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Abstract 

The illegal use of drugs is a major issue, and it is estimated that globally 210 million people 

aged 15-64 had used an illicit substance at least once. Heroin is one of the most problematic 

drugs and there is a high fatality rate as a result. The increasing trend in global seizures 

suggests that there is an increase in production of heroin. Current drug analysis involves 

qualitative and quantitative determinations using techniques such as Gas Chromatography 

(GC) and/ or Liquid Chromatography- Mass Spectrometry (LC-MS). Profiling of suspected 

drugs requires a further evaluation of the chromatographic and spectroscopic data along with 

further testing. The use of XRPD for the purpose of drug analysis is rare in the field of Forensic 

Science. It is a non-destructive technique preserving the sample analysed for further 

investigation if required. This study aims to demonstrate the capability of X-Ray Powder 

Diffractometry as a tool for simultaneous qualitative and quantitative analysis of known 

physical mixtures mimicking heroin samples.  

A suitable method was developed to analyse known mixtures containing caffeine, codeine 

and paracetamol using the Bruker D8 Advance X-ray diffractometer. Following this the 

method was optimised to improve the qualitative and quantitative capabilities. The data 

highlighted that a 20 minute runtime using a 0.020° increment size provided accurate and 

repeatable data using a 50:50 caffeine:paracetamol mixture. Rietveld refinement was used to 

enable quantitation and provided highly accurate and repeatable results through single 

(active) component quantitation in the presence of an internal standard over a range of 12.6% 

w/w to 50.1% w/w. 
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1. Introduction 

1..1 Drugs of abuse and control 

The illicit use of narcotic drugs has become a major problem around the globe and has been 

on the rise. The world’s drug report 2020 highlighted a significant increase in the use of illicit 

drugs across both the proportion of the world’s population and overall numbers that uses 

illicit drugs. It is estimated that 210 million people (4.8% of the global population) used drugs 

at least once in 2019 (1,2).  

According to the World Drug Report 2022, the total global opium production has shown an 

upward trend between 2017 and 2021 with an increase between 7-8 tons. Whilst this is 

produced in over 50 countries, three countries contributed to approximately 97% of the 

global production for the past five years. Afghanistan contributed approximately 87% of the 

global production and supplied to markets in Europe, Middle-East, South Asia and Africa. 

Total of 992 tons of opium was seized between 2016 and 2020, which is considerably lower 

than other illicit substances such as cocaine, cannabis and new psychoactive substance 

(1,3,4).  

The quantity of opiate seizures in Europe has shown to be 9.7 tonnes in 2018 which is an 

increase from 5.7 tons from 2016 (5). Table 1 shows the most common opioids seized include 

heroin, methadone, buprenorphine, tramadol and other medicinal opioids (1,6,7). In 

comparison, cannabis and cocaine seizures correlates to 79% of the total drug seizures 

reported across Europe in 2018. Whilst the seizure of heroin and other opioids reported to 

be 5%, it remains to be one of the more harmful forms of use i.e. injecting (1). 

Table 1 Seizures of Opioids in 2018 as reported in the European Drug Report 2020: Trends and Developments (5) 

  

Quantity  
Number of 

countries  
Kilograms  Litres  Tablets  Patches  

Heroin 37000  9700    29 

Methadone  1 650  130.9  26.4  34 500   20  
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Buprenorphine  3 220  0.2   106 500   18  

Tramadol  5 520  0.7   1 112 300   14  

Fentanyl derivatives  930  6.2  0.1  19 800  587  13  

Morphine  1 110  354.1  0.2  12 400   12  

Opium  550  781.2     15  

Codeine  510  0.3   28 400   12  

In the UK opioids and particularly heroin remain associated with the greatest health and social 

harms. Although there is a decline in the use of heroin, it is the most commonly reported 

primary substance of use among those seeking treatment (8,9). 

1..1.1 Legislation 

In general, the Misuse of Drugs Act 1971 is the primary legislation in the United Kingdom for 

the drug control and the controlled substances have been grouped into three classes (A, B 

and C), which provides a basis for attributing penalties for offences. Drugs of abuse were 

grouped into three classes in the 1971 Act, but in 1985 the "Misuse of Drugs Act Regulations" 

classified drugs of abuse into five Schedules (10). The first Schedule includes natural drug 

products, such as cannabis, the majority of which are hallucinogens. Drugs which can be 

manufactured by synthesis or semi-synthesis from natural starting materials in illegal 

laboratories, have been classified into Schedule 2. These are collectively known as stimulants 

and narcotic analgesics, such as amphetamine and heroin (diamorphine), respectively. The 

drugs in Schedules 3, 4 and 5, which include, for example, prescription drugs are considered 

less dangerous than the drugs in Schedules 1 and 2. Unlawful possession of Class A drugs such 

as heroin, cocaine involves penalties of up to 6 months imprisonment and/or a fine however, 

possession with intend to supply could reach up to 7 years (11-13). 

The Drug Trafficking Act 1994 outlines drug trafficking including transporting and storing, 

importing or exporting, manufacturing or supplying drugs enclosed by the Misuse of Drugs 
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Act 1971 (6). For trafficking in Class A drugs, the maximum penalty of ‘life’ imprisonment. the 

number of drug law offences such as use/possession and supply was estimated to be 106,862 

in 2015/2016 (13). If a control could be maintained over the countries such as Afghanistan, 

this would improve one of the world’s most intractable drug problem (14). However previous 

experiences had shown that it is difficult to achieve this goal.  

1..1.2 Heroin 

Heroin is a mixture that contains diamorphine; it is arguably the most problematic drug (15).  

It is used by 13 million to 21 million of those aged 15-64 worldwide. The amount of heroin 

estimated to be imported annually into the UK is between 18-23 tonnes. The vast majority of 

this is derived from Afghan opium. Pakistan is a major transit country for Afghan opiates with 

well-established ethnic and familial links to the UK (16). Heroin trafficked via Pakistan to the 

UK is likely to have either been sent directly by parcel, air courier or maritime container; or 

been trafficked by sea onto eastern or southern Africa for onward movement. Iran is another 

important gateway for Afghan opiates, which are trafficked west from Afghanistan, often en 

route to Turkey and western Europe (1,2,17) Opiates also leave Afghanistan and enter Central 

Asia; however, this routing primarily supplies the Russian heroin market, and little is thought 

to be directed at the UK from this ‘northern route’. In Europe, the Balkans is an important 

transport nexus with crime groups utilising long-established trafficking routes, while the 

Netherlands plays a strategically important role for organising the importation of heroin into 

the UK market (1,4).  

Heroin is produced from the Papaver somniferum L. plant and can cause acute and chronic 

health problems. Moreover, heroin is mostly administered by injection, resulting in the 

spread of blood-borne diseases such as HIV/AIDS (16). It is estimated that, since 1980, 90% of 

the World’s heroin supply comes from Afghanistan. In the last decade, about 380,000 kg of 

heroin was produced in a few provinces in Afghanistan, which was exported all around the 

world. There is a threat of a constant increase in the heroin market, leading to an increase in 

health problems and an increase in fatality as a result of it (18,19). Raw opium is a complex 

mixture containing sugars, proteins, fatty acids, water and approximately 40 alkaloids. The 

most common fatty acids are palmitic, linoleic, oleic, and strearic acids. The most common 
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alkaloids found in opium include (i) morphine (ii) codeine, (iii) thebaine, (iv) noscapine, (v) 

papaverine (11).  

The synthesis of heroin dates back to the end of the 19th Century i.e. diamorphine was 

prepared for the first time in 1847. Typically, diamorphine is prepared by acetylation of 

morphine but a direct acetylation of opium compound has also been reported.(20,21,22) 

Unlike other class A drugs, an illicit heroin is a complex mixture and contains both acetylated 

and unacetylated opium alkaloids and after the process of purification, adulterants are added 

(20,23,24). Several acetylated impurities such as acetyl morphine and acetyl codeine are 

formed during the synthesis of heroin. The term ‘heroin purity’ always refers to the 

diamorphine content and is used commonly as a major component and it is deemed to be 

most effective pharmacologically. Morphine and codeine are effective ‘pain killers’ 

(20,25,26).  

Two differently sourced heroin samples do not have the exact chemical characteristics. 

Profiling of illicit heroin is not performed infrequently but several studies have been 

performed, e.g. in the Netherlands and in Germany over the past 20 years. Heroin 

comparisons are made on the basis of the main compounds, the synthetic impurities and 

adulterants (27). 

The most common adulterants of heroin samples are caffeine, baking soda, boric acid, 

cornstarch, dextrose, mannitol, paracetamol and sugars (lactose and glucose). Opiates and 

heroin depress the activity of the nervous system, including such reflexes as coughing, 

breathing and heart rate. Heroin, like other narcotics, gives a feeling of warmth by causing 

widening of the blood vessels (28-30). It also relieves stress and discomfort by creating a 

relaxed detachment from pain, desires and activity. Physical dependence and tolerance 

develop rapidly. (31,32)  

1..2 Forensic Investigation Techniques- Heroin 

For the purpose of investigation, case progression and possible prosecution the need for a 

rapid analysis of seized drugs is high. The main requirement in a forensic analysis consists of  

identification of the unknown substance and the need to quantify (purity percentage of the 

drug content) the substance if it is controlled. This needs to be performed whilst maintaining 
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the appropriate preservation and documentation requirements for judicial bodies. Additional 

requests can include the determination of chemical features common to other seizures for 

the purpose of intelligence gathering, e.g. profiling (26,33). The OSAC subcommitee has 

provided a roadmap to deliver a standard for the different types of drug analysis requested 

and conducted, see Figure 1 (34). 
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Figure 1 Roadmap for seized drug analysis as reported in OSAC seized drugs subcommittee (34) 
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The identification of active compounds of a sample, quantitative analysis and comparative 

analysis has been given a much more significant role in the area of drug analysis in Forensic 

Science. The chemical signature and chemical impurity profiling are used as a complimentary 

for the purpose of evidential and for intelligence purposes. According to the Drugs 

Characterisation/Impurity Profiling by UNODC indicates that in addition to the presence of 

pharmacophore, samples may contain one or more of these key components: (25,35) 

1. Natural components- reminiscence of raw materials present in plant-based 

drugs (e.g. cocoa leaf, opium)  

2. Synthetic impurities 

3. Intermediates  

4. By-products 

5. Cutting agents    

Examination of all of the components of a sample could provide a characteristic chemical 

signature can be assigned to every drug sample and thus play a key role in characterising 

samples. This information generated from the characterisation of drugs can be used to 

provide more general intelligence information such as identification of local/ regional / 

international source and distribution routes. It can confirm a link between two or more 

samples in drug supply offences and to aid prosecution purposes. According to the drug 

sampling guidelines by ENFSI the forensic investigation of illicit drugs is based on the 

determination of chemical and physical characteristics are divided into identification, 

quantification, chemical characterisation and chemical impurity profiling (12,29,33). 

1..2.1 Presumptive tests  

Initial analysis should be a physical description of the suspected sample. The physical 

observation should include information such as (i) colour, (ii) shape, (iii) weight, (iv) package 

and (v) marking/label. Seizures that contain crystalline substances should be examined to 

determine whether the suspected sample is homogenous or composed of different 

components. Determination of the physical characteristics such as the colour can be 

subjective.  
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Following a physical examination, the first ‘presumptive test’ for the identification of a drugs 

acts as a fast screening procedure and those are typically colour tests (36). The use of these 

tests are an effective first in the identification of the drug classes. These techniques are based 

on the development of colour following reaction of the drug with chemical reagents. There 

are a number of general reagents available, although few are specific to a class of drugs. The 

three presumptive tests carried out for Opium based alkaloids are Marquis, Mecke and 

Frohde. Even though, presumptive tests are used as an indicative analysis because of (i) ease 

of use, (ii) cost effectiveness and (iii) less time consuming; there are number of disadvantages 

such as non-specificity of the colour reaction and relative insensitivity therefore further 

confirmatory tests are often required. 

Thin Layer Chromatography (TLC) has been used in drug analysis to identify members of a 

drug class. The method used depends on the drug class identified from the presumptive 

testing. TLC requires minimal sample preparation, low cost, rapidity of analysis and simplicity. 

This method is purely employed to assist with correct choice of method for subsequent 

instrumental analysis.   

1..2.2 Gas Chromatography 

Gas Liquid Chromatography-Mass Spectrometry (GC-MS) is a powerful, inexpensive and easy-

to-use analytical tool. Samples to be analysed are injected into an inert gas stream and swept 

into a tube packed with a solid support coated with a resolving liquid phase. The activity of 

adsorption between the components in the gas stream and the coating leads to a separation 

of the components in the mixture which are eluted into a mass spectrometer. The use of a 

mass spectrometer assists with compound identification in addition to quantitation. GC has 

its drawbacks such as the requirement for volatile compounds (37-39).  

Gough and Baker (1981) highlighted problems around absorption and thermal instability 

around the direct analysis of heroin by GC. Several columns have been compared with each 

containing the same solid support coated with another stationary phase (40). Their findings 

concluded that some stationary phases were not suited for the analysis of heroin because of 

improper adsorption to the stationary phase. Their study left a conclusion that direct analysis 

of heroin using GC is connected with number of problems such as absorption, trans-
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esterification, and the influence of other substances as well as the form in which heroin occurs 

(41-44). Nevertheless, due to its speed of analysis and high resolution, capillary GC is the most 

applied chromatographic technique used for such analysis.  

Opiate drugs will chromatograph in both derivatised and underivatized form. Usually, in 

underivatized drugs, free hydroxide moieties are present in the form of 6-O 

monoactylmorphine, morphine and codeine. These form hydrogen bonds with the analyte 

molecules and adsorb strongly onto various components of the GC system (44,45). These 

hydrogen bonds are sufficiently strong that they cause problems such as tailing of the 

compounds and, as a result of this, derivatisation of heroin is commonly employed. 

Derivatisation is also used to prevent the phenomenon of trans-esterification with one of the 

most common adulterants, paracetamol, by protecting the reactive groups from the heroin 

molecule. It also increases or decreases the analyte’s volatility, improves separation or 

detection, or prevents thermal breakdown of the analyte. Derivatisation of heroin is most 

commonly achieved through the use of N, O- bis (trimethylsilyl) acetamide. A standard 

temperature programme program is used to separate the analytes, which will be identified 

using a Mass Selective detector. Identification is based on two pieces of information, namely 

retention time and mass spectral data. Each component of the drug is compared to the 

standards. For a derivatised sample the mass spectra should be compared to its derivatised 

standards (42,43,46). 

1..2.3 High Performance Liquid Chromatography 

Quantification of heroin is carried out using either GC or HPLC. As highlighted in the previous 

section, samples for GC are often derivatised and it works on the assumption that the sample 

has been completely and quantitatively derivatised. Derivatisation adds additional steps to 

the analysis, which can result in sample breakdown and contamination. Due to these reasons, 

most laboratories carry out qualitative analysis using GC-MS and then quantify the samples 

by HPLC (40).  

HPLC overcomes a number of GC related problems such as absorption, heat instability and 

trans-esterification. No extensive derivatisation of samples is required which results in more 

reproducible data for comparison purposes. For the purpose of quantification of heroin by 
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HPLC, the baseline resolution of the compound must be achieved in the chromatographic 

analysis, thus a peak height or area can be assigned to one compound alone. It is also crucial 

to produce a calibration curve of the analyte using the same solvents in which the samples 

are analysed. This is particularly important, as small differences in pH can lead to different 

extinction coefficients when measuring UV absorption, which leads to inaccuracies in the 

quantification process. This technique has its limitations, which include lesser resolution and 

high solvent consumption compared to GC (40,46). In comparison to these current methods, 

XRPD holds an advantage, as no sample pre-treatment is necessary. 

1..2.4 X-Ray Powder Diffraction 

Literature reviews show a number of studies have been carried out in regard to drug analysis 

using XRPD. However, the use of XRPD as a field test and to be utilised in environment such 

as Airport, Border Control as a means to gather intelligence and IDQ simultaneously is yet to 

be fully explored. In 2015, an article reviewed the use of XRD in pharmaceutical environment 

to provide key information on the use of this technique to obtain data on crystal structure, 

detection of impurities, crystal morphology of active ingredients and to monitor batch or 

dosage uniformity. Samples were analysed using the new Bruker diffractometer to illustrate 

the dynamic use of XRD such as to identify drug substance forms, amorphous formulation 

(47). The aim of this study was to educate and demonstrate that XRD can be used as a stand-

alone technique and can be used with other techniques such as Raman Spectroscopy and 

Fourier Transform Infrared Resonance.  

A study in quantitative phase analysis by Rietveld methods for forensic science explored the 

use of Rietveld quantitative analysis to obtain valuable information which can be used for the 

purpose of material evidence analysis. Diffraction data’s were analysed using a diffraction 

software MAUD. It was highlighted that the quality of the diffraction pattern can influence 

the quantitative phase analysis. Analysis of synthetic mixtures produced precise results with 

an absolute error below 2%. The methods uses the whole pattern fitting therefore it is less 

susceptible to variables such as preferred orientation. It has been reported in a recent study 

(48) the importance and advantages of XRPD in Forensic Science. Although it has been used 

widely in the pharmaceutical industry (49), this technique hasn’t been used much in the field 

of Forensic drug analysis. This study looked into the use of XRPD in the analysis of drugs, 
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namely new psychoactive substances. Seized samples of heroin, cocaine and five new 

psychoactive substances were analysed using X-ray Powder Diffraction, Raman Spectroscopy 

and Infrared Spectroscopy. It was concluded that all of the new psychoactive substances and 

other illicit drugs were positively identified providing a reliable identification of the 

components.  

1..3 X-Ray Spectroscopy 

X-rays are electromagnetic radiation of wavelength about 1Å, which is about the same size as 

an atom. X-ray is found to be in the portion of the electromagnetic spectrum between gamma 

rays and the ultraviolet. The discovery of X-rays in 1895 assisted scientists to probe crystalline 

structure at the atomic level. The use of X-ray diffraction was for the fingerprint 

characterisation of crystalline materials and the determination of structures. Each crystalline 

solid has its unique characteristic X-ray powder pattern, which may be used for its 

identification. It is often usual that when the material is identified, X-ray crystallography may 

be used to determine its structure (50,51). This includes information about how the atoms 

are packed together in the crystalline state and what the interatomic distance and angle are. 

X-ray diffraction is one of the important characterisation tools used in solid-state chemistry 

and materials science, which leads to determining the size and the shape of the unit cell for 

any compound. Diffraction experiments are also used for amorphous materials even though 

their pattern lack sharp diffraction peaks. In addition to this, diffraction data can be used to 

refine the lattice parameters of a crystal structure (52). There is a direct relationship between 

the lattice parameters and peak-shift. Therefore it is vital to refine the lattice parameter to 

increase the accuracy in reproducibility of the peak-shift. 

The position of the diffraction peaks are determined by the distances between parallel planes 

of atoms. Bragg’s equation predicts when diffraction actually takes place. The Bragg’s Law 

n= 2dhkl sin  where the wavelength () is fixed, dhkl  is the interplanar spacing between two 

reflecting planes in a crystal and  is the angle of incidence.  
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The Bragg’s law is related to the 

wavelength of electromagnetic 

radiation and the diffraction angle and 

the lattice spacing in a crystalline 

sample. These diffracted X-rays are 

detected, processed and counted.  

Diffraction is a prearranged event 

where three parameters are 

considered: the wavelength of the X-

rays, the crystal orientation as defined 

by the angle  and the d spacing of the 

crystal planes under consideration. For 

a given wavelength and set of planes 

one can conspire to arrange for 

diffraction to occur by continuously 

changing the orientation thus changing 

Ø until a point arrives when Bragg’s Law 

is satisfied and this is precisely when diffraction occurs (31,45).  

To illustrate this, consider a crystal with lattice planar distances (d) where the beams are 

parallel to each other until it reach point X and at this point the beam strikes the surface and 

travel upwards. Similarly at point B the second beam scatters. It can be deduced that AB+BC 

is the distance travelled by the second beam, see Figure 2. The path difference between two 

reflecting rays is equal to an integer number of the wavelength. When monochromatic X-rays 

are incident upon a crystal, atoms in different layers act as a source of scattering radiation of 

the same wavelength. If Bragg’s law is not satisfied, then the interference will be 

nonconstructive resulting in a very low-intensity diffracted beam (53).  

 

Figure 2 Schematic diagram displaying Bragg’s law. 
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1..3.1 Analysis modes 

The most common analysis mode, reflection mode, where the divergent and diffracted beams 

are focused at a fixed radius from the sample position (-2) with a fixed X-ray tube where 

the detector and source are located at the intersection points of the fixed radius 

(goniometer). This geometry allows the use of a divergent X-ray beam from a sealed tube 

without monochromatisation or parallelisation thus avoiding the loss of intensity (53,54). 

Variation of the Bragg-Brentano geometry has been used commonly used for phase analysis 

using powder diffraction instruments. This setup provides higher measurement speed, no 

powder spillage at high angles, provides a higher resolution with high intensity and has the 

capacity to analyse bulk samples.  However, this mode can trigger sample displacement and 

transparency errors, cannot be used to analyse small samples. 

Transmission mode, an alternative to reflection mode that preferred for the analysis of 

samples with lower absorbance properties, is where the x-ray pass through an x-ray 

transparent sample. This can be prepared in a glass capillary, between foils or thin solid 

sample adequate enough for X-rays. A focus beam or a parallel beam can be utilised. This is 

measured through the sample, suitable for samples which interacts weakly with x-rays. This 

setup employs a single detector and various soller slits to define the incident and scattered 

beam directions (55,56). This allows for the sample to rotate around its axis and avoids non-

randomness of the powder sample i.e. preferred orientation. It can be used to measure small 

sample quantities, good measurement resolution hence slower measurement speed 

1..3.2 Quantitative  data analysis - Rietveld refinement 

The Rietveld refinement method was developed by Hugo Rietveld in late 1960’s and it was 

first reported at the seventh congress of the International Union of Crystallography in 1966. 

A mixture of two or more substances gives a diffraction pattern made up of the superimposed 

patterns of the individuals components. The intensities of the individual patterns are 

proportional to the concentrations of the phases present. Hence by measuring the intensities 

of patterns, the relative amounts of each phase can be determined. Rietveld generates 

calculated diffraction pattern which is compared with observed data. Least squares 
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regression is used to minimise the differences between the complete observed and calculated 

data (49). 

1..3.3 Beam damage 

X-ray exposure can cause alteration or structural damage to the organic crystals. This causes 

chemical bonds to break and change the structure of the specimen. Other forms of damages 

includes hydrocarbon contamination and heating of the sample. A  study conducted to 

observe the importance of understanding the effects of X-ray exposure on small molecular 

crystals concluded that radiation induced changes were observed. The results also highlighted 

the importance of choosing the best experimental setup and parameters (57,58). 

1..3.4 Amorphous solids 

Amorphous solids are non-crystalline materials in which the atoms and molecules are not 

organised in a definite lattice pattern. Examples of such materials include glass, plastic and 

gel (36,47,59). 

In a mixture of crystalline and amorphous phases, the crystalline and amorphous fractions 

can be estimated in two ways.  

The crystalline fraction may be obtained by quantification of the individual crystalline phases 

with the use of appropriate standard substances. The amorphous fraction is then deduced 

indirectly by difference 

When amorphous and crystalline fractions do not differ in their elemental composition but 

only in ordering, the ratio of the integrated intensities of the crystalline fraction to the 

integrated intensities of the amorphous halos can be used to compare the crystallinity of the 

otherwise similar materials or to calculate a value of crystallinity according to a more complex 

procedure. (60,61).  

1..4 Chemical impurity profiling 

Chemical profiling of seized synthetic illicit drugs has become one of the most important parts 

of strategic forensic investigation as the profile of an illicit drug sample provides information 

at several levels. It can be used to determine links between two or more samples. Comparison 

of drugs can be divided into several levels and it can be used to determine links between two 
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or more samples. Purity is one of several parameters used for profiling and to establish 

relationships between sample groups (35,62). More often profiling of drugs is based on the 

analysis of manufacturing impurities and by-products. This is carried out using different 

chromatographic methods that have been examined and published by many researchers. 

Profiling of drugs includes, in addition to chemical analysis, another interdependent step, the 

interpretation and handling of the data. After chemical profiling the classification, i.e. 

grouping is commonly achieved using statistical analysis such as cluster analysis. Profiling 

results typically falls into 3 categories (i) identical, (ii) completely or in between (i) and (ii). For 

example, similar impurity profile indicates a link between the samples. Alternatively, samples 

having different profiles clearly do not belong to the same batch and this could be due to 

differences in starting materials or the production methods (35,63,64).  

 An inter-laboratory development of heroin profile method was carried out a study to develop 

a harmonised profile method and improve the interpretation for the resulting database of the 

chemical profiles using a relatively simple sample preparation without derivatisation (14). The 

results showed that the GC-FID system seemed to be stable and the intra-laboratory 

repeatability and reproducibility were acceptable. However, poor reproducibility at an inter-

laboratory level was obtained. In conclusion, this study reported that a database for heroin 

comparison should be collected in a central laboratory instead of profiling in many laboratory. 

It was also concluded that this method should be used in conjunction with another major 

component analysis. 

Another chemical profiling study compared nine illicit heroin samples by specifically looking 

at 18 impurity peaks. The variation between profiles was obtained by visual comparison 

however, this may not be used for court testimony as quantitation of selected impurities 

could be a necessity (59). In another experiment, toluene was used as an extraction solvent. 

The chromatograms were compared visually and highly specific profiles of heroin from four 

different origins were obtained. Different profiles from different geographical regions were 

compared based on the main alkaloids and adultarants from Johnston and King. The results 

were presented with the support of statistical analysis. The analysis results of classification 

were correct in over 83% however, it was concluded that the chemical composition of seized 

heroin changes over time, which may lead to misclassification (65). 
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In addition to GC methods, HPLC have been used in heroin profiling (66). Chromatograms of 

24 illicit samples were compared visually. Moreover, percentages of diamorphine, 

acetylcodeine, noscapine, papaverine and few impurities were determined. Similarities 

between 33 street samples have also been determined without chemical impurity profiling 

(67). Headspace-gas chromatography (HS-GC) was used to determine residual solvent 

quantities. Heroin content and adulterants were obtained by GC and more information from 

diluents by HPLC.  

Chemical profiling of complex samples has traditionally been based on GC analysis of 

impurities. Seized drugs usually have a complex composition making automatic profiling 

difficult. There are two major prerequisites for successful automated comparison (i) high 

resolution of the compound of interest and (ii) automated identification of impurity of peaks, 

typically based on the use of a highly selective MS detector or retention index (RI) monitoring 

techniques (68).  

Profiling and analysing a suspected heroin sample simultaneously would add valuable 

scientific information to support law enforcement intelligence gathering and operational 

work. Identification of the components within various seizures can provide a wealth of 

information, for example, trends in usage of particular drugs, changes in diluents or 

adulterants and its purity. This research could provide a major advance in profiling and 

analysing suspected heroin samples using a rapid, non-destructive method. XRPD has the 

potential to play a pivotal role in unravelling the history of a given heroin sample’s 

manufacturing and trafficking route (14,69,70). Sources of characteristic impurities found 

within seized samples may include: 

1. The adulterants and cutting agents intentionally added to the mixture during 

production to dilute the drug. These chemicals mimic the drug itself.  

2. Opium alkaloids.  These are usually co-extracted during drug production but 

may not be completely removed from the end product.  

3. By-products generated during drug manufacture, such as calcium carbonate 

and calcium chloride;  
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4. Precursor compounds, such as acetyl anhydride, and solvents used in drug 

manufacture are ingredients specifically incorporate its molecular structure 

into an illicit substance. For example, acetic anhydride most commonly used 

as a precursor for heroin manufacture (70).  

5. Reagents are the ingredients required within a reaction to modify the 

precursor’s molecule structure into a required substance.  

6. Solvents are added to the mixture dissolving precursors and reagents to drive 

the chemical reaction, diluting the mixtures as well as separating and purifying 

other chemicals that are present (71). 

Analysis of forensic casework seizures requires a careful, well thought out approach to the 

analytical sequence in order to maximise the obtainable information; thus XRPD is one of the 

techniques that should be considered more as a first line of attack. The current protocol for 

analysing bulk samples includes: physical description, presumptive testing, followed by Gas 

Chromatography Mass Spectrometry (GC-MS) and High Performance Liquid Chromatography 

(HPLC). XRPD is a non-destructive method of analysis for crystalline materials and would 

possibly be able to substitute current methods of analysis (24,26,37,72).  
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2. Objective of the study 

The aim of this study is to demonstrate that X-Ray Powder Diffractometry can be used as a 

non-destructive technique for qualitative and quantitative analysis of known physical 

mixtures mimicking heroin samples.  

The overall objectives of this pilot study includes:  

1. Development of a method to enable qualitative analysis of know physical 

mixtures by X-Ray Powder Diffraction. 

2. Optimisation of the instrumental parameters to enable quantitative analysis. 

3. Explore and optimise the quantitative capabilities of Rietveld refinement on 

the data obtained. 
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3. Method 

A Bruker D8 Advance X-ray diffractometer was used to the collect the data for this study. The 

parameters used throughout the study are listed in the Table 2 below. The Bruker AXS 

Measurement Suite, Diffrac.EVA and Crystal Impact Match! were the software programs used 

for the analysis, to interpret the data and compare spectra, respectively. Corundum was used 

to calibrate the diffractometer and this is a crucial part to prevent ‘tube drift’ of the 

diffractometer. The peak position is recorded to monitor any change in tube intensity. 

Table 2 Bruker XRD instrument setting-  

Parameter  Reflection Transmission 

Geometry Bragg-Brentano Debye-Scherrer 

Detector LynxEye LynxEye 

Scan Type Coupled Two Theta/Theta Offset coupled two theta 

Scan Mode Continuous PSD Fast Continuous Scan 

Radiation Cu-Kα Cu-Kα 

Generator Current: 30kV 

Voltage: 10 mA 

Current: 30kV 

Voltage: 10 mA 

Primary Divergence Slit Fixed No slit 

Axial Sollar Slit 2.5° 2.5° 

Receiving Slit 0.6mm 0.6mm 

K- Filter Ni-LowBeta No Filter 

Motorised slit Primary motorised slit 0.3° Global mirror 

 Secondary motorised slit 3.0°  
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3..1 Beam damage  

This experiment was carried out to observe any change in the diffraction pattern under the 

following condition: repeat analysis of the same sample. 

 Paracetamol samples were evenly spread onto a keptone film to create a sandwich layer 

supported by two slides. The sample in the film was then loaded onto a transmission holder 

for analysis Transmission. A total of 5 repeats were conducted without physically removing 

the samples from the auto sampler.  

Instrumental parameter for the analysis: The X-Ray powder diffractometer patterns were 

recorded by mounting ~0.5mg of ground sample onto the transmission holder then exposing 

it to the X-Ray beam which is Cu K (α) radiation. The samples were analysed with the angular 

range of 10° to 60° using increment size of 0.020° for 96 minutes. 

Paracetamol samples were loaded onto the PMMA sample holder to create a compact 

powder and this was evenly distributed out using a microscopic slide to evenly spread the 

sample. 

3..2 Sample preparation 

Various sample preparation methods were explored to determine which method would give 

the best quality of XRD spectra. The individual preparation experiments are listed in Table 2: 

Chemicals used: 

• Corundum-  

• Paracetamol-  

• Caffeine-  

• Codeine-  

• Sucrose-  
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Table 3 sample preparation used in this study 

Sample 

preparation type 

Preparation method Analysis 

method 

Type of analysis 

Use of a mortar 

and pestle to 

grind the powder 

into the PMMA 

sample holder to 

create a compact 

powder 

1g of physically mixed sample 

including the internal standard 

Corundum was ground using 

motor & pestle for 

approximately 1     minute. The 

ground sample was then 

transferred onto a sample 

holder and a microscope slide 

was used to evenly pack the 

holder and to create a smooth 

top layer. 

 

Reflection Qualitative and 

quantitative using 

known physical 

mixtures using 

internal standard. 

Place loose 

powder on the 

polymethylmeth

acrylate (PMMA) 

sample holder- 

cavity diameter 

25 mm and 1 mm 

depth 

1g of physically mixed sample 

was transferred onto a 

reflection sample holder. The 

mixture wasn’t ground. 

Reflection Beam damage, 

Qualitative and 

quantitative of 

internal standard. 

Use of a mortar 

and pestle to 

grind the powder 

into the 

Approximately 0.5mg of 

physically mixed sample was 

evenly spread onto a keptone 

film to create a sandwich layer. 

The sample in the film was then 

Transmissi

on 

Method optimisation 

for known physical 

mixtures. 
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Transmission 

holder 

loaded onto a transmission 

holder for analysis 

 

3..3 Transmission analysis method development 

With a constant sample volume in the beam, the transmission mode provides reliable 

intensities over the full 2 while the reflection setup could yield false intensities up to at least 

10o. Line broadening for weak absorbing particles can be avoided and the statistical 

distribution of the particles in a capillary yields a diffraction pattern less affected by the 

effects of preferred orientation. 

The following physical mixtures were prepared using pure phase chemicals using ratios. Each 

sample was analysed 3 times: 

• * P50Ca50_1_BH_T1A2I2 

• * P50Ca50_1_BH_T1A3I3 

• * P50Ca50_1_BH_T1A4I4 

• *P50Ca50_1_BH_T1A5I5 

• * P50Ca50_1_BH_T2A3I3 

• * P50Ca50_1_BH_T2A4I4_0.6mm 

• * P50Ca50_1_BH_T2A5I5_0.6mm 

• * P50Ca50_1_BH_T3A1I1_0.6mm 

• * P50Ca50_1_BH_T3A2I2_0.6mm 

• * P50Ca50_1_BH_T6A2I2  

• * P50Co50_1_BH_T1A1I1_0.6mm 

• * P50Co50_1_T2A1I1_060416 

• * P50Co50_1_BH_T2A4I4_0.6mm 

• * P50Co50_1_BH_T2A5I5_0.6mm 

• * P50Co50_1_BH_T3A1I1_0.6mm 

• * P50Co50_1_BH_T3A2I2_0.6mm 

• *P33.3Ca33.3S33.3_1_BH_T1A1I1_0.6mm 
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• *P33.3Ca33.3S33.3_1_BH_T3A1I1_0.6mm 

• * P33.3Ca33.3S33.3_1_BH_T2A4I4_0.6mm 

• * P33.3Ca33.3S33.3_1_BH_T3A2I2_0.6mm 

To find a suitable transmission method to analyse the physical mixtures 50:50 

Paracetamol:Caffeine was analysed using the following parameters were changed: Time (T) 

of the analysis, Angular range ()(A) and Increment size ()(I). See Table 3. 

Table 4 Analysis method used for transmission method optimisation 

Method key Instrumental parameter 

Time (Minutes) Angular Range (°) Increment Size (°) 

T1SA1I1 10mins 10-60° 0.020° 

T1A2I2 10mins  10-60° 0.040° 

T1A3I3 10mins 10-70° 0.060° 

T1A4I4 10mins   10-80° 0.080° 

T1A5I5 10mins  10-90° 0.10° 

T2A1I1 20mins   5-60° 0.020° 

T2A2I2 20mins 10-60° 0.040° 

T2A3I3 20mins 10-70° 0.060° 

T2A4I4 20mins 10-80° 0.080° 

T2A5I5 20mins 10-90° 0.10° 

T3A1I1 30mins 5-60° 0.10° 

T3A2I2 30mins 10-60° 0.020° 
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3..3.1 Optimisation of slit 

The following samples were analysed using the 0.2mm and 0.6mm sollar slit to observe any 

change peak position and intensity. 

Samples Slit size Mode of analysis Method- Angular 

range: Increment 

Size: Time 

Paracetamol 100% 0.6mm, 0.2mm Reflection  5-40°, 0.020°, 

1720, 96.00s 

 

Caffeine 100% 0.6mm, 0.2mm Reflection 5-40°, 0.020°, 

1720, 96.00s 

 

Codeine 100% 0.6mm, 0.2mm Reflection 5-40°, 0.020°, 

1720, 96.00s 

 

Paracetamol 100% 0.6mm, 0.2mm Transmission 5-70°, 0.020°, 

1720, 96.00s 

 

 

3..3.2 Optimisation of angular range, run length and increment size for reflection mode 

To achieve the optimal condition needed for the analysis of physical mixtures, the following 

parameters in Table 4 were considered: 
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Table 5 Methods used for Reflection mode 

The long run was used as a standard measure to compare against short run 1&2 methods. 

This was mainly to compare the peak positions and whole pattern fitting of the diffractogram 

between transmission and reflection mode. 

3..4 Quantification using Rietveld refinement 

CrystalDiffract Match software was used to carryout this analysis. The variables in the 

refinement can be separated into two groups: the first group is the structural parameters, 

including atom positions, occupancies and temperature and these factors determine the 

intensity of the peaks.  

The analysis began by preparing the diffraction data for use in the refinement by defining 

reflection positions. Initial refinement is carried out on background parameter and overall 

scale factor. The lattice parameter and zero point correction are added to the refinement to 

fit the peak positions. Based on this results the profile parameters were also refined to 

counteract any poorly fitted peak positions (73,74). A visual comparison between the 

observed and calculated diffraction patterns also aided in identifying the parameters required 

to achieve convergence. R- factors and X2 values were used to further inspect the fitting after 

changes to the parameters. The weight fractions of the individual phases were calculated 

from the refined parameters and the unit cell volumes calculated from reference structure 

files of the phases (74,75).  

 Method Sample type 

Short run1 8mins, 10-60°, 0.026° Sample without internal standard, Sample 

with internal standard 

Short run2 10mins, 10-60°,0.020° Sample without internal standard, Sample 

with internal standard 

Long run 58mins, 10-80°, 0.0020° Sample without internal standard, Sample 

with internal standard 
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4. Results and Discussion   

The reflection diffractogram (blue) and the transmission diffractogram (red) of paracetamol 

is displayed in Figure 3. The diffractograms obtained were compared against the user 

reference database created using structure files (.str and .cif) taken from the Cambridge 

Crystallographic Data Centre (CCDC) and the Crystallographic Open database (COD). The 

reflection data exhibits prominent sharp peaks indicating a good crystalline sample. In 

Comparison to the transmission analysis, the reflection analysis provided fewer but more 

intense peaks, see Figure 3 and Figure 4. This is expected as the Bragg-Brentano geometry 

enables the use of a divergent X-ray beam without monochromatisation or parallelisation, 

resulting in higher intensity in comparison to transmission analysis (76). The reduction of the 

number of peaks in reflection analysis versus transmission analysis relate to the lower 

absorbing crystallites that do not reflect the divergent x-ray beam effectively (77). 

 

Figure 3- Pure phase of Paracetamol using Reflection and Transmission setup 
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Figure 4 illustrates the differences in diffraction data for Paracetamol analysed using Reflection and Transmission mode. 

4..1 Beam damage 

Prolonged exposure to X-ray radiation is known to cause damage to the crystal structure.  

Studies published by (58,78) highlighted that beam damage can lead to major structural 

changes such as tilting, lattice expansion and an intensity reduction of the Bragg-Brentano 

reflection. There is a direct relationship between the lattice parameters and peak-shift. 

Therefore it is vital to minimise lattice expansion to increase the accuracy and reproducibility 

of the peak-shift (79).  

As part of the method development the likelihood and extend of beam damage occurring 

during repeated analysis was investigated to understand the impact of beam damage on 

further optimisation of the analysis method. Table 6 displays the %-change of the most 

intense peaks (≥25% relative intensity) for paracetamol in transmission and reflection analysis 

and caffeine and codeine in reflection analysis only.  

The data obtained from the bean damage experiment did not demonstrate any trendable 

change over the repeated analysis runs and it is observed that the intensity change observed 

from the reflection data is most likely due to instrument variability rather than bean damage. 

A percentage change >10%, highlighted in bold in Table 6, was observed for paracetamol 

during transmission analysis only, which is likely due to the lower maximum signal intensity 

observed of 58.1 counts (transmission) and 39236 counts (reflection). The peak at 20.8° 
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appears to exhibit an intensity loss between 14 – 28%, highlighting that some beam damage 

could be occurring. But when looking inspecting the %-change over the 5 repeat runs it is 

noted that the peak reduction is greater in the first two repeat analysis highlighting between 

analysis variability making it impossible to accurately quantify the %-signal loss. The data 

displayed in Table 6 highlights that the variability observed within the beam damage 

experiments is not significant for the analysis time window investigated. This highlights that 

the same sample could be analysed repeatedly for the method optimisation activities.  

  



23 

 

Table 6 Comparison of the %-difference obtained for the main peaks of paracetamol, caffeine and codeine in repeated 

analysis.. 

Sample Analysis mode Angle (2) Intensity (counts) Repeat 1 Repeat 2 Repeat 3 Repeat 4 

P
ar

ac
et

am
o

l 

Tr
an

sm
is

si
o

n
 

13.8 58.1 1% 6% 5% 4% 

15.5 51.4 -3% -2% 1% -3% 

18.2 32.4 -4% 2% -3% 6% 

26.6 28.8 6% 6% 5% 5% 

24.4 23.1 -1% -2% -1% 0% 

23.5 21.1 -12% -9% -4% -4% 

20.8 16.5 -21% -28% -14% -16% 

24.7 15.1 -11% -8% -2% -6% 

R
ef

le
ct

io
n

 

24.4 39236 1% 2% 1% 2% 

15.5 31345 -2% -2% -3% -3% 

12.1 25421 0% -1% 0% 0% 

18.2 24716 0% 1% 1% -2% 

23.5 22476 -1% -1% -1% -2% 

26.6 20197 1% 1% -2% -2% 

20.4 17110 2% -1% -1% -1% 

C
af

fe
in

e 

11.8 70989 1% 0% 0% 0% 

12.0 84955 0% 0% -1% 0% 

26.4 28517 -1% -2% -2% -2% 

27.1 30248 1% 0% 1% -1% 

C
o

d
ei

n
e

 

12.8 21073 -1% -1% -1% -2% 

13.1 20779 0% -1% -1% -1% 

13.4 28421 -1% -1% -2% 0% 

13.5 43673 -1% -2% -2% -2% 

16.7 15890 -1% -2% -2% -1% 

17.4 16438 0% -1% -2% -1% 

17.9 21228 0% 0% -1% 0% 

22.7 12328 -2% -1% -2% -2% 

23.5 24836 0% -1% 0% -1% 

Figure 5 displays an overlay between paracetamol analysis run one and run five to visually 

highlight the differences observed within Table 6 that could have been caused by beam 

damage during the repeated analysis of the same sample in transmission mode. As visible in 

Figure 5, a slight decrease is observed in the peak with a corresponding 2theta of 20.8°. This 

could impact accurate quantitation as repeated X-ray’s radiation could degrade the sample 

matrix. According to Glaeser.R, 2000(80) and Nave.C, 1995 (81) the beam places a strain on 
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the quality of the diffraction pattern as a set number of X-rays has to pass through the sample 

in a transmission mode to produce desired number of counts making up the diffraction peaks. 

 

Figure 5 Comparison of damage between run 5 vs run 1 for Paracetamol 

4..2 Sample preparation 

Figure 6 displays a diffraction pattern of corundum ground, red trace, and non-ground, blue 

trace collected using reflection mode to assess the need for sample manipulation prior to 

analysis. The gold trace, displays the difference between the ground and non-ground 

diffractogram and highlights a minor difference in absolute peak intensities. Additionally, the 

peak shape of the ground corundum does exhibit slightly poorer peak shapes in comparison 

to the non-ground sample. The poorer peak shape could be due to the formation of 

microcrystals during the grinding process. Preparation of a sample is crucial in achieving a 

high quality data to avoid disproportionate crystallite orientations, insufficient number of 

crystallites in the sample and a representative intensity distribution for the sample. The ideal 

sample should provide a statistically infinite, randomly orientated crystallite no larger than 

10 µm (82). Large crystallite sizes and non-random crystallite orientations both lead to peak 

intensity variation. According to Connolly.J, 2010 (83) the homogeneity of a complex sample 

needs to be maintained to obtain diffraction patterns from two or more phases that are not 

directly proportionate to the amounts of phases in the mixture.  
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Figure 6 Comparison of ground Corundum (red trace), non-ground Corundum (blue trace) and difference between ground and 

non-ground Corundum (gold trace). 

The approach to sample preparation is based on the sample’s reactivity, hardness and 

behaviour of the phases. This needs to be considered before using an appropriate technique. 

In addition, this will have an effect on the quantification of the sample especially with Rietveld 

refinement due to potential peak intensity variations (73,84). Although the results below do 

not show any significant difference in ground and non-ground, this cannot be automatically 

applied to other pure phases in this study. For example, sucrose used in this study contained 

larger crystallite sizes >10 µm therefore without some degree of sample preparation the 

measured diffraction pattern will not support the expected results from an ideal sample. 

Therefore, the samples were ground and prior to transferring into the well of the PMMA 

sample holder using the top-loading bulk powder for reflection analysis (50). 
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4..3 Transmission analysis method development 

4..3.1 Optimisation of slit 

The impact of changing the slit size was assessed for transmission analysis, see Figure 7. This 

figure compares the slit width of 0.2 mm, red trace, and 0.6 mm, blue trace, and the difference 

between both diffraction patterns is displayed in the green trace. A significant difference can 

be observed between the 0.6 mm slit and the 0.2 mm slit. The diffraction pattern of the 0.6 

mm slit is more intense in comparison to the 0.2 mm slit pattern. This can be observed by the 

baseline noise in the red trace and the residual peaks in the green trace. Additionally, two 

peaks at a 2theta of 20.8° and 32.8° are not observed in the narrower, 0.2 mm slit diffraction 

pattern. 

In order to obtain a precise diffraction data, the diffraction intensity needs to be enhanced, 

to minimise any diffraction broadening, peak shift, distortion and poor background. The slit 

width can affect the peak intensity, shape and position of the peak (50) therefore it is crucial 

to choose the best receiving slit to minimise errors caused. The slit dimensions can be 

optimised to improve quantitation by Rietveld Refinement as the use of a wider slit has been 

reported to provide a better diffraction pattern with increased intensities (5). Based on this 

knowledge Figure 7 shows better results using the 0.6mm receiving slit due to improved signal 

to noise (49). 
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Figure 7 Comparison of a 50:50 caffeine:paracetamol physical mixture analysed using a 0.2mm slit size (red trace)and a 

0.6mm slit size (blue trace). The green trace highlights the difference between the 0.2mm and 0.6mm slit diffractograms. 

4..3.2 Optimisation of angular range, run length and increment size 

The transmission analysis parameters were optimised to find the optimal angular range, total 

run time and the increment size. Figure 8 compares the diffraction pattern analysed for 10 

minutes with an increment size of 0.020 and an angular range of 5-60 (orange) with a 

diffraction pattern analysed for 10 minutes, an increment size of 0.100 and angular range of 

10-90 (blue). This highlights that no additional diffraction peaks were observed in the wider 

(between 60-90°) angular range (blue) diffraction pattern and thus a wider angular range is 

not required for the different mixtures assessed. Figure 8 does also display a diffraction 

pattern analysed for 20 minutes with an increment size 0.020 and an angular range of 5-60 

(grey). When comparing this run against the others a clear difference can be observed in the 

peak intensity where the peaks in the grey trace (20 minute run time) are much more 

abundant than the peaks obtained during the 10 minute analysis. Figure 9 overlays the same 
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patterns but focusses on the peaks between 10 to 40 2theta and highlights that all the peaks 

are more abundant when compared to the other runs. Thus an increase in overall analysis 

time does increase the peak intensity in the diffraction pattern. This is hypothesised to be 

related to the increased time spend for the data to be collected at each datapoint. 

 

Figure 8 Transmission method optimisation for physical mixture ; Grey line = T2A5I5, Blue line = T1A5I5, Orange line= T1A1I1. 

 

Figure 9 Transmission method optimisation for physical mixture zoomed between 10-40°; Grey line = T2A5I5, Blue line = 

T1A5I5, Orange line= T1A1I1. 
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In addition to an increase in peak intensity observed as a result of increasing the overall 

analysis time, Figure 9 also highlights a small increase associated with the change in increment 

size (blue vs orange). This increase in peak intensity is less prominent in comparison to that 

observed in the grey pattern but this highlights that the intensity increase in the grey pattern 

is likely due to the change in both increment size and overall runtime.  

Figure 10 highlights impact of changing the angular range, run length and increment size on 

quantification. The bar chart displays the average difference between the actual % w/w and 

calculated % w/w for the 50:50 caffeine:paracetamol physical mixture analysed on the various 

increment sizes and runtimes. Additionally, the error bars highlight the 95% confidence 

interval obtained from the standard deviation of the three repeat analyses. The deviation 

between the actual and calculated amounts for all runs was between 0.04% and 7.5%. The 

chart highlights that the using a 0.020° increment size at an overall runtime of 20 minutes 

provided the most accurate and precise quantitative data in comparison to the other 

measurements based on the Rietveld refinement displayed in Figure 10. This combination 

provided an accuracy variation of 0.4% and a standard deviation of 0.06, which was the lowest 

observed. 
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Figure 10 Effect of changing analysis increment size and runtime on the accuracy and presicion of the Rietveld refinement 

4..4 Quantification using Rietveld refinement 

The quantitative capability of the Rietveld refinement on more complex mixtures at a variety 

of different ratios was assessed. Table 7 displays the accuracy and repeatability of the Rietveld 

refinement for caffeine, corundum and paracetamol by displaying the actual amount, average 

calculated amount and relative standard deviation of the replicate analyses. For the different 

samples analysed, the amount of caffeine and paracetamol were varied whilst the amount of 

corundum was kept the same. The actual quantities of the mixtures analysed can be found in 

column three and the calculated amount including its 95% confidence interval is displayed in 

column four, the relative standard deviation of the calculated amount is displayed in column 

five of Table 7. The calculated amount of only four (highlighted in green) of the 12 sample 

component mixtures matched the actual amount of the physical mixtures prepared within 

the 95% confidence interval. This is not surprising as the relative standard deviation 

associated with these results is above 10%, hence their 95% confidence interval would not 
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have included the actual amount if the relative standard deviation was in line with the others 

displayed in Table 7. The absolute deviation in accuracy ranged from 1.5% up to 9.4% This is 

quite large especially if this procedure is to be used to quantify seized heroin samples. This 

deviation is also not suitable when compared to other analytical capability currently used for 

this purpose such as GC-MS or LC-MS, where an absolute deviation around 1 to 2% is more 

likely. The repeatability is also high when taking into account the levels of components to be 

quantified, these amounts are 10% or higher this would lead to an expectation for the relative 

standard deviation to be around 2 to 3% (in line with variability obtained using LC and GC 

analysis). This is only met in three of the 12 components and thus the methodology requires 

further optimisation or additional Rietveld refinement is required to allow for a better 

prediction improving the overall accuracy and precision. Alternatively, the use of an internal 

standard, corundum, could improve the quantitative predictions of the Rietveld refinement, 

see Table 8 showing Rietveld refinement data. 
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Table 7 data show quantification of samples with and without internal standard. 

Sample Component 
Actual amount 

(% w/w) 

Calculated amount 

(% w/w) 

Relative standard 

deviation (%) 

TS1_IS_1_30

032021_MR 

Paracetamol 9.99 11.73 ± 5.66 24.13 

Caffeine 69.28 64.53 ± 3.74 2.90 

Corundum 20.73 23.73 ± 2.00 4.21 

TS2_IS_1_30

032021_MR 

Paracetamol 20.17 21.67 ± 6.31 14.56 

Caffeine 59.87 52.83 ± 0.99 0.94 

Corundum 19.96 25.50 ± 5.57 10.92 

TS3_IS_1_30

032021_MR 

Paracetamol 30.44 23.43 ± 3.13 6.68 

Caffeine 49.05 51.23 ± 1.68 1.64 

Corundum 20.51 25.33 ± 2.16 4.26 

TS4_IS_1_30

032021_MR 

Paracetamol 39.74 30.37 ± 2.53 4.17 

Caffeine 39.59 45.00 ± 4.33 4.81 

Corundum 20.67 24.67 ± 5.83 11.82 

Table 8 displayed the quantification of paracetamol when corundum is used as the 

quantitative internal standard for the Rietveld refinement on the same data used for Table 7. 

Paracetamol was used in this situation to mimic the diamorphine component in a seized 

heroin sample to assess the quantitative capability of the Rietveld refinement method. In this 

situation paracetamol was correctly identified as a component in the mixture, which was 

quantified against the corundum internal standard rather than quantifying each individual 

component (including Caffeine) using the Rietveld refinement method. This mimics are more 
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representative real-world scenario as not all the impurities require quantification. The data 

obtained is displayed in Table 8. On a first glace it is noticeable that the calculated amount 

including its 95% confidence internal does contain the actual amount of paracetamol in the 

mixture, highlighted by its green colour. The absolute error for the quantification of 

paracetamol over a range from 10 to 50% w/w when using an internal standard was 1% or 

less, whilst the maximum relative standard deviation was 5.26%. A relative standard deviation 

of 5.26% at an absolute amount of 10% w/w equates to a variability of approximately 0.5% 

and is therefore deemed acceptable. The data displayed in Table 8 highlights that the use of 

XRPD provides suitable analytical data to allow for quantitative analysis using Rietveld 

refinement when a suitable internal standard is used. 

Table 8 shows the quantification results obtained 

Sample Component 

Actual 

amount (% 

w/w) 

Calculated 

amount (% 

w/w) 

Relative 

standard 

deviation (%) 

TS1_IS_1_30032021

_MR 
Paracetamol 12.60 11.60 ± 1.22 5.26% 

TS2_IS_1_30032021

_MR 
Paracetamol 25.20 25.53 ± 1.67 3.27% 

TS3_IS_1_30032021

_MR 
Paracetamol 38.29 37.43 ± 2.31 3.09% 

TS4_IS_1_30032021

_MR 
Paracetamol 50.09 49.43 ± 0.70 0.71% 
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5. Conclusion 

In conclusion, a suitable method was developed to analyse physical mixtures containing 

caffeine, codeine and paracetamol with and without the use of corundum as an internal 

standard using Bruker D8 Advance. This enabled qualitative analysis through a user database 

containing structure files of paracetamol, caffeine and codeine. 

The qualitative method was optimised to enable successful quantitative analysis. Parameters 

investigated included a comparison between transmission and reflection, which showed that 

the latter provided higher peak intensity and more repeatable data. Other parameters that 

were optimised included, analysis time, angular range, increments size and slit width in 

addition to an assessment of the possibility of the X-ray’s damaging the crystal structure (bean 

damage). It was noted that an increase of the analysis time, increased the peak intensity. This 

is preferred when performing whole pattern fitting such as Rietveld refinement due to 

increased signal to noise at the larger angles. The increment size and runtime were assessed 

and chosen based on the accuracy and repeatability of the quantitative data obtained 

following Rietveld refinement. A runtime of 20 minutes with an increment size of 0.020° 

provided an accuracy error of 0.4% with a standard deviation of 0.06 using a 50:50 

caffeine:paracetamol mixture. 

The change in angular range did not directly impact the qualitative and quantitative aspects 

of the data but this could have been as no peaks were observed above 60°. This could have 

been as a result of the physical mixtures used and the impact of this will need to be re-

assessed when illicit substances such a heroin. Data obtained using a slit width of 0.6mm 

provided better signal to noise in comparison to a 0.2mm slit. Finally, the possibility of beam 

damage was investigated through repeated analysis to ascertain its likelihood of occurring 

and impacting the method optimisation when using the sample. The data highlight that no 

significant different diffractograms were obtained following this experiment. 

The quantitative capabilities of the Rietveld refinement were assessed via the identification 

and inclusion of all components present in the physical mixture. This highlighted high 

variability on repeated analysis of paracetamol, up to 24% RSD. However, when partial 

identification of the physical mixture was performed and normalised using an internal 
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standard, the data obtained was deemed highly accurate (calculated amount +/- 95% CI 

included actual amount) and precise (maximum RSD of 5.3%) over the investigated range of 

12.6% w/w to 50.1% w/w. This approach mimics a forensic setting more closely through 

identification and quantification of the active ingredient. The use of an internal standard is 

however required to obtain accurate and repeatable data. 

The data obtained highlights that X-Ray Powder Diffractometry can be as a non-destructive 

technique for qualitative and quantitative analysis of known physical mixtures containing 

caffeine, codeine and paracetamol mimicking heroin samples.  
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6. Further work  

The main aim of this research is to develop a harmonised non- destructive method that will 

enable the analysis of street heroin. Using the data from this pilot study the next approach to 

this study should be focused on: 

1. The effect of preferred orientation on a diffraction pattern 

2.  The presence of amorphous and polymorphs in an unknown sample and how 

this can be alleviated. 

3.  The use of different sample holders and sample preparation to find the most 

appropriate sample preparation and sample loading method 

4.  A robust and reliable method to analytically characterise and quantify seized 

heroin samples from different sources. 

A sample holder which can be used at the crime scene to retrieve a small amount of suspected 

sample for XRPD analysis. 

Publication of articles in peer-reviewed journals to exhibit the work carried out. 
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Appendix 1- Extra data  

Comments Keys 

The 

parameter 

is written 

in the 

following 

order: 

Angular 

Range (A), 

Step size, 

Steps, 

Step time 

D- Diamorphine 

Co- Codeine 

P- Paracetamol 

Ca-Caffeine 

S- Sucrose 

BH- Bruker Holder 

(Transmission) 

  PH-Proposed Holder 

(Transmission) 

  T- Transmission 

  R- Reflection 

  V- Time 

  A- Angular Range 

  I- Increment 

  Slit used- 0.2mm or 0.6mm 

  

V1A2I2 10mins, 5-70°, 0.040 
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V1A3I3 10mins,5-80°, 0.060 

V1A5I5 10mins, 5-100°, 0.10 

V1A4I4 10mins, 5-90°, 0.080 

V2A1I1 20mins, 5-60°,0.020 

V2A3I3 20mins,5-70°, 0.060 

V2A2I2 20mins, 5-70°, 0.040 

V0A1I1   

V0.5A1I1 5mins, 5-60°, 0.020 

V1A1I1 10mins, 5-60°, 0.020 

V2A5I5 20mins, 5-100°, 0.10 

V3A2I2 30mins, 5-70°, 0.040 

V3A4I4 30mins, 5-90°, 0.080 

V3A1I1 30mins, 5-60°,0.020 

 

 

Sample name Date of 

analysis  

Reflection 

or 

Transmissi

on 

Holder used Paramet

er 

Blank_V3A1I1 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 
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2701, 

122.88s 

D50Co50_1_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

D50Co50_2_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

D50Co50_3_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P33.3Ca33.3S33.3_1_BH_V3A1I1

_0.6mm 

28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P33.3Ca33.3S33.3_2_BH_V3A1I1

_0.6mm 

28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P33.3Ca33.3S33.3_3_BH_V3A1I1

_0.6mm 

28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 
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P50Co50_1_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P50Co50_2_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P50Co50_3_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P50Ca50_1_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P50Ca50_2_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

P50Ca50_3_BH_V3A1I1_0.6mm 28/09/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

122.88s 

Blank_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 



49 

 

1058, 

211.20s 

D50Co50_1_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

D50Co50_2_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

D50Co50_3_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P33.3Ca33.3S33.3_1_BH_V2A4I4

_0.6mm 

02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P33.3Ca33.3S33.3_2_BH_V2A4I4

_0.6mm 

02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P33.3Ca33.3S33.3_3_BH_V2A4I4

_0.6mm 

02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 



50 

 

P50Co50_1_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Co50_2_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Co50_3_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Ca50_1_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Ca50_2_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Ca50_3_BH_V2A4I4_0.6mm 02/09/20

16 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

211.20s 

P50Ca50_3_BH_V2A1I1 14/08/20

16 

T Bruker T holder 5-60°, 

0.020°, 



51 

 

2703, 

24.00s 

P50Ca50_1_PH_V2A1I1 14/08/20

16 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_2_PH_V2A1I1 14/08/20

16 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_3_PH_V2A1I1 14/08/20

16 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

F0356_11_1.2_1_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

F0356_11_1.2_2_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

F0356_11_1.2_3_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 



52 

 

F6723.10_1.3_1_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

F6723.10_1.3_2_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

F6723.10_1.3_3_130416_V1A1I

1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

JCD1_1_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

JCD1_2_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

JCD1_3_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_1_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 



53 

 

2703, 

42.24s 

P50Co50_2_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_3_130416_V1A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

F0356_11_1.2_1_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

F0356_11_1.2_2_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

F0356_11_1.2_3_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

F6723.10_1.3_1_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 



54 

 

F6723.10_1.3_2_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

F6723.10_1.3_3_130416_V0.5A

1I1 

13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

JCD1_1_130416_V0.5A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

JCD1_2_130416_V0.5A1I2 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

JCD1_3_130416_V0.5A1I3 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Co50_1_130416_V0.5A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Co50_2_130416_V0.5A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 



55 

 

2703, 

32.64s 

P50Co50_3_130416_V0.5A1I1 13/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

F0356_11_1.2_1_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

F0356_11_1.2_2_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

F0356_11_1.2_3_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

F6723.10_1.3_1_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

F6723.10_1.3_2_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 



56 

 

F6723.10_1.3_3_V2A1I1_06041

6 

06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

JCD1_1_V2A1I1_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

JCD1_2_V2A1I2_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

JCD1_3_V2A1I3_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

P50Co50_1_V2A1I1_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

P50Co50_2_V2A1I1_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 

2701, 

82.56s 

P50Co50_3_V2A1I1_060416 06/04/20

16 

T Bruker T holder 5-60°, 

0.020°, 



57 

 

2701, 

82.56s 

P50Ca50_1_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 

P50Ca50_2_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 

P50Ca50_3_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 

P50Co50_1_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 

P50Co50_2_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 

P50Co50_3_BH_V6A2I2 30/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

243.84s 



58 

 

D50Co50_1_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

D50Co50_2_BH_V3A.2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

D50Co50_3_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P33.3Ca33.3S33.3_1_BH_V3A2I2

_0.6mm 

29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P33.3Ca33.3S33.3_2_BH_V3A2I2

_0.6mm 

29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P33.3Ca33.3S33.3_3_BH_V3A2I2

_0.6mm 

29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P50Co50_1_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 



59 

 

1638, 

203.52s 

P50Co50_2_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P50Co50_3_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P50Ca50_1_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P50Ca50_2_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

P50Ca50_3_BH_V3A2I2_0.6mm 29/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

203.52s 

Blank_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 



60 

 

D50Co50_1_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

D50Co50_2_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

D50Co50_3_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P33.3Ca33.3S33.3_1_BH_V2A5I5

_0.6mm 

04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P33.3Ca33.3S33.3_2_BH_V2A5I5

_0.6mm 

04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P33.3Ca33.3S33.3_3_BH_V2A5I5

_0.6mm 

04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P50Co50_1_BH_V2A5I5_0.6mm  04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

applewebdata://4F821AF4-4C13-418A-B498-8496257C05E7/#RANGE!A94


61 

 

853, 

261.12s 

P50Co50_2_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P50Co50_3_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P50Ca50_1_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P50Ca50_2_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

P50Ca50_3_BH_V2A5I5_0.6mm 04/09/20

15 

T Bruker T holder 5-90°, 

0.100°, 

853, 

261.12s 

Blank_V1A1I1_0.2 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 



62 

 

D50Co50_1_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

D50Co50_2_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

D50Co50_3_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P33.3Ca33.3S33.3_1_BH_V1A1I1

_0.2mm 

02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P33.3Ca33.3S33.3_2_BH_V1A1I1

_0.2mm 

02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P33.3Ca33.3S33.3_3_BH_V1A1I1

_0.2mm 

02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_1_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 



63 

 

2703, 

42.24s 

P50Co50_2_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_3_BH_V1A1I1_0.2mm 02/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

Blank_V1A2I2_T1_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

D50Co50_1_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

D50Co50_2_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

D50Co50_3_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 



64 

 

P33.3Ca33.3S33.3_1_BH_V1A2I2

_0.2mm 

02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P33.3Ca33.3S33.3_2_BH_V1A2I2

_0.2mm 

02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P33.3Ca33.3S33.3_3_BH_V1A2I2

_0.2mm 

02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Co50_1_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Co50_2_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Co50_3_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_1_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 



65 

 

1638, 

69.12s 

P50Ca50_2_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_3_BH_V1A2I2_0.2mm 02/09/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

Blank_010915 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

D50Co50_1_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

D50Co50_2_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

D50Co50_3_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 



66 

 

P33.3Ca33.3S33.3_1_BH_V1A1I1

_0.6mm 

01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P33.3Ca33.3S33.3_2_BH_V1A1I1

_0.6mm 

01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P33.3Ca33.3S33.3_3_BH_V1A1I1

_0.6mm 

01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_1_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_2_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Co50_3_BH_V1A1I1_0.6mm 01/09/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Ca50_1_BH_Longrun_0.6 01/09/20

15 

T Bruker T holder 10-60°, 

0.002°, 



67 

 

20251, 

48.00s 

P50Ca50_1_PH_Longrun_0.6 01/09/20

15 

T Proposed Holder 10-60°, 

0.002°, 

20251, 

48.00s 

P50Ca50_1_BH_V1A1I1_0.2mm 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Ca50_2_BH_V1A1I1_0.2mm 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Ca50_3_BH_V1A1I1_0.2mm 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Ca50_1_PH_V1A1I1_0.2mm 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

42.24s 

P50Ca50_2_PH_V1A1I1_0.2mm 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

42.24s 



68 

 

P50Ca50_3_PH_V1A1I1_0.2mm 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

42.24s 

Blank_V0.5A1I1 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_1_BH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_2_BH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_3_BH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_1_PH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_2_PH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 



69 

 

2703, 

32.64s 

P50Ca50_3_PH_V0.5A1I1_0.2m

m 

28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

32.64s 

P50Ca50_BH_Longrun_0.2mm 28/08/20

15 

T Bruker T holder 10-60°, 

0.0020°, 

20251, 

42.24s 

P50Ca50_PH_Longrun_0.2mm 28/08/20

15 

T Proposed Holder 10-60°, 

0.0020°, 

20251, 

42.24s 

Blank_1_BH_V0A1I1 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_1_BH_V0A1I1 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_2_BH_V0A1I1 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

24.00s 
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P50Ca50_3_BH_V0A1I1 28/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_1_PH_V0A1I1 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_2_PH_V0A1I1 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_3_PH_V0A1I1 28/08/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2703, 

24.00s 

Blank_BH_V2A2I2 26/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1639, 

136.32s 

P50Ca50_1_BH_V2A2I2 26/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1639, 

136.32s 

P50Ca50_2_BH_V2A2I2 26/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 
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1639, 

136.32s 

P50Ca50_3_BH_V2A2I2 26/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1639, 

136.32s 

P50Ca50_1_PH_V2A2I2 26/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 

1639, 

136.32s 

P50Ca50_2_PH_V2A2I2 26/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 

1639, 

136.32s 

P50Ca50_3_PH_V2A2I2 26/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 

1639, 

136.32s 

Blank_BH_V2A3I3 26/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_1_BH_V2A3I3 26/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

178.56s 
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P50Ca50_2_BH_V2A3I3 26/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_3_BH_V2A3I3 26/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_1_PH_V2A3I3 26/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_2_PH_V2A3I3 26/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_3_PH_V2A3I3 26/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

178.56s 

P50Ca50_1_BH_V2A1I1 14/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2703, 

24.00s 

P50Ca50_2_BH_V2A1I1 14/08/20

15 

T Bruker T holder 5-60°, 

0.020°, 
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2703, 

24.00s 

Blank_BH_V1A4I4 14/08/20

15 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

105.60s 

P50Ca50_1_BH_V1A4I4 14/08/20

15 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

105.60s 

P50Ca50_2_BH_V1A4I4 14/08/20

15 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

105.60s 

P50Ca50_3_BH_V1A4I4 14/08/20

15 

T Bruker T holder 5-90°, 

0.080°, 

1058, 

105.60s 

P50Ca50_1_PH_V1A4I4 14/08/20

15 

T Proposed Holder 5-90°, 

0.080°, 

1058, 

105.60s 

P50Ca50_2_PH_V1A4I4 14/08/20

15 

T Proposed Holder 5-90°, 

0.080°, 

1058, 

105.60s 
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P50Ca50_3_PH_V1A4I4 14/08/20

15 

T Proposed Holder 5-90°, 

0.080°, 

1058, 

105.60s 

Blank_BH_V1A5I5 14/08/20

15 

T Bruker T holder 5-100°, 

0.100°, 

953, 

119.04s 

P50Ca50_1_BH_V1A5I5 14/08/20

15 

T Bruker T holder 5-100°, 

0.100°, 

953, 

119.04s 

P50Ca50_2_BH_V1A5I5 14/08/20

15 

T Bruker T holder 5-100°, 

0.100°, 

953, 

119.04s 

P50Ca50_3_BH_V1A5I5 14/08/20

15 

T Bruker T holder 5-100°, 

0.100°, 

953, 

119.04s 

P50Ca50_1_PH_V1A5I5 14/08/20

15 

T Proposed Holder 5-100°, 

0.100°, 

953, 

119.04s 

P50Ca50_2_PH_V1A5I5 14/08/20

15 

T Proposed Holder 5-100°, 

0.100°, 
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953, 

119.04s 

P50Ca50_3_PH_V1A5I5 14/08/20

15 

T Proposed Holder 5-100°, 

0.100°, 

953, 

119.04s 

Blank_BH_V1A3I3 13/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

90.24s 

P50Ca50_1_BH_V1A3I3 13/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

90.24s 

P50Ca50_2_BH_V1A3I3 13/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

90.24s 

P50Ca50_3_BH_V1A3I3 13/08/20

15 

T Bruker T holder 5-80°, 

0.060°, 

1250, 

90.24s 

P50Ca50_1_PH_V1A3I3 13/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

90.24s 



76 

 

P50Ca50_2_PH_V1A3I3 13/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

90.24s 

P50Ca50_3_PH_V1A3I3 13/08/20

15 

T Proposed Holder 5-80°, 

0.060°, 

1250, 

90.24s 

Blank_BH_V1A2I2 13/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_1_BH_V1A2I2 13/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_2_BH_V1A2I2 13/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_3_BH_V1A2I2 13/08/20

15 

T Bruker T holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_1_PH_V1A2I2 13/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 
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1638, 

69.12s 

P50Ca50_2_PH_V1A2I2 13/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 

1638, 

69.12s 

P50Ca50_3_PH_V1A2I2 13/08/20

15 

T Proposed Holder 5-70°, 

0.040°, 

1638, 

69.12s 

Codeine_100_R1_shortrun 13/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Codeine_100_R2_shortrun 13/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Codeine_100_R3_shortrun 13/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Codeine_100_R4_shortrun 13/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 
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Codeine_100_R5_shortrun 13/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Caffeine_100_R1_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Caffeine_100_R2_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Caffeine_100_R3_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Caffeine_100_R4_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Caffeine_100_R5_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Diamorphine_100_R1_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 



79 

 

1720, 

96.00s 

Diamorphine_100_R2_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Diamorphine_100_R3_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Diamorphine_100_R4_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Diamorphine_100_R5_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Paracetamol_100_R1_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Paracetamol_100_R2_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 
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Paracetamol_100_R3_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Paracetamol_100_R4_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

Paracetamol_100_R5_shortrun 12/08/20

15 

R 

 

5-70°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T1_BH_0.6mm 11/08/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T2_BH_0.6mm 11/08/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T3_BH_0.6mm 11/08/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T4_BH_0.6mm 11/08/20

15 

T Bruker T holder 5-40°, 

0.020°, 
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1720, 

96.00s 

BD_Paracetamol_T5_BH_0.6mm 11/08/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T1_PH_0.6mm 11/08/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T2_PH_0.6mm 11/08/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T3_PH_0.6mm 11/08/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T4_PH_0.6mm 11/08/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T5_PH_0.6mm 11/08/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 
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T1_040615_no slit 04/06/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2702, 

96.00s 

T2_040615_0.2mm 04/06/20

15 

T Proposed Holder 5-60°, 

0.020°, 

2702, 

96.00s 

T3_040615_0.6mm_BH 04/06/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2702, 

96.00s 

T4_040615_0.2mm_BH 04/06/20

15 

T Bruker T holder 5-60°, 

0.020°, 

2702, 

96.00s 

BD_Paracetamol_T1_BH_0.2mm 10/05/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T2_BH_0.2mm 10/05/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T3_BH_0.2mm 10/05/20

15 

T Bruker T holder 5-40°, 

0.020°, 
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1720, 

96.00s 

BD_Paracetamol_T4_BH_0.2mm 10/05/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T5_BH_0.2mm 10/05/20

15 

T Bruker T holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T1_PH_0.2mm 10/05/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T2_PH_0.2mm 10/05/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T3_PH_0.2mm 10/05/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

BD_Paracetamol_T4_PH_0.2mm 10/05/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 
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BD_Paracetamol_T5_PH_0.2mm 10/05/20

15 

T Proposed Holder 5-40°, 

0.020°, 

1720, 

96.00s 

Holder_blank_Kapton_121214 12/12/20

14 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

96.00s 

TM_Bruker_blank_Kapton_1212

14 

12/12/20

14 

T Bruker T holder 5-60°, 

0.020°, 

2704, 

96.00s 

Lead(ii)Chloride_291014_longru

n_32401 

29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

P20Pb80_291014_longrun_3240

1 

29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

P80Pb20_291014_longrun_3240

1 

29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Paracetamol_291014_longrun_3

2401 

29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 
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32401, 

47.75s 

S50P50_291014_longrun_32401 29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Sucrose_201014_longrun_32401 29/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Pb(NO2)3_longrun_28001 29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

Lead(ii)chloride_291014_longru

n_28001 

29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

P20Pb80_291014_longrun_2800

1 

29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

paracetamol_291014_longrun_2

8001 

29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 
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P80Pb20_291014_longrun_2800

1 

29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

S50Pb50_291014_longrun_2800

1 

29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

Sucrose_291014_longrun_28001 29/10/20

14 

R 50mm diameter 

bruker standard 

0-70°, 

0.002°, 

28001, 

47.75s 

Caffeine_longrun_32401 09/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Paracetamol_longrun_32401 09/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Sucrose_longrun_32401 09/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

S40P60_longrun_32401 09/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 
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32401, 

47.75s 

S80P20_longrun_32401 09/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Caffeine_shortrun_081014 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Paracetamol_shortrun_081014 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Sucrose_shortrun_081014 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

S40P60_shortrun_081014 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

S80P20_shortrun_081014 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 
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L50P50_longrun_32401 08/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

S80P20_longrun_32401 08/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Pb(NO2)3_longrun_32401 08/10/20

14 

R 50mm diameter 

bruker standard 

10-80°, 

0.002°, 

32401, 

47.75s 

Lead nitrate_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Caffeine_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

L50P50_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Paracetamol_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 
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2457, 

47.75s 

S40P60_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

S80P20_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Sucrose_shortrun 08/10/20

14 

R 50mm diameter 

bruker standard 

10-60°, 

0.020°, 

2457, 

47.75s 

Caffeine_100_longrun_071014 07/10/20

14 

R 50mm diameter 

bruker standard 

0-80°, 

0.002°, 

39301, 

9.55s 

Paracetamol_100_longrun_0710

14 

07/10/20

14 

R 50mm diameter 

bruker standard 

0-80°, 

0.002°, 

39301, 

9.55s 

Sucrose_100_longrun_071014 07/10/20

14 

R 50mm diameter 

bruker standard 

0-80°, 

0.002°, 

39301, 

9.55s 
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C&P_50&50_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

S&C_50&50_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

S&P_50&50_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

paracetamol_100%_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

Caffeine_100%_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

Sucrose_100%_070813 07/08/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 

Morphine290413 29/04/20

13 

R Background 

Holder  

10-60°, 

0.020°, 
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2457, 

45.84s 

Morphine1_290413 29/04/20

13 

R Background 

Holder  

10-60°, 

0.020°, 

2457, 

45.84s 
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