goose eye fluid mixture.  

Two separation techniques, capillary electrophoresis (CE) and high performance 

liquid chromatography (HPLC), were considered to for this project. This thesis focuses on 

HPLC, but CE, especially in capillary isoelectric focusing mode, may open unique possibilities 

for examination of e.g. small samples [20, 21].  
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2.1 High performance liquid chromatography 

 

High Performance Liquid Chromatography (HPLC) uses high pressure pumps to move the 

liquid mobile phase through the column with a stationary phase (liquid or solid) [20]. The 

separation of analytes is based on their different affinities to the phases, which leads to 

various time of interaction between the compounds and phases [20, 22]. Several chemical 

principles can be used to obtain separation of compounds in a mixture but the by far most 

common is reversed phase (RP) chromatography [21]. The initial studies showed that the 

“Compound X” is highly polar, hence the column and mobile phase must be suited for 

separation of the polar components [23]. As the separated compounds are subjected to 

further analyses, a preparative column (typically 10 – 50 mm ID) can be used, allowing more 

sample to be handled per separation/isolation [20]. 

 

2.1.1 Reversed phase chromatography – ACE AQ column 

  

The stationary phase in RP consists of e.g. long alkyl chains, like C8 or C18 (Figure 4) often 

attached to modified silica particles. The mobile phase in RP is polar, often consisting of 

water or aqueous buffers and a water-soluble organic solvent. The retention time (the time 

it takes for an analyte to travel through the RP column) of the analyte is directly related to its 

hydrophobicity [24]. Retention can be controlled with the amount of organic solvent in the 

mobile phase as the retention time decreases with higher organic content [23]. In this study 

was used an ACE AQ column with integral polar functionality of the stationary C18 phase 

[25]. This assures resistance to phase collapse even with 100 % aqueous mobile phase, 

allowing the use of very weak mobile phases and better separation of polar components [20]. 

ACE AQ column is therefore often applicable for the reversed-phase separation of very polar 

compounds [25]. 

 

 

 

 
 
Figure 4. Structure of C18 stationary phase used in reversed phase chromatography. Regarding        
the ACE AQ column employed in this study, to the C18 stationary phase is in addition introduced            
an unknown integral polar functionality [25].  
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Other techniques, such as Hydrophilic Interaction Chromatography or Ion Exchange 

Chromatography, are also well suited for separating polar compound. However, they 

required use of salts and large amounts of organic solvents, which can be incompatible with 

several elucidation procedures and/or very polar compounds. 

 

2.1.2 HYPERCARB™ column chromatography 

 

Porous Graphitic Carbon (PGC) is a stationary phase composed of flat sheets of hexagonally 

arranged carbon atoms. It differs from silica bonded phases in structure and retentive 

properties, allowing total pH stability and the retention and separation of highly polar 

species [26]. The Combination of a Hypercarb™ (manufactured by Thermo Scientific) with 

reversed phase column, e.g. C18, allows for true orthogonality, which means that selectivity 

between separations is based on different principles [27]. Hypercarbs™ mechanism of 

interaction is dependent upon both the planarity and the polarity of the analyte [26, 28]. In 

addition, electronic forces occur between analytes and π-electrons of the delocalized 

electron clouds of the porous graphitic carbon [29]. The surface is crystalline and does not 

contain micropores. It is a highly adsorptive surface that assures very good discrimination of 

closely related diastereoisomers. Chiral separations can be readily achieved in the presence 

of an optically active additive. The overall retention on Hypercarb™ columns is a 

combination of two mechanisms: adsorption (Figure 5) and charge induced interactions of a 

polar analyte with the polarizable surface of graphite (Figure 6) [26, 278]. 

 

 

Figure 5. Schematic representation of area of a molecule interacting with the Hypercarb™ surface.           
A planar compound can align itself closely with the column surface, resulting in more interaction and 
retention. It is opposite for a non-planar molecule [28]. Figure reproduced from [28]. 
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Figure 6. Schematic representation of a charge induced interaction between analyte and Hypercarb™ 
surface. When electrostatic charge of polar analyte approach the graphite surface, the electrons on 
the polarizable surface can be attracted or repelled inducing a dipole [28]. Figure reproduced from 
[28]. 

 

3 Tools for identifying pure unknown compounds 

 

The identification and analyses of the structures constitute to a very important aspect of 

chemistry [30]. In this study several techniques were employed, which are complimentary to 

each other and used to get as complete information as possible about the structure of the 

unknown compounds in goose eye aqueous humour. The techniques considered, belong to 

spectroscopic, spectrometric and diffractometric methods. The principles of each technique 

used in this study are presented below. 

 

3.1 Ultraviolet–visible spectroscopy 

 

The ultraviolet–visible (UV–vis) spectroscopy principle is based on the electronic transition in 

atoms or molecules upon absorbing suitable energy from an incident light [31].                            

The wavelength of this radiation in the UV (200-400 nm) and visible (400-700 nm) range of 

the electromagnetic spectrum allows electrons to excite from a lower to higher energy state 

[31].  

When a sample is exposed to electromagnetic radiation that matches the energy 

difference between possible electronic transitions within molecule (Figure 7), a fraction of 

this energy would be absorbed and the electrons would be promoted to the higher energy 

state orbital [32]. A spectrometer records the degree of absorption by a sample at different 

wavelengths. A spectrum is the resulting plot of absorbance versus wavelength [33].  
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Figure 7. The possible transitions between energy levels in a molecule. Possible transitions in the 
range of UV-vis radiation are marked red. Figure reproduced from [33]; red arrows added by the 
author of the thesis. 

 

UV-visible spectra do not enable absolute identification of an unknown compound, 

they are, however, frequently used to confirm the identity of a substance through 

comparison of the measured spectrum with a reference spectrum [34]. 

UV-visible spectroscopy can be used to determine many physicochemical 

characteristics of compounds and thus can provide information leading to the identity of             

a particular compound [32, 34]. The presence of conjugated double bonds increases both 

the intensity and the wavelength of the absorption band [34]. The aromatic compounds 

without other functional groups are known to, typically, have the absorption maximum at 

the wavelength of 254 nm [20].  

The heart of the technique is the Beer-Lambert law, described with following 

equation: 

𝐴 = 𝜀𝑏𝑐, 

where A is absorbance, b is the light pathlength through the sample, c is the concentration 

and ε is molar absorptivity. The latter constant is the characteristic of the substance, 

describing the amount of the light absorbed at given wavelength [20]. Beer-Lambert law’s 

linearity is limited by a number of chemical and instrumental factors, which includes high 

concentrations of analytes in the sample (≥ 0.01 M) [20]. 
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3.2 Mass spectrometry 

 

Another technique used for determination of the structure of the compound of interest is 

mass spectrometry (MS). A wide variety of mass analyzers and ionization sources allows 

tailoring the technique to the need of the particular task [35].  

Mass spectrometry allows quantification of atoms or molecules and provides 

molecular weight and structural information by the identification of distinctive 

fragmentation patterns. In MS, the m/z ratio (mass to charge ratio) is measured for gas 

phase ions that can be separated in strong electric or magnetic fields, dependent on the 

employed mass analyzer [36].   

In this project an Orbitrap, a quadrupole (Q), a triple quadrupole (QqQ) and                 

a quadrupole–time-of-flight (QTOF) mass analyzers were employed. The ionization sources 

used in this project were electrospray (ESI), atmospheric pressure chemical ionization (APCI) 

and atmospheric pressure photoionization (APPI). 

 

3.2.1 Quadrupole mass analyzer (Q) 

 

Quadrupole mass analyzers are robust, economical, physically small, and more readily 

interfaced with a various inlet systems when compared with other conventional mass 

analyzers like the magnetic sector mass analyzer [35, 36]. For this reasons they are most 

commonly used in the clinical laboratory [36]. When ions travel through a magnetic or 

electrical field, their movement is affected by their m/z ratio and this is the main principle of 

separating ions in MS [35, 36]. The schematics of quadrupole are shown in Figure 8. In this 

system four parallel metal rods are kept at equal distance from each other (A). Each pair of 

opposite rods is connected electrically (B). A direct current (DC) superimposed with an equal 

but opposite radio frequency (RF) alternating current (AC) is applied to the diagonally placed 

pair of rods. The resulting electrical field causes the ions to travel forward in the z direction 

with oscillatory motion in the x-y plane. The amplitude of oscillation bears a unique 

relationship with the m/z ratio and can be controlled by changing the DC and RF voltages 

simultaneously in a pre-fixed ratio. These DC and RF voltages can be set so that amplitudes 

of oscillation for desirable m/z ratios are “resonant” (C) with the ions travelling along                  

the z-axis without hitting the quadrupole rods, and finally reaching the detector. On            
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the other hand, the oscillatory amplitudes of undesirable ions are large and “non-resonant” 

(D); they hit the metal rods, are neutralized, and fail to reach the detector [35, 36].  

 

Figure 8. Schematics of a quadrupole mass analyzer. Four parallel metal rods are in equal distance 
from each other (A) and connected electrically (B). By varying the DC and AC potential on the 
electrodes, only ions of a selected mass will oscillate in a stable path and reach the detector. Figure 
reproduced from [37] with elements added by the author of the thesis. 
 

3.2.2 Orbitrap mass analyzer 

 

The Orbitrap mass analyzer (see Figure 9) consists of a small electrostatic device into which 

ion packets are injected at high energies to orbit around a central, spindle-shaped electrode 

[38]. The image current of the axial motion of the ions is registered by the detector and this 

signal is Fourier transformed (FT) to yield high resolution mass spectra [38, 39]. 

 

Figure 9. Schematics of Orbitrap mass analyzer. Figure reproduced from [40] with modifications 
made by the author of the thesis. 
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3.2.3 Time-of-flight mass analyzer (TOF) 

 

The essential principle of TOF MS is that ions of different masses moving in the same 

direction and having a constant kinetic energy will travel through the vacuum with different 

velocities, as the velocity is inversely proportional to the square root of m/z [41]. Therefore, 

as ions traverse the analyzer, they separate in space and reach the detector at different 

times [42]. 

In this study an instrument with a quadrupole and Ultra High Resolution (UHR) TOF 

mass analyzers was employed (see the schematics in Figure 10). In this hybrid instrument, 

TOF is connected to QqQ. A hexapole collision cell, between the two mass analyzers, can be 

used to induce fragmentation to assist in structural investigations. The first quadrupole can 

be used as an ion guide (MS mode) or as a precursor mass selector (for MS/MS) [41, 42].  

 
Figure 10. Schematics of a QTOF mass analyzer. In MS mode the quadrupole transmits the ions and 
TOF detects them (full scan mass spectrum). In MS/MS mode, the ions are collided with argon in              
the collision hexapole, and the products are analyzed in the time-of-flight analyzer [41, 42]. Figure 
adapted from [42]. 

 

3.2.4 Electrospray ionization  

 

Electrospray ionization (ESI) is a technique commonly used when analyzing small amounts of 

large and/or labile molecules such as peptides, proteins, organometallic compounds, and 

polymers, that are being charged already in the mobile phase [21, 43]. The ESI source 

operates at atmospheric pressure [43]. ESI is a soft ionization source and the most common 

used in LC-MS. It gives less fragmentation than previously commonly used electron 
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ionization and allows to avoid problems with the thermo-instability of the analytes [44].             

The principle of ESI is presented in Figure 11. Electrospray is produced when a high voltage, 

e.g. 2.5 – 6.0 kV, is applied between the capillary and the cone (A), and the ions will migrate 

towards an opposite charged electrode. At the capillary outlet a Taylor cone (B) is formed as 

the meniscus of accumulated charges is drawn out and deformed into a cone in the very 

high electric field. It then breaks into small highly multiple charged droplets (C). Due to 

repulsion between surplus of like charges, these droplets desolvates further into even 

smaller droplets, to at last create analyte ions in a gas phase (D) [43, 44]. These ions 

pass through the mass analyzer to the detector and the molecular mass of the analyte can 

be determined [45]. 

 

Figure 11. Mechanism of electrospray ionization. The transfer of ionic species from solution into the 
gas phase by ESI involves dispersal of a fine spray of charge droplets, solvent evaporation and ion 
ejection from the highly charged droplets.  Figure adapted from [46]. 

 

3.2.5 Atmospheric pressure chemical and photoionization  

 

Atmospheric pressure chemical ionization (APCI) relies on formation of a plasma of ions 

consisting mainly of the mobile phase components [21]. In Figure 12 the schematics of                 

an APCI source is presented. The eluent molecules, being in massive excess compared to the 

analytes, are ionized by the discharge on the corona needle pin (A) and become reagent gas 

in a chemical ionization (CI) process [46].  
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Figure 12. Schematics overview of APCI source. Figure reproduced from [47]; letter (A) added by          
the author of the thesis. 

 

In CI, ionization of the sample is effected by gas phase ion–molecule reactions [48]. 

Most of the work in CI utilized positive ion–molecule reactions, however, use of negative 

ion–molecule reactions has increased over the recent years [21, 35]. CI sources are typically 

operated at elevated pressure to allow collisions between ions and the neutral source gas 

molecules as well as between CI reagent ions and analyte gas molecules. The typical 

reactions between analyte and reaction gas are presented in Table 1 [49]. 

 

Table 1. Chemical ionization – most common reactions between analyte and reaction gas. 

electron transfer reaction R+ + A → A+ + R 

proton transfer reaction  RH+ + A → AH+ + R 

hydride ion abstraction R+ + A→ [A − H]+ + RH 

clustering reaction   R+ + A −M→ R+⦁A 

ligand switching reaction R+⦁M+ A→ R+⦁A+ M 

 

For atmospheric pressure photoionization (APPI) a very similar instrumentation is 

used, but the corona needle is replaced with UV light source (see Figure 13).                                  

The fundamental process in photoionization is the absorption of a high-energy photon by 

the molecule and subsequent ejection of an electron [50].  
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Figure 13. Schematic overview of APPI source. Figure reproduced from [51] with modifications made 
by the author of the thesis. 

 

Atmospheric pressure photoionization (APPI) is capable of ionizing both polar and 

nonpolar compounds, through charge exchange reactions following photoionization of          

a dopant (the compound of ionization energy (IE) greater than that of the analyte) [36].  

 

3.3 Single crystal X-ray diffraction (SCXRD) 

 

Single crystal X-ray diffraction is the most unequivocal method for determining                    

the structures of small molecules and macromolecules. The method is based on constructive 

interference of monochromatic X-rays and a crystalline sample. This interference is 

produced when conditions satisfy Bragg's law (Figure 14) [52, 53].  

X-rays are generated by a cathode ray tube, filtered to produce monochromatic 

radiation, focused by collimator, and directed toward the sample where they are diffracted. 

Diffracted X-rays are then detected and processed [54, 55].  
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Figure 14. Bragg’s law principle. Diffraction occurs when electromagnetic radiation, with wavelength 
comparable to atomic spacings, is incident upon a crystalline sample, scattered by the atoms in the 
system and undergoes constructive interference in accordance to the Bragg’s formula [56]. Figure 
reproduced from [57] with modifications made by the author of the thesis. 

 

Single crystal X-ray diffraction provides accurate and precise measurements of 

molecular dimensions in a way that no other technique can match [52]. It is                               

a non-destructive analytical technique that gives detailed information about the internal 

lattice of crystalline substances, including unit cell dimensions, bond-lengths, bond-angles, 

and details of site-ordering [52, 53]. With SCXRD, integrated intensities of the diffraction 

peaks are used to reconstruct the electron density map within the unit cell in the crystal. 

Additional phase information must be extracted either from the diffraction data or from 

supplementing diffraction experiments to complete the reconstruction [54].  

As the name of the technique indicates, SCXRD operates primarily on single crystals. 

In normal conditions, when twinned crystal or crystal conglomeration is obtained, it is 

manually divided into single crystals that are then analyzed. For this project it is planned (see 

Aim of study section) to grow crystals inside the capillaries, therefore this manipulation is 

not possible and it is necessary to use a special approach and programming allowing to 

overcome this challenge. 

 

3.3.1 Crystallization 

 

A SCXRD investigation of a new compound starts with crystallization. The goal is growing 

crystals of a size of 0.1 – 0.7 mm, which is optimal for a single crystal X-ray diffraction 

experiment [58]. Crystallization is kinetically hindered and crystals grow only from 

supersaturated solutions [59, 60]. In order to get large crystals, which can be used for SCXRD 
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purposes, it is imperative to gently transfer the solution from an unsaturated to                       

a metastable state (when the concentration of a solute is increased beyond the saturation 

level) and allow it to stay there for enough time for formation of only a few nuclei, which can 

then grow by diffusion of additional material. There are several ways to achieve this 

metastable state of supersaturation [58, 60]. The crystallization technique chosen will largely 

depend on the chemical properties of the compound of interest; mainly its solubility [59]. In 

this project the vapor–liquid (phase) diffusion and temperature programming were 

employed.  

Temperature programming allows for crystals growth from even a very small amount 

of compound. In this technique, solutions are subjected to temperature cycling to stimulate 

crystallization. The solubility of the most compounds increases with temperature, therefore 

upon heating microparticles dissolve and in the subsequent cooling stage few crystals will 

start to grow. In the next heating step some of the crystals will dissipate, but others will be 

large enough to remain in the solution, even in the temperature peak (see Figure 15). After 

repeating the heating/ cooling cycle a number of times only one, or a few, large specimens 

will be present. In this project, capillaries and small vials with analytes were used in the 

temperature programming experiments to grow the single crystals.  

 

 

 

 

 

 

 

 

Figure 15. Outline of the temperature programming principle with indicated crystal growth.  
 

The liquid-vapour diffusion technique was also used in this project, primarily to grow 

the crystal for twins (crystals consisting of two or more domains with different orientations) 

and conglomerates (many crystals in clusters) studies. This technique, with the setup as 

shown in Figure 16, involves the diffusion of the vapor of a volatile precipitating agent, in 
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which the compound is not soluble, into the solvent containing the sample to be crystallized.             

The diffusion leads to a decrease in the overall solubility for the compound and force it out 

of solution in the form of crystals [60]. 

 

 
 
 
 
 
 
 
Figure 16. The setup and the principle of the liquid-vapor diffusion technique with indicated crystal 
growth. 
 

In this thesis DL-isolecuine, L-phenylalanine, glycine and D-valine were selected for 

crystallization experiments. These amino acids were chosen as test substances, because of 

their different solubilities and established capabilities to form the crystals. Glycine is very 

soluble in water and water/ACN mixtures, and it is known to form two polymorphs.               

L-phenylalanine and DL-isolecuine are established to be difficult to crystallize with common 

techniques. Both D-valine and L-phenylalanine can be difficult to dissolve and often form 

bad quality crystals, preventing the SCXRD analysis.  

 

3.3.2 Data collection 

 

In the data collection step the positions and intensities of reflections in the diffraction 

pattern produced by the crystal are measured, using an X-ray diffractometer. The most 

common setup is the three–circle diffractometer (Figure 17), in which the goniometer is 

placed at a fixed Chi angle. The goniometer is used to orient the crystal and bring the atomic 

planes into diffracting positions [52, 53].  

The crystal is placed on a pin on a goniometer head. The head is mounted on                            

a goniometer, which allows the crystal to be positioned in different orientations in the X-ray 

beam. Each diffraction image contains diffraction from an ω-rotation of 0.5°. The exposure 

time for each frame dependents on the crystal size (can vary from 1 to 120 s). The diffraction 
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patterns are recorded by imaging plates or CCD detectors as digital images and analyzed in 

the next step of the process [52].  

 

 
 
 
 
 
 
 
 
 
 
 
Figure 17. Schematics of X-ray diffractometer. X-rays are emitted by bombarding metal targets with 
high velocity electrons accelerated by strong electric field. The X-ray optics consist of the X-ray tube, 
monochromator, pinhole collimator and beam stop. The function of a pinhole collimator is to filter 
the incident X-ray beam and allow passage of parallel X-rays. A detector can either be a film or           
a digital device. The goniometer is the platform that holds and rotates the sample [52, 53]. Figure 
reproduced from [61] with modifications made by the author of the thesis. 

 

The data are usually collected at low temperatures (105 K) to minimize the thermal 

vibrations in atoms [55]. It is, therefore, extremely important to avoid formation of ice 

around analyzed crystals, so that the obtain diffraction pattern is from solute and not the 

crystallized water [62]. It can be done with flash/shock freezing the crystals in liquid nitrogen 

prior to analysis [62]. Using flash freezing and avoiding the ice formation is especially 

important in this project due to working with capillaries with crystals inside emerged in 

aqueous solutions. 

 

3.3.3 Refinement and model building 

 

The refinement is minimizing the discrepancy between the observed amplitudes and those 

calculated from the model. This is achieved by adjusting the positions of atoms as well                

as parameters describing their thermal vibrations [52, 61]. This may be just a single 

parameter (essentially the radius of a sphere) in a so-called isotropic refinement, or six 

parameters describing an ellipsoid (a tensor) in an anisotropic refinement. In drawings               

the sizes of the thermal ellipsoids are normally adjusted so that the probability of finding     

the atom within the shown surface at any time is 50 % [56, 58]. 
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4 Aim of study 

 

The main aim of this study is to identify the “Compound X”. Various analytical techniques 

and methods will be used to try to achieve this goal, that include Single crystal X-ray 

diffractometry (SCXRD), high resolution mass spectrometry (MS) and ultraviolet analysis (UV). 

The analysis of the pure “Compound X” will be carried out after purifying components of 

aqueous humour mixture with the high performance liquid chromatography (HPLC, reversed 

phase and Hypercarb™).  

Due to working with very limited samples, this project also focuses also on examining 

the potential of in-capillary crystallization as a valid first step in elucidating structures of 

unknowns with X-ray diffraction. 

 

5 Materials and methods 

5.1 Reagents  

 

Type 1 water (ultrapure water according to ISO 3696 standard [63]) was generated by            

a Milli-Q ultrapure water purification system (Millipore, Billerica, MA, USA). Formic acid (FA) 

and dioxane was from Fluka-Sigma Aldrich (St.Louis, MO, USA). Acetonitrile (ACN, HPLC 

grade), methanol (MeOH, HPLC grade) and n-pentane (HPLC grade) were from VWR (Radnor, 

PE, US). Uracil and amino acids of ReagentPlus® purity grade were purchased from       

Sigma-Aldrich (St.Louis, MO, USA).  

Carrier ampholytes solution Pharmalyte™ 3–10 for IEF (of unknown composition) was 

purchased from GE Healthcare (Uppsala, Sweden). 

 

5.2 Solutions 

 

10 mmol ammonium acetate was prepared by dissolving 0.385 g of ammonium acetate in 

500 mL type 1 water. 0.1 % uracil solution was prepared by dissolving 25 mg of uracil in 25 

mL type 1 water. 

Mobile phases for LC-UV and MS analysis and solutions used in crystallization 

experiments were prepared by diluting the purchased solvents with type 1 water in 

proportions depending on the analysis (99/1, 90/10, 50/50, 30/70, 70/30, v/v). 
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5.3 Instrumentation 

5.3.1 Evaporation 

 

Evaporation was conducted using a Speed-vac™ concentrator (SC110, Savant Instruments 

Inc., Hicksville, NY, US), in 1.5 mL vials (Thumbs up microtubes, Diversified Biotech, Boston, 

MA, US), with medium or no heating. Evaporating 1 mL of aqueous solution to complete 

dryness took about 6 h.  

To accelerate the process a Buchi® Rotavapor® R-3 evaporator (BÜCHI Labortechnik 

AG, Flawil, Switzerland) was used for evaporation of large sample volumes (10 – 20 mL). The 

water bath temperature was set to 30-35 °C. After evaporation the flask (50 mL pear-shaped 

flask) was flushed with a small volume of ACN/water 50/50, v/v mixture (1 – 2 mL), 

transferred to 1 mL vials and evaporated to dryness using the Speed-vac™ unit. 

 

5.3.2 HPLC-UV analysis 

 

The LC analysis was performed with a PerkinElmer series 200 lc pump chromatograph 

coupled to a Perkin Elmer series 200 autosampler and a Waters™ 486 Tunable Absorbance 

Detector set to a wavelength of 254 nm. Two different columns were used. The first one was 

the ACE AQ HPLC column (ACE; 250 mm × 10 mm, 5 μm diameter particles, S/N A59810, 

Advanced Chromatography Technologies Ltd, Aberdeen, Scotland) and the second                  

a Hypercarb™ column (50 mm × 2.1 mm, 3 µm diameter particles, SN: 0312905B, Thermo 

Scientific). 

The mobile phases used with ACE column was an isocratic mixture (99/1, v/v) of 

water and acetonitrile (with 0.1% addition of formic acid (FA) to both solvents for pH ≈ 2.7), 

with a flow rate of 5 mL/min. For the Hypercarb™ column the mobile phase was a mixture of 

water and acetonitrile (90/10, v/v, with 0.1 % FA) also with the flow rate of 5 mL/min. 

Injection loops of 100 µL and 1 mL were used. The smaller loop was pre-installed in 

the instrument’s autosampler; the bigger one was manually installed using a two-position   

six-port valve (Model 7000, Rheodyne LLC, Rohnert Park, CA, US, see Figure 18). The use of   

1 mL loop required manual injections. 

Chromatograms were obtained with the TotalChrom Navigator software version 6.2.1 

(Perkin Elmer, Waltham, MA, US). 
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Figure 18. The picture of 1 mL loop connected to LC pump and used in LC-UV analysis. 

 

5.3.3 UV-vis analysis 

 

Qualitative UV-vis analysis was performed on a Thermo Scientific NanoDrop 2000 UV-vis 

spectrometer. 2 µL sample were applied on the instrument’s pedestal.  

Type 1 water with 0.1 % FA was analyzed as a blank. 

The collected data were processed using the Chromeleon Chromatography Studio software 

(version 7.1.0.898, Dionex Corporation, Sunnyvale, CA, US). 

 

5.3.4 MS analysis 

 

With a Q-Exactive™ hybrid quadrupole-Orbitrap instrument from Thermo Scientifc samples 

were transferred to mass analyzer using ESI in positive and negative mode with a spray 

voltage of 1.5 kV and a capillary temperature of 320 °C. Data were collected in a full scan 

mode (50 to 500 m/z and 150 to 2000 m/z). The pump flow was set to 0.02 mL/min (Fusion 

100T pump, Chemyx Inc., Stafford, TX, US). For data collection and process control              

the Xcalibur software (version 3.0.63, Thermo Fisher Scientific Inc.) was used. 

For analysis with an APCI source, a TSQ Quantiva instrument from Thermo Scientific 

with built in pump was used. The flow rate of mobile phase was set to 100 μL/min,              

the capillary temperature to 350 °C, and the collision energy to 30 eV. Samples were directly 

injected into MS system using a syringe pump, and the data were collected in a full scan 
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mode (mass range 50 – 1500 m/z). Xcalibur software was used for data collection and 

processing. 

At the University MS service the MS and MS/MS analyses were performed using              

the ESI (capillary voltage set to 3.5 kV, capillary temperature 200 °C, mass range 100 – 2500 

m/z), APCI and APPI ion source, in both positive and negative mode (capillary voltage set to 

2.0 kV, heater temperature 450 °C, mass range 100 – 2500 m/z). A Bruker maXis II ETD QTOF 

mass analyzer (Bruker, Billerica, MA, US) was used. In these MS analyses the data were 

collected in a full scan mode; in MS/MS – a product ion mode, with precursor ions of 148 

m/z (negative mode) and 150 m/z (positive mode); capillary voltage set to 3.0 kV, heater 

temperature 450 °C, collision energy 2.0, 5.0, 10.0 and 15.0 eV, mass range 20 – 300 m/z. 

Obtained data were analyzed and processed with Bruker Compass Data Analysis software, 

version 4.3. Only the “Compound X” dissolved in MeOH/water (50/50, v/v) was sent to 

MS/MS analysis.  

  

5.3.5 Crystallization – concept of proof of temperature programming 

 

Crystallization with temperature programming was tested using the setup shown in       

Figure 19. It consists of a heating plate (a), an aluminum block (b), which holds the small 

glasses with joint in up-straight position, and an electric timer switch (c) used for timed 

ON/OFF control of the plate. In addition an aluminum foil was wrapped around containers 

and capillaries to ensure more even heat distribution. The temperature on the plate was set 

to 70 °C and the ON/OFF cycles on the timer to 1 h/1 h. The temperature changes on the 

plate were measured and read manually, and are presented on in Figure 20. Crystallization 

was typically conducted for 84 cycles (7 days). 

The microscopes used for visual inspection of crystals were Zeiss Discovery.V12 

Stereo (with Zeiss KL 1500 CCD light source and Infinity X microscope camera) and Leica 

DFC425 with Leica CLS 150x light source). The photographs of crystals were taken using 

DeltaPix software (version 1.14.9. DeltaPix, Smorum, Denmark). 
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Figure 19. Picture of the temperature programming setup: a) heating plate, b) aluminium block,                          
c) electric timer switch. 
 

 

 

Figure 20. Temperature changes on heating plate during temperature cycling. 
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5.3.5.1 Macroscale 

 

For the experiments in macroscale 0.5 dram glass vials with lid, small glasses with ground 

joint (ca 2 mL volume) and capillaries used to melting point determination with dimensions 

of 100 x 1.4 mm were used. 

Attempts to crystallize the goose eye samples with the temperature programming 

was carried out in the described setup, using the small glasses with ground joint;                  

the temperature of heating plate was set to 60 °C.             

            

5.3.5.2 In-capillary crystallization 

 

Quartz silica capillaries with length of 10 cm and inner diameter (ID) of 20.3 µm, 48.9 µm, 

100 µm, 253 µm and 317 µm (Polymicro Technologies™, Molex, Lisle, IL, US) were used. 

The quartz silica capillaries, after filling with use of a syringe, were sealed with 

Araldite Rapid epoxy glue (and left for drying the glue 3 – 48 h) or GC-septa (Chrompack, see 

Figure 21), wrapped in aluminum foil and subjected to the temperature cycling on               

the heating plate. 

 

 

Figure 21. GC-septa rings used for sealing the quartz silica capillaries in crystallization experiments. 

 

5.3.6 Crystallization – liquid-vapour 

 

For single crystal X-ray diffraction analysis of DL-isoleucine and glycine, each compound was 

crystallized by liquid-vapour diffusion technique in 0.5 dram vials with water as a solvent and 

acetonitrile as a precipitating solvent. 

As the project initially considered employing capillary isoelectric focusing, for test 

purposes DL-isoleucine and glycine were crystallized in carrier ampholytes solution using   

the same liquid-vapour diffusion technique. 
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The “Compound X” was also set to crystallization in liquid-vapour setup. After 

evaporation to dryness, it was dissolved in 200 µL ACN/water 50/50, v/v, with dioxane and 

n-pentane used as precipitating solvents. 

 

5.3.7 Shock/Flash freezing in capillary 

 

Shock freezing test was conducted on the capillary with ID 317 μm filled with type 1 water.  

The whole setup was placed in the diffractometer cabinet, so that the distance between   

the polystyrene container with liquid nitrogen and the goniometer was as short as possible. 

Removing the collimator allows easier access to the goniometer, and faster mounting of        

the crystal in the nitrogen stream. From the capillary was cut out piece with length of up to  

4 mm (so it fits in the cryo transfer tongs, Figure 22 a) that was mounted on the pin on                  

the magnetic base (Figure 22 c) and, using a magnet wand (Figure 22 b), emerged in liquid 

nitrogen.  

 

 

Figure 22. Tools used during flash freezing procedure: a) cryo transfer tongs, b) magnet wand, c) 
magnetic pin base. Figure reproduced from [62, 63]. 
 

The transfer tongs were also pre-chilled in liquid nitrogen. When they are then closed 

around a crystal and the pin, the cryogenic temperature of the crystal is maintained for 

several seconds, what shields the crystal from water in the atmosphere. Thus no ice forms 

on the crystal as it is instantly mounted on the goniometer head, in the cold nitrogen stream 

[62]. Temperature of the stream was set to 105 K. 
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5.3.8 Single Crystal X-ray Diffraction analysis 

 

The Single Crystal X-ray Diffraction analyses were performed at room temperature on            

a Bruker D8 Advance diffractometer. To analyze the data obtained, APEX 2, with                  

the Cell_now algorithm (version 2014, Bruker) and Olex2 software (version 1.2.6, OlexSys 

Ltd., Durham University, UK) were employed. 

For analyses of twinned crystals, the Cell_now algorithm included in the APEX2 

program was used. Initially the two single crystals of glycine, grown with liquid-vapour 

diffusion technique, were put together on the glass fiber and mounted on the goniometer 

head. The same was thereafter done with conglomerates of crystals of glycine and one single 

crystal of DL-isoleucine and one of glycine. 

The capillaries with crystals grown inside during the temperature programming cycles 

were cut into smaller pieces that were mounted on the goniometer head, as visualized in 

Figure 23. The situation presented in Figure 25 is ideal, but it would often be a twinned 

crystal or conglomerate of crystals found in capillaries, hence the necessity of using            

the Cell_now algorithm. 

 

 

Figure 23. Visualization of mounting the capillaries on the goniometer head. 
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5.4 Samples 

 

The goose eye humour samples were obtained from an ecological goose farm in Holte (Holte 

Gården, Drangedal municipality, Telemark, Norway). Humour was collected using sterile 

syringes immediately after slaughtering and was stored in freezer at –80 °C (Arctiko, Esbjerg, 

Danmark), prior to analysis.  

 

5.4.1 Sample stability experiments 

 

The following conditions were applied to samples for assessing sample stability: analysis 

directly after thawing from storage at −80 °C after 24 h at room temperature, 24 h in             

a refrigerator (Philips Whirlpool, temperature approximately 6 °C) and 24 h in a regular 

freezer (Philips Whirlpool, temperature approximately – 20 °C). 

For evaluation of the freeze/thaw stability, the samples were subjected to three 

freeze/thaw cycles; for each freeze/thaw cycle, the samples were frozen at −80 °C for 16 h, 

thawed and then kept at room temperature for 8 h. 

To test the influence of the mobile phase regarding stability, the compounds in        

the goose eye humour sample were first chromatographed (see section 5.3.2) and isolated, 

after thawing (room temperature) the sample stored at −80 °C.  The compounds were        

re-chromatographed, using the same LC method described in section 5.3.2.  

 

5.4.2 Sample preparation for UV-vis analysis 

 

The goose eye aqueous humour sample was fractionated as described in section 5.3.2, and 

the collected eluents (10 injections of 100 µL) were evaporated to dryness on                       

the Speed-vac™. Afterwards, they were dissolved in 250 µL of 10 mmol ammonium acetate 

and analyzed on the NanoDrop instrument. After analysis the samples were one more time 

evaporated to dryness on the Speed-vac™, dissolved in 50 µL type 1 water with 0.1% FA and 

analyzed again. 
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5.4.3 Sample preparation for MS analysis 

 

1. The “Compound X” and other chromatographed fractions of goose eye sample (5 

injections of 100 µL), after evaporation, were dissolved in 0.5 mL of type 1 water with 0.1 % 

addition of FA. 

2. The eluents of the “Compound X” fraction from 10 injections of 100 μL and 5 injections of 

1 mL, were evaporated to dryness, and the analyte was dissolved in 0.5 mL of MeOH/water 

and ACN/water mixtures (50/50, v/v).  

 

5.4.4 Sample preparation for crystallization 

 

For the macroscale experiments, saturated solutions of amino acids in 3 mL of type 1 water, 

MeOH/water 50/50, v/v and acetonitrile were prepared.  

For the capillary experiments saturated solutions of amino acids with various mixture 

of ACN and water (100/0, 50/50, 0/100, 70/30, 30/70, v/v) were prepared and with use of 

syringe filled into quartz silica capillaries with length of 10 cm and inner diameter (ID) of 20.3 

µm, 48.9 µm, 100 µm, 253 µm and 317 µm. Saturated solutions of amino acids in carrier 

ampholytes were furthermore prepared by dissolving amino acids in 3 mL ampholytes 

solution and by mixing 200 µL amino acid solution in ACN/water 30/70, v/v mixture with   

the 1 mL of ampholytes solution. The concentrations of the prepared solutions are listed in 

the Appendix. 

The goose eye sample was fractionated on an ACE column as described in part 1.2.1.                              

The “Compound X” was collected from various numbers of injections (1 × 100 µL, 5 × 100 µL, 

10 × 100 µL, 5 × 1 mL). After evaporation it was dissolved in 100 µL ACN/water 50/50, v/v 

mixture. 
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6 Results 

6.1 LC-UV analysis on an ACE column 

 

For separation of the “Compound X” from the other aqueous humour components,            

the LC-UV analysis on an ACE column was performed.  The obtained chromatogram is 

presented in Figure 24. 

 

Figure 24. Chromatogram of the goose eye sample, directly after thawing from deep freeze storage. 
Analysis was performed using an ACE AQ column, with mobile phase consisting of water/ACN 
mixture (99/1, v/v, with 0.1 % FA) at flow of 5 mL/min. Injection volume was 100 μL. UV detector was 
set to the wavelength of 254 nm. 
 

The chromatogram obtained directly after thawing from the deep freeze (−80 °C) at 

room temperature. It shows the efficient separation of the aqueous humour components; 

peaks are narrow and well separated (N=1602; RSD = 8.7 %, R = 1.2; RSD = 5.5 %). Analyses 

of more replicates show fairly stable retention times (4.3±0.2 min; RSD = 4.5 %) considering 

the age of the pump (over 10 years old). The analysis conditions allow for fractionation of 

sample, to obtain pure “Compound X” fraction for further examinations. 

 

6.1.1 Sample stability experiments 

 

The sample would be subdued to further analyses in various temperatures and acidities, 

hence establishing its stability is key to these processes. The sample’s stability regarding    

the deep freeze, freezer, freeze/thawing and refrigeration was monitored.  

The chromatograms were collected after storing the sample in the various conditions 

(see section 5.4.1 for more details), and are presented in Figure 25. 
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The experiment shows good stability of the sample, and especially the “Compound X”, 

in all the tested storage conditions. The retention times are stable; for replicates in the same 

temperature RSD = 0.3 % (besides the deep freeze, as shown in section 6.1) and for between 

the temperatures RSD = 4.4 %, as well as the peak shapes, intensities and their resolution. 

There is a slight variation on the chromatogram of the sample analyzed after 24 h in           

the freezer (–20 °C) in peaks intensities and the presence of and additional top next to        

the top of most interest. It does not, however, influence the “Compound X” peak and can 

therefore be negligible for our further investigations in this thesis. 

 

 
Figure 25. Comparison of chromatograms of goose eye humour sample analysis after various storage 
conditions. Analysis conditions were as described in Figure 24. 
 

In order to establish the influence of mobile phase on the “Compound X”, its fraction 

was analyzed after resting 5 min, 30 min, 1 h and 3 h in the eluent at the room temperature. 

The obtained chromatograms (Figure 26) show, that “Compound X” that the mobile 

phase, and in particular the formic acid contained in it, does not affect the “Compound X” 
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peak. There is an extra peak present on the first chromatogram (after 5 min in the mobile 

phase), that is believed to be a residual peak from the next fraction. Its presence has no 

influence on the “Compound X” peak. The “Compound X” is stable at all times; the peak 

retains its shape, intensity and the retention time (4.2 min, RSD = 0.3 %). 

 

 
Figure 26. Comparison of the chromatograms of the “Compound X” after various amount of time in 
mobile phase. Analysis conditions were as described in Figure 24. 

 

6.1.2 Fractionation of sample 

 

In addition to the “Compound X” fraction, all the other collected fractions were 

chromatographed again using the same method, directly after fractionation. 

The goal was to confirm the efficient separation in case of further investigations of 

remaining fractions.  The obtained chromatograms are presented in Figure 27. They show 

that the fractionation of the sample is efficient. Only one compound is present in each 

fraction, except for the one fraction (blue dot on the chromatogram) which consists of two, 

not completely resolved peaks and the first fraction (red dot), which gives to peaks on the 

second chromatogram. Concentration of compound in this fraction is, however, so low that 

after diluting further with the mobile phase it is not possible to determine if there to 

compounds present or just if it just a background noise.  
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The compound of most interest, the highest peak on the sample chromatogram, is 

well separated from the other components and stable at all times after the fractionation. 

Slight variations in the other fractions are observed, but they are not relevant to this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Fractionation of goose eye humour sample – chromatograms of separated compounds. 
Analysis conditions were as described in Figure 24. 

 

6.1.3 Comparing 100 μL and 1 mL injection loops 

 

Initially the 100 μL loop, built in the autosampler, was used. Thereafter, a 1 mL loop was 

manually installed. The aim of using the big injection loop was to accelerate the fractionation 

process, by obtaining more analyte per fractionation. 
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The chromatograms of the analysis using both loops were compared, to check if      

the separation is still efficient, when the 1 mL loop is used. The results were also compared 

to the chromatogram obtained in the previous steps of this study, see Figure 24. 

 

Figure 28. Compared chromatograms of goose eye sample before and after washing the column. 

Analysis was performed using a ACE column using 100 μL and 1 mL injection loops. Analysis 

conditions were as described in Figure 24. 

 

Decreased resolution was observed (see Figure 28), therefore an analysis using        

100 μL, as previously, was performed. The obtained chromatograms show that the 

resolution of the peaks, also with 100 μL injection, drastically decrease, hence the washing 

of the column was necessary. 

The column was washed with 50/50, v/v ACN/water solution for 15 min, before analyzing 

the sample again. The last chromatogram in Figure 28 (③) shows, that the resolution when      

1 mL loop is being used, is comparable to the one with 100 μL injections (Figure 24).  This 

means that the bigger loop can be successfully used to fractionate the aqueous humour 

sample, allowing for obtaining more analyte in each eluent and faster fractionation process. 
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6.2 LC-UV analysis on a Hypercarb™ column 

 

To confirm the efficient fractionation and presence of only one compound in the fraction 

that absorbs strongest the UV radiation, the “Compound X” fraction was analyzed on             

a Hypercarb™ column, which assures an orthogonal separation combined with ACE column. 

The combination of both injection loops (100 μL and 1 mL) was tested. The results are 

presented in Figure 29. 

 

 

Figure 29. Chromatograms of the “Compound X” on a Hypercarb™ column. Comparison of influence 
of different injection loops (1 mL and 100 μL) on the fractionation process. Analysis was performed 
using Hypercarb™ column, with mobile phase consisting of water/ACN mixture (90/10, v/v, with     
0.1 % FA) at flow rate of 5 mL/min. UV detector was set to the wavelength of 254 nm. 

 

The results show that there indeed is only one UV-absorbing compound present in the 

peak of the highest UV-absorption and the use of significantly bigger injection loop does not 

compromise the fractionation, but only grants the faster fractionation process. Since UV 

detection is used in this study, it is however, possible that a non-absorbing compound 

coelutes with the “Compound X”. The small peak on all the chromatograms comes from the 

mobile phase and does not influence the “Compound X” peak in any way. 
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6.3 UV-vis analysis 

 

The UV-vis analysis can give an indication of the compound structure as well as 

exclude some candidates during the identification. This analysis was performed on the all 

fractions collected from goose eye sample analysis on the ACE column. 

After dissolving the analytes in 50 μL of type 1 water with 0.1% FA, the spectra were 

obtained.   Figure 30 shows the spectrum of the “Compound X” and Figure 31 spectra of the 

other collected fractions.  

 

 
 
 
 
 
 
 
 
 
 
 

Figure 30. UV-vis spectrum of the “Compound X”. The “Compound X” was analyzed in type 1 water 

with 0.1 % FA. Nanodrop instrument was used. 20 μL sample was applied on the pedestal.  

 

The UV spectrum shows strong absorption at the wavelength of 254 nm and 260 nm. 

It is consistent with data obtained by Ringvold et all [17]. The spectrum allows also to 

confirm that the “Compound X” is not uric acid, as it absorbs strongly at 280 nm, resulting in 

completely different UV spectrum. So high absorbance at this wavelength is a strong 

indication of an aromatic ring without additional functional groups present in                       

the “Compound X” structure [32]. 
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Figure 31. UV-vis spectra of remaining fractions (fraction 1 – 9, 3 – was the “Compound X”) from 
goose eye aqueous humour. The isolated compounds were analyzed in type 1 water with 0.1 % FA. 
Nanodrop instrument was used. 20 μL sample was applied on the pedestal. The absorbance at 
wavelength of 254 and 280 nm is marked blue. 
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6.4 MS analysis 

6.4.1 Electrospray ionization 

 

To find the molecular weight and more clues toward the structure of the “Compound 

X” MS analyses were performed. The first step was an in-house ESI MS analysis. There was, 

however, no distinctive signal obtained from any fraction when analyzing on the Q-Exactive 

instrument, in neither positive nor negative mode (see Figures 32 and 33). 

 

 

 
 
 
Figure 32. ESI MS analysis of fractions from goose eye aqueous humour. Direct injection, mobile 
phase flow 0.02 mL/min, negative ionization mode, full scan data acquisition in range of 50 – 500 m/z 
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Figure 33. ESI MS analysis of fractions from goose eye aqueous humour. Direct injection, mobile 
phase flow 0.02 mL/min, positive ionization mode, full scan data acquisition in range of 50 – 500 m/z. 
 

Absence of any distinguishing peaks on the spectra, means that the peaks come only 

from the mobile phase and instrument, and not from the solutes. As in ESI MS the ionization 

is obtained already in mobile phase/solution, the obtained results can suggest that             

the “Compound X” does not have any easily ionizable groups in its structure [21, 45].  

 

6.4.2 Atmospheric pressure chemical and photo ionization 

 

In the second step, the APCI MS was performed, in-house on TSQ Quantiva 

instrument. The obtained spectra are presented in Figures 45 and 46 in Appendix. They 

arevery vague, due to both inexperience of the user and the low resolution of the triple 

quadrupole mass analyzer employed in the instrument. The obtained masses appear in ion 

clusters instead of single peaks. They indicate, however, that the distinctive and 

characteristic for the “Compound X” peaks will be present using this ionization source. 

Therefore – to obtain more unambiguous results – the “Compound X” fraction was analyzed 

at the university MS-service (engineer: Osamu Sekiguchi). Due to acquire more data, it was 

chosen to perform also APPI MS analysis there, as it is complementary for APCI MS. Also, the 



 
 

38 
 

MS/MS analysis, using both APPI and APCI ion source, was performed. The goal was to 

obtain fragmentation pattern and structural information about the “Compound X”.  

Obtained spectra can be found in Appendix (Figures 47 – 54). In the Table 2 

presented is the summary and comparison of all peaks that distinguish from the background 

and hence might belong to the analyte. 

 

Table 2. Overview of distinctive peaks on chromatograms obtained during APPI MS and APCI MS 
analysis at the university MS service. With green are marked peaks with highest abundance in the 
spectra and yellow – the ones with lower abundance.  

APPI    APCI 

positive negative positive negative 

ACN MeOH ACN MeOH ACN MeOH ACN MeOH 

 
  115,1 115,0     

 
115,0 

 
133,0 

 
      

  

 

  
 

148,0     
 

148,0 

 
150,1 

 
    150,1 

  166,1 166,1 
 

      
  

 

  
 

    170,1 
  182,1   

 
      

  

 

  
 

  185,0 185,0 
  

 

  
 

187,0     
 

187,0 

 
  

 
      

  

 

  199,2       
  

 

  
 

    230,1 
  

 

237,1 
 

      
  270,3               

 

By identifying the common peaks for the spectra, it can be inferred that                    

the “Compound X” has a molecular mass of 149 g/mol. According to the “Nitrogen rule” it 

has to have odd number of nitrogen atoms in its structure [49]. Since aqueous humor 

contains amino acids like tryptophan or tyrosine [17], based on the mass methionine seems 

to be a well-founded candidate here. 

Peak at 187 m/z is a potassium adduct ([M-1+39]) [64]. 

The loss at [M – 33] in negative mode is frequent for alcohols with carbon chains containing 

methyl groups, as they lose both the methyl group and water. The loss of 17 in positive 

mode scan is commonly the loss of – OH group, also inferring presence of a hydroxyl group 

in the “Compound X” [64]. 
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6.5 Database search and possible candidates for the “compound X” 

 

Based on the obtained in all conducted analysis results and after search in Chemspider 

database (Royal Society of Chemistry, Cambridge, UK), compounds shown in Figure 34 could 

be proposed to be the “Compound X”: 

 

Figure 34. Candidates for the “Compound X” based on obtained analysis results and database search. 

 

They contain, however, amine groups, which should be chargeable in ESI MS.  

 

6.6 Crystallography 

6.6.1 Temperature programming crystallization of amino acids 

6.6.1.1 Macroscale experiments 

 

Crystals were observed in all the containers in macroscale experiments. In most of the cases 

the crystallization yielded a few of big specimens, but when methanol was used as                  

a precipitating solvent, however, only small crystals were observed. Many of the crystals 

were often tightly intergrown in clusters (conglomerates). 

The containers on the heating plate were inspected every 36 – 48 hours. The crystals 

presented in Figure 35 were obtained after 7 days and did not changed after additional 7 

days (approximately 168 cycles in total). 

 



 
 

40 
 

 
Figure 35. Pictures of some of the crystals obtained in macroscale experiments. 

 

6.6.1.2 Fused silica capillaries experiments 

 

In-capillary crystallization (crystals are mounted on the goniometer head inside the 

capillaries in which they were obtained) not only allows for merging the LC and SCXRD, but 

also eliminates the potential risk of destroying soft or fragile crystals. 

In the first attempts of in-capillary crystallization, the quartz silica capillaries were 

sealed on both ends with epoxy glue, which had to be dried before placing on the heating 

plate. Drying in 3 to 24 hours proved not to be sufficient as, due to the heat, the glue melted 

and unsealed the capillaries. Hence the 48 h drying time was used in further trials. 

Afterwards the GC septa were used instead of the glue, which allowed for placing the 

capillaries on the heating plate directly after filling them with the amino acids solutions. 

For the experiments with quartz silica capillaries and acetonitrile/water solvents                  

the observation of the results are presented in Table  3 and pictures of some of the obtained 

crystals in Figure 36. 
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Figure 36. Pictures of some of the crystals obtained in fused silica capillaries. 
 

The study shows that crystallization with temperature programming is a valid 

technique for SCXRD analysis.  

The optimal conditions (temperature, solvents) for specific compounds must be found 

experimentally. Also the conditions for the amino acids tested in this study could be further 

examined and optimized.  
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Table 3. Crystal observations after crystallization in quartz silica capillaries using temperature 
programming.  

Amino acid ID [µm] ACN/water [v/v] Crystals1 

L-phenylalanine 253 70/30 + 

L-phenylalanine 253 30/70 + 

L-phenylalanine 253 50/50 + 

L-phenylalanine 100 50/50 + 

L-phenylalanine 100 70/30 + 

L-phenylalanine 100 30/70 + 

Glycine 253 70/30 + 

Glycine 253 30/70 + 

Glycine 253 50/50 + 

Glycine 100 50/50 + 

Glycine 100 70/30 + 

Glycine 100 30/70 +++ 

D-valine 253 70/30 ++ 

D-valine 253 30/70 ++ 

D-valine 253 50/50 + 

D-valine 100 50/50 + 

D-valine 100 70/30 + 

D-valine 100 30/70 + 

DL-isoleucine 253 70/30 + 

DL-isoleucine 253 30/70 + 

DL-isoleucine 253 50/50 + 

DL-isoleucine 100 50/50 + 

DL-isoleucine 100 70/30 ++ 

DL-isoleucine 100 30/70 + 
1 + not many crystals, maybe suitable for SCXRD analysis 
1 ++ many crystals, possibly very suitable for SCXRD analysis 
1 +++ very promising for SCXRD analysis crystals 

 

6.6.2 The “Compound X” crystallization 

 

Neither the temperature programming nor the liquid-vapour diffusion crystallization of      

the “Compound X” resulted in crystals that could be analyzed in a SCXRD experiment. This 

compound creates extremely fine fibers, which means intensive growth in only one direction. 

The very limited amount of this compound in the aqueous humour and the severely time 

consuming sample preparation for the crystallization experiments did not allow more 

experiments to be conducted. Potentially, different precipitating solvents and/or 

temperatures and cycle times could have been investigated. 

This result allows, however, to exclude methionine as a candidate, because this 

amino acid forms well-defined plate-shape crystals. 
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The problem of the “Compound X” identification using SCXRD method must be 

therefore approached in further studies. 

 

6.6.3 Amino acids and carrier ampholytes 

 

There were obtained no crystals in the mixture of amino acids and carrier ampholytes in 

quartz silica capillaries. Some crystals were grown using liquid-vapour diffusion technique, 

however, they gave no diffraction during SCXRD analysis.  

These results infer that if cIEF would be employed in the future, it might be necessary 

to separate the analyte from the carrier ampholytes solution prior to crystallization and 

diffractometric analysis.  

 

6.6.4 Shock/ Flash freezing in capillary 

 

As the in-capillary crystallization is meant to be performed directly after HPLC separation, it 

is important to establish if the water contained in mobile phase would not falsify or estop 

the SCXRD analysis, by forming the ice crystals in capillary.  

The conducted test shows that flash freezing in liquid nitrogen efficiently prevents 

formation of ice crystals. It is in opposite to placing the capillary directly in the cold nitrogen 

stream, for which formation of ice crystals within about 1 s could be observed directly in                        

the diffractometer camera. 

 

6.6.5 Crystal structures – SCXRD  

6.6.5.1 Twinned crystal experiments 

 

It is suspected that in-capillary crystallization can in many cases lead to formation of twinned 

crystals or in-grown or conglomerates of them. Therefore it was imperative to use the 

software that can handle this problem. To learn how to use the Cell_now algorithm, two 

single crystals of glycine were mounted together on the goniometer head and analyzed.  

In this experiment not a real twinned crystal is tested, but the program handles it as 

such. The obtained structure is presented in Figure 37 and is consistent with previously 

conducted studies [65]. 
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Figure 37. The molecular structure of α-glycine crystal obtained from crystal grown by liquid-vapour 
diffusion crystallization (water was used as a solvent and ACN as a precipitating solvent) after two 
single crystal were mounted together on goniometer head. Displacement ellipsoids are drawn at the 
50 % probability level. 

  

In addition a conglomerate of many small glycine crystals was analyzed using           

the same software to test if the program (and user) manage to solve the problem.              

The obtained structure is presented in Figure 38. It is correct according to established 

structure [65] and proves that the software solve the problem of conglomerates efficiently. 

 

 

Figure 38. The molecular structure of α-glycine crystal obtained from crystal grown by liquid-vapour 
diffusion crystallization (water was used as a solvent and ACN as precipitating solvent) after multiple 
small crystals were mounted on goniometer head. Displacement ellipsoids are drawn at the 50 % 
probability level. 
 

As a test of software capacity to simultaneously determine the structure of two 

different compounds creating a crystal conglomerate, one single crystal of glycine and on of 

DL-isoleucine were mounted together on the goniometer head. 
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Figure 39. The molecular structure of DL-isoleucine obtained from crystal grown by liquid-vapour 
diffusion crystallization (water was used as a solvent and ACN as precipitating solvent) after one 
single crystal of DL-isoleucine and one of glycine were mounted together on goniometer head. 
Displacement ellipsoids are drawn at the 50 % probability level. L and D form of isoleucine overlap 
each other; each conformation has 50 % occupancy. 
 

The structures of both amino acids were independently solved from the same data 

set. The DL-isoleucine crystal (see Figure 39) exhibits a structural disorder, which has not 

been observed in previous studies [66]. This indicates that a different crystal form was 

obtained and as such it should be examined further. However, it was not in the focus of this 

project and the time span did not allow more details studies of this structure. 

 

6.6.5.2 Crystals grown in quartz silica capillaries 

 

Capillaries of various inner diameters were used, and in all of them crystals were obtained. 

Crystals obtained in capillaries with ID of 20.3 µm were, however, suspected to be too small 

to obtain diffraction pattern. Another problem became evident also when the data 

collection process started, as diffuse scattering from capillaries walls was too strong, to 

obtain useful diffraction data for capillaries with 20.3 µm and 48.9 µm ID (see Figure 40). 
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Figure 40. Screenshot from data collection of D-valine inside a capillary with ID 48.9 μm. Bragg 
diffraction pattern from the amino acid crystal is obscured with the diffused scattering from the glass 
walls. 

 

The scattering on the walls was not a problem for capillaries with larger ID (100 µm 

and 253 µm). It was possible to obtain clear diffraction pattern, with sharp and well defined 

signals (see Figure 41). 

 

Figure 41. Example data obtained from experiments in capillaries. To the left diffraction pattern of 
DL-isoleucine in 253 µm ID capillary. The display of a single reflection (to the right) shows a neat 
profile without signs of splitting or that could indicate problems with crystal quality. 
   

Several crystals grown in capillaries were analyzed on the diffractometer. The 

obtained structures are presented in Figures 42 – 44. 
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Figure 42. The molecular structure of D-valine obtained from crystal grown in ACN/water 70/30, v/v 
solution and analyzed in quartz silica capillary with ID 253 µm. Displacement ellipsoids are drawn at 
the 50 % probability level. 
 

 
 

 
Figure 43. The molecular structure of D-valine obtained from crystal grown in ACN/water 30/70, v/v 
solution and analyzed in quartz silica capillary with ID 100 µm. Displacement ellipsoids are drawn at 
the 50 % probability level. 
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Figure 44. The molecular structure of DL-isoleucine obtained from crystal grown in ACN/water 30/70, 
v/v solution and analyzed in quartz silica capillary with ID 253 µm. Displacement ellipsoids are drawn 
at the 50 % probability level. The atoms marked with white have 39 % occupancy, the ones marked 
with light grey 61 % occupancy, and the other 100 % occupancy. 
 

DL-isoelucine crystal exhibits the same disorder in its structure as the one obtained 

using liquid-vapour diffusion technique. It concurs the necessity of further studies of this 

structure. 

 

7 Conclusion and further studies 

 

With the chosen separation method it was possible to obtain pure “Compound X”. Mass 

spectroscopy suggest that this compound has a molar mass of 149.05 g/mol and a hydroxyl 

group in its structure, but not any functional groups that could be chargeable in mobile 

phase by adjusting its pH (no distinctive signals obtained in ESI MS). UV analysis infers 

presence of an aromatic ring and supports the presumption, that it is not a uric acid, as 

“Compound X’s” absorbance peak is at 254 nm and not 280 nm. The crystallography studies 

results exclude methionine as a candidate, as the latter forms plate-shaped crystals and not 

fibers, as obtained here. 

The temperature programming has been proven a valid method of crystallization for 

both macroscale and in-capillary experiments. The crystals have been obtained in capillaries 

and successfully analyzed using the Cell_now algorithm and APEX II software. 
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In the future the focus should be put on further developing in-capillary crystallization 

and the temperature programming technique, especially with objective of deconvoluting the 

“Compound X” structure. Supplementary techniques such as NMR and IR spectroscopy 

should also be used for this task. 

Merging of LC, in-capillary crystallization and SCXRD techniques can be feasible. This 

would result in reducing the off-line steps and giving unique possibilities for highly 

automated structure determination of limited samples. 
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9 Appendix – experimental part 

9.1 Concentrations of prepared amino acid solutions. 

 

Table 4. Concentration of amino acid solutions in various ACN/water mixtures.  

[mol/L] 

ACN / water, v/v 

100/0 0/100 50/50 70/30 30/70 

D-valine 0,081 0,481 0,101 0,030 0,130 
L-phenylalanine 0,010 0,168 0,132 0,027 0,307 
DL-isoleucine 0,010 0,348 0,137 0,037 0,178 
glycine 0,156 5,000 0,607 0,118 1,425 

 
 

Table 5. Concentration of amino acid in carrier ampholytes solutions. 

[mol/L] 
amino acid + 
ampholytes 

amino acid in 30/70 ACN/water, v/v + 
ampholytes 

D-valine 0,436 0,022 
L-phenylalanine 0,242 0,051 
DL-isoleucine 1,090 0,030 
glycine 0,417 0,238 

 

9.2 Raw data and calculations for LC-UV chromatograms 

 

Plate height calculation: 

𝑁 = 5.545 ∙ (
𝑡𝑅
𝑤𝑛

)
2

 

where tR – retention time, and wn – peak width at half height. 

 

Resolution calculation: 

𝑅 = 1.18 ∙ (
𝑡𝑅1 − 𝑡𝑅2
𝑤𝑛1 + 𝑤𝑛2

) 

where tR1 and tR2– retention times of adjacent peaks , and wn1  and wn2– peak widths at half 

height of adjacent peaks. 
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Table 6. Retention times and half height peak widths of the peaks obtained in stability studies of the 
goose eye aqueous humour samples, with the relative standard deviation 

 Retention 
time  
[min] 

Half height peak 
width  
[min] 

 Retention 
time  
[min] 

Half height 
peak width 

[min] 

 4.10 0.24  4.17 0.30 
Deep freeze 4.12 0.25 Refrigerator 4.18 0.24 
 4.12 0.25  4.18 0.27 
 4.43 0.26  4.2 0.26 
 4.47 0.27  4.2 0.25 
 4.50 0.25  4.17 0.26 
    4.17 0.30 
Average 
retention time 4.3 min 

 Average 
retention time 4.2 min 

 

RSD 4.5 %  RSD 0.3 %  

 4.17 0.24  4.12 0.25 
Freezer 4.15 0.23 Room temp. 4.10 0.24 
 4.15 0.24  4.10 0.21 
 4.15 0.24  4.08 0.24 
 4.13 0.27  4.10 0.24 
 4.13 0.26  4.10 0.19 
Average 
retention time 4.1 min 

 Average 
retention time 4.1 min 

 

RSD 0.3 %  RSD 0.3 %  

 4.08 0.30    
Freeze - thaw 4.08 0.28    
 4.08 0.28    
 4.07 0.29    
 4.07 0.31    
 4.05 0.31    
Average 
retention time 4.1 min  

   

RSD 0.3 %     

“Compound X”      
5 min in MP 4.18 0.25    
      
30 min in MP 4.17 0.24    
      
1 h in MP 4.15 0.27    
      
3 h in MP 4.17 0.27    
      
Average 
retention time 4.2 min 

    

RSD 0.3 %     
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9.3 APPI MS and APCI MS spectra 

 

Figure 45. In-house APCI MS of fractions from goose eye aqueous humour. Direct injection, negative 
mode, full scan data acquisition in range of 50 – 1500 m/z. 

 

Figure 46. In-house APCI MS of fractions from goose eye aqueous humour. Direct injection, positive 

mode, full scan data acquisition in range of 50 – 1500 m/z. 
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Figure 47. APCI MS of the “Compound X” in MeOH/water 50/50, v/v. Direct injection, positive mode, 

full scan data acquisition. 

Figure 48. APCI MS of the “Compound X” in MeOH/water 50/50, v/v. Direct injection, negative mode, 
full scan data acquisition. 

Figure 49. APPI MS of the “Compound X” in MeOH/water 50/50, v/v. Direct injection, positive mode, 
full scan data acquisition. 
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Figure 50. APPI MS of the “Compound X” in MeOH/water 50/50, v/v. Direct injection, negative mode, 

full scan data acquisition. 

 

9.4 MS/MS spectra 

 

Figure 51. APPI MS/MS of the “Compound X” in MeOH/water 50/50, v/v. Direct injection, positive 
mode, precursor ion data acquisition from mass of 150 m/z,  with collision energy 10 eV. 
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Figure 52. APCI MS/MS of the “Compound X” in MeOH/water 50/50, v/v; positive mode, precursor 
ion data acquisition; with collision energy 10 eV. 

Figure 53. APCI MS/MS of the “Compound X” in MeOH/water 50/50, v/v; negative mode, precursor 
ion data acquisition; with collision energy 10 eV. 
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Figure 54. APPI MS/MS of the “Compound X” in MeOH/water 50/50, v/v; negative mode, precursor 

ion data acquisition; with collision energy 10 eV. 
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9.5 Poster presented at Kjemi Grand Prix competition 2016. Poster won Audience and 

Jury Prizes. 
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9.6 Poster presented at 22. Norske Symposium i Kromatografi in Sandefjord 2016 

 

 


