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Chapter 2 

Characterisation methods for clarithromycin and spiramycin 

 

2.1 Introduction 

A multi-disciplinary approach is needed for the characterisation of pharmaceutical solids as 

there is no single method with the capacity of comprehensively describing the chemical and 

physical aspects of the solid form (Giron, 2001). 

As part of a rational drug development process, a thorough investigation into solid-state 

properties of an API and the characterisation of different solid forms are needed for better 

design of dosage forms and improved control over drug performance.  This chapter gives a 

brief description of each of the methods employed throughout this study. 

 

2.2 Thermal analysis 

The International Confederation of Thermal Analysis and Calorimetry (ICTAC) defines 

thermal analysis as “a group of techniques in which a physical property of a substance is 

measured while it is subjected to a controlled temperature programme” (Griesser & Stowell, 

2003).  Thermoanalytical techniques are conducted for purposes of evaluating the chemical 

and physical changes that may arise upon application of a heat signal; hence they are the 

primary source of relative stability data for a given substance.  The operator is required to 

interpret the events noted in a thermogram to identify plausible reaction processes that may 

have taken place; which can either be endothermic (melting, boiling, sublimation, 

vaporisation, desolvation, chemical degradation) or exothermic (crystallisation, oxidative 

decomposition, etc) in nature.  In the pharmaceutical industry thermal analysis has become 

a mainstay of techniques for characterisation of compound purity, polymorphism, solvation, 

degradation, and excipient compatibility (Craig, 2006; Brittain, 1999).  For a comprehensive 

approach on the stability relationship between polymorphs, thermal techniques are used in 

conjunction with polymorphic conversion, solubility or intrinsic dissolution rate (Yu et al., 

1998). 
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2.2.1 Differential Scanning Calorimetry (DSC) 

The underlying principle of DSC analysis involves the subjection of a sample to a heat 

signal, and the subsequent thermal events recorded in terms of the energy and temperature 

for the given time or temperature range it was subjected to.  Thermal events such as phase 

transformations, decomposition reactions, structural conversions or desolvation processes 

are some of the important events that may be observed during analysis (Reading & Craig, 

2007). 

As the word differential indicates, a reference pan is used to measure and compare the 

difference in heat flux to that of the sample (Griesser & Stowell, 2003).  The approach 

involves placing a small quantity of the sample (approximately 5-10 mg) in a metal crucible 

(pan) along with the empty reference pan.  The two pans are then simultaneously subjected 

to a temperature profile which may be in the form of heating, cooling or an isothermal 

programme.  When a thermal event occurs it can be quantitatively measured in terms of 

temperature and energy fluctuations by the sample relative to that of the reference over the 

given time and temperature range.  As represented by figure 2.1., the two pans are placed 

symmetrically within a furnace with two thermocouples connecting the sample and the 

reference pan, so that voltage developed from the pair is a direct measure of the 

temperature difference between the sample and the reference (Reading & Craig, 2007). 

 

Figure 2.1 Schematic representation of a heat flux DSC.  A = furnace, B = thermocouple 

(Adapted from Reading & Craig, 2007). 

The heat flow from the furnace to the two metal crucibles is given by the following equation: 
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dQ/dt = ∆T/R 

 

where Q = heat, t = time, ∆T = temperature difference between the crucible and the furnace, 

R = thermal resistance of the heat flow between the crucible and the furnace.  With all of the 

other influences (heat adsorption by the crucible, heat loss through convection) of the 

sample being excluded by use of the comparison to the reference, the differential heat flow 

solely becomes the measure of the properties of the sample (Reading & Craig, 2007).  

Although both crucibles experience the same heat flux, due to the presence of a sample in 

the one, the cooling or heating effect will differ because of different energy demands, 

resulting in a temperature difference between the sample and the reference provided the 

heat paths are symmetrical (Saunders & Gabbot, 2011). 

One of the most obvious reasons for using the DSC is to determine the melting point.  Peak 

broadening will occur as the thermal energy is transmitted through the sample which makes 

extrapolating the onset of melting the only accurate way to determine the melting transition 

of a pure crystalline solid.  “For determination of the onset temperature, a line is extrapolated 

from the slope of the leading edge of the peak to the x-axis.  The point at which the line 

bisects the x-axis is denoted the extrapolated onset temp” (Saunders & Gabbot, 2011). 

When evaluating the melting point with the DSC, it is recommended to run a corresponding 

TGA beforehand, to predetermine the degradation temperature and to refrain from 

exceeding this point when DSC experiments are conducted.  The reason is organic volatiles 

may condensate and subsequently contaminate DSC instrumentation, leading to 

substandard conditions for conducting future analysis.  The numerous thermodynamic 

events that are associated with this transition may also lead to anomalous results (Saunders 

& Gabbot, 2011). 

 

2.2.1.1 Heating rate 

Figure 2.2 depicts how a change in heating rate can influence the transition values of a 

substance.  In this example indium was heated at different rates and the calculated values 

are given in table 2.1: 
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Figure 2.2 Effect of the heating rate on the DSC data for 2.78 mg of indium in an aluminium 

crucible.  Nitrogen purge gas at 25 ml/min (Lever, 2007). 
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Table 2.1 Effect of the heating rate on the transition values for indium measured by DSC 

(Lever, 2007) 

Heating rate Onset 

temperature 

(°C) 

Peak 

maximum 

temperature 

(°C) 

Peak height 

(mw) 

Peak width 

at half 

height (°C) 

Experimen-

tal time 

(min) 

0.5 156.15 156.29 -2.948 0.19 200 

1.0 156.21 156.40 -3.939 0.28 100 

2.5 156.34 156.61 -5.609 0.49 40 

5.0 156.54 156.88 -6.935 0.77 20 

10.0 156.87 157.35 -8.204 1.27 10 

20.0 157.53 15.21 -9.114 2.25 5 

50.0 159.24 160.51 -9.756 5.10 2 

 

From this information it was gathered that as the heating rate increases, the width of the 

melting endotherm increases, therefore making it harder to differentiate between transitions 

that are close together; in other words the resolution is decreased.  Furthermore, the 

detection limit increases because of the higher peak height associated with the increasing 

heating rate.  Finally, a higher heating rate leads to the reduction of experimental running 

time.  The opposite is true for samples conducted at lower heating rates.  It is clear though, 

that certain trade-offs are involved whichever rate is chosen.  In polymorph screening where 

transitional changes are often separated only by a few degrees, a higher resolution is often 

preferred and the longer experimental running times and decreased sensitivity associated 

with a slower heating rate are deemed necessary for the sake of observing these events.  

For this reason it was decided to run DSC experiments at a compromise heating rate of 

10°C/min (Lever, 2007). 

In this study a DSC-60 Shimadzu instrument (Shimadzu, Kyoto, Japan) was used to record 

the DSC thermograms.  Samples weighing approximately 3-6 mg were placed in aluminium 

crimp cells with pierced lids and heated to the desired temperature and heating rate, with a 

nitrogen gas purge of 35 ml/min. 
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2.2.2 Thermal Gravimetric Analysis (TGA) 

Thermogravimetric analysis offers an unsophisticated way for determining the oxidative and 

thermal stability and residual solvents present in a sample.  Measurement of the weight of 

the sample as a function of temperature allows for the quantification of evolved material from 

the sample.  Also, this measurement is the key in determining the stoichiometry of solvates 

(see equation 1) and may be indicative of the type of binding involved (Saunders & Gabbot, 

2011). 

TGA can be considered an important ancillary tool to the DSC, especially in order to 

differentiate between a melting peak or loss of solvent or water.  TG analysis is imperative in 

this instance since the above-mentioned events can exhibit similar events on a DSC 

thermogram.  TGA does, however, not identify volatiles and allows only for a quantitative 

measurement.  Therefore evolved gas analysis (EGA) can additionally be performed 

(Saunders & Gabbot, 2011).  

Thermograms were recorded on a Shimadzu TGA-60 instrument on samples weighing 

approximately 3-6 mg, on an open aluminium cell, to the desired heating rate and 

temperature, with a nitrogen purge of 35 ml/min. 

 

%	 	 		
	 	

	 	 	 	
	 100%														 1  

 

Equation (1) was used to calculate the theoretical weight loss percentage of a sample 

suspected of being a solvate.  This percentage is compared to the experimental weight loss 

recorded on the temperature programme to determine the probability of the sample being a 

solvate or hydrate. 

 

2.3 Crystallography 

Of all the characterisation methods that exist for solid materials, crystallographic, 

microscopic, thermal analysis, solubility studies, vibrational spectroscopy, and nuclear 

magnetic resonance are generally agreed to be the most feasible applications for identifying 

and characterising polymorphic and solvatopolymorphic forms.  Presentation of 

nonequivalence in crystal lattice structure is however a definitive exemplar of the existence 

of polymorphism.  This implies that x-ray powder diffraction studies are at the forefront of 
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polymorphic identification studies and that all other methodologies are considered to be 

ancillary tools in this regard (Brittain 1999). 

Since this technique is mainly concerned with structural analysis, whether performed on 

single crystals or the powdered solid, it makes it eminently suitable for purposes of 

identifying the existence of such phenomena (Brittain, 1999). 

All x-ray diffraction techniques are based on Bragg’s rule, describing the mechanism of 

diffraction when a plane of atoms is subjected to a monochromatic ray beam.  Diffraction will 

only occur once Bragg’s law is satisfied.  Consider a set of planes (see figure 2.3) with Miller 

indices (h, k, l) and with lattice spacing dhkl.  If parallel incident rays with a wavelength of	  

were to strike the crystal planes at angle hkl, then in order to adhere to Bragg’s condition: 

n  = 2d hkl sin hkl 

where n is an integer representing the order of the diffraction pattern (Gilmore, 2011).  

Therefore, a multiple (n) of the wavelength  must equal twice the distance (d) between 

planes multiplied by the sin  of the angle of incidence (Byrn et al., 1999). 

 

Figure 2.3 Bragg’s Law.  Incident monochromatic X-ray radiation strikes lattice planes (hkl) 

of a crystal at an incident angle hkl.  The lattice spacing is dhkl.  Diffraction will only occur if 

n  =2dhkl sin 	where n is an integer 0 (Adapted from Gilmore, 2011). 

2.3.1 X-Ray Powder Diffraction (XRPD) 

Much of the knowledge we have about three dimensional structures of matter is rooted in 

XRPD studies.  XRPD studies are used to determine the crystallinity of a substance in the 
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solid state and are, according to Rodrìguez-Spong et al. (2004), one of the most reliable 

methods for studying polycrystalline materials and solvates.  The positions of the peaks map 

the periodic spacing of atoms in the crystal lattice, creating a unique fingerprint for each 

substance (Lu & Rohani, 2009). 

The lack of long-range ordering in amorphous materials causes the incoherent scattering of 

X-rays as observed by their characteristic halo pattern.  The term X-ray amorphous has 

been introduced to denote the absence of detectable Bragg diffraction peaks.  This 

incoherent scattering of light is also observed in other disordered states and other 

techniques should also be introduced to determine the exact nature of the system (Bates et 

al., 2007).  The current applications of XRPD are becoming increasingly sophisticated; 

determining of crystal size through peak broadening effects, and pairwise distribution 

functions that offer more insight into the structures of amorphous materials (Bates et al., 

2007).  XRPD is a valuable characterisation technique for determining the degree of 

crystallinity in solids and coupled with sophisticated data analysis methods such as whole 

pattern fitting the sensitivity can be increased (Chen et al., 2001).  

X-ray powder diffraction patterns were obtained using a PANalytical Empyrean 

diffractometer (PANalytical, Almelo, Netherlands), with a PIXcel3D detector.  The 

measurement conditions: target, Cu; voltage, 40 kV; current, 30 mA; divergence slit, 2 mm; 

antiscatter slit, 0.6 mm; detector slit, 0.2 mm; monochromator; scanning speed, 2° /min (step 

size, 0.025°; step time, 1.0 sec). 

 

2.4 Microscopy 

Microscopical observations are invaluable to the solid-state characterisation of 

pharmaceuticals, often providing crucial analytical information not readily acquired using 

other techniques.  Having the ability to explain or elucidate information generated by other 

characterisation techniques deemed as unexpected or unusual (Nichols et al., 2011).  In 

addition, microscopy provides an important means of characterising polymorphs, as different 

crystal forms must necessarily possess different observable habits (Haleblian, 1975). 

 

2.4.1 Thermal microscopy (TM) 

Thermal microscopy (also known as hot-stage or fusion microscopy) is a thermo-optical 

technique that allows direct observation of changes in substance upon heating or cooling 
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thereof.  It simply requires the addition of a heating/cooling stage coupled to an optical or 

scanning electron microscope to capture thermally induced behaviour of a substance 

(Carlton, 2011b).  When a multi-disciplinary approach is followed, hot-stage microscopy is 

often used to corroborate data generated by other techniques; as a means of confirming a 

property of a substance (Vitez & Newman, 2007).  According to Byrn et al. (1999) the 

following important observations can be made to aid the pharmaceutical scientist in 

characterising the solid-state behaviour of the drug substance:  

1. Crystallisation of a melt or solution - indicating loss of solvent or a 

decomposition reaction. 

2. Melting behaviour and melting equilibrium - an identifying constant. 

3. Change in birefringence without melting - possibly indicating changes in 

crystal structure. 

4. Change in transparency or outward appearance - indicating solid-state 

transformation or chemical reaction. 

5. Signs of gas evolution (immersed in mineral oil) - indicating loss of solvent or 

a decomposition reaction. 

6. Sublimation - phase change. 

 

Unless indicated otherwise, TM analysis was performed with a Nikon Eclipse E400 

microscope (Nikon, Natori, Japan), equipped with a Metratherm 1200d heating stage and a 

Nikon Coolpix 5400 digital camera (Nikon, Natori, Japan). 

Hot-stage microscopy is complementary to the DSC for the characterisation of a 

pharmaceutical substance and is an important adjuvant to the microscope (Giron et al., 

2002). 

 

2.4.2 Scanning Electron Microscopy (SEM) 

The resolution through an optical microscope is restricted to several hundred nanometres 

because of the limited wavelengths visible to the human eye.  An alternative is the use of an 

SEM which allows observation of samples up to a few nanometres.  This method has proved 

to be particularly useful to observe differences between crystalline and amorphous 

morphology, as seen in figure 2.4, where crystalline lactose is compared with its amorphous 

form achieved through spray-drying (Munson, 2009).  In figure 2.5 a comparison between 

visual information of an SEM and a light microscope is shown. 
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A FEI Quanta 200 ESEM & Oxford INCA 400 EDS system (FEI, Nashville, USA) was used 

to obtain photomicrographs of the various crystal and amorphous forms.  In preparation, 

samples are adhered to a small piece of carbon tape, mounted onto a metal stub and coated 

with a gold-palladium film (Eiko Engineering ion Coater IB-2, USA).  

Byrn et al. (1999) state that SEM provides information about the morphology, crystal habit 

and other details embodied by the sub-optical to macromolecular size range. 

 

Figure 2.4 Electron microscopy of lactose.  The electron micrograph on the left is of spray-

dried lactose.  The electron micrograph on the right is of crystalline lactose (Munson, 2009). 
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Figure 2.5 Crystals of acetaldehyde viewed with a scanning electron microscope (left) and 

with a transmitted light microscope (right) at the same magnification; the SEM image shows 

surface features while the light microscope reveals surface details and internal features, 

such as inclusions (Nichols et al.,2011). 

 

2.5 Molecular Motion 

Vibrational spectroscopic methods, in the solid state, are employed to yield information on 

structure and molecular conformation by detecting vibrations of atoms.  Raman and infrared 

spectroscopy are the most prominent methods, both implemented for the rapid estimation of 

polymorphic composition.  Infrared spectroscopy probes absorption or infrared radiation due 

to the vibrational states of functional groups in a molecule.  While Raman spectroscopy is 

also concerned with the vibrational states of these functional groups, it is based on the 

inelastic dissemination of light by the molecule.  Raman and infrared spectroscopic methods 

are complementary techniques, since some bands are picked up by the one technique but 

not the other (Carlton, 2011a).  

2.5.1 Infrared Spectroscopy 

The internal energy of molecules can be categorised into rotational, translational, vibrational 

and electronic energies.  A molecule can absorb energy if it is irradiated by electromagnetic 

energy by exciting any of the mentioned energy categories (Carlton, 2011a). 
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Functional groups of the molecules cause certain kinds of vibrations that absorb the infrared 

radiation and energy of a specific wavelength, for example, due to the stretching vibration of 

the C=O bond, the carbonyl functional group has a strong absorbance band at wavelengths 

between 1550-1900 cm-1.  When the irradiated light matches the vibrational energy of the 

functional group, the light will be absorbed and its IR absorbance spectrum may be 

captured.  This is done by irradiating the sample with a light having a wide range of infrared 

energies and plotting the absorption to corresponding wavenumbers at which light 

absorption has occurred.  Infrared radiation is divided into: far IR, 10-400 cm-1; mid IR, 400-

4000 cm-1; and near IR, 4000-14000 cm-1 (Carlton, 2011a).  

In this study, the diffuse reflectance technique was used, sometimes referred to as DRIFTS 

(diffuse reflectance infrared Fourier transform spectroscopy).  This technique is often 

preferred as it does not involve the aggressive grinding for mull preparation or pressure 

required to make a pellet, both of which could lead to polymorphic transformation (Roston et 

al., 1993).  The main spectral region DR is concerned with is the mid-IR and near-IR regions.  

This technique involves diluting the sample with a non-absorbing matrix (in this case KBr) in 

a 1-5% ratio and measuring its IR spectrum in a reflectance cell.  The investigated powdered 

sample is irradiated by an infrared beam causing the particles to undergo absorption, 

reflection and diffraction.  Absorptivity information about the sample is acquired by the 

incident rays undergoing diffuse reflectance (Bugay, 2001).  IR-spectra were recorded on a 

Shimadzu IR Prestige-21 spectrophotometer (Shimadzu, Kyoto, Japan) over a range of 400 

- 4000 cm-1. 

IR spectroscopy is sensitive to short-range molecular order when studying molecular 

vibrations.  Therefore, when characterising a substance in its solid form, this technique is 

used in conjunction with diffraction studies which focus on long-range order.  IR 

spectroscopy helps to identify structural changes and functional groups in a molecule.  

Overlays of the different polymorphic spectrums can be made to compare these structural 

differences (Yu et al., 1998). 

 

2.6 Karl Fischer analysis (KF) 

Karl Fischer titration is fundamentally based on the Bunsen reaction between iodine and 

sulphur dioxide in an aqueous medium.  Karl Fischer manipulated this reaction so that it 

could be used for the determination of water in a non-aqueous system containing an excess 

of sulphur dioxide.  In his experiments he used a primary alcohol (methanol) as the solvent, 
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and a base (pyridine) as the buffering agent.  Modern techniques use primary amines or 

imidazole instead, because pyridine is known to be carcinogenic. 

 

ROH + SO2 + R’N → [R’NH]SO3R + H2O + I2 + 2R’N → 2[R’NH]I + [R’NH]SO4 

 

Water and iodine are consumed in a 1:1 ratio in the above reaction.  Once all of the water 

present is consumed, the titrator’s indicator electrode voltametrically detects the presence of 

excess iodine, signalling the end-point of the titration.  The amount of water present in the 

sample is calculated based on the concentration of iodine in the Karl Fischer titrating reagent 

(i.e., titer) and the amount of Karl Fischer reagent consumed in the titration (Anon., 2012). A 

Metrohm 701 KF Titrino autotitrator (Metrohm, Switzerland) was used to calculate trace 

amounts of water present in a sample.  This instrument was calibrated using a 

predetermined mass of water and sodium tartrate dihydrate dibasic reference standard.  

Titration experiments were performed on samples weighing approximately 40-60 mg and 

repeated at least three times.  Subsequently the total water content (% - m/m) of each 

sample was determined. 

 

2.7 Stability studies 

Degradation and stability studies provide essential information regarding the stability of a 

drug during the preformulation phase.  The intrinsic stability properties of the drug candidate 

are evaluated in a timely manner by purposely applying stress in the form of raised 

temperatures, increased humidity, subjecting the material to compressive forces, exposing 

the material to various pH conditions or intensive UV-visible light (photostability) or by adding 

reactants.  Degradation studies may provide preformulation scientists with valuable stability 

predicting information; however extrapolating the stability under stressed conditions to 

normal conditions is challenging.  Nonetheless, they can predict early signs of degradation 

which can instigate the development of stabilisation strategies to limit the formation of 

degradants in the final drug product that can negatively influence the shelf life (Zhou et al., 

2009). 

Different solid-state forms of clarithromycin and spiramycin were stored in a Binder climatic 

chamber while exposed to elevated temperatures and humidities of 75% RH and 40°C.  

Samples were taken on week 0 - 12.  The samples were subsequently analysed by DSC, 
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TGA, Karl Fischer, IR and XRPD to determine the effects that elevated temperature and 

percentage relative humidity had on the stability of each API. 

 

2.8 Solubility studies 

The concept of solubility implies a state of equilibrium in which the solution (or dissolution) 

process reaches the saturation point.  The solid phase (solvate or anhydrate) plays an 

important role in the intrinsic solubility of a substance (Grant & Higuchi, 1990). 

Since the lattice energies of physical forms constitute the differences in solubility and 

dissolution rate, the most substantial differences are noted between the amorphous and 

crystalline materials.  The differences in the solubility between the amorphous and the 

crystalline form may be up to 100 fold, whereas inter-polymorphic solubility differences are 

typically not more than 10 fold (Hancock & Parks; 2000). 

According to thermodynamic theory of the solubility of solvates, the rule applying to solubility 

behaviour is that solid solvates are always less soluble in the solvent forming the solvate, 

than the original compound (Grant & Higuchi, 1990).  Therefore, the water solubility of a 

hydrate is generally less than the corresponding anhydrous form.  For solvates formed from 

other solvents, the water solubility will be higher than the corresponding ansolvate if the 

solvent is water-miscible.  For example, anhydrous caffeine is much more soluble in water 

than the caffeine hydrate, but in ethanol the anhydrous caffeine is much less soluble than 

the hydrated form. 

The method implemented during this study, the saturation shake-flask method; is based on 

the phase solubility technique developed more than 40 years ago.  This method has up to 

date still been regarded as the most reliable and commonly used method for the 

measurement of solubility (Higuchi & Connors, 1965).  A stepwise approach involves 

preparation of the sample, equilibration, separation of the phase, analysis of the saturated 

solution and residual solid, and data analysis and interpretation (Yalkowsky & Banerjee, 

1992; Winnike, 2005). 

2.8.1 Sample preparation 

In the preparation a sample is added in excess to the solubility medium (in this case water) 

in a stoppered flask or vial to create a suspension.  The amount need not be accurately 

measured, however care has to be taken that too much sample is not added to the medium 

to alter its properties and pH significantly (Tong, 2010). 
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2.8.2 Equilibration 

The time to reach the equilibrium concentration will vary depending on the type of agitation, 

the properties of the drug substance, the amount of material used and the equilibration 

method.  A sample receiving good agitation may reach equilibrium within 24 hours.  Poor 

dissolution rates often displayed by poorly soluble compounds might necessitate strategies 

to speed up this process as the equilibration time may be unrealistically long.  One such 

strategy is creating a supersaturated solution. This can be achieved by adding certain 

amounts of amorphous material to the samples or by alternating between high and low 

temperatures cycles during the equilibration process.  When multiple samples are assayed 

showing similar apparent solubilities after different equilibrium time periods, the solution is 

considered to have reached the equilibrium or saturation concentration (Tong, 2010).  

2.8.3 Separation of phases 

Before samples can be analysed, the saturated solution needs to be separated from the 

solute phase.  This is typically achieved by centrifugation or filtration techniques.  To rule out 

sorption errors it is advised to pre-rinse the filter with a few millilitres of the saturated 

solution, especially for hydrophobic and poorly soluble compounds since the filter sorption is 

directly proportional to the filter surface area.  The solid should theoretically be separated 

from the saturated solution at equilibrium temperature.  This, however, is of more importance 

when equilibrium temperature is achieved quickly.  On the other hand, for poorly soluble 

compounds this process takes much longer, and filtration at ambient temperature will not 

significantly influence results (Tong, 2010). 

2.8.4 Analysis of the supersaturated solution and residual solid 

The most commonly used method for the analysis of supersaturated solutions is high 

performance liquid chromatography (HPLC).  Its ability to detect impurities and instability 

gives it a significant advantage over the ultraviolet method.  Multiple-component analysis 

that is sensitive enough to indicate instability can be performed without making dramatic 

adjustments to the column or mobile phase with the use of a generic gradient method (Tong, 

2010). .  

Residual solid examination is one of the most important but often overlooked steps during 

solubility studies.  XRPD is regarded as the most reliable method for identifying solid state 

transformation.  Other supporting methods include the use of DSC, microscopy, infrared 

spectroscopy, and solid-state NMR (Brittain, 1999).  Once a difference in the solid-state 

properties of the material has occurred during solubility testing, they can be linked to the 
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properties of known crystal forms and the solubility results can be attributed to the 

appropriate crystal form (Tong, 2010).  

 

2.8.5 Data analysis and interpretation 

There are well established solubility theories based on the pH solubility profiles for weak 

acids and basis (Grant & Higuchi, 1990).  These can be used during data interpretation to 

identify experimental errors or suggest other plausible reasons for deviations in solubility 

results including solid-state transformation, self-association and micelle formation of the drug 

in solution (Winnike, 2005).  The aim of this study was, however, not to create a complete 

pH-solubility profile, but assess and compare the influence different physical forms have on 

the relative solubility of a substance. 

Water solubility tests were performed on selected polymorphic and amorphous forms.  

Samples of 10 mg each were added to six test tubes with screw cap closures.  Preparation 

of the samples involved pipetting 10 ml distilled water into each of the test tubes containing 

the samples and placing it in a thermostatically (Julabo EM/4 thermostat, Germany) 

controlled water bath at ±37ºC.  The test tubes were sealed with Parafilm® before affixing the 

caps, in order to prevent any leakage.  The test tubes were then fixed to a rotating axis (54 

rpm) for a period of 24 hours.  The subsequent solutions were then filtered through a 0.45 

μm Millipore® filter and the concentration (mg/ml) determined by HPLC (High Performance 

Liquid Chromatography) analysis.  A validated HPLC method was used. 

 

2.8.6 HPLC method validation 

A Shimadzu (Kyoto Japan) UFLC (LC-20AD) chromatographic system consisting of a SIL-

20AC auto-sampler fitted with a sampler cooler, a UV/VIS Photodiode Array detector (SPD-

M20A) and a LC-20AD solvent delivery module was used.   

The following method was validated and used for the detection of spiramycin and 

clarithromycin.  A mobile phase consisting of 0.1 M potassium dihydrogen orthophosphate 

(Batch number: MD0M600789, Saarchem, Johannesburg), pH adjusted to pH 4.5 and 

acetonitrile in a ratio of 600:400 was used.  A Luna C18, 150 × 4.6 mm column was used, 

with a flow rate set to 1.0 mL/min.  The wavelength was set to 205 nm.  A series of standard 

solutions ranging from 0.1 µg/ml to 10.0 µg/ml was prepared by dissolving an accurately 

weighed amount of spiramycin or clarithromycin in mobile phase.  This series of standard 



‐ 48 ‐ 

 

solutions was injected and a calibration curve was constructed from the area under the 

curve.  A regression (r2) of 0.9998 and 0.9999 was obtained for spiramycin and 

clarithromycin respectively.  This HPLC method was used for the analysis of all samples 

during solubility studies of spiramycin and clarithromycin. 

 

 

Figure 2.6 Standard curve of spiramycin with a linear regression (r2) of 0.9998. 

 

 

Figure 2.7 Standard curve of clarithromycin with a linear regression (r2) of 0.9999. 
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2.9 Conclusion 

In this study a variety of methods was used, each in its own right contributing to a better 

understanding of the solid form. 

Most of the problems that occur within the solid state can be controlled and understood 

using a combination of crystallographic and thermodynamic knowledge coupled with 

accurate analytical methods.  It is also important to have experience in obtaining 

thermodynamic data and then to know how to use this data in an optimal way.  Once a better 

understanding of thermodynamics is gained, the kinetics becomes easier to understand 

(Ymén, 2011). 

What became evident during the course of this characterisation study is that there are many 

factors and natural variables that influence experimental reproducibility.  A controlled and 

systematic approach is therefore the only way to maintain experimental consistency.  The 

next few chapters contain the results obtained from the applied methods. 

  




