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SUMMARY 

The structure of the forensic science service and 

the functions of individual laboratories in England and 

Wales are briefly outlined. 

The position in 1972 concerning the lack of forensic 

reference samples and analytical data on those compounds 

included in the Misuse of Drugs Act 1971 is described. 

As a result of these deficiencies a contract, which 

enabled the present work to be carried out was drawn up 

between the Interdisciplinary Higher Degrees Scheme and 

the Pharmacy Department at the University of Aston and 

the Home Office Central Research Establishment, 

Aldermaston. The requirements of this contract are 

given. 

The methods adopted for creating a comprehensive 

reference sample and analytical data collection, based 

on the four methods of mass spectrometry, infra-red and 

ultra-violet spectrophotometry and thin layer chromato- 

graphy included within the contract are illustrated. 

The commercial sources of 19 compounds are tabulated and 

the full synthetic methods for 18 compounds are listed 

in Appendix (1). 

The application of "Chemical Ionisation" mass 

spectrometry to forensic analyses has been investigated 

and the conclusion formulated that the method was more 

specific than electron impact for potentially unstable 

compounds such: as Methadone, Pethidine and Amphetamine. 

 



The tabulated chemical ionisation mass spectra of 40 

compounds are quoted. 

The methods previously used to code analytical data 

for computer retrieval have been examined and a "major 

peaks" coding approach for mass and infra-red spectral 

data adopted. The development of computer programs to 

retrieve the coded analytical data in order to provide a 

fully comprehensive interactive retrieval system are 

described and the optimum conditions required when using 

this approach in terms of the quality of the analytical 

data and its future application to larger systems are 

proposed. 

Flow diagrams, examples of the input required and 

the output produced by the program plus a detailed descrip- 

tion of how the program operates fully illustrates the 

retrieval system in use. A full FORTRAN program listing 

is shown in Rovenais: C20 

The coded analytical details available for all the 

117 compounds in the Misuse of Drugs Act are listed in 

Appendix (3).
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CHAPTER 1. 

INTRODUCTION 

A. The Forensic Science Service 

Forensic Science has. been defined as the application 

of scientific techniques to provide circumstantial 

evidence for the courts. 

Traditionally forensic science was performed by a 

small number of pathologists who had developed interests 

in post-mortem investigation and chemical and physical 

analyses. They were usually consulted in all cases 

concerning offences against the person, rape assault, 

etc. and poisonings. This situation existed in England 

and Wales until the mid 1930's when the inventiveness 

of the modern criminal and the extent to which forensic 

examinations were becoming increasingly necessary 

exceeded the capabilities of the experts. 

The first forensic science laboratory was opened by 

the Metropolitan Police in 1935 in order to provide an 

analytical service to the police in London and South 

East England. 

Provincial laboratories followed, situated at 

Aldermaston, Birmingham, Bristol, Cardiff, Chorley, 

Harrogate, Newcastle and Nottingham. These laboratories 

are not administered by the police but are the responsibil- 

ity of the Home Office Forensic Science Controller who in 

turn is directly responsible to a Secretary of State for Home



Affairs. Each laboratory provides an independent service 

to the police and, therefore, supplies a truly objective 

analysis on all case samples. 

In 1966 a Central Research Establishment (C.R.E.), 

purely for research into forensic science was established 

alongside the Home Counties Regional Laboratory at 

Aldermaston. The Director of C.R.E. was also given 

responsibility for co-ordinating the research and develop- 

ment effort of the service as a whole. 

Traditionally the forensic science Taboratory in 

England and Wales was divided into 3 sections:- 

(a) chemistry section, usually the largest and staffed 

mainly by chemists with a familiarity in the 

techniques of a wide variety of sciences and 

responsible for the analysis of any natural or 

manufactured product, 

(b) a biology section dealing mainly but not exclusively 

with the investigation of offences against the person 

and being much involved with the identification and 

grouping of body fluid stains, the examination of 

hairs, fibres and the identification of plant 

material and 

(c) a large important but somewhat ill defined section 

undertaking a wide range of work including document 

examination, firearms work, photography etc. 

This organisational framework has evolved in the 40 years 

since the establishment of forensic science laboratories 

in this country. In recent years interdisciplinary 

boundaries have become blurred and the number of scientific



disciplines which might be involved in a single case has 

increased. The all round expert competent in a number 

of related fields and relying on his own knowledge and 

experience is disappearing giving way to groups of 

specialists supported by technicians. An example of this 

level of specialisation is seen in the field of chemical 

analysis where the traditionally large Chemistry section 

of forensic science laboratories is now divided into a 

smaller Chemistry section involved in the analysis of 

non-drug chemical samples, usually inorganic or metallic 

compounds, and a Toxicology section involved in the 

analysis of drugs and body fluids. All samples suspected 

of containing a drug, from white powders to the organs of 

poisoned patients are analysed in the Toxicology section 

of the laboratory. 

The case work load of forensic science laboratories 

has greatly increased in the last 20 years mainly as a 

result of changing legislation. For example the 

Metropolitan Police laboratory dealt with a total of 1,325 

cases in 1954 and with 40,007 in 1973. The cases in 1973 

included 27,796 in connection with drink and driving 

offences and 6,940 involving drugs. 

The investigation of cases involving drugs constitutes 

a large part of the case load of a forensic science labora- 

tory. These samples can occur in varied form not all of 

which are commercially available. For example the 

hallucinogens L.S.D. and S.T.P., the doses of which are 

minute, may be absorbed on sugar lumps, blotting paper or 

‘micro-dots". The principal and perhaps only concern of



the police and forensic scientists in all cases involving 

drugs (apart from poisoning) is to establish rapidly if 

possession of that drug is controlled by law. This is 

established after analysis of the samples by instrumental 

and non-instrumental methods and comparison of those 

results against authentic reference standards analysed 

in the same way. The identity of an unknown compound 

can only be established if its analytical data is very 

similar (within the limits of experimental error for each 

analytical technique) to that of a reference standard. 

B. The Misuse of Drugs Act 1971 (M.D.A.) 

The Misuse of Drugs Act 1971 replaced the Drugs 

(Prevention of Misuse) Act 1964 and'the Dangerous Drugs 

Acts of 1957 and 1964. It provided statutory means for 

controlling the use of approximately 120 chemical compounds 

plus several biological samples such as coca leaf and raw 

opium. 

C. The Contract 

The attention of scientists at C.R.E. was focussed 

on to the fact that, although almost all the M.D.A. case 

samples encountered were easily identified the total 

number of chemical compounds controlled by the Act was 

far greater than the reference samples and analytical data 

available. It was considered that many of the obscure 

compounds in the Act could only be obtained by synthetic 

means. An external contract was drawn up to provide 

financial support for a project. to be undertaken by the 

Author at the University of Aston, to synthesise the
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compounds required and conduct an appraisal of the 

future use of computerised analytical data retrieval 

in forensic science. 

A small 8K Hewlett Packard 2200 Riniicontrice had 

just been installed (1972) at C.R.E. and the initial 

development work started,also an electron impact mass 

spectrometer was on order from V.G. Micromass for which 

delivery was expected in January (1973). The contract 

was worded as follows, to include the use of both these 

advanced pieces of equipment, 

"to study the problems associated with and to 

pursue, 

(a) collection, 

(b) compilation and retrieval of those substances 

controlled by the Misuse of Drugs Act 1971. 

For the purposes of collection, controlled drugs shall 

be obtained from commercial sources, where available, but 

in the absence of such sources the drugs shall be synthesised 

and adequate confirmation of structure presented. 

For compilation of the analytical data, emphasis shall 

be placed on ultra-violet and infra-red spectrophotometric 

techniques, mass spectrometry and thin layer chromatography 

using the modified Curry—Powell system."



CHAPTER 2 

COLLECTION AND SYNTH 
METHODS 

  

SIS OF SAMPLES AND 
NALYSIS 

  

(I) Collection and Synthesis of Samples 
  

A. Drug Samples Readily Available 

The results of an initial survey on the drug collection 

at C.R.E. established that 73 compounds restricted by the 

Misuse of Drugs Act were available in quantities of 10 mgs 

or more. Three more compounds, N,N-Dimethyltryptamine, 

N,N-Diethyltryptamine and Bufotenine were purchased from 

R. Emmanuel to establish an initial collection of 76 

compounds. 

B. Sources of Additional Samples 

The schedules to the M.D.A. restricted possession of 

some 117 named chemical bases plus any additional 

derivatives or salts of those bases. The 41 named compounds 

still required (33% of the total) had to be obtained in 

order to complete the collection. 

Two approaches could have been followed with a view 

to completing the collection. One was to obtain the 

compounds from their original manufacturers or research 

chemists and the other to synthesise them by their 

previously published routes. 

Analysis of the response to a standard letter sent 

to all British Drug Companies holding a Dangerous Drugs 

Licence (issued under the old Dangerous Drugs Act), had 

previously given scientists at C.R.E. valuable information 

as to possible sample sources. The letters had contained 

a request that the drug companies circulated should



indicate, from the full list of M.D.A. substances provided 

which drugs they had available. No overseas companies 

had been approached. The response to this circular had 

been disappointing. In the light of this information 

and after considerable discussion with scientists at 

C.R.E., it was decided that the best course of action 

would be to synthesise the compounds still required. 

(1) Compounds Synthesised 

The majority of the synthetic methods attempted 

followed previously published routes. An extensive 

literature search was undertaken to establish possible 

methods of synthesis for each of the compounds. Several 

of the compounds were covered by patents which contained 

only scant synthetic detail and often required complex 

multistage syntheses. 

The following compounds were prepared over a period 

of 8 months:- 

By ao Alphacetyl and Betacetylmethadol, 

Alpha and Betameprodine, Alpha and Betamethadol, 

Alpha and Betaprodine, Diampromide, Dioxaphetyl- 

butyrate, Morphine methobromide (and Methoiodide), 

Nicocodine, Nicodicodine, Normethadone, Norpipanone, 

Phenampromide & Prolintane. 

Full synthetic methods are described in the Appendix(|) 

Syntheses of the 4 following compounds were attempted but 

proved unsuccessful:- 

Allylprodine, Dimenoxadole, Metazocine & Myrophine. 

A total of 18 compounds plus one derivative (Morphine 

methoidide) were prepared and included within the collection.



It was realised that it would not be possible to 

synthesise the compounds still required for the collection 

in the remaining time. During the course of this 

synthetic work, Burroughs Wellcome supplied four drug 

samples, in quantities of 100 mg or greater in each 

case. 

A decision was made to approach manufacturers again 

because of the urgent need to complete the sample collection. 

It was felt that the major factor contributing to the lack 

of success of the previous letters was their lack of 

specificity and that a modified approach using a more 

specific and explanatory letter could well prove to have 

a greater positive response. 

(2) Collection of Samples From Manufacturers 

The previous literature search of synthetic methods 

was supplemented by additional searches on the location 

of drug companies and individual scientists. A letter 

was sent to each company whose name had been associated 

with a particular drug or drugs explaining the following:- 

(i) the author's status at Aston and the exact 

nature of the project, 

(ii) the potential legal problems if the samples 

requested were not made available for 

forensic paentit cation: 

(iii) the trivial name and full chemical name of 

the compound, plus the trade name and company 

code if available, 

(iv) the names of the inventors and references to 

patents and publications,



(v) an offer to purchase the samples. All the 

samples received were obtained free of charge. 

(vi) If the letter was sent to an overseas company 

a statement was included, to the effect that 

the appropriate M.D.A. Licence and import 

formalities would be handled by a senior 

scientist at C.R.E. 

The responsesto the letters were far beyond 

expectations. 

samples are listed below:- 

Drug Company, 
Organisation or 
Scientist from whom 
Sample was Requested 

Wellcome Foundation Ltd. 
London. 

Dr. E. May, 
N.I.H. Bethesda, 
Maryland, U.S.A. 

Hofmann La Roche, 
Basle, 
Switzerland. 

Dr« Casey, 
Liverpool Polytechnic, 
and Dr. Iorio, Rome. 

Wyeth Research Labs. 
Pennsylvania, U.S.A. 

Dr. Renk, 
Ciba-Geigy, 
Basle, Switzerland. 

Winthrop Labs. 
New York, U.S.A. 

Dr. Paul Janssen, 
Janssen Pharmaceutica, 
Belgium. 

Drug(s) Supplied 

Dimethyl thiambutene 
Ethylmethylthiambutene 
Tsomethadone 
Norpethidine 

Metazocine 
Desomorphine 
Myrophine 
Racemoramide 

Levomethorphan 
Phenomorphan 

Allylprodine 

Proheptazine 

Etonitazene 

Piminodine 

Phenoperidine 
Bezitramide 

Details of the companies which supplied 

Quantity 

100 
100 
100 
100 

200 
100 
100 
100 

100 
100 

230 

500 

100 

B
R
 

mg 
mg 
mg 
mg 

mg 
mg 
mg 
mg 

mg 
mg 

mg 

mg 

mg . 

a
Q



10 

Drug Company, Drug(s) Supplied Quantity 
Organisation or 
Scientist from whom 
Sample was Requested 

Carlo Erba, Properidine ig 
Milan, Italy. 

Mallinckrodt Inc. Metopon ing 
Missouri, U.S.A. 

Reckitt & Colman, Etorphine 500 mg 
Hull, Yorkshire. 

Several other drug companies were approached as 

possible sources, two of which perhaps require further 

mention. 

A sample of Dihydrocodeinone-o-carboxy-methyloxime 

was requested from Merrell, Cincinnati, Ohio, U.S.A. In 

their reply, it was stated that the company did have 

a sample but they were not able to supply it because it 

was not their property. 

For the second example, a request was made to Endo 

Laboratories, New York, for a sample of Hydromorphinol. 

The company gladly offered to supply a sample of 

Oxymorphone which they, the original manufacturers of 

this compound, felt was the equivalent of Hydromorphinol. 

No other confirmation of this could be obtained from 

the literature!. : 

In all cases where drugs were imported the appropriate 

licence to import was granted by the Dangerous Drugs 

Branch of the Home Office. For substances which had not 

been included within the W.H.O. estimates of dangerous 

drugs allowed to be imported and exported in any one



qed 

year, special application was made to Geneva. For 

example, in order to obtain the drug Properidine as well 

as the M.D.A. licence and the request for addition to 

W.H.O. estimates a formal application also had to be 

made to the Italian Consulate signed personally by the 

Assistant Under Secretary of State. 

(3) Final Position with Regard 
To Sample Collection 

76 samples were initially available, 

18 compounds were synthesised, 

19 compounds were obtained from manufacturers, 

and 4 compounds, Dimenoxadole 

Clonitazene 

Hydromorphinol 

6—Methyldihydromorphine, 

were discovered in very small quantities of about 1 mg 

each at C.R.E., sufficient for mass-spectral analysis 

only. 

A total of 117 compounds were now available. Two 

compounds Acetorphine and Dihydrocodeine-o-carboxymethyl- 

oxime were not available. (The drug Acetorphine, one 

of the most powerful narcotic agents known is prepared 

by a simple acetylation of Etorphine. This reaction, 

however, was not performed because of the potential 

hazards involved.)
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(II) Methods of Analysis 

Analysis of the compounds in the collection by 4 

analytical methods was required by the Home Office 

Contract. Each of the methods employed is briefly 

described below. 

(1) Infra-Red Spectrophotometry (Z.R.) 

In the infra-red region of the electromagnetic 

spectrum lie the rotational and vibrational spectra of 

molecules, i.e. the manifestations of the changes in the 

molecular rotational and vibrational energy that can 

occur under certain conditions by the interaction of 

infra-red radiation with matter. 

The rotational and vibrational frequencies which thus 

appear are directly dependent on certain molecular con— 

stants, for example, the force constants between atoms 

and the moments of inertia about certain axes. The 

molecular constantscan thus be calculated on the basis of 

simple molecular models. Infra-red spectrophotometry 

(the optical and electronic instrumental arrangements 

which permits observation of the infra-red region) has 

become today an indespensdible auxiliary technique for 

chemical structural analysis. 

The physicist and technologist epee aes infra-red 

radiation, just as that of other spectral regions by its 

wavelength. The micron Yy is generally used as the 

unit. Chemists involved with the investigation of mole- 

cular structure prefer another convention. The radiation 

is characterised by stating the number of waves which 

are contained in a length of lcm. This number, the



a3: 

reciprocal of the wavelength in centimetre units is 

called the wavenumber; its unit is the reciprocal centi- 

metre (em), Up to date no binding agreement over the 

exclusive use of one of these two systems has been 

concluded. Machines are available for recording spectra 

in terms of their wavelength (where the wavelength is on 

a linear scale, as on the Perkin Elmer 137 at C.R.E.) 

or in terms of their wavenumber (where the wavenumber is 

on a linear scale, as on the Unicam SP 200 at Aston). 

Examples of both are illustrated and compared in FIG:2.1 

The most important area of the infra-red spectrum 

for comparative identification is the "fingerprint" 

region of 1333-667 cm > (7.5-15Al)-« 

Spectra for forensic analyses are usually recorded 

in the solid state either as nujol mulls (suspensions in 

liquid paraffin) or potassium bromide discs. For this 

project potassium bromide discs were preferred since they 

permitted spectra to be recorded on samples of the order 

of 0.5mg and avoided producing interfering peaks in the 

nujol (hydrocarbon) regions, 2900, 1465 and 1380 em. 

Infra-red spectrophotometry has the disadvantage of 

requiring relatively large amounts (0.5mg) of pure 

sample. Samples, however, can be purified by elution 

from a paper or thin-layer chromatogram. If micro 

potassium bromide discs are used on conventional 

instruments or, if high resolution instruments are used, 

then as little as 10Mg can give a spectrum of peneeiaet 

USE.
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FIG: 2] 

INFRA-RED SPECTRA 
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For this project spectra were recorded as potassium 

bromide discs on the Perkin Elmer 137 at C.R.E. 

(2) Mass Spectrometry (M.S.) 

Structural analysis by electron impact (E/I) mass 

spectrometry is accomplished by bombarding submicrogram 

quantities of a compound with an electron beam of 

5-70 e.v. and recording the fragmentation pattern 

according to mass. 

Sample vapour diffuses from the gas chromatograph, 

direct insertion probe or liquid inlet into the low 

pressure system of the mass spectrometer where it is ion- 

ised with sufficient energy to cause fragmentation of the 

Chemical bonds of the original molecule. The positively 

charged ions produced by a series of unimolecular reactions 

are accelerated into a magnetic field which focusses the 

ions according to their mass—to-charge ratios (Te values) 

and permits relative abundance measurements. Theteesone 

ing record, usually a photographic trace of ion abundance 

versus mass-to-charge ratio constitutes a fragmentation 

pattern. The peaks on the photographic trace are counted 

manually (or automatically in the case of M.S. - computer 

systems) from low to high mass to provide the We values 

and since all the peak widths are constant theieetiee 

intensities of each Me value are usually presented as a 

bar diagram as shown in FIG:2,2
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FIG: 22 

ELECTRON IMPACT MASS SPECTRUM 
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The spectrum is normalised so that the most abundant 

ion equals 100% (termed the base peak) and the remainder 

are expressed as a fractional percentage of that ion. 

The ion which represents the molecular weight of the 

compound is termed the molecular ion (m*). Isotopic 

contributions and ion-molecular reactions can produce 

ions at my .values greater than the Mt and, therefore, for 

comparative analyses the highest nye value cannot be pre- 

sumed to represent the molecular weight of the sample.
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The quality of the spectrum obtained is determined by 

the samples! stability (Chapter 3), its purity and chemical 

form (Chapter 6 Section 1). Impure samples must be 

treated by a chromatographic procedure before they are 

examined by mass spectrometry. For this project the 

mass spectra were recorded initially on the A.E.I. MS 9 

Spectrometer at Aston and later repeated on the Micromass 

12B at Aldermaston. 

(3) Ultra-Violet Spectrophotometry (U.V.) 

Absorption spectra in the ultra-violet and visible 

regions of the spectrum arise from transitions induced 

in the outer electrons of molecules, and principally those 

electrons involved in bond formation. The spectra are of 

special interest in organic chemistry because they reveal 

double bond structure, more particularly conjugated 

double bonds, as in the benzene ring. 

Two energy conditions operate. The first controls 

the frequency of radiation which causes transitions and 

is called the Quantum condition. Electrons may be 

induced to jump from a bonding valence shell to an un- 

occupied non-bonding site at another level. In order to 

facilitate this jump, one quantum of energy, equal to the 

difference between the two levels, is required to be 

imparted to it. The electron is thus excited from the 

ground state. The excited state is unstable and the elec- 

tron returns to the ground state loosing surplus energy 

in the process. These electronic jumps can be induced 

by electrical or radiation energy. The highest separation 

of energy levels is found when © bonds are excited
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producingS —>6* and n->0 * transitions and they give 

rise to absorptions in the 120-200 nm region. This 

region (termed the vacuum ultra-violet) is both 

difficult to measure and uninformative, however, at 

200 nm and above excitations of electrons from p, da 

and orbitals giving rise tol—*T * transitions 

and n ——s7[* transitions particularly in W conjugated 

systems gives readily measured and informative spectra. 

The second energy condition determines the 

intensity of absorption. The intensity of absorption 

is directly proportional to the concentration of the 

solution under examination (in gm moles per litre) the 

path length of the light passing through the solution 

(in centimetres) and a term © (the molar extinction 

coefficient) which is the inherent amount of energy a 

chromophore absorbs at any particular wavelength. For 

analytical purposes, in order to provide a comparative 

means of identifying the relative intensities of 

molecules this is quoted as the Be 
—iem’ 

tion coefficient for a 1% solution in a cell of 1 cm 

i.e. the extinc- 

path length calculated in the following way:— 

A =a, b, c (Beer—Lambert law) 

A = absorbance value on spectrum 

1% 
BE) om 

b = path length of 1 cm 

¢ = concentration of 1% solution 

Spectra can be obtained on microgram quantities of 

'% bem (the nature material depending on the value of the E 

of the absorbing chromophore).
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The characteristic qualitative feature of a U.V. 

spectrum is the position (wavelength) at which the max~ 

imum absorbance value is recorded, termed the max. 

The value of the MAX provides valuable evidence on 

the nature of the molecule present. For example, 

pethidine which only contains the weak benzene chromo- 

phore has a wax = 257 nm, whereas morphine has an 

intense absorption of MAX = 280 nm. 

For the purpose of this project a file was 

established, recorded on the Unicam SP 800 Spectro- 

photometer at C.R.E. of the wax in he sulphuric 

acid solution for all the compounds in the collection. 

The spectra of the bases were also obtained and 

the acid-base shift was recorded, as well as the quantita- 

tive estimation of intensity E : ° 
‘m 

(4) Thin-Layer Chromatography (T.L.C.) 

The separation of complex mixtures is carried out 

on a glass or plastic plate precoated with a mixture of 

binding agent (usually plaster of Paris) and static 

phase. This plate after treatment with a drop or smear 

of the mixture is usually held vertically in a tank 

containing a liquid solvent phase which absorbs up the 

plate and separates the mixture into its respective 

components. The mechanism of separation involves 

partition, adsorption, or ion-exchange, individually or 

in combination. 

The distance on the plate travelled by the sample 

divided by the distance on the plate travelled by the 

solvent front is termed the Rf value. This is universally
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accepted as the qualitative feature of thin-layer 

chromatography. 

An enormous variety of static phases and solvent 

systems have been utilised and certain methods have been 

preferred for the analyses of particular classes of 

compound. For this project the Cuneepeel la evetem was 

chosen for its wide applicability to the separation of 

bases. 

Thin-layer chromatography is a valuable supporting 

technique to the other three methods chosen because of 

its ability to separate microgram quantities of material 

which can then be utilised for I.R., U.V., or M.S. 

analyses. It is unfortunately perhaps the most difficult 

to reproduce and work is currently being undertaken at 

C.R.E. to improve and identify sources of error in all 

chromatographic techniques. 

A file of the R£ values for all the compounds in 

the collection was established.
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CHAPTER 3 

CHEMICAL IONISATION MASS SPECTROMETRY 

(I) Initial Observations on the Electron 
Impact Mass Spectral Data 

A. Introduction 

For the purpose of this study the drugs controlled by 

the Misuse of Drugs Act were divided into 4 major chemical 

groupings:— 

(1) Morphine - type 

(2) Pethidine-type 

(3) Methadone - type 

(4) Amphetamine —type 

The remainder of the drugs were a miscellaneous 

collection of hallucinogens and appetite suppressants which 

were not classified or examined at this stage. 

The drugs in groups 2, 3 and 4 had proved to be 

particularly difficult to identify by conventional electron 

impact mass spectrometry. 

B. Results and Discussion 

1. Morphine and Related Compounds 

Structures - FIG: 3.1 (a), (b) & (c) 

The results in tables 3.1 (a), (b) & (c) illustrate the 

diagnostic peaks which occurred in the electron impact 

spectra of a series of drugs related to morphine. All of 

the materials except nicodicodine showed a molecular ion 

as a significant peak in the spectrum. This permitted 

ready identification of these materials except in the 

case of the isomeric compounds morphine and norcodeine.



FIG: 3.1(a) 
Drugs Based_on the Morphine Structure 
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PIC: 3.1) 

Structures of the Compounds Related to Dihydromorphine 
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2. Amphetamine and Related Compounds 

Structures - FIG: 3.2 

Within table 2 are listed the results of a similar 

investigation on the electron impact spectra of a series 

of amphetamine and related materials. In these spectra 

there were a large number of compounds which showed no 

molecular ion peaks and the strongest peaks in the spectrum 

were at low masse Peaks such as aie 44, 58 and 91 are 

simply due to the basic aromatic Geructure and cannot give 

conclusive identification of an individual drug. 

3. Pethidine and Related Compounds 

Structures - FIG: 3.3 

The results within table 3.3 present the principal 

features of the electron impact spectra of a series of 

drugs related to pethidine. The spectra of these materials 

as for the drugs related to amphetamine showed no signifi- 

cant molecular ion peak and the base peaks of the spectra 

were only indicative of the basic pethidine type structure. 

On substitution at Ry fragmentation was almost independent 

of the nature of R, and led to the cleavage at the R,-N 
1 

bond producing non-specific mass spectra. 

4. Methadone and Related Compounds 

Structures - FIG: 3.4 

The spectra recorded in table 3.4 analyse the electron 

impact data of methadone and a series of closely related 

derivatives. Molecular ion peaks were small and base peaks 

were often at non-diagnostic low masses. Substitution on 

the amine grouping in Ro led to substantial fragmentation, 

making specific identification on the basis of electron



EIG: 3.2 

Structure of 

Name 

2-Phenylethylamine 
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Mephentermine 
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FIG: 3.3 
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Structures of Pethidine and Related Compounds 
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FIG: 3.4 

Structures of Methadone and Related Compounds 
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FIG: 3.4 (Cont. ) 
Structures of Methadone and Related 

34 

Compounds 
  

(Continued) 
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impact alone very difficult indeed. 

C. Methods of Ionisation 

It was concluded from the previous results that the 

_ more unstable molecules were being fragmented by the 

combined thermal and energetic processes within the ion 

source of the mass spectrometer. In order to obtain more 

specific mass spectra (i.e. intense peaks in the molecular 

ion region) techniques were sought which had a less 

destructive effect on the compounds. 

There are principally three methods available for the 

production of ions within the mass-spectrometer:— 

(1) electron impact (E/I), 

(2) chemical ionisation (C/I) and 

(3) field ionisation/field desorption (F.D.) 

The thermal and energetic processes involved in each of these 

methods were examined and compared. 

(1) Electron Impact (E/Z) 

There are three sources of sample degradation:- 

(a) high energy electron beam 70ev - Sev, 

(b) hot source 200°C+, 

(c) hot probe 25° - 100°C. 

(2) Chemical Ionisation (C/I) 

Here again there are three possible sources of sample 

breakdown: — 

(a) high energy electrons 70ev.(This in fact 

proved to be a minor source of breakdown, 

because the excess of reactant gas permitted 

little or no electron impact on the sample 

at sample concentrations of OnE Keds, 

(b) hot source 200°C,
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(c) hot probe. 

(3) Field Ionisation/Field Desorption (F.D.) 

Low temperature source and warm probe. The sources 

of possible breakdown were minimal since the heated probe 

wire provided the only means of ionisation. The extent of 

sample fragmentation reduces from electron impact, the most 

energetic process, to chemical ionisation and finally, the 

least energetic process, field desorption. 

D. Joint Project with V.G. Micromass 

At the time when the above work was in progress V.G. 

Micromass made it known that they were interested in 

demonstrating the analytical capabilities of their new 

chemical ionisation mass spectrometer (12F). 

This was the major reason for choosing chemical 

ionisation mass spectrometry as the less energetic 

alternative to E/I although objectively it did have two 

other major advantages for forensic applications. 

Firstly C/I instruments are easy to operate in both 

the E/I and C/I modes of operation. (This is a time 

consuming and difficult procedure in field desorption), 

and secondly field desorption is expensive, requiring a 

sophisticated computer package to record and peak count the 

spectra obtained. The virtual lack of F.D. fragmentation 

produces a spectrum which has little or no background and 

is, therefore, impossible to peak count by conventional 

means. 

(II) Chemical Ionisation Mass Spectrometry 

A. Introduction 

The extent to which chemical ionisation mass



spectrometry, first described by Field and Munson in 1966, 

has been utilised for the analysis of drugs and chemical 

compounds has been more than adequately reviewed by 

several author s490718 The first published report 

of the identification of Dangerous Drugs” by C/I M.S. 

provided spectroscopic data for a number (48) of 

unrelated drugs of varied chemical composition ranging 

from the widely used aspirin to the anti-depressant 

chlordiazepoxide and finally to cocaine. During the 

course of this work the total number of C/I spectra 

‘available in the literature on compounds of. forensic and 

biological importance has increased rapidly!0s1s12 

Most of the previously published reports have concentrated 

on either the identification of individual compounds from 

mixtures |! or on large compilations of data for comparative 

forensic identification!2. None of the examples cited 

have described a study of closely related compounds. The 

compiled data collections have included only a very small 

number of the chemical ionisation spectra of drugs listed 

in the Misuse of Drugs Act. The sample collection 

(Chapter 2) contained 4 series of closely related 

compounds for which chemical ionisation mass spectrometry 

could prove to be more specific than electron impact. 

B. "Chemical Ionisation" - has been defined as a 

means of ion production which consists of reacting the sample 

under investigation with a known pre-selected set of 

ionising ions. 

Chemical ionisation requires the following criteria:-
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(1) Relatively high pressure (1 TORR) within the 

source. This was achieved by means of a large differential 

pumping system and also by increasing the repeller potential 

at the interface of the ionisation chamber and the analyser. 

The increase in repeller potential had the effect of pro- 

longing the residence time of the ions within the source 

thereby increasing their chances of reaction. 

(2) The reactant ions had to be formed by a 

combination of electron impact and ion molecule reactions. 

(3) The concentration of sample was required to be 

of the order of 0.1% of that of the reactant in order to 

prevent sample - sample ion molecule reactions. 

(4) The reactant had to be gaseous at the 

temperature of the source. Several compounds have been 

used as the reactant for C/I spectrometry. Strongly basic 

compounds have been shown to react with weak proton donors 

20, CoH,OH, CH 

such as Hy te CH 

such as H OH and NH Stronger proton donors 
3 

5 * and tert - CaHg * have been used for 

weaker bases, the most common gases being methane and 

isobutane. 

(S) Sequence of Events 

The sequence of events which usually takes place within 

the mass spectrometer is presumed to be:- 

(a) the reactant gas is ionised by electron impact 

(b) this undergoes ion-molecule reactions to provide 

the reactant ions, 

(c) these then are involved in further ion-molecule 

reactions with the sample to produce the C/I 

spectrum.
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(6) The Reactions 

The reactions which take place within the mass 

spectrometer have been described as proton transfer - with 

possible elimination and cleavage and [ox addition 

reactions. 

(a) Proton Transfer 

For example methane used as the carrier gas produces 

3 major addition ions:- 

(i) Ca,” Caicca (a2) ,Hy 

produced in the following way:- 

+ + 
CH, CH a CS + CH, is + (48%) ; 

+ + ( + ) 
CH + CH,————> CoH, + Hy ( Cols (41%) 5 

+ + ‘ + ) 
CH 7h cate + 2H, 7H ona (6%) ; 

of which (i) and (ii) have an 89% contribution. These ions 

are extremely powerful electrophiles and react either by 

proton transfer or by hydride abstraction. Therefore meth- 

ane on reaction with a hypothetical compound BH would 

produce the following reactions:- 

+ + 
CH, + BH—+CH, + BH, 

Cane Heke Soo, Gee BH” ls 24 2 
+ + 

CoHe + BH——~+>B + Cole 

BH, can now decompose to produce daughter ions of lower 

molecular weights. 

The ion Hy * was the most exothermic for both hydride 

abstraction and proton transfer and therefore produced the 

most fragmentation. The tert - CjHo * ion from isobutane 

produced a much smaller exothermic reaction and therefore
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produced less fragmentation. For the purposes of this 

study isobutane was utilised because of its proven mild 

reagent properties. 

(b) Addition Reactions 

If stable addition ions can be formed then addition 

products are observed:— 

and D1 eae amie Ne 

Fragmentation reactions can also be observed of the 

appropriate addition reactions. 

Cc. Results and Discussion 

1. Morphine and Related Compounds 

The results of a study on the isobutane C/I mass spectra 

of a series of compounds based on the morphine structure are 

shown in Table 3.5(a),(b)& (c). In the compounds which were 

unsaturated in an & position to the 6-hydroxy function the 

most intense peak corresponded to a loss of the 6-hydroxy from 

the P + 1 ion as H,0 which led to a stabilised allylic 
2 

carbonium ion. The parent (P) and (P + 1) peaks were still 

apparent, however with approximately 30% intensity to that 

of the base peak. The remaining peaks in the spectrum 

generally at higher mass than P + 1 were accounted for as 

products of ion-molecule reactions between the drugs and 

isobutane fragments giving the peaks at P + 15, P + 29, 

P + 41, P + 57. On occasion these addition ions lost 

water to yield significant fragment peaks. 

In FIGS:3.5(a) & (b) the electron impact and chemical 

ionisation spectra of morphine and dihydromorphine are 

compared.
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These observations on the C/I mass spectra immediately 

indicated a specific diagnostic test for morphine and 

Closely related analogues with an unsaturated bond in the 

C-ring and a 6—hydroxy function. 

Furthermore the isomeric morphine and norcodeine 

compounds were distinguished by comparison of minor frag- 

ment ions at te 148 and "/, 164 (both 2% intensity of 268) 

which were er ae in ye geen of norcodeine but not 

in that of morphine. 

2. Amphetamine and Related Compounds 

The results obtained from the isobutane C/I spectra of 

a series of amphetamines are shown in table 3.6. The general 

feature apparent here, in contrast to the E/I spectra was 

the appearance of the (P + 1) peak as the base peak in 

almost every case. ‘The only exception to this generalisation 

was benzylamphetamine where the base peak corresponded to 

a loss of CaHiy* (peak at ne 91) giving a P + 1 peak of 

43% intensity. In this ese however the CoH * jon reacted 

with the parent molecule to generate an ion at (P + 91) 

ile 330 which had 4% intensity. These observed fragments 

produces by collision induced ion-molecule reactions 

generated in the C/I source led to direct diagnostic 

structural peaks in the spectrum. 

A comparison of the electron impact and chemical 

ionisation spectra of amphetamine is illustrated in 

FIG: 3.6(a) 

3. Pethidine and Related Compounds 

In the C/I spectra of pethidine and related compounds 

Table 3.7 a similar effect is observed to that for
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FIG: 3.6 
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amphetamines. The spectra all show the presence of the 

(P + 1) ion as the base'’peak. In addition fragment ions 

were observed which were indicative of stepwise elimination 

of the component of Rj: In other words not only could 

evidence of identity be gained from molecular weight 

information but also structural identification of the 

side chain R,. All spectra showed a peak at ihe 246 
3 

indicative of the pethidine structure. Comparison of 

the E/I and C/I spectra of a pethidine analogue is 

illustrated in FIG: 3.6(b). 

4. Methadone and Related Compounds 

The isobutane C/I results of a series of compounds 

related to methadone are recorded in Table 3.8. In 

contrast to the E/I results almost all the compounds 

gave the (P + 1) ion as the base peak in the spectrum. 

The only exception was A -acetylmethadol in which 

(P + 1) was 73% of the base peak. The base peak in 

this case corresponded to loss of the acetyl group on 

Ry leaving a secondary carbonium ion stabilised by the 

presence of the benzene ving structure. A comparison 

of the E/I and C/I of a methadone analogue is illustrated 

in PIG: 3.7<«
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D. Conclusions from C/I Results 

The previous results indicated three general con- 

clusions which could be drawn from this work. First, 

in all cases without exception the isobutane C/I spectrum 

afforded molecular weight information. Second, in cases 

where fragmentation was significant, the technique was 

sufficiently mild as to generate easily identifiable 

fragment ions. This led, in many cases, not only to the 

identification of a spectral type but also to the nature 

of the substituents.



In general the identification of a compound from 

a C/I spectrum was carried out in the molecular ion 

region well removed from interfering peaks, which is 

particularly important when the identification of 

nanogram or subnanogram quantities is required.



CHAPTER 4 

CODING OF THE ANALYTICAL DATA FOR COMPUTER RETRIEVAL 

A. Introduction 

The growing quantity of chemical and physical data 

available to the forensic analyst has necessitated the 

development of automatic methods for manipulating such 

data. It was felt that a retrieval method based on a 

combination of 4 non-correlated analytical techniques could 

evaluate within a short space of time all the possible 

analytical similarities of an unknown with a standard 

reference data file. It would provide a valuable aid in 

situations where the identification was not immediately 

obvious and also confirm previously obtained results by 

an alternative method. A major obstacle to this process 

was the conversion of the analytical data into digital 

form. 

B. Coding of Ultra-Violet Spectral Data 

and Thin Layer Chromatography 

U.V. and T.L.C., the nature of which have been 

described in Chapter 2 were by far the simplest data to 

code and essentially had the same sort of coding require- 

ments. No computer retrieval systems utilising data from 

either technique had been described in the literature at 

the start of the project although onel3 pased on the 

comparison of full ultra-violet spectra and the other!4 

based on combinations of chromatographic techniques plus 

ultra-violet and infra-red spectral data were described 

during the work. The combined approach was developed 

by scientists at C.R.E. and used the two qualitative 

analytical parameters previously adopted for this project,
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that is the seek MAX of the base in ie sulphuric 

acid solution for U.V. and the Rf value of the compound in 

the Curry Powell system for T.L.C. Also during the project 

experiments were conducted at C.R.E. to determine the 

size of error "windows", i.e. the degree of flexibility 

to be allowed on numerical comparisons to compensate for 

experimental error. It was suggested that a window of 

+ 0.2 nm for U.V- would include all the results obtained 

from the 10 regional forensic laboratories as would a 

window of + 0.1 Rf for T.L.C. Work is in progress at 

C.R.E. to isolate and identify the factors responsible 

for these errors. 

C. Coding of Infra-Red and Mass Spectral Data 
  

In qualitative infra-red and mass spectrometry the 

composition of a compound is normally proved unequivocally 

by matching its spectrum with that of an authentic standard. 

Structural features and functional groups may be 

inferred from the positions and relative intensities of 

absorptions in the spectrum and these combined with 

information from other analytical techniques may be 

sufficient for a complete immediate identification. Some- 

times, however, this approach fails and it is then vital 

to look for spectra from the library which either exactly 

correspond to the unknown or which bear such a close 

resemblance that the class of compound may be inferred. 

To perform such comparisons manually is impossible with 

large libraries of spectra and consequently, since this 

problem had been identified well before this project 

began, coding systems had been devised and published in 

the literature.



For any approach involving data previously represented 

for visual examination, it was required that every curve 

or trace be reduced to a series of parameters or codes and 

that the retrieval system be designed to compare these 

data and identify the spectrum which was identical to the 

unknown. 

For the purpose of this work any coding system had to 

be carefully chosen so that the coded reference spectra 

were in a form which was compact for storage, easily 

utilised by simple programming techniques and flexible 

enough to allow continual updating and modification of the 

file. 

(1) Review of Infra-Red Retrieval Systems 

In the late 1940's and early 50's because of the 

wider availability of infra-red spectrophotometers there 

was a rapid increase in the amount of reference data 

compiled. Manual manipulation of data held in large 

collections (1,000-10,000 spectra) became impossible and 

necessitated the use of automatic sorting methods. These 

retrieval systems were all mechanical and utilised coded 

data stored on edge punched cards!9, body punch caras!®, abs- 

orption band indexing!” and optical coincidence cardsl®, The 

number of spectra stored in the data collections continued 

to expand rapidly until mechanical methods for sorting 

files of 100,000 spectra were no longer feasible. (Computer 

retrieval was the only alternative.) The earliest computer 

retrieval systems based on the ASTM-Wyandotte collection 

of I.R. data were produced by commercial organisations! 20
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Mechanical methods were still preferred for small 

laboratory collections until the early 1970's when low 

cost mini-computers made them almost obsolete. 

The authors of two eee ee chee unaetared in 1968, 

1969 respectively, very adequately reviewed the mechanical 

sorting methods and in both cases they proposed 

modifications. In one22 for a small laboratory collection 

of 2,000 spectra a modified optical coincidence card was 

suggested and in the other2l computerised system was 

developed to search a large collection of 100,000 spectra. 

The computer and mechanical retrieval systems described 

in the literature fell into two categories, those based on 

"Absorption Band Indexing" and those on a "Major Peak" 

approach. 

(i) Absorption Band Indexing 

The most widely used example of this method is the 

"Sadtler Spec finder"!7 , Spectra are listed according 

to the strongest band (to the nearest 0.1m) in each 1M 

section of the spectrum 2 - 14.9A&. If there is ambiguity 

as to what comprises the strongest bands of a spectrum then 

all possibilities are included within the index. The spectra 

are listed in increasing order of size of the strongest 

band from 5 - 14.9M and each spectrum is identified by 

an index number. 

A computer system?3 was described which reduced the 

number of bands of the spectrum from the 12 of the "Spec 

finder" to 6 equal bands of 1.5in the area 5.5 - 15M 

only. The reference data files contained 90,000 coded 

spectra and were searched in minutes. The facility to 

"wiggle" the data (place & OTM tolerance on the
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comparison) was included in order to compensate for 

inaccuracies caused by minor variations in peak 

positions from spectrum to spectrum. 

24 A very similar system to the previous one was 

developed for the identification of pharmaceutical 

preparations. Each spectrum was divided into 10 sections 

by means of a pre-calibrated plastic overlay. The divi- 

sions were arranged so that the sections 2 - 9 inclusive 

coded the more important "fingerprint" region of the 

spectrum. Each of the 10 sections were again divided into 

a further 10 equal sized areas. The position of the largest 

peak in each section relative to the calibrations was indi- 

cated by a number 0 - 9. Zero indicated the absence of a 

peak within the section. This process was repeated for all 

the sections to produce a 10 digit number, The unknown was 

then-compared against a file of data compiled in the same 

way and the sum of the difference of each element of the 

number indicated the degree of match. The smaller the 

value the better the match. 

Another approach? not involving the use of a plastic 

overlay divided only the "fingerprint" region of the 

spectrum into 12 equal sections and the peaks were coded 

to provide a 12 digit number. This number was then compared 

against a file compiled in the same way. 

All of the above methods were developed to ensure an 

even distribution of peaks across the coded area of the 

spectrum and to standardise the method of choosing peaks. 

There were, however, 3 disadvantages to this approach. 

The first was that the intensity threshold at which a peak 

was considered to be present or absent was difficult to



establish. Secondly the weakest and most intense peaks 

were given the same degree of importance and, therefore, 

all relative intensity information was lost. Finally 

the systems, particularly that involving a plastic overlay, 

produced coded data which was difficult to translate for 

use as a combined computer/manual retrieval method. 

(ii) Major Peaks 

In order to improve a system of I.R. retrieval at 

C.R.E 22 based on optical coincidence cards, a 5 range 

method of coding, dividing the spectrum into 5 equal 

_ ranges and a 6 major peak approach were evaluated and 

compared. It was found that a 6 peak method was superior 

and that the average distribution of peaks across the 

spectrum from 5 - 15M(ignoring the nujol region 6.7 — 

7-5) was as good if not better than the 5 range method. 

Files of the order of 2,000 spectra were utilised for the 

study. 

Two other computer systems 21,26 have been described 

based on a major peaks approach. The size of ene data 

files utilised by each required that more than 6 peaks be 

coded. In the first facilities were provided to search for 

a maximum of 12 peaks at each of 4 levels of confidence, 

defined by the peaks relative intensities. Additional 

facilities were also included for combined molecular 

formula searching and the absence of specified peaks. 

The eerond =? described an interactive retrieval system 

operated from teletype terminals. The option of a 

"WINDOW" of O to + 0.2,Kon the peak comparisons was 

provided to compensate for minor positional variations 

in the spectra.
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(iii) Coding Method Chosen For I.R. Data 

It was decided to adopt the 6 major peak coding system 

for the following reasons:- 

(a) 

(b) 

[e)) 

(d) 

It was the easiest to use. 

It has been shown to be as effective as 

an absorption banding system. 

Coding and storing the peaks in decreasing 

order of intensity retained valuable relative 

intensity information. 

Experience had already been gained in the 

routine use of this method at C.R.E. 

(iv) Coding Rules for I.R. Spectra 

The following coding rules were adopted from those 

22 
first outlined by Curry”™™:- 

(a) 

(b) 

(a) 

Only the peaks in the region 5 - 15A\were 

coded to the nearest 0.14. If peaks fell 

between two calibration lines they were 

coded as the next lowest 0.14 interval. 

Any bands in the region 6.7 — 7.5K were 

ignored to avoid complications with spectra 

obtained as nujol mulls. 

The strongest bands were defined as those bands 

nearest to 0% transmittance irrespective of 

the shape or background. Shoulders were only 

counted as bands if they were completely 

resolved and the point of maximum absorption 

easily determined. In cases where two or 

more peaks tied for the final coding the spectrum 

was recoded to include them both. If the major
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peak was a hump rather than a sharp band and 

the point of maximum absorbance not easily 

determined, or the band was too intense as a 

result of the sample being too concentrated, 

the wavelength of the peak mid-point was 

taken for coding. 

(v) "WINDOW" Error 

A window of + 0.2/lwas to be included within the 

comparison program in order to compensate for minor 

positional variations from spectrum to spectrum. A survey 

eendnereds during the course of this work which examined 

spectra from 10 regional forensic laboratories established 

that an error factor of + 0.1 was adequate, however, for 

the developmental stages of this work the window + 0.2K 

was retained. 

(2) Review of Mass Spectral Data Retrieval Systems 

The first mecrodsd which utilised automatic punched 

card methods to sort M.S. data was described in 1950. The 

first 27abed computer system was reported in 1964. 

Excellent selectivity was claimed when only 5 combined we 

and intensity values were compared against a file. niyo 

file compounds within selected molecular weight ranges were 

examined in order to reduce the time and expense involved 

in searching the full file. 

In 1967 a G.C. = u.s.30 was successfully coupled 

directly to a computer to provide automatic normalisation 

and plotting facilities. This development provided the 

means whereby reference data collections could be compiled 

rapidly. Automatic computer methods for manipulating these
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files of data were subsequently developed. 

From the literature 4 approaches to the retrieval 

of M.S. data were evident. These were:—- 

(i) Comparison of full spectra. 

(ii) Division of the spectrum into consecutive 

equal regions from which the largest one or 

two peaks in each area were coded. 

(iii) One bit encoding - where the value of 1 or 0 

was used to indicate whether a peak was present 

or absent in the spectrum (above a threshold 

value) and subsequently compared against a 

file compiled in the same manner. 

(iv) Major peak approach - the spectra were coded 

as the 5, 6, 8 or 10 largest peaks and compared 

against the unknown coded in the same way. 

All four of these coding methods have been comprehen— 

31 
sively reviewed and only brief details of each method 

will be given here. 

(i) Comparison of Full Spectra 

This method involvea32 the comparison of each peak, 

ne and intensity value in the unknown against those stored 

Gelne file. The spectra were normalised so that the sum 

of all the peak intensities was equal to 1 and the intensity 

of each individual peak a fraction of 1. A discrepancy 

value D was devised to indicate empirically the quality of 

the match obtained. The maximum value of D (i.e. when all 

the peaks in the unknown were completely different to those 

in the file) was 2 and the minimum value (for a complete 

match) was zero.
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This method although very precise did suffer from the 

twin disadvantages of requiring both a large amount of 

computer space to store all the data and also a long time 

to perform all the numerical comparisons. 

Later methods selectively reduced the amount of data 

stored by coding only a limited number of features for 

each spectrum. 

(ii) Division of the Spectrum into 
Consecutive Equal Regions 

This approach was adoptea?3 because it was realised 

that when an analyst examined a mass spectrum the most 

abundant peaks within peak clusters were considered first 

rather than the absolutely most abundant which were often 

at low non-specific mass. 

The spectrum was divided in regions of 14 amu's and 

the largest two peaks in each region from ae 6 ‘to: the 

highest we value were selected. The 14 amu region was 

chosen pocowes it assured “that homologous series of ions 

would be selected. The principle advantage in the use of 

this technique was that it was certain to include the 

molecular ion if present, or, if not, the ion of highest 

mass. 

This coding method has had considerable success and 

two other operational systems have been developed from it; 

34 
one used for forensic analysis in California and the 

other in a hospital toxicology laboratory?>. 

A modification of this method was proposed3® which 

reduced the coding regions from 14 amu to 7 amu but has 

received no further support.
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(iii) One Bit Encoding 

This approach? pee developed as an extension of work 

on the pyrolysis - G.C. - M.S. designed for the Mars lander, 

project Viking. In this project a sample of Martian soil 

was to be analysed and the mass spectral results sent back 

to earth. Transmission of data over planetary distances 

required it to be coded so that the maximum amount of 

information could be packed into as small a space as 

possible. The mass range 12 - 200 amu was chosen and every 

peak above a predetermined threshold was coded (= 1) or 

absent (= 0). This process created a binary number 188 

digits long. This "encoded" spectrum was then compared 

against a data file previously coded in the same way. 

The major disadvantages of this methodwere that the 

data was difficult to translate for manual use and the 

binary comparisons required a large amount of computer 

time and sophisticated computer methods to perform them. 

This method was considered to be inappropriate to the 

requirements of this project. 

(iv) Major Peaks 

Mass spectroscopists had found printed indexes 38,3? 

to mass spectra, ordered on the 6 - 10 most intense peaks 

valuable for manual compound identification. A computer? 

retrieval system was directly developed from this approach 

which operated on the comparison of coded mass spectra against 

an 8 or 10 peak file. Considerable success was achieved 

with this method when peaks of the unknown CTs values 

only) were compared against the file in either their order 

of decreasing relative intensity or in any order. As a



result of this work an 8 peak index was compiled and 

marketed for manual retrieval’! , 

The use of the "major peaks" coding method had three 

principal advantages. Firstly it was very easy to use 

and understand. Secondly it was economical in its use of 

poth computer space and comparison time and finally the 

coded data was directly applicable to both computer and 

manual retrieval. For electron impact mass spectrometry 

it did have the disadvantage that for the more unstable 

compounds there was the possibility that no peaks would be 

coded in the molecular ion region of the spectrum. 

Compilation of files of chemical ionisation mass spectral 

data could alleviate this problem (C/I - M.S. was not 

included within this system although the coding methods 

adopted could apply equally well to data from C/I or 

E/I mass spectra). 

A multinational interactive4?2 system developed at 

N.I.H. and available over telephone lines in the U.K. 

through M.S.D.C. (Aldermaston) includes facilities for 

searching in both the 8 peak and 14 amu systems. 

The experience of scientists at C.R.E. gained in 

using the 6 peak retrieval of infra-red data and the 

satisfactory observations of other workers in the use of 

A344 5 major M.S. peaks influenced the decision towards 

the use of files compiled on the 8 largest peaks ya 

values only), greater than or equal to m, 28. The 8 
., eC 

peak values were stored in a file from low to high Ve 

value irrespective of their relative ‘intensity. (This 

was later found to be a waste of valuable "rank order"
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information (Chapter 6 Section 1) and for the final 

retrieval system the file of mass spectra was modified 

and coded so that the peaks were in their order of 

decreasing relative intensity.) 

D. Conclusion 

The computer retrieval system was to be based on 

4 data files containing:- 

8 mass spectral peaks, 6 infra-red peaks 

with a window of (+ 0.2m), acidic )\max 

for ultra-violet spectroscopy with a window 

of (+ 2 nm) and Curry Powell Rf for thin 

layer chromatography with a window of 

(+ 0.1 RE).
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Chapter 5 Development of the Retrieval System 

The program development is described in 4 sections:- 

(i) the initial programs, 

(ii) DW7 - the first combined system, 

(iii) DWSORT - the second combined system, 

(iv) DWSYST4 - the final system (Chapter 6). 

The initial objectives of the work were to develop 

a retrieval system which would:- 

(a) provide accurate results, 

(b) produce a fast response, 

(b) include interpretive facilities equivalent to those 

of an experienced analyst, and to 

(a) write programs that were as small as possible. This 

latter requirement was in order to allow easy transfer 

to the Hewlett Packard mini computer which had recently 

been installed at Aldermaston. 

Fortunately within a short time of starting this project 

the core availability on the Aldermaston system was expanded 

from 8 to 16K. Further expansion is envisaged in the near 

future which may facilitate the operation of remote 

terminals in all the regional forensic science laboratories. 

(i) The Initial Programs 

Four programs, one for each analytical technique,were 

developed. The programs FIG: 5.1, using the four data 

files PILEMS, FILEIR, FILEUV, FILESP, FIG: 5.2, were 

operated on the batch system, i.e. cards used as the 

only source of input information and all the output was 

produced on the line printer.
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FILEMS 

45 56 71 91 232 245 246FURETHIDINE 
42 44 59 70 163 286 287DIHYDROMORPHINEHCL 
42 56 100 114 232 246 247MORPHERIDINEHCL 
36 38 42 91 233 246 247BENZETHIDINEHCL 
36 42 44 70 115 229 2290XYCODONE 
36 42 44 59 124 162 313ETHYLMORPHINEHCL 
42 44 255 295 310 311 312THEBAINE 
42 59 70 163 245 301 302DIHYDROCODEINETARTRATE 
36. 42 44 58 162 289 341THEBACON 

FILEIR 

8.0 7.9 8.1 7.8 9.6ACETYLDIHYDROCODEINE 
8.5 8.4 14.3 13.3 8.2PROHEPTAZINE 
8.5 8.6 8.7 8.4 9.6ALPHAMEPRODINE 
8.7 8.5 14.4 9.5 9.3BETAMEPRODINE 
5.7 7.8 9.0 14.1 9.6COCAINE 
6.6 9.7 7.9 10.7 10.20XYCODONE HCL 
7-8 8.7 8.2 8.4 6.2HYDROXYPETHIDINE 
7.8 9.0 8.8 9.3 9.8NICOMORPHINE HCL 
7.8 9.8 9.2 8.8 8.2METOPON 

FILEUV 

0 263FURETHIDINE 
1 283DIHYDROMORPHINE 
2 257BENZETHIDINE 
3  2810XYCODONE 
4 284ETHYLMORPHINE HCL 
5 284THEBAINE 
6 283DIHYDROCODEINE TARTRATE 
7 280THEBACON HCL 
8 280HYDROCODONE ACID TARTRATE 

FILESP 

0 0O.70FURETHIDINE 
1 0.12DIHYDROMORPHINE 
2 0.37MORPHERIDINE 
3 0.87BENZETHIDINE 
4 0.140XYCODONE 
5 0.38BETHYLMORPHINE HCL 
6 0.35THEBAINE 
7 0O.20DIHYDROCODEINE TARTRATE 
8 0O.35THEBACON HCL
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The initial bases for the infra-red and subsequently 

the mass-spectral comparison routines were adopted from 

that already partially developed at Aldermaston for 

infra-red retrieval. Substantial modifications were 

required in order to permit the IR program to be used on 

the ICL computer. Essentially the program was completely 

re-written retaining only the basic comparison methodology. 

For each of the programs the "unknown" was compared 

repetitively against each file record stored on disk or 

tape BiG: S23. ., For files of this length this approach 

was adequate but for longer files it would have proved 

to be very slow. The programs within each comparison 

routine compensated for possible coding errors by including 

"windows", for IR, UV and TLC data and by comparing every 

peak within the unknown against every peak within the 

file for MS and IR data. (See FIG: 5.4 for MS as the 

example). Only the values of the peaks C75) were compared 

for equality and no importance was placed (on the rank 

order within the group. A "full match" was obtained if 

the required number of peaks within the unknown matched 

within the file. For UV and TLC the values were compared 

directly (+ window error). The programs had two major 

disadvantages; they only permitted one search per run 

and there were no loops within them to enable 

repetitive scanning. For effective use the programs 

required considerable operator knowledge of the system. 

(ii) DW7_- Pirst Combined System 

The objectives for this system were to:- 

(a) Design an "interactive" system which was easy to 

uSe€e.
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(b) Produce a system capable of comparing several sets 

of data, at one session. 

(c) Provide a degree of selectivity to the system by 

combining the matches produced from each analytical 

technique. 

DW7, see FIG: 5.5, satisfied two of these objectives 

(a and b) with only minor modifications to the original 

four programs. The bases for the comparison routines (now 

named MSIDT, IRIDT, UV1IDT and TLCID were retained. 

A new MASTER program was included which linked the 

four separate routines together. The input/output 

statements were modified to enable the program to operate 

from the terminal. 

The "unknown" was compared repetitively against the 

file data held on magnetic tape or disk, FIG: 5.3, as for 

the previous programs. The modification to terminal 

operation, and the use of four tape files necessitated 

the use of a small MACRO program. 

An ICL Macro COMMAND is defined as:- 

A command statement which is expanded by the operating 

system into a series of basic commands. By this means a 

complex operation which requires many commands to be 

obeyed, can be initiated by a single statement. This 

series of basic commands written in the language of the 

operating system was termed the "MACRO PROGRAM" and was 

utilised by typing the single MACRO COMMAND, MACDW7 on 

the terminal. 

This supporting program was responsible for file 

rewinds and the attachment of input/output devices to 

the main FORTRAN program.
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Four individual sets of output were produced to the 

terminal, in the order MS, IR, UV, TLC. The order in 

which matches (for each technique) were output to the 

terminal, particularly for mass spectra and infra-red 

data, was not dependent on the quality of the match (in 

terms of rank order), but only on the compounds respective 

positions within the file. 

This program offered the practical advantage of 

being "interactive", and was thus capable of being utilised 

from a computer terminal. The "interactive" approach 

adopted for DW7 created the fundamental basis for all 

further developments on the system. 

Objective (c), the function of which was to introduce 

a degree of selectivity to the output produced by the 

system was not fulfilled; satisfaction of this requirement 

was the major objective for the next development, DWSORT. 

(iii) DWSORT - Second: Combined System 

Extension in the use and scope of the MACRO program 

together with considerable modifications to the Fortran 

retrieval program enabled facilities for sorting the 

possible match combinations to be included within the 

system. The structure of DWSORT is shown in FIG: 5.6% 

The MACRO program had been expanded, from the 40 lines 

required for the four files of DW7 to 95 lines for the 

8 input/output files of DWSORT. The basic unit (the 

screening area FIG: 5.6) was almost identical to DW7. 

For this program the match output was directed, not to 

the terminal, but to four secondary "match" files, 

MSMATCH, IRMATCH, UVMATCH, TLCMATCH. When all the’



   

  

WS ORT 

  

    
  

  

  

  

  
    

    

      
  

  

      

      

716 

  

    

  
    
  

    
  

      

        

  

  

          

    

      
  

  

  

  

  
  

    

    
  

  

IED SYSTEM 

TERMINAL 

INPUT 

suB. MASTER SUB. = 

MSiDT “a i R 
"SCREENING AREA" 7a 

suB. SUB. 
PILESP i 

: TLC1D uvlbT aot e 

"MATCH "MATCH 
FILE" PILE" 

MSMATCH TLCMATCH UVMATCH IRMATCH 

"SORTING 

comp AREA" 
LIBRARY 

SUBROUTINE EGE 

TERMINAL 

  
OUTPUT 

  
 



Cis 

compounds within the data files had been successfully 

screened the match files were released and re-attached 

(with the aid of the Macro) as input files to the second 

sorting area of the program. Using Macro/program inter-— 

actions the match files were sorted into their possible 

match combinations. 

The sorting process involved the comparison of the 

names in one "match" file against all those in the others 

using the ICL library subroutine COMP. COMP was the 

FORTRAN library subroutine available in the 1905E system 

for the comparison of character strings. 

For sorting purposes, the major emphasis was placed 

on mass=spectrometry, secondary importance on infra-red, 

with TLC being least important. The sorting routine is 

illustrated in FIGS: 5.7 (a) (b) (c) (ad). The terminal 

output produced by the program was considerably different 

from that of the previous program. Information was 

produced from DWSORT in the format required from a data 

retrieval system. Unfortunately the program/Macro inter- 

actions proved to be very slow. The method chosen also 

proved to be inadequate for sorting all the possible 

combinations of match. From four analytical methods a 

total of 15 combinations were theoretically possible. 

This program was capable of identifying only nine of the 

major combinations. Further modifications were still 

required and these are discussed in the following 

Chapter.
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Chapter Six Section 1 

DATA RETRIEVAL SYSTEM DWSYST4 

Within Chapter 5 it was concluded that program DWSORT 

_ was inadequate for operational use and that a new approach 

to the screening and sorting of the analytical data was 

required. A new set of objectives was formulated, to:- 

A. Modify the structure of the data files in order 

to permit easier sorting of combined matches. 

B. Decrease the time required for a search. 

C. Maintain the style of the interactive approach 

but increase the flexibility and user 

acceptability of the system. 

D. Restyle the sorting system'’so that it was more 

flexible and efficient. 

Ae Modification of the Data Files 

The previous programs had utilised the analytical data 

stored on Four eepabare files FIG:5,2., The 

analytical data for any one compound was frequently on 

different lines within each file. For example the mass 

spectral, infra-red, ultra-violet and thin layer data for 

thebaine were on lines 6, greater than 8, 5 and 6 

respectively. This made cross-referencing of information 

from file to file almost impossible and the design of any 

sorting system difficult and cumbersome (as for DWSORT). 

Uniting the four data files to produce a file of 

five line monographs each containing the name and the 

coded data from the four analytical techniques 

solved the problem. The initial file FILECOMB
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FIG: 6,1 contained only six full monographs but once the 

success of the approach had been demonstrated it was 

rapidly expanded to contain all of the analytical data 

from the 117 drugs listed in the Act. This combined file 

enabled automatic cross-referencing of information and 

facilitated a new approach to the screening and sorting 

of analytical data. 

B. Increase in Speed of the System 

For the previous programs the file searching approach 

had been to:— 

1. Read one record from the file. 

2. Compare it against the unknown. 

3. Determine if it was a satisfactory match. 

4. If so make a suitable indication on the 

terminal and then 

5. Progress to compare the next record on file 

(See FIG:53), 

For large files the average search time proved to be 

of the order of several minutes. To overcome this. problem 

the modified file FILECOMB was read straight into the program 

by means of a small additional subroutine, SUBROUTINE READ, 

and stored within arrays in the core area of the computer. 

By this means objective C. was also fulfilled. All the 

numerical comparisons were now performed very rapidly which 

resulted in the reduction of the total time spent at the 

terminal and also improved the acceptability of the 

system to potential users. 

D. Restyle of the Screening and Sorting Processes 

The modified data file FILECOMB enabled a complete
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screen, comparing each of the full monographs on the coded 

analytical techniques against those of the unknown, to be 

performed on the whole file. A qualitative numerical 

"Scoring System" was developed for this purpose. 

ae The SCORING SYSTEM - A combined method for screening 

all the analytical data held on the data file against 

those of the unknown. 

The basic subroutines MS, IR, UV, TLC were retained 

for the comparisons which utilised the file data now stored 

within the core memory (arrays) instead of the repetitive 

approach used previously (FIG:5,3 ) 

A SCORE which indicated the "total" match of all the 

analytical data on file (for each compound) was established 

as shown in FIG: 6.2, If the unknown data had produced a 

‘match against the mass-spectral data on file a 1 (YES) was 

inserted into the match column as shown (FIG:6,2 ). If 

no unknown data was compared or no match was obtained then 

a zero was inserted in the match column. Using the 

respective subroutines for each of the coded analytical 

techniques this process was repeated, monograph by 

monograph for all the data on file, in each case creating 

the appropriate match indicator. The match indicators for 

each monograph formed a binary four digit number. For the 

purposes of this program this was converted to base ten 

(integer) and stored within the array SCORE. Using more 

advanced computational methods these binary values could 

have been stored and used directly without conversion. For 

any combination of matches from the four analytical 

techniques, each SCORE value was unique, e.g. SCORE values
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SCORING SYSTEM THE REPRESENTATION OF DIAGRAMMATIC 
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of 15 and 12 would have indicated a match for MS, IR, UV, 

TLC(15) and MS and IR(12) respectively. All of the other 

possible combinations are illustrated in FIG:63, As 

for DWSORT the format of the analytical match combinations 

were ranked in the order MS —7IR—>UV —~TLC. It was 

now possible to present match combinations to the terminal 

in their order of decreasing importance by sorting these 

SCORE values. The program was tested using the maximum 

amount of input information for the unknown, 8 MS peaks, 

6 peaks IR, uv max and TLC Rf, for two chemically different 

compounds. The results are expressed below:-— 

Amphetamine Sulphate 

SCORE: 0 an 2 o 15: 

Total Number Created 
by Program? Ass 30 55 25 2 

(Two "full" matches were obtained one for Amphetamine 

the other for the identical Dexamphetamine. ) 

Oxymorphone Base 

SCORE: 0 a 2 3 4 ad LS 

Total Number Created 
by Program: 116 13 3L 27 z 1 L 

From these results it was concluded that the SCORE system 

based on the combination of analytical techniques was a 

specific and accurate means of cross-referencing the data 

from each. 

2. The Addition of Rank Order Correlation to the 
Peak Matching Routines for Mass—Spectral and 
infra-Red Data 

The original data file (Chapter 3), for MS had stored 

the largest 8 peaks, in their order of increasing nee @.ge 

for MS le 28 ——*500, irrespective of their relative



FIG: 6,3 
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THE PROGRAM 

  

  

  

ouattry |score | BDNARY EQUIVALENT FORMAT OF 
oP MATCH [VALUE [~yg-[aR uy [ane | MATCH STATEMENT 

lst 15 eal aera MS,IR,UV,TLC 15* 

2nd 14 Tee eiaeale tame | 0 Ms, IR,UV 14+ 

3rd 13 | eal De ele Ms ,IR,TLC 13* 

4th 1 ier) Oe 10 Ms ,IR 12" 

5th A | tometer MS ,UV, TLC 1* 

6th 10 1 Ose ieee lato MS ,UV 1o* 

Tth 9 Pee adh a, MS , TLC 9* 

8th 8 Tos} OF (Po MS ONLY 8e 

9th 7 OU ere eee | ee | act IR,UV, TLC 7* 

1Oth 6 Ou ete ta eo IR,UV 6* 

ith 5 (0, Lae gO IR, TLC 5* 

12th 4 Make pa | a IR ae 

13th 3 Cm ln Olen eet UV, TLC 3* 

14th 2 Cu loe let lo uv 2* 

15th 1 a oe | ee ie TLC 1s                 
  

The asterisks were used to permit rapid visual 

identification of each combined match printed on the 

teletype. The ranking of MS—+IR—~UV-——-TLC was 

arbitrary and determined by the nature of the binary 

scoring system.
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intensities within the group. Initially this was felt 

to be an appropriate method since, although peaks at 

high la values were often not as intense as those at 

lower me values, they were in fact more important. 

Codtnguin this way, however, completely lost any additional 

(intensity) information which could have been utilised 

within the comparison routine. The file was, therefore, 

re-structured so that spectra were coded for position 

and relative intensity, by coding the peaks in their 

' decreasing order of intensity. This was termed coding 

in "Rank Order". Comparison of these ordered peaks in 

the file against those of the unknown, also coded in 

the same way, established not only the identity of peaks 

present within the file spectrum but also provided an 

evaluation of the quality of "fit" of the one with the 

other. A mathematical means of computing this "quality 

of £1t" was devised. 

The initial infra-red data file had been coded in 

"yank order" although within the original comparison 

routines this additional information had not been 

utilised. 

The comparison routines MS and IR were modified 

(FIG: 6,4 ) so that they compared the peak values ae for 

MS, microns for IR) and also identified the pet tone within 

the "rank orders" of the unknown and the file at which the 

respective peaks were identical. These were essentially 

the first modifications to the subroutines MS and IR 

since their initial development. FIG:6,4 illustrates 

the processes involved using MS data as the example. For
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infra-red data the comparisons were carried out in the 

same manner except that only six peaks were coded within 

the file and a window of * 0.2 micron was included on 

_ each comparison (Chapter 4). In FIG:6,4 the value 

SUM was used to provide a numerical evaluation of the 

quality of the match for each individual element of the 

array (PEAKMS). The DMS value (difference value) was used 

to provide a correlation value for all of the elements in 

the array (PEAKMS) when compared against the file (FILEMS) , 

in a similar way to that used for calculating standard 

deviations. , 

Each value in PEAKMS (total of four peaks) was compared 

against all the peaks within FILEMS. 

PEAKMS(1) = FILEMS (3) 

~. SUM(1) = the square of the difference between the 

respective J and K positions of the matching peaks, 

sum(1) = (3 -1)% = 4 

Similarly for the second peak:- 

PEAKMS(2) = FILEMS(5) 

ee SUM(2)) = 9 

and so on for all the peaks:- 

suM(3) = 0 (no match) 

and suM(4) 4 t 

The DMS value was then computed as the mean of all the 

SUM values for matching peaks only, as illustrated in FIG:6,4 

KK 

DMS = SUM(J) 

NN
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For example DMS. = 17 = 5.7 

3 

Only three of the possible four peaks in the unknown were 

found to match therefore a "full match" had not been 

obtained and the SCORE value was accordingly set to zero. 

For each comparison involving infra-red or mass-spectral 

data an appropriate "Difference Value" was calculated and 

stored with an array for later use. The "Difference 

Values" for infra-red data were stored within the array 

DIR. 

The mesa possible value for DMS was zero, i.e. 

when all of the peaks in the unknown were identical in 

position and value to those of the file. The maximum 

value possible was DMS = 49 i.e. when only one peak for the 

unknown was identical to a peak at position 8 within the 

file. 

The maximum value possible for DIR was DIR = 25, when 

only one peak for the unknown was identical with a peak at 

position 6 within the file. 

For combinations of MS and IR data where full matches 

were obtained, the D values DMS and DIR were transferred 

back to the main program and combined in the array D. This 

facilitated a greater ease of manipulation when used later 

in the program (sorting area). 

o Threshold Value for DIR and DMS 

(i) DIR Threshold 

For practical purposes it was necessary to determine 

the threshold limits at which the probability of retrieving 

the correct compound was as near to 100% as possible and
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the probability of retrieving other compounds in which 

the peak match positions were not similar was as near to 

zero as possible. 

For infra-red data the quality control study (Chapter 

4) provided 12 coded spectra from different laboratories 

for each of two chemically different compounds. FIG:6,5a,b 

The extent to which the rank order correlation (DIR) 

varied from source to source gave an empirical indication 

of the threshold value at which DIR should be set within 

the program, in order to be certain of retrieving the correct 

compound. 

The results are illustrated below:- 

Zoxazolamine 6 peaks compared against 6. 

The respective spectra from each of the laboratories 

were compared against an arbitrary standard, those of infra-— 

red spectra recorded at C.R.E. 

7 Spectra had DIR = 0 

3 Spectra had DIR = 0.33 

1 Spectrum had DIR = 1.00 

Cyclizine 

7 Spectra DIR = 0.0 

1 Spectrum DIR = 0.15 

1 Spectrum DIR = 0.33 

1 Spectrum DIR = 1.00 

1 Spectrum DIR. = 1.33 

(1 Spectrum DIR = 0.33 5 out of 6 peaks only) 

in Chapter 4 the coding difficulties encountered for 

IR data, in terms of peak shape and partially resolved peaks, 

have been illustrated. The two compounds Zoxazolamine and
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Cyclizine were chosen to illustrate the need for and 

size of comparison windows. Both demonstrated the 

two extremes of the ease and difficulties involved in 

coding. Zoxazolamine provided an evenly distributed 

spectrum with six obvious peaks and Cyclizine a much less 

evenly distributed spectrum with peaks that were close in 

intensity. These differences are illustrated by the total 

extent of all the DIR values for each spectrum and 

particularly for one of the Cyclizine spectra in which 5 

out of the possible 6 peaks matched against the standard. 

An attempt was made to identify the sources of 

difference which enabled infra-red spectra of the same 

compound to have different coded sets of data. 

(ii) Possible Sources of Difference which 
could Produce Different Coded Spectra 
of the Same Compound 

There were 5 sources which were apparent:— 

  

(a) Machine variations. 

(b) Different recording conditions and sample 

preparation. 

(c) Different chemical forms of the samples. 

(d) Different physical forms of the samples. 

(e) Human factors involved in the choice of the 

largest peaks. 

(a) Machine Variations 

The variations encountered from spectra recorded on 

well maintained machines was slight and compensated for 

by the inclusion of comparison "windows". These probably 

compensated for transfer differences incurred when reading 

the peak positions, particularly in ambiguous situations
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e.g. when a peak falls between calibration lines, rather than 

machine variations. Polystyrene calibration peaks were also 

used on all recorded spectra. Although calibration peaks 

were not required as input to the program, the slight calibration 

differences were neutralised by each operator, when a 

spectrum was manually coded. 

(b) Different Recording Conditions — Particularly 
the Type of Method Chosen for Presenting the 
Sample to the Spectrometer 

There are three principle methods of sample handling 

solution in chloroform or carbon tetrachloride, 

potassium bromide or potassium chloride compressed disc, 

and nujol (liquid paraffin) mull. Each method produced 

spectra which had some visual dissimilarities to each 

other. In forensic science the two methods of KBr disc 

and nujol mull were the only ones used routinely. Comparison 

of the coded spectra for the same compound produced by each 

of these two methods are illustrated below:- 

KBr. Morphine HCL: ee as was Sa2s 929, 6.7, 10.4 

Nujol Morphine HCL: Goa, Geils in aS 9.0, 10.6 

WINDOW (0.2¢@) 

Matches obtained = 1 2 S 4 5 6 

4 aly x x a 6 

4 peaks out of 6 DIR = 4.75 

Differences in the coded spectra were observed. 

For most practical forensic purposes (Chapter 4) the 

infra-red spectra were determined as KBr discs. The spectra 

obtained from the regional laboratories for the 

determination of the DIR threshold were all recorded by 

this means. It was concluded that for accurate results
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all spectra must be compared against spectra obtained using 

the same sample preparation techniques. 

(c) Different Chemical Forms 

The coded spectra for chemical forms of each of 

three morphine based compounds were compared to establish 

the extent of dissimilarity. 

(The following spectra were obtained as nujol mulls.) 

Morphine HCL: 9.4, 6.7, 7265 Lest, 9-0, 1066 

Morphine Sulphate: 9.3, 6.68, 607, 12.5, Gol, 7.8 

Window (0.2) 

Matches Obtained Lb, 2,5) 3, 4)6°5, 76 (GINKNOWN) 

i 3 6 4 2 x (FILE) 

5 peaks out of 6 DIR = 3.8 

Dihydrocodeine base: 7.9, 6.7, 9.6, 9.3, eS, 8.8 

Dihydrocodeine 
Tartrate: 953, 829," 7.8, 8.4, 8.1, 6.6 

Window (0.2) ) 

Matches Obtained 1, 2, 3, 4, 5, 6 (UNKNOWN) 

iS 6 x al 4 2 (FILE) 

5 peaks out of 6 DIR = 962 

Finally:- 

Codeine base: 9.4, 6-7, 8.9, Joo, 10.6. lee5 

Codeine phosphate: 9.3, 10.4, 6.6, 7-9, 12.5, 8.9 

Window (0.2) 

Matches Obtained 1, 2, 3, 4, 5, 6 (UNKNOWN) 

i 3 6 4 2 5 (FILE) 

6 peaks out of 6 DIR = 3.3: 

From these results it was concluded that significant 

differences were obtained from coded spectra of different
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salts and that for practical purposes the retrieval system 

had to include data on all the possible salts of each 

compound likely to be routinely encountered. Usual 

extraction procedures normally gave the organic base, 

therefore it was most important that this was always 

included within the file. 

(d) Different Physical Forms 

From an extended study of paeraeretess it was noted 

that considerable differences were obtained in the infra- 

red spectra produced from different polymorphic (crystal) 

forms of the same compound. A standardised method of 

sample preparation, baSically involving recrystallisation 

from selected solvents was proposed, prior to compression 

with potassium bromide. 

Within the retrieval system no allowance was made for 

polymorphic variations of this kind, although for future, 

larger systems, they may be felt necessary. 

(e) Human Factors Involved in 
Choosing the Largest Peaks 

Experiments were performed to establish the minimum 

Measurable difference between the intensities of the six 

coded infra-red peaks in rank order, for two series of 

drugs related to Morphine and Pethidine. The results are 

illustrated in FIG:6.6. 1 mm was regarded as the smallest 

possible distance measurable by a ruler and that distances 

less than 2 mm were visually discernable with difficulty. 

It can be seen from the results that the measurable 

distances between respective intensities and the coded 

peaks rapidly reduced from the peak coded at position 4 

onwards in each case. This meant that the degree of coding



| FIG: 6,6 yere 
  

The Average Measurable Distances = =1 mm between the 

Intensities of the Six Coded Infra-Red Peaks for 

Each of Two Series of Compounds 

Distance Between 
Intensities mm 

  

  

  

  

  

  

  

              

PETHIDINE SERIES 1-2] 2-3} 3-4) 4-5) 5-q 6-7 

HYDROXYPETHIDINE Z 2 2 3 2 2 

DIPHENOXYLATE 4 4 2 4 3 5 

ANILERIDINE A 2 Al - 2 a 

KETOBEMIDONE x 3 2 iS) 2 3 

ALPHAMEPRODINE al 4 7 al 1 2 

ETOXERIDINE 5 i 4 1 4 1 

AVERAGE OF 6 = 2 4 3 3 2 2 | mm         

Average 10 
Distance 
mm 0 

1 2 3 4 5 6 7 peaks 

  

  

  

  

  

  

  

                  

MORPHINE SERIES 1-2 | 2-3 | 3-4] 4-5 | 5-6] 6-7 

NICOCODINE zr Ss 6 3 2 2 

NICODICODINE 1 iL 2 1 1 4 

HYDROMORPHONE “4 6 ay 1 2 1 

DIHYDROMORPHINONE 5 dl; 6 1 L an 

MORPHINE-—N-OXIDE 16 Ny 2 a 2 5 

RACEMETHORPHAN 2 a Mae! ok 2 1 

AVERAGE OF 6 = 3 2 3 2 2 2     
Average 10 
Distance 
mm ; 

0 
ae 2 3 4 5 6 7 peaks
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ambiguity would almost definitely have increased from this 

point. ,In situations where there was ambiguity of choice 

particularly at the 6th and 7th peak level both spectra 

were coded within the file. A system based on only the 

fully resolved peaks (i.e. easily distinguished in terms 

of size, or relative intensity, from the other peaks) was 

more likely to retrieve the correct compound than one based 

on 6 peaks of which the final 2 were speculative). This 

could only be utilised if it has no significant effect 

on the rank order correlation. 

The data for Zoxazolamine and Cyclizine were re- 

examined using only the first 4 peaks in each "unknown" 

spectrum. 

The following results were obtained:-— 

  

Zoxazolamine, 

7 spectra D=0 

3 spectra BS 065) 

2 spectra D= 1.25 

DIRT, MAX = 1.25 

Cyclizine, 

5 spectra D=0 

4 spectra D = 0.25 

one spectrum D=1.5 

one spectrum Do = 220 

DIRT, MAX = 2 
  

Comparison of these results with those obtained previously 

for 6 peaks established that no significant difference was 

apparent and it was concluded that for most circumstances’ 

the use of only 4 peaks, comparing against 6 in the file
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with the maximum DIR threshold set to 3 (DIRT, = 3) was 

as specific as the comparison of 6 against 6, but with the 

major practical advantage that coding érrors produced by 

ambiguity of choice were minimised. 

(iii) Results of a Test on the Infra-Red Retrieval 
Program to Determine if the Threshold Level 

of DIRp, was Set to its Optimum Value 
  

  

The previously determined optimum experimental value 

for OT was DIR = 3. The size of this value ensured 

that the probability of retrieving the correct spectrum 

from a file, if present in that file,was the maximum. An 

experiment was devised to determine if this value (<3) 

was sufficiently small to ensure that the probability of 

retrieving additional spectra from the file was as near to 

zero per cent as possible. 

Each of 3 spectra (present on the file) were compared 

against the full data file to establish, in each case the 

number of extra replies obtained at each match level 

(1 - 6 peaks). The results are represented graphically in 

FIG: 6.7. It is clearly illustrated that an average of 8 

additional spectra were retrieved at the recommended 4 

peak level. The additional spectra, on average were com— 

posed of 70% closely related compounds. 

It was concluded that, taking into account all the 

previously described possible sources of difference, 

encountered within the 6 peak coding system, that it was 

not possible to have a more specific search than 8 replies 

from 190 spectra (including duplicates), in order to main- 

tain 100% retrieval of the correct compound.
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Infra-Red 

The Average Number of Spectra Retrieved for 

103 

1-6 matching Peaks When DIR 3, for 3 Compounds 
  

  

Total Number of 

  

  

  

  

  

                  
  

40 

No. of 
Spectra 30 
Retrieved 

20 

10 

0 

x 2 3 4 5 6 

No. of Peaks Matching 

Compounds BS gegince ee 
é - Possibilities where 

pesced pao D=3 at each match 
the File 

level 

i eo 3 4 5 

Hydromorphinol 62] 43) 17 6 - 

Oxycodone 123/106] 45] 13 3 

Amphetamine 56} 40] 13] 11 2 

Average of 3 = 80] 63] 28] 10 2 

=.
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Reducing ey would have decreased the number of 

additional replies but would have also proportionately 

decreased the probability of retrieving the correct reply. 

Direct visual comparison of the full spectra on all 

the replies was the only means of complete identification 

using infra-red data alone. 

This experiment is an excellent illustration of why 

in chemical and forensic analyses the use of several 

analytical methods is always recommended. A combined 

retrieval system of the type herein described overcomes 

this problem. 

(iv) DMS Threshold 

This threshold value was far more difficult to 

establish because facilities were not available for 

obtaining several mass-spectra of the same compound on 

different machines. A compromise experiment was performed. 

Five spectra of the M.I.T. collection were compared peak 

for peak, position for position against the same five 

compounds in the Aston file (spectra obtained on an A.E.I. 

MS9 instrument). The results of these comparisons are 

illustrated below:- 

8 peaks M.I.T. (as the unknown) against 8 peaks Aston. 

Morphine 

M.I.T.: 285, 162, 42, 28, "44," 31, 215, 70 

Aston: 285, 28, 32, 42," 44, 162, 215, Al 

Matches Obtained 1, 2, 3, 4, 5, 6, 7, 8 

z 6 4 2 5 x 7. oe 

6 out of 8 peaks DMS = 2.15



Amphetamine 

M.I.T.: 44, 91; 65, 42, 45, 120, 46, oz. 

Aston: Ri Pao S165, 49, 039, 025, 6 92 

Matches Obtained 1, 2, 3, 4; 5, 6, 7; 8 

6 out of 8 peaks DMS = 1.15 

Pethidine 

M.I.T.: TL 710; 42, 28, Silks 43, 172, 247 

Aston: 71, 247, 105 57, 36, 42,5, 246, 172 

Matches Obtained lie oe 35 4, 55 GS, T; 8 

6 out of 8 peaks DMS = 7.81 

Codeine 
M.I.T.: 2995) = 625 9229, 42,2 2145 300, "12455126 

Aston: 299.) 1625 42, 229, 124, a4, 115, 300 

Matches Obtained 1, 2, <I A, 55 6, 7, 8 

a 2 4 3 x 8 S x 

6 out of 8 peaks DMS = 1.66 

Alphaprodine 

M.I.T.: Leg Las 42, 84, 129, 144, 44, 91 

Aston: YE MAI 42, 187, 84, 5; 43, 28 

Matches Obtained 1, 25 35 4, 55 6; 7, 8 

2 4 3 5 x x x x 

4 out of 8 peaks DMS = 1.5 

(v) Background Peaks 

It was observed that many of the spectra (for both 

Aston and M.I.T.) contained coded peaks at less than Oey 42. 

This was understandable for the Aston file since the starting 

position of coding was originally ee 28, however, many of
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the spectra in the M.I.T. collection also contained coded 

peaks in this region. Peaks less than Ue 42 could have 

been produced from background contamination of the vacuum 

system by air. A typical background spectrum obtained on 

the Micromass 12B contained the following:- 

my Relative (Source) 
e intensity 

18 8% (H,0) 

28 100% (No) 

32 59% (0) 

44 3% (co,) 

(vi) Recoding of Spectra 

The peaks at es 44, although present in the background 

at the 3% level was, for the majority of organic bases, a 

characteristic breakdown peak CH, = N - CH particularly for 

the aromatic aminesof the Amphetamine series. The peaks 

at Vv. aaah, = CH, and es 42 CH, = N= CH, were 

also similarly characteristic. The spectra were recoded to 

include the largest 8 peaks greater than or equal to in 42 

and the Aston and M.I.T. spectra recompared, as shown:- 

Morphine 

M.I.T.? 285, 162, 42, 44, 215, 70,9 2005 | 115 

Aston: 285, 42, 44, 162, 215, 70, 286,.) 124 

Matches Obtained ae 2, 35 4, os Cy lig 8 

ls 4 2 3 ay 6 x x 

6 out of 8 peaks D_= 1.00



Amphetamine 

M.T.7.% 44, 

Aston: 44, 

Matches Obtained 

6 out of 8 peaks 

Pethidine 

Moats a 

Aston: 715 

Matches Obtained 

6 out of 8 peaks 

Codeine 

M.I.T.: 299, 

Aston: 2997 

Matches Obtained 

6 out of 8 peaks 

Alphaprodine 

Mids. : 172, 

Aston: £72; 

Matches Obtained 

5 out of 8 peaks 

43, De 

42, 45, 

55 6, 

2 x 

= 2.00 

235 Les 

57, 246, 

5 6, 

x ep 

= 4.4 

214, 300, 

124, > 44, 

55 6s 

a 8 

Ses OO) 

129, 144, 

S75 43, 

4, Sy 6, 

4 x x 

From comparison of the previous 

0.6 

92, 

92, 

247, 

172, 

44, 

7s 

7, 

8 

Si 

LLT 

103 

44 

128 

300 

aL 
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data, coded from ue 28, 

it can be seen that for 3 of the drugs, Morphine, Pethidine 

and Alphaprodine, there was a considerable improvement in 

the quality of the "fit". For Codeine there was no change 

in the quality and only a marginal deterioration in quality
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for Amphetamine. In all cases major differences in quality 

appeared only after the comparison of the fourth peak. 

(vii) Possible Factors Responsible for 

Producing Differences in Coded Mass~Spectra 

The seemingly non-reproducibility of mass-spectra from 

different sources was investigated with a view to item- 

ising the possible causes and establishing additional 

routines within the retrieval system to eradicate them. 

There were 4 major areas which were apparent sources 

of differences:- 

(a) Machine Variation. 

(b) Chemical Variation of the Sample. 

(c) Physical Variation of the Sample. 

(Particularly Thermal Instability). 

(ad) Human Factors involved in choosing the largest 

panies 

(a) Machine Variation 

40 
It had previously been illustrated in a study on 

computer data retrieval methods that intensity variations 

(and hence rank order differences), were obtained when 

spectra of the same compound were obtained on different 

mass spectrometers. Three compounds had been analysed on 

12 instruments of 4 different types. The 10 strongest 

peaks in each spectrum were coded. In one example the 

peak We 43 on different instruments varied from the 
  

second strongest to the sixth strongest and the relative 

intensity from 12.8% to 50.6%. Previous qenentien had 

also been drawn to the fact that there were variations in 

the duplicate standard spectra of farnesol taken on 

different instruments.
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It was felt that the vague term "machine variations" 

hid a multitude of sins and that probably the other 

factors (b), (c¢ ) and (d) were also involved, however, 

in order to avoid the possibility of machine variations Le 

was concluded that for optimum use spectra obtained from 

the unknown and the file should be recorded if at all possible 

on the same instruments for the retrieval system, since the 

reference data collection at C.R.E. was to be based on the 

Micromass mass-spectrometer 3; the complete file of drugs 

was re-recorded on a Micromass 12B instrument at C.R.E., 

coding the 8 largest peaks ee"). 42 in their order of 

decreasing importance, (rank order). 

(b) Chemical Variation of the Sample 

For the initial data file it was felt that different 

salts of the same compound behaved in a very similar way 

in the mass-spectrometer. A study of the mass—spectral 

breakdown of Men pnine base and 5 closely related derivatives 

was undertaken to test this assumption. The results obtained 

are illustraded below:- 

Morphine Spectra obtained on Micromass 12B 

Probe Temperature 100° 

Base 285, 162, 215, 44, 70, 124, 59, 286 

HCL 285.) 162, 215, 44,) 42, ~286,' 124, 70 

Sulphate 285, 162, 1215,0 445) 70,7857, 124, 45 

and the quaternary salts:- 

Metho— 4 

bromide 45, 58,5 95, 265, 72; 805° 625, 142 

Methoiodide 285, 226, 72, 58, 45, 42, 44, 162 

N-Oxide S80) 285, 72,6) 42, Yay | 595, 186. 44
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Taking the base spectrum as the file standard the 

following correlations were obtained:- 

Morphine HCL 7 out of 8 peaks D = 2.0 

Morphine Sulphate 6 out of 8 peaks D = 0.16 

Morphine Methobromide 1 out of 8 peaks D = 9.0 

Morphine Methoiodide 3 out of 8 peaks D = 14.6 

Morphine N-Oxide 3 out of 8 peaks D = 6.0 

From these results it was observed that for the 2 

salts, Sulphate and Hydrochloride, there was in fact very 

little difference from the coded mass-spectrum of the base 

and certainly only slightly more than that obtained from 

spectra of the same compound on different machines. 

The other (quaternary) derivatives did produce 

grossly different spectra and it was concluded that when— 

ever possible all derivatives likely to be encountered by 

the system should be separately coded within the data files. 

(c) Physical Variation of the Sample 

Three possible sources of sample degradation were 

isolated:- 

- the cracking produced by the high energy electron 

beam (70 ev.), discussed in Chapter 3 

- the temperature of the ionising source (usually 

200-250°) - Chapter 3 

- the temperature at which the direct insertion 

probe was heated in order to ensure the volatility 

of the sample. 

The volatility of different chemical compounds varied 

greatly depending on the sample. In order to obtain good 

quality mass spectra external heating of the probe was
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often required. The extent to which the probe was heated 

(i.e. the effective temperature) was arbitrary and often 

not recorded. For most circumstances it was felt that 

different temperatures had no effect on the final spectrum, 

however, to confirm or question this assumption spectra of 

Morphine Sulphate and Alphaprodine HCL were recorded on 

the Micromass 12B instrument at probe temperatures from 

© _ 125° and 20° - 100° respectively. The initial 715 

temperature was determined by the compounds volatility, 

Morphine Sulphate being far less volatile than Alphaprodine. 

The following results were obtained:- 

Morphine Sulphate 

Ube Gram (Ose GIer5 74) neeon 445 es) me cG ye ene 

100°C: 285, 162, D7, 44, TOR etsi 45, 69 

a25cC: 285, 162, 2155 44, 10, BT 45, 124 

Alphaprodine HCL 

40°C: 172, 187, 645 1885 S737 57, 144, 44 

6Occ: 172, 187, 84,9088, 657; 178, 144,, 244 

100°: 1725 187, 84, 188, 57, 144, 173, 261 

It can be seen from these results that different coded 

spectra (8 peaks) were obtained for the same compound at 

different probe Regueratives: These differences could 

have been produced by competitive chemical breakdown path- 

ways, one being preferentially more stable than the other 

at increased temperatures or, a more likely explanation was 

that there was some inherent physical difficulty in choosing 

the 8 largest peaks. 

Some degree of temperature standardisation for all the 

samples handled by the system would probably have marginally
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increased the total degree of correlation, however, for 

files containing samples of such varied volatilities this 

was impossible. As a result of this study, for the mass-— 

spectral data file compiled at C.R.E. some degree of 

standardisation was obtained by allowing the probe sample 

to be slowly heated by the source until the spectrum was 

optimised. No form of external heating was applied to the 

probe. 

(a) Human Factors Involved in Choosing 
the Largest Peaks 

The spectral data utilised previously for the 

experiments on temperature variations were re-used to 

illustrate the degree of ease or difficulty involved in 

manually coding the raw spectral data. The results are 

illustrated graphically in FIG:6,8, These results establi- 

shed clearly that the most probable source of coding 

differences were produced. by difficulties of choice, 

particularly since the previous correlation data had 

established that in all cases (for the 5 drugs observed) 

the major differences in quality of "fit" of the spectra 

were encountered after the fourth peak in each set. 

In situations where coding ambiguities were encountered 

both mass spectra were coded. 

As for infra-red retrieval it was concluded that a 

system which compared only the fully resolved (4 major 

peaks) for the "unknown" against 8 in the file was the 

most appropriate practical solution. This overcame the 

major sources of coding difference and also compensated to 

some extent for the other sources of difference itemised 

in (a), (b) and (ce).
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The recalculated correlation values for 4 peaks on 

each of the 5 spectra for M.I.T. against Aston are listed 

below:- 

Morphine 4 peaks D = (2.25 

Amphetamine D= 0.75 

Pethidine D = 0.75 

Codeine D= 0.5 

Alphaprodine D = 0250 

A small increase in the DMS value for Morphine was 

observed with the other correlation values for the compounds 

being markedly improved. For operational purposes the 

DMSp, was set to Buea <= 3 within the program. 

(viii) Results of a Test on the Mass-Spectral 

Retrieval Program to Determine if the 

Threshold Level DMS, was set to its 

Optimum Value 

DMSp ys like DIRT, had been set to <=3 as a result 

of experimental investigation. At this level the probability 

of retrieving the correct compound was the maximum. An 

identical study to that undertaken on the infra-red data 

was performed. Two spectra (both present on the file) 

were compared against the full data file to determine in 

each case the number of extra replies obtained. The results 

are represented graphically in FIG:6,9, 

It can be seen from the results that at the 4 peak 

level Oxymorphone gave two additional replies (both closely 

related) and Amphetamine no extra replies. From these 

results it was concluded that the threshold value was 

indeed set at the optimim level. Additional replies of 

the order of 2 from 190 spectra were easily distinguished 

by the visual comparison of extra peaks.
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The Number of Mass-Spectra Retreived for 

1-8 when DMS <3 for Two Compounds 
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Combining these results with those obtained from tests 

on the infra-red matching program the comparison of 4 peaks 

for each of the 2 analytical techniques in combination 

enabled the system to have a combined degree of selectivity 

of the order of 1:1,80s. [this value was obtained by 

multiplying the degree of selectivity for IR (1: 9) by 

the degree of selectivity for MS (1:95). | 

(ix) Coding Errors 

Although the program and data files were now designed 

to cope with the majority of coding differences for MS and 

IR data they were still not adequately equipped to handle 

the possibility that a gross coding error had been made 

when either the file or unknown data had been coded. A 

solution was found to this problem by modifying the com- 

parison routines MS and IR and including two additional 

subroutines MSMISMATCH and IRMISMATCH. 

4. Mismatch Routines — Partial Match Search 

The subroutines MS and IR were further modified as 

shown in FIG:6.4 , not only to compute and store the rank 

order correlation values, DMS and DIR, but also to store 

the match counter (Mismatch) values NN and NI. 

Two additional subroutines were developed, one 

MSMISMATCH to sort the computed NN(MS) values in combination 

with their related rank order correlations DMS and the other 

IRMISMATCH to sort the NI(IR) values in combination with 

their related DIR values. By these means it was possible 

to output to the terminal if required the partial matches 

obtained in order of their decreasing importance. The 

Mismatch routines were only utilised if either, the unknown 

data for MS and IR had not produced a "full match" from
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within the file or, a full match of poor quality, as 

defined by the size of the respective D value, had been 

obtained. 

Ee The Structure of the Final "Peak Matching" System 

The program had now evolved into four major operational 

areas FIG:6,10, 

se 

were 

ts Input area - where the unknown data was read 

into the program and stored alongside the file 

data in the core memory. 

Screening area -— where each of the compounds on 

file were compared repetitively against the 

coded data on file and the appropriate SCORE, 

DMS, DIR, NN and NI values computed. 

Sorting area - where the previously computed 

values were sorted in combination into their 

decreasing order of importance. The appropriate 

Mismatch routines MSMISMATCH and IRMISMATCH were 

utilised if required. 

Output area - where the appropriate format was 

attached to the equivalent SCORE value for 

output to the terminal. 

The Data Retrieval Package DWSYST4 FIG:6,11. 

To complete the system three additional subroutines 

developed to:- 

1. Retrieve the analytical data stored on any named 

compound, Subroutine NAM. 

Retrieve the analytical data stored for compounds 

of the same molecular weight, Subroutine MASS. 

Retrieve the analytical data stored for compounds
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of the same full or partial molecular formulae, 

Subroutine FORM. 

The incorporation of the additional subroutines within 

the program necessitated the inclusion of extra lines 

within the data file to indicate the molecular formula and 

molecular weight, (subsequently renamed FILEDATA FIG:6,12) 

and a modified MASTER segment. The "Peak Match" routines 

subsequently became renamed Subroutine ANAL. as shown in 

FIG:6,10 

The detailed programming methodology required by 

Subroutine ANAL. and the three additional subroutines are 

fully described in Chapter 6, Section 2.
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Chapter 6 Section 2 Full Description of the System DWSYST4 

This section fully describes the programming 

methodology used within the retrieval system. 

(I) Operating Levels 

Within the operating capabilities of the ICL 1905E 

computer there were three "levels" of operation. FIG:6.13. 

(A) Level 1 

This involved switching on the terminal and typing 

a single "Log-in" command. Users were identified by a 

user number previously registered within the operating 

systems directory. The computer was then available for 

use at its lowest level, that of the operating system 

GEORGE 3Mk7. 

A combination of GEORGE 3 commands was used to 

produce a small MACRO program which enabled the computer 

to be used at the second level. 

(B) Level 2 Macro Program SYSTEM4 

The Macro program was stored on tape (or disk) 

within the file-store of the computer and was utilised 

by typing a single Macro command "SYSTEM4" on the 

terminal. This program carried out the fundamental 

preparations required for the total operation of the 

retrieval system. The flow diagram and listing of the 

Macro are shown in FIG:6,14 and Appendix 2(macRO) 

The Macro's principal function was to load the 

compiled binary version of the Fortran object program 

and connect the necessary input/output devices. 

(C) Level 3 Fortran Object Program DWSYST4 

This program was responsible for all the data 

retrieval operations required by the system. The
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program was utilised within the CORE MEMORY of the : 

computer. Up to 36K of core was available for terminal 

use on the ICL 1905E system. 

Within the earlier programs DW7 and DWSORT, state— 

ments were included within the program which permitted 

interaction with the MACRO program at level 2. These 

facilitated file rewinds, etc. The final program, 

DWSYST4 did not include any statements of this kind. 

Control was only returned to the MACRO program either if:- 

1. the program had halted due to an execution error. The 

operator making a serious typing error on one of the inputs 

to the program was the only situation in which it was 

possible for the program to halt EE. The following 

statement was output to the terminal: "DISPLAY : TYPING 

ERROR PLEASE START AGAIN". The MACRO program then 

released all the input/output devices, re-attached them 

and re-started the program from the beginning, or 

2. the program had been successfully completed, as in 

the majority of situations. Control was then returned 

first to the MACRO, which was responsible for deleting the 

program from core and finally back to the basic operating 

level, level 1 of GEORGE 3. If no further work was 

required a "LOG OUT" command was typed and the terminal 

switched off. 

(II) The Program DWSYST4 FIG:6,11. 

The program consisted of:- 

A. A FORTRAN program description. 

B. A MASTER segment 

and 4 major subroutines:-
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C. Subroutine READIN was the initial subroutine 

called by the MASTER segment. Responsible for 

reading the filedata into the program. 

D. Subroutine ANAL "Peak Match routines". Responsible 

for the retrieval of analytical data. 

E. Subroutine NAM "Name Search routine". Responsible 

for the retrieval of analytical data on named 

compounds. 

F. Subroutine MASS "Molecular Weight Search". 

Responsible for the retrieval of analytical data 

associated with a particular molecular weight. 

G. Subroutine FORM "Molecular Formula Search". 

Responsible for the retrieval of analytical data 

associated with a particular molecular formula. 

These individual subroutines were responsible for using 

an assortment of other subroutines. 

Subroutine ANAL was essentially self contained, a 

complete program within a program, only the additional 

subroutines READIN and TYPE were utilised from the full 

system. The other three major routines, NAM, FORM and 

MASS all used the WRITE subroutine as a standard method 

for providing output of the required format to the 

terminal. 

A. The Fortran Program Description 

This section of the program although small was 

important and its function was closely related to that of 

the MACRO program. A full listing is shown in Appendix 2(0-8) 

The most important lines were those of 2, 3 and 4 shown
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below:- line) (2) Input 2) = CRO 

dine (3) Input 3 = CRE 

line (4) Output 6 = LPO 

The remainder were machine specific statements required 

for compilation purposes. These three lines defined the 

input/output channels used within the program and established 

a cross relationship with those in the MACRO, as shown 

below:-— 

Prog. Description Macro Command 

INPUT 1 = CRO OL *CRO ) 
ere 

OUTPUT 6 = LPO OL reomn 

GNPUT 3° = CRI AS *CRI, Filedata 

Every time a FORTRAN statement was written with a 

READ(1,N) or WRITE(6,N) (where N = format statement number), 

the input was received from the terminal and the output 

directed to the terminal. The statement READ(3,N) was 

only used for data read from the file FILEDATA within the 

subroutine READIN. 

B. FORTRAN Master Segment 

The function of this section of the 

program is illustrated in detailed flow diagram FIG:6,15 

and the associated program listing Appendix 2(10-53) . 

The master segment controlled the access to the 4 

major search options available. After each subroutine had 

been fully utilised control returned back to the MASTER. 

A loop was included within the program for repeat searches 

if required. The program was terminated if a repeat 

search was not required and control returned to the MACRO 

“program.
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The Basic Core Requirements of the System 

The arrays storing the computed values and the file 

data were held in COMMON as shown below:- 

IFORM(200,7) ,SMASS(200) ,FILEMS(200,8) ,FILEIR(200,6), 

1. FILEUV(200) ,FILESP (200) ,D(200) ,NAME(200,10), ITYPE(200) 

2. NN(200) ,NI(200) ,DMS(200) ,DIR(200) 

The Contents of the Arrays in COMMON, 

IFORM - seven integer numbers indicating the molecular 

formula (FILE). 

SMASS - an integer number indicating the molecular 

weight (FILE). 

FILEMS - 8 integer numbers indicating the coded mass- 

spectral data (FILE). 

FILEIR - 6 real numbers indicating the coded infra-red 

spectral data (FILE). 

FILEUV - an integer number indicating the coded UV 

spectral data (PILE). 

FILESP -— A number indicating the coded TLC Rf data. (PILE). 

D — one real number indicating the combined MS and IR rank 

order correlation values obtained from "full matches". 

NAME - 40 characters (10A4) indicating the names of the 

drugs on the file. 

ITYPE - an integer number indicating the drug types - 

numbers from 1 — 5 for the 5 major drug types characterised 

(PILE). 

NN -— an integer number indicating the number of MS 

matches for the file spectra when compared against the 

unknown (MSMISMATCH ‘values) 

NI - an integer number indicating the number of IR
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matches for the file spectra when compared against the 

unknown (IRMISMATCH values). 

DMS - a real number indicating the rank order correlation 

values for the mass spectra matching for any number of 

peaks within the file (Degree of fit). 

DIR - a real number indicating the rank order correlation 

values for the infra-red spectra matching for any number 

of peaks within the file (Degree of fit). 

For files of up to 200 monographs this provided a 

rapid and efficient means of transferring data from sub- 

routine to subroutine. 

The file arrays - IFORM(integer), SMASS(real), 

FILEMS (integer), FILEIR(real), FILEUV(integer), 

FILESP (real), NAME(integer) and ITYPE(integer) required 

8,600 words of core. The computed values - D(real), 

NN(integer), NI(integer), DMS(real), DIR(real) required 

a further 1,600 words. 

Total Core Requirement for COMMON = 10,200 Words 

Data only utilised by specific subroutines was stored 

in arrays using DIMENSION statements. 

Subroutine Anal utilised SCORE(200)integer, 

PEAKMS(8)integer, PEAKIR(6)real, NUM(16)integer. 

SCORE - indicating the computed SCORE values for all the 

monographs on file. 

PEAKMS — Space for a maximum of 8 integer numbers for 

storing the coded mass-spectral data for the unknown. 

PEAKIR — Space for a maximum of 6 real numbers for 

storing the coded infra-red data for the unknown. 

NUM - An array containing 16 integer numbers from 15-0, 

all the SCORE possibilities.
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Subroutine MS - required the transfer array PEAKMS(8), 

and 

Subroutine IR - also required a transfer array PEAKIR(6), 

_ Subroutine NAM - required UNAME(10)integer. 

UNAME - Space for a maximum of 40 characters (10A4) for 

storing the unknown name. 

Subroutine FORM - utilised NFORM(7)integer, and the DATA 

statement arrays C(3), H(3), N(3), 0(3), CL(3), S(3), 

P(3), all integer. 

NFORM - Space for a maximum of 7 integer numbers used for 

storing the unknown molecular formula. 

The Data statement arrays were used for storing format 

information within the program associated with the 

appropriate atomic symbol. 

These additional arrays required a further 292 words of 

core. Giving a total of 10,492 words of core required for 
  

storing the arrays of the system. 

Cc. Subroutine READIN 

The first subroutine called by the MASTER, READIN was 

a short subroutine responsible for storing in COMMON all 

the data read from the tape file FILEDATA. This program 

was also used as a means of ensuring that the format of 

the file was correct. 

The end of file mark was IFORM(I,1) = -l. Each 

block of data (8 lines of the file) was read into the 

program, repetitively until the end of file mark was 

encountered. Control was then transferred back to the 

MASTER.
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The following subroutine was called by the MASTER 

in response to the value of IOPT (See FIG:6,15 ) 

being = 1. 

De Subroutine ANAL - "Peak Match Routines" 

Subroutine ANAL was constructed of 4 major operational 

areasi— 

1. Input Area 

Responsible for reading from the terminal all the 

"unknown" data and storing it within the core 

memory for use within:- 

2. Screening and Processing Area 

This area was responsible for comparing all the 

"unknown" data repetitively against the data stored 

on file and computing the SCORE, NN, NI, DMS, DIR 

values for use within the next area:- 

3. Sorting and Interpretation Area 

This area was responsible for examining all the 

previously computed values to establish the quality 

of the matches obtained and to sort them so that 

they were presented in decreasing order of quality 

to the next area of the program:-— 

4. Output Area 

This area was responsible for delivering the sorted 

match combinations to the terminal with the appropriate 

format for final examination by the operator. 

ake Input Area 

This area, using the appropriate teletype outputs and 

formatted inputs, read from the terminal all the coded data 

for the unknown and stored it in the appropriate arrays. 

See FIG:6,17 and Appendix 2(147-243 )
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Initially the two arrays which stored the data for 

the unknown - (PEAKMS(K),K = 1,KK),KK = 1,8(max) 

(PEAKIR(J),J = 1,33),J3 = 1,6(max) 

and the two individual values PEAKUV and SPOT(TLC) were 

set to zero. This prevented the interference of carry— 

over values from a previous search when several searches 

were required. 

It can be seen from FIG:6,17 that the coded unknown 

data was requested by the program in the order, mass 

spectrum, infra-red, ultra-violet and thin layer chromato-— 

.graphy. 

For MS and IR data, in response to the appropriate 

program output the values KK and JJ, respectively were 

read from the terminal to indicate the total number of 

peaks within the unknown to be compared against the 

8(MS) or 6(IR) peaks within each file spectrum. 

If no mass—spectral data was available or a search 

not required then PEAKMS(1) = 0. 

The infra-red data; because of the two distinct 

coding conventions in general use was read into the 

program using an additional subroutine IRCONV. 

(32) Subroutine IRCONV 

The function of this routine FIGS:6,18 and Appendix 2723-75 

was twofold:— 

Initially to ascertain if the value of PEAKIR(J) 

was in wavelength or wavenumbers, i.e. if PEAKIR(J) —>15 

microns. If so it was treated as a value in wavenumbers 

and converted, - wavelength(microns) = 10,000 E 
wavenumber (cm 

and 
1) £ 

secondly to ascertain if the converted or non-converted
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PEAKIR(J) was:- 

(a) Still >15 microns (667cem™+) which was outside the 

coding range, or 

(b) Within the other non-coded areas of the spectrum, 

i.e. PEAKIR(J) < 5.0 microns or 6.75% PEAKIR(J) 7.5 

microns (nujol). If either of these situations (a) 

or (b) were encountered the following statement 

was output tothe terminal:~ 

"PEAK POSITION ERROR PLEASE RETYPE" and the incorrect 

peak was either ignored or modified by the operator. 

This process was repeated until (JJ) peaks were 

obtained within the required range. Control was then 

returned to Subroutine ANAL. 

As before for mass—spectral data if no IR search was 

required then PEAKIR(1) = 0. 

The remaining two values A max for UV and Rf, for TLC 

were eucceee ety read into the program. An initial 

comparison was carried on each value to determine if they 

were within the expected range for each technique. If not 

the program returned to re-request the operator to input 

correct data from the terminal. 

If no searches were required the values of PEAKUV and 

SPOT respectively were set to zero. 

The data transferred to the next area of the program 

consisted of any one of 15 possible data combinations for 

the four analytical techniques. 

2. Screening and Processing Area 

This area of the program compared all the possible 

combinations of unknown data against FILEDATA. The
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numerical values of SCORE, NN, NI, DIR and DMS were 

computed for later use within the sorting and inter- 

pretation area. 

The program was designed to compare the unknown 

against a maximum set of 199 monographs. 

The common block holding the filedata was terminated 

by IFORM(I,1) = -1. The screening process was performed 

repetitively on the filedata until the "end of data" was 

encountered. The program then progressed to the "sorting 

and interpretation area". FIGS:6.19 Appendix 2 (244-286) 

illustrate the flow of the screening area and the program 

listing. 

This screening section of the program together with 

its associated subroutines established:- 

the value of SCORE for each of the compounds on the 

file as in FIG:6,2 , indicating the total combined 

match, and also 

within the subroutines MS and IR established the 

computed values, the rank order correlation, DMS and 

DIR and the mismatch NN and NI, which provided both 

a qualititative and quantitative indication of the 

"£it" of the unknown spectrum to those of the file. 

These values (i) and (ii) were stored within COMMON 

for easy transfer to the next area of the program. 

The four associated subroutines of Anal were called 

in the order MS—»IR —*UV —*TLC. 

(2) Subroutine MS FIG:6,20 and Appendix 2(433-472) 

This routine compared all the mass spectral Ee 

values coded for one file monograph FILEMS(I,J),J = 1,8
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against those in the unknown array PEAKMS(K),K = 1,KK, as 

shown in FIG:6.4 , The matching routine was described 

by the following algorithm. 

Algorithm for MS Comparisons 

Using the Kronecher delta function, (basic function 

used in Quantum mechanics when two values are compared 

for equality),the matching procedure was described as 

follows:- 

o = delta function 

(1 if £(I)=p i.e. FILEMS(I) = PEAKMS 
( J£(I)p =| 
(20 if £(I)4#p i.e. FILEMS(I) not eq. PEAKMS 

Let £(I,J) file entry FILEMS(I,J) 

Let p(k) = peak entry PEAKMS(K) 

The number of matches was given by:- 

KK 8 

match counter NN(I) = 9 £(2,9) p(k) 

K=1 J=1 

The rank order correlation value DMS(I) was then 

determined by the sum of the square of the differences 

of the KK positions of the matching J and Kth peaks by 

the following equation:- 

KK 8 

DMS(I) = 3 £(1,3) ,p(k) (g-K)? 

K=1 J=1 

NN(I) 

If the value NN(I) was equal to the total number of 

peaks (KK) required for a match within the unknown then the
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transfer value NL was set to 8 and converted directly to 

the SCORE value in Subroutine ANAL. If NN(I) was not 

equal to KK then NL was set to zero and likewise 

transferred to SCORE. If a full match had been obtained 

(i.e. NL = 8) then the DMS value, on transfer back to 

Subroutine ANAL also became the value held in D (the 

combined MS and IR "full" match value). 

The function of this routine was now completed for 

one complete file monograph therefore control was returned 

to Subroutine ANAL, which progressed to the next 

_ comparison routine. 

(ii) Subroutine IR FIG:6,21 and Appendix 2 (473-506) 

This routine was based on exactly the same method 

of comparison as for mass-spectral data, except that a 

"window" was included within each comparison, 

The routine compared the infra-red data within one 

monograph FILE IR(I,J),J = 1,6 against those in the unknown 

array PEAKIR(K),K = 1,dd. 

The matching routine was described by the following 

algorithm:- 

Algorithm for IR Comparisons 

Using the Kronecher delta function () 

(1 af £(1)=p i.e. (FILEIR(I) ~ PEAKIR)<+0.2}\) 

J£(1),p = te 

: if £(I)4p i.e. (FILEIR(I) - PEAKIR )=st0. 241) 

We let £(I,J) file entry FILEIR(I,J) 

and p(K) peak entry PEAKIR(K) u
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Then the number of matches NI(I) was determined by:- 

JJ 6 

NI(Z) = 3 £(Z,3) ,p(k) 

Kel J=1 

.. The rank order correlation was computed by:- 

JIT 6 

DI(I) = 9 £(2,3) ,p(k) (3-K)? 

Kel J=L 

NI (I) 

  

If the value NI = JJ (total number of peaks for the 

unknown), a full match had been obtained and NLL = 4. 

This was transferred back to Subroutine ANAL and incremented 

to SCORE. If NLL = 4 then the rank order value DIR was 

also transferred back to Subroutine ANAL and the value in 

the array D (rank order value for the combined MS and IR 

full match) was incremented. If no full match had been 

obtained NLL = 0 was transferred back to Subroutine ANAL 

and also incremented to the SCORE value. 

The function of this routine was now completed for 

one complete file monograph. Control was returned to Sub- 

routine ANAL which progressed to the next comparison routine. 

(144i) Subroutine UV FIG6,2 & Appendix 2(560-575) 

This routine compared the unknown, PEAKUV against 

the file value FILEUV(I) as shown below:- 

if (FILEUV(I) - PEAKUV) + onm "match" NLLL = 2 

if (FPILEUV(I) - PEAKUV)== = 2nm "no match" NLLL = 0 

The appropriate value of NLLL was transferred back
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to Subroutine ANAL and accumulated to the SCORE value. 

The final routine to be utilised within the screening 

was that of:- 

(iv) Subroutine TLC FIG:6.23 and Appendix 2 (77-592) 

This program, as for UV, also performed a direct 

comparison on two numbers (Rf values). The unknown value 

SPOT was compared against the file value FILESP(I) as 

shown below:- 

if (FILESP - spoT)= 20.15 "Match" NLLLL = 1 

if (FILESP - spor) =>: 0.15 "no match" NLLLL = 0 

The appropriate value of NLLLL was transferred back 

to ANAL and incremented to the SCORE value. 

The full sequence of comparisons, for all the four 

analytical techniques was now completed. See FIG:6,2 

"SCORE". The program returned to compare the next file 

monograph against the unknown data. The screening process 

was repeated for all the compounds on the file. When all 

the compounds had been successfully screened i.e. the end 

of data mark IFORM(I,1) = -1, had been encountered, the 

computed arrays SCORE, NN, NI, D, DMS, DIR were terminated 

with the value 100. The program now progressed to the 

next area. 

3. The Sorting and Interpretation Area 

This area of the program, (FIGS:6,24,25. Appendix 2(287-319)) 

was responsible for:- 

(i) Sorting the "total match" SCORE values into decreasing 

order of size, so that thé compound with highest SCORE 

value, i.e. best "total match" was output first to the 

terminal. 

It sorted the rank order correlation values DMS and
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DIR into decreasing order of size, so that not only the 

compound with best "total match", but also the best total 

"fit" was output first to the terminal, and 

determined if either of the two situations which 

required the use of the MISMATCH routines had been 

encountered i.e. if there had not been a full match for 

MS and/or IR data, but input data for the unknowns 

or there had been a full match but the quality, as 

defined by the D values was poor. 

All three of the above processes were performed in 

close combination. 

Initially the program created an array NUM(JK) 

JK = 1,16, which contained all the possible values of 

SCORE in reverse order from 15 ——»0, i.e. NUM(1) = 15 and 

NUM(16) = 0, NUM(JK),JK = 1,16, was then compared against 

all the values stored in SCORE. 

For the first loop the value of NUM(1) = 15. All 

the values within SCORE(I),I = 1,200 were compared 

repetitively against this value until either:- 

a match was obtained 

i.e. NUM(JK) = SCORE(I) 4 

or the "end of data" mark SCORE(I) = 100 was 

encounted. 

To cater for the possibility that several matches 

could have been obtained with the same SCORE value a 

secondary outer loop sorted the combined (MS, IR) rank 

order correlation values (D value), so that compounds with 

the same SCORE value were output to the terminal in their 

order of increasing D value, i.e. best "fit" first. If
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the SCORE values were less than 4 (UV and TLC matches 

only) this loop did not apply. 

The match was then directed towards its equivalent 

format "write" statement in the Output Area of the 

program. The match was output to the terminal and the 

program returned to compare against NUM(JK), the next 

SCORE (I + 1) to that previously output to the terminal. 

When the value SCORE (I) = 100 (end of array mark), 

was encountered the program returned to reduce the value 

of NUM(JK) to NUM(JK - 1). For example the first to 

second loop NUM(1) = 15 to NUM(2) = 14, instead of 

screening for MS, IR, UV, TLC matches, the program now 

screened for MS, IR, UV matches. 

The comparison process continued until:- 

The SCORE Value = 7 (ise. NUM(9)). See FIG 6,24 

At this point all possibilities which had contained 

MS matches had been output to the terminal. At this 

point within the program the quality of the data (if any) 

that had already been output to the terminal was examined 

in the following way:- 

There had not been any MS data for the unknown. 

The program continued reducing the value of 

SCORE as before. 

There had been MS for the unknown. Two 

situations could have applied:- 

the unknown data had not produced a full match, 

i.e. some or all of the peaks in the unknown 

had not matched against those within the file. 

The MSMISMATCH subroutine was called. This



routine examined the previously computed rank 

order correlation values (DMS), in combination 

with the mismatch values (NN), in order to 

determine if any good quality (i.e. low D 

value) mismatch matches (e.g. 3 out of 4 peaks) 

had been obtained. 

There had been a full match but the quality (D 

value) was outside the expected maximum. The 

MSMISMATCH subroutine was called and as 

above examined the DMS values in combination with 

the mismatch values (NN) to determine if possibly 

a partial match had been obtained of better 

quality (i.e. lower DMS value than the full 

match). 

When these above tests had been performed 

and if the required MSMISMATCH subroutine 

called, the program continued to reduce 

and compare the values of SCORE. 

This process continued until:- 

SCORE Value = 3 (i.e. NUM(13)) 

At this point all the possibilities which had contained 

‘IR matches had been output to the terminal. The cond- 

itions were now re-examined for infra-red data. If 

required the IRMISMATCH routine was called to examine the 

combinations of NI and DIR values. See FIGS:6,24,25 . 

The program again continued to reduce the value of 

SCORE until either:- 

NUM(JK) ='0, end of the outer loop, all the 

SCORE possibilities had been examined, or
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* the output limit, the maximim number of lines 

of output sent to the terminal (10 full 

monographs) was reached. 

The total eeeeen process of Subroutine ANAL had 

now been completed. The program asked the 

operator if a further search was required. If 

so the program returned to restart (See Input 

Area 6). 

(ii) The Mismatch Routines 

(a) MSMISMATCH FIGS:6.26 and Appendix 2 (607- 532), 

The MSMISMATCH values NN(I),I = 1,200 were sorted. 

The number of peaks required by Subroutine MS for a full 

match = KK, therefore the program initially screened for 

KK - 1) ul mismatch values one less than KK, (i.e. LK 

FIG:6,26, If a match was observed, NN(I) = KK - 1, then w 

a secondary test was performed on the related DMS(I) value 

computed for (KK - 1) peaks to determined:- 

whether the value was within the expected 

range, and 

if there was more than one match with the 

same NN(I) value, if so the matches were output 

to the terminal first in increasing order of 

DMS(I). 

At the end of the data mark, NN(I) = 100 the program 

returned to re-screen all the mismatch values: = (KK - 2) 

i.e. two peaks less than the initial search (KK). 

The routine was terminated when all the values of 

NN(I) had been re~screened.
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Values of KK <4 were not utilised by this sub- 

routine to avoid situations where the total number of 

peaks input for the unknown was initially small. 

Subroutine WRITE was used to format the output on, 

the terminal. 

(») IRMISMATCH FIG:6,27 and Appendix 2 (533-559) 

This program functioned in the same way as the 

previous routine MSMISMATCH. The value LK was substituted 

by LKK and JJ substituted for KK. Subroutine WRITE was 

again utilised for the terminal output. ,28) 

Ae Output Area FIG:6,3 (output formats Appendix 2 (320-433) 

This area of the program was utilised for formatting 

the file data equivalent to the SCORE value previously 

screened in Area 3. 

Each of the possible 15 SCORE values were unique to 

any com. HBtion of analytical data. The total number of 

possibilities are shown in FIG: 6,3 .Subroutine TYPE FIG:6,29 

and ppd eee tha drug type, indicated by the 

value of ITYPE(I), to the terminal. There were five 

possible drug types characterised. More values could 

have been included by increasing the range of ITYPE(I) 

and additional format statements. 

When the appropriate matching monograph had been 

output to the terminal the program returned to the sorting 

area at a position (I + 1) to that of the previous match. 

See "Screening Area". 

On completion of a full search this area of the program 

was terminated by indicating the total number of compounds 

compared i.e. N "COMPOUNDS SEARCHED" .



FIG: 6,27 
  

SUBROUT: 

  

  

START 
      

  

WRITE: 

IRMISMATCH OPERATING 
  

  

SET MATCH COUNTER 
LKK = JJ - 1 
(OUTER LOOP) 
  

  

  

LOOP COUNTER ID = 1 
(MIDDLE LOOP) 
  

  

  

  

  LOOP COUNTER T = 1 
(INNER T.0op}   
  

YES 

  

END OF 
ARRAY, 
  

   

   
   

     
    

    
ID =ID+1 
MIDDLE LOOP!       

Is 
ID = 3? 
"END OP 
LOOP" 

   
   

YES 

  

    
LKK = LKK + 1 

    
       

    
DOES 

NI(I) = 100? 

  

    VALUE 
  

  
  

    

YES ‘OLLOWING MATCHES 
FOR IR DATA NI(T) 
PEAKS OUT OF JJ 
D VALUE = 

  

      
(OUTER LOOP) 

YES 

  

RETURN TO 
SUBROUTINE 
ANAL.   
    

    
    

     

    

  

    
(END OF LOOP) 

    
  

oT



FIG: 6,28 

SUPROUTINE WRITE 

  

START 
      

    
  

TERMINAL: 

  

  

        
THIN LAYER 

    

    

, (NAME(I J) ,J=1,8) 
LA (IFORM(I,J),J=1, 
TRA, (PILEMS (I,J) ,J=1 

EIR(I ,J)J=1,6) 
MAX , PILEUV (I) 

FILESP (I) 

   

  

RF 

8) 

  
  

  
  

CALL, TYPE 
TRANSFER 

  

Fic: 6,29 
SUBROUTINE TYPE 

  

    

  

PETHIDINE 
      

  

WRITE 
DRUG TYPE = 
METHADONE     
  

VALUE OF I 
(POSITION 
OF DATA) 
  

  
  

RETURN TO 
CALLING     PROGRAM 
  

     

    

  

     

  
  

  

  

      

  

  

  

  TYPE 
MORPHINE     
  

  

  WRITE: 
UG TYPE 

  

  

AMPHETAMINE 
      

  

  
WRIT! 
DRUG TYPE 

  

  

HALLUCINOGEN 
  RETURN TO CALL-   
  

ING PROGKAM 
(SUBROUTINE ANA] 
OR_WRITE) 

  

  
  

 



E. Subroutine NAM - Name Search Routine FIG:6,30 and 

Appendix 2 (84-117) 

This was the second major subroutine of the system, 

operated in response to IOPT = 2 in the MASTER. The major 

feature of this routine was its use of the ICL library 

subroutine COMP. COMP facilitated the comparison of two 

character strings (name arrays) for equality. 

The unknown name UNAME(J),J = 1,10, of a maximum 40 

characters (10 words) was read from the terminal (format 

10A4). The first and second words (8 characters) were 

then repeatedly compared against all the compound names 

held in FILEDATA, (NAME(I,J),J = 1,10)I = 1,200. 

The first word (4 characters) of UNAME was compared 

against NAME using COMP. If a match was obtained the 

next four characters were compared. If a further match 

was obtained, the compound matching for 8 characters was 

output to the terminal using subroutine WRITE. Names 

within a file of this size were usually unique for 8 

characters. More characters could have been compared 

for each name in the same way but this was felt to be 

unnecessary. 

The routine repetitively compared all the names in 

the file until the "end of data" mark, IFORM(I,1) = -1 

was encountered. 

Control was then returned to the MASTER. 

F. Subroutine MASS - Molecular Weight Search FIG:6,31 

and Appendix 2 (626 - 654) 

This was the third major subroutine of the system, 

operated in response to IOPT = 3 in the MASTER.



FIG:6,30 

SUBROUTINE NAM 
  

START 
      

    

  

   “PLEASE INSERT THE NAME 
TO BE COMPARED" 

  
  

    
TERMINAL: 

READ THE NAME 
(UNAME(J) ,J=1,1 

  

   
    

    

    

    

USING COMP 
LIBRARY 
SUBROUTINE 

Comp 
SUBROUTINE 

  

[.0OP COUNTEH 
Ee 2       
  

  

    

1s 
IFORM(I 

(END 
DATA)   
‘COMP 
po 4 

CHARACTERS 
MATCH? 

      
NO. 

MATCH? 

YES 

     

  

  
Foor COUNTE 
bseiei   
  

  

  

WRITE: 
"THE FOLLOWING INFORMATION 
IS AVAILABLE"         

CALL WRITE: 
TRANSFER VALUE     

OF I (POSITION OF| 
DATA) IN COMMON       

    WRITE: 
  

  NUMBER OF COMPOUND (I - 1)     

    

RETURN TO MASTER 
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FIG: 6,31 

SUBROUTINE     
  

      

    

  

      
  

      
  

  

  

START 

WRITE: 

PLEASE INSERT THE 
MOL WEIGHT 

TERMINAL: 

READ THE 
UNKNOWN 
MASS (UMASS) 

SET LOOP 

YES 

  

  

COUNTER T=1       

  

  

           S IFORM(I,1)=-T 

  

  

LOOP COUNTE 
sI +1 

  

    

  

  

  

WRITE: 
THE FOLLOWING INFORM- 
ATION IS AVAILABLE 

              

  

POSITION OF DATA       

  

  

  

WRITE: 

NUMBER OF COMPOUNDS 
SEARCHED (I-1) 
RETURN TO MASTER 

    

161
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The unknown molecular weight UMASS was compared 

against the molecular weights SMASS(I),I = 1,200 stored 

on file. This process involved repetitive direct 

comparison. 

i.e. if (UMASS - SMASS) = 0 match 

if (UMASS - SMASS) # no match 

The end of file IFORM(I,1) = -1. Subroutine WRITE 

was again used to output the matches to the terminal. 

Ge Subroutine FORM — Molecular Formula and Partial 

Molecular Formula Search FIGS:6,32,33 and 

Appendix 2 (655-722) 

This program was operated in response to IOPT = 4 

in the MASTER. 

This program compared the unknown molecular formula 

or partial molecular formula repetitively against the 

molecular formulae of the file. 

This program consisted of two sections:- 

1. Input. 

2. Matching and Sieving. 

Ae Input Section FIG:6,32 and Appendix 2(655-698) 

The elements were read from the terminal in the order, 

Carbon, Hydrogen, Nitrogen, Oxygen, Chlorine, Sulphur 

and Phosphorous. This elemental group included all the 

possibilities within the file. To terminate the input 

array at any position after, carbon, a -1 was typed on 

the terminal. 

Initially the value of KK ee counter) was set 

to zero. After each element of the unknown array 

NFORM(J) was read from the terminal KK was incremented



FIG: 0,94 

163 
SUBROUTINE FORM   

  

START 
      

  
  

SET COUNTER KK = 0 

WRIT! 
PLEASE INSERT THE FORMULA 
YOU WISH TO CHECK 

  

  TYPE -1 IF FORMULA COMPLETE 

      

  

  

      
  

      
  

  

      
  

  
    

      

  

  
    

  

  

      
  

  

    
  

        
  

        

TERMINAL? 
CARBONS = 

READ NFORM(1) YES 

NO 

ae KK = KK + 

TERMINAL 
d¥D CENS = 

READ NFORM(2) 
YES 

NO 

ie at KK = KK + Y 

TERMIN LL 

NITROGENS = 
READ NFORM(3) 

YES 

NO 

mp are 

OXY! = 
. READ NFORM(4) sah 

No 

(cease = kK +1 

TERMINAL: 

CHLORINES = 

READ NFORM(5) 
YES 

NO. 
poe are | KK = KK +1 

‘ 
+ ae

 

see 6,33
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to (KK + 1). I£ the value of NFORM(J) = -1 the input 

data was completed and the program continued to the 

matching and sieving area. If not, the program accepted 

further input until either — 

NFORM(J) = -l or 

the final value NFORM(7) had been accepted. 

The molecular formula for the unknown was then contained 

within the array NFORM(J),J = 1,KK. 

25 Matching and Sieving Section FIGS:6,33 

The program repetitively compared theelements of the 

"unknown" array NFORM(J),J = 1,KK against the file array 

IFORM(I,J), J = 1,7. The values held in the Jth position 

of each array were compared for equality (initial value 

J = 1). If the two elements matched then the program 

continued to compare the value at (J + 1), and so on 

until either:- 

all the (KK) peaks had been compared and hence 

a match obtained or 

The IFORM value at position J within the file 

array did not match. If so the compound was 

eliminated from the search and the next (I + 1) 

file array was compared. 

The matching data was written to the terminal using 

the Subroutine WRITE. 

3. Partial Molecular Formula Search 

To facilitate partial molecular formula searching, 

zeros were permitted as input. They were treated as 

"neutral" values, i.e. any element within the file array 

IFORM(I,J),J = 1,7, would have matched against a zero.
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from 6,32 i 

READ NFORM(6) 
YES 

no 

= KK +.1 

READ NFORM(7) 
YES 

NO 

KK = KK + 1 

1 
    

  LOOP COUNTER I = 1 
  

  

  

LOOP COUNTER J = 1     
  

    
  

END 
OF 
DATA 
MARK 

  

      
  

¥ IS IFORM(I,1) =-1             

  

  

  

   
   
   

DO 
THE 

INDIVIDUAL 
ELEMENTS MATCH?    
  

    
    

    
  

  
  

NUMBER OF 
COMPOUNDS 
SEARCHED 
(Tat) 

  

TRANSFER 
VALUE OF I             
  

  

  RETURN fO MASTER 
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If the element NFORM(J) = 0 the compound was maintained 

within the sieve until either a match or no match was 

obtained with a later non-zero element. 

If NFORM had consisted of all zeros, every compound 

within the file would have matched for all KK values. 

If NFORM contained zeros, all except for NFORM(5) which 

contained a 1 (1 chlorine atom), then only the compounds 

on the file which contained 1 chlorine atom would have 

been output to the terminal. This similarly applied for 

any other combinatiors of atoms. 

On completion, control returned to the MASTER. 

This completes the full description of the programs. 

Terminal Sessions were used to illustrate the full 

facilities provided by the system. 

He Terminal Sessions 

In each of the examples illustrated FIGS:6,34—42, 

the input data, typed on the terminal by the operator 

was preceded by a backward facing arrow (<—). 

1. Session 1 FIG:6,34"A Combined Search for all the 

four analytical techniques". 

A full combined match was obtained 10 full mono- 

graphs were output to the terminal of decreasing importance. 

Qe Session 2 FIG:6,35 "The Effectiveness of the error 

checking routines". 

Incorrect input data, outside the permitted ranges 

for each analytical technique, were typed by the operator. 

The response of the program in each case is illustrated. 

3 Session 3 FIG:6,36"A combined search for MS and 

IR data".



LG? 

No full matches were obtained therefore the mismatch 

routines, MSMISMATCH and IRMISMATCH were utilised. 

4. Session 4 FIG:6,37 "A Search for IR Data only". 

No full match was obtained, IRMISMATCH was utilised. 

Within the program the computed DIR values were sorted 

to the nearest whole number. Matches with DIR values in 

the range 0 - 0.99 were considered to be equivalent 

although on output to the terminal the actual DIR values, 

to two decimal places, were quoted. 

Se Session 5 FIG:6,38 "A Name Search". 

For this example Morphine was selected. The program 

compared for equality only the initial 8 characters of any 

name. Morphine contains exactly 8 characters therefore 

all compounds on file with morphine + (other characters) 

were output to the terminal. 

6. Session 6 FIG:6,39 "A Molecular Weight Search". 

All Soneounas with a molecular weight of 301 were 

retrieved. 

Two monographs were retrieved for oxymorphone base. 

Both were included within the file because the infra- 

red spectra, one from Aston the other from C.R.E. were 

different. To avoid any possibility of rejecting a 

possible match both were included. The final decision 

on the analytical accuracy was made by manually comparing 

the full spectra of both. 

De Session 7 FIG:6.40 "A complete Molecular Formula 

Search". 

The two monographs of oxymorphone base were retrieved
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Ss Session 8 FIG: 6,41 "A Partial Molecular Formula 

Search". 

A search for all the compounds on file containing 1 

chlorine atom. Two compounds were retrieved.



FIG: 6,34a 169 

. *#e*e*MISUSE OF DRUGS ACTH ¥4## 

DATA RETRIEVAL PACKAGE NOW OPERATING 

FOUR SEARCH OPTIUNS ARF vO TOBE tS 
€1)PEAK MATCH 
C2. NAME SEARCH 
C3) MULECULAR WEIGHT 
C4) MOLECULAR FORMULA 

PLEASE INSERT THE OPTION YOU REQUIRE 
NUMBER 1 TO 4 ONLY 
«1 oe , am “ 

THE PROGRAM RETRIEVES INFORMATION ON 
ANY OF THE FOUR FOLLOWING ANALYTICAL TECHNIQUES 

C1) MASS-SPECTRAL DATA ONE TO EIGHT PEAKS 
(2) INFRA-RED DATA ONE TO SIX PEAKS — 
(3) ULTRA-VIOLET DATA ACIDIC LAMBDA MAX 
(4). THIN LAYER DATA CURRY-POWELL RF - 

THE PROGRAM OPERATES ON A MATCH BASIS AND 
OUTPUTS THE COMPOUNDS IN OR R3DER OF BEST MATCH 

DO YGU WISH TO CHECK MS DATA? 
.PLEASE TYPE 1 FOR YES 0 FOR NO i" 
- J ¥ 

HUW MANY PEAKS DO YOU WISH TO COMPARE? 
PLEASE TYPE A NUMBER FROM 1 TO 8 
“5 ‘ ly 

PLEASE INSERT THE PEAKS ONE PER LINE 
~ 58 
£036 

+42 
  

t 

  

oa}
 

  

  

- 185 ‘ 

DU YOU WISH TO CHECK IR DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 
oul 
HOW MANY PEAKS DO YOU WISH TO COMPARE? 

PLEASE TYPE NUMBER FROM 1 TO 6 
eA 

PLEASE INSERT THE PEAKS ONE PER LINE 
© 12.3 
- 9-2 

© 9.9 
| 11-8 

DO YOU WISH TO CHECK UV DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 

eo 
PLEASE INSERT THE ACIDIC LAMBDA MAX 

S267) 

“po Yi YOU WISH TO CHECK TLC DATA? 

PLEASE TYPE 1 FOR YES 0 FOR NO 

ey 

PLEASE INSERT CURRY-POWELL RF 

- 0265 

| 
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FIG: 6,34b 

THE FOLLOWING COMPOUND MATCHES FOR MS>IR.UV. TLC DATA ook a a oe de 

  

E :CHLORPHENTERMINE HCL 

CHEMICAL FORMULACBASE):C10 H14 Nl O09 CL1 SO PO 

MOLECULAR WEIGHTCRASE) 218365 + 

MASS-SPECTRA EIGHT PEAKS : 58 36 42 288 125 59 168 Al 

Si 1Bs3 ,962 969 1168 78 “826 

ULTRA-VIULET -LAd A MAX : 267 : ~ 

CURRY-POWELL RF :0+65 i 

D VALUE= 0-00 
DRUG TYPE = AMPHETAMINE 

COMPOUND NAM    
    

    

THE FOLLOWING ‘COMPOUND MATCHES FOR MSsIRsUVsTLC DATA * Nok EERE HA 

COMPOUND NAME :CHLORPHENTERMINE HCL 

CHEMICAL FORMULACRASE):C10 H14 N1 OO CLI SO PO 
MOLECULAR WEIGHTCBASE)?183«5 

  

  

   
    

   

MASS-SPECTRA EI PEAKS : 58 36 42 88 125 59 168 41 
INFRA-RED SIX PEAKS ¢ 1263 962 969 1108 748 1343 
ULTRA-VIULET LAMPDA MAX : 267 : 
CURRY-PO . RF 20-65 

  

D VALUE= 0-00 
DRUG TYPE = AMPHETAMINE 

  

THE FOLLOWING MATCHES FOR UV AND TLC DATA aiCk 

HYLTHIAMBUTENE HCL 
E):C25 H33 N1°04 CLO So PO 

ASE) 241160 

COMPOUND NAb 2: ETHY. 
CHEMICAL FORMULACPAS 
MULECULAR WEIGHT C 
ULTRA-VIOLET LAb A MAX : 268. 
CURRY-POWFRLL RF 71 r f 

DRUG TYPE = METHADONE 

  

   
   
   

   

    

THE FOLLOWING MATCHES FOR UV ONLY sek 

COMPOUND NAME :MESCALINE SULPHATE 
CHEMICAL FORMULACPASE):C11 H17 N1 U3 CLO SO Ph 
MOLECULSR WEIGHTCBAS 11-9 ‘ 

ULTRA-VIOLET LAMEDA MAX = 268 
DRUG TYPE = AMPHETAMINE 

     

   



FIG: 6,34¢ 
  

THE FOLLOWING MATCHES FOR UV ONLY 

    

   

    

COMPOUND NOME 
“CHEMICAL FO 
MOLECULGR yEALLD oe 
ULTRA-VIOLE RDA MAX : 268 
DEUG TYPE = AMPHETAMINE 

) BASE 

    

THE FOLLOVING MATCHES. FOR UV ONLY 

. COMPOUND N 
CHEMICAL FORMULACRAS 
MOLECULAR IGHTCRASE) 220461 

ULTRA-VIULET LAMRDA MAX t 266 

DRUG TYPE = HALLUCINOGEN 

:PSILOCIN 

    

    

  

‘ \ ¥ 

THE FOLLOWING MATCHES FOR UV ONLY 

COMPOUND NAME 
CHEMICAL F 
MOLECULAR WEIGHTCBASE) + 
ULTRA-VIGLET LAMEDA MAK 

DRUG TYPE = HALLUCINOGEN 

:PSILUCIN 
ULAC 

  

   
       

   

  

    

THE FOLLOWING MATCHES FOR UV ONLY 

GUND NAME :PSILOCYBIN 

CAL FORMULACBAS 
ULAR WEIGHT (BASE) :284-0 

LAMPDA MAX : 268 

DRUG TYPE = HALLUCINUGEN 

    
       

   

THE FOLLOWING MATCHES FOR UV ONLY 

   
   
   

  

COMPUUND NA 
CHEMICAL FU 
MOLECULAR WEIGHTCBASE):250-0 

ULTRA-VIOLET LAMBDA MAX = 269 

?METHAQUALONE HCL 

THE FOLLOWING MATCHES FOR UV ONLY 

COMPUUND NAME :METHAQUALONE BASE 

CHEMICAL F UL 

MOLECULAR WEIGHTC BASE) 2250 +0 

ULTRA-VIOLET LANPDA MAX +269 

  

190 COMPOUNDS SEARCHED. 

DB YOU WISH TO CH 
INSERT 1 FOR YES 0 FOR NO 

yen 

    

C11 H17 Ni 03 

Cie H16 Ne 01 

3012 H16 Ne- 01 

C12 H17.Ne 04 

LACBASE):C16 H14 N2@ O1 

C16 H14 Ne O1 

CLA 

CLO 

CLO 

CLO 

CLO 

cK ANOTHER COMPOUND 

So 

so 

PA 

PO 

PO 

Pe 

PO 

PO 

defile 

or 

_ ee 

aK 

** 

** 

4K



FIG: 6,35 

DO YOU WISH TO CHECK MS DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 

1 
HOW MANY PEAKS DO YOU WISH TO 

PLEASE TYPE A NUMBER FROM 1 10 
10 ‘ ’ 

HOW MANY PEAKS DO YOU WISH 
PLEASE TYPE A NUMBER FROM 1 

4 ; 
PLEASE INSERT THE PEAKS ONE 

e 

  

« 

TO 
TO 

ie 

PER 

s 
> Re)

 | 
i)
 = 1 | 

f
o
e
 

_ = 

DO YOU WISH TO CHECK IR DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 

1 
HOW MANY PEAKS DO YOU WISH TO 

PLEASE TYPE NUMBER FROM 1 TO 6 
© 1 
HOW MANY PEAKS DO YOU WISH 10 

_PLEASE TYPE NUMBER FROM 1 TO 6 
4 

PLEASE INSERT THE PEAKS ONE PER 
901 
4Acd 

PEAK POSITION ERROR PLEASE RET 
63 
Cee 

PEAK POSITION ERROR PLE 
17.00 
ome 

pf YOU WISH TO CHECK UV DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 

1 
PLEASE 

- 500. 
PLEASE 
261 

DO YOU WISH TO CHECK TLC DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 

1 
PLEASE INSERT CURRY-POWELL RF 

~ 200 
PLEASE. INSERT CURRY-POWELL RF 
0-1 

« 

- 

« 

= 

« 

172 

COMPARE? 

& 

COMP. ARE? 
8 . 

LINE 

COMPARE? 

COMPARE? 

LINE 

eae 

ASE RETYPE 

INSERT THE ACIDIC LAMBDA MAX 

INSERT THE ACIDIC LAMBDA MAX



FIG: 6,36a 

sees kM I SUSE OF DRUGS ACT####* 

DATA RETRIEVAL PACKAGE NOW OFERATING 

“ FOUR SEARCH OPTIONS ARE AVAILABLE:~- 

(1) PEAK MATCH 

C2)NAME SEARCH 

€3)MOLECULAR WEIGHT 

(4.MOLECULAR FORMULA 

PLEASE INSERT THE OPTION YOU REQUIRE 

NUMBER 1 TO 4 ONLY 

=! 

THE PROGRAM RETRIEVES INFORMATION ON 
ANY OF THE FOUR FOLLOWING ANALYTICAL TECHNIQUES 

C1) MAS PECTRAL DATA ONE TO EIGHT PEAKS 
(2) INFRA-RED DATA ONE TO SIX PEAKS 

. €3) ULTRA-VIOLET DATA ACIDIC LAMBDA MAX 
€4) THIN LAYER DATA CURRY-POWELL RF 

THE PROGRAM 0 ATES ON A MATCH BASIS AND 
OUTPUTS THE COMPOUNDS’ IN ORDER OF BEST MATCH 

    

pO YOU WISH TO CHECK MS DATA? 
PLEASE TYPE 1 FOR YES 0 FOR NO 
“1 
HOW MANY PEAKS DO YOU WISH TO COMPARE? 

PLEASE TYPE A NUMBER FROM 1 TO 8 
5 

[FASE INSERT THE PEAKS ONE PER LINE 
58 

isl 
M ne)

 
0,

 
a | 

to
t 

¢ 
1 
T
t
 

9 a 

DO YOU WISH TO CHECK IR DATA? 
PLEASE, TYPE 1 FOR YES 0 FOR NO 

bt 
HOW MANY PEAKS DO YOU WISH TO COMPARE? 

PLEASE TYPE NUMBER FROM 1 TO 6 

| 

  

4 ‘ 
PLEASE INSERT THE PEAKS ONE PER LINE 

“+ 18.3 : 
+ 9.8 
- ef 

~ 11-5 
DO YOU WISH TO CHECK UV DATA? 

PLEASE TYPE 1 FOR YES 0 FOR NO 
- 0 
DO YOU WISH TO CHECK TLC DATA? 

PLEASE TYPE 1 FOR YES 0 FOR NO 
- 0 

7s



FIG: 6 ,36b 
  

M SMISMATCH OPERATING 

THE FOLLOWING MATCHES FOR MS DATA 
58 36 42 28 125 59 168 41 CHLORPHENTERMINE HCL 
4 PEAKS OUT OF 5S D VALUE= 0-00 

THE FOLLOWING MATCHES FOR MS DATA : 
‘88 36 42 28 125 59 168 41 CHLORPHENTERMINE HCL 

4 PEAKS OUT OF S D VALUE= 0-00 
I RMISMATCH OPERATING 

THE FOLLOWING MATCHES FOR IR DATA 
1263 962 969 1168 7e8 86 CHLORPHENTERMINE HCL 

3 PEAKS OUT OF 4 D VALUE= 0-086 

THE FOLLOWING MATCHES FOR IR DATA 
1263 9¢2 969 1168 -7¢8 13¢3°CHLORPHENTERMINE HCL 

3 PEAKS DUT OF 4 D VALUE= 0-00 

190 COMPOUNDS SEARCHED 

174



6.37 
  

DO yoU WISH TO CHECK ANOTHER COMPOUND 

INSERT 1 FOR YES 0 FOR NO 

1 
Do YOU WISH TO CHECK MS DATA? 

PLEASE TYPE 1 FOR YES 0 FOR no 
eo 

‘ po YOU. WISH TO CHECK IR DATA? 

PLEASE TYPE 1 FOR YES 0 FOR NO 
a 1 
How MANY PEAKS DO YUU WISH TO COMPARE? 

PLEASE TYPE NUMBER FROM 1 TO 6 
A ' 

PLEASE INSERT THE PEAKS ONE PER LINE 

~ 58 9 
Be 

237 = ie 

DO YUU WISH TO CHECK UV DATA? 
PLEASE TYPE 1. FUR YES 0 FOR NO 
- 0 * 

DO YOU WISH TO CHECK TLC DATA? 

PLEASE TYPE 1 FOR YES 0, FOR NO 

Celie 

  

a)
 | 

2 
2
%
 

E
 

00)
 

  

  

Wh



FIG: 6,37b 
  176 

IRMISMATCH OPERATING 

THE FOLLOWING MATCHES FOR IR DATA 

568 BS 89 G6e6° Bel 1404 ANILERIDINE DI HCL 

3 PEAKS OUT OF 4 D VALUE= 0-00 

THE FOLLOWING MATCHES FOR IR DATA 

508 920 BS 146A 83 10-5 BENZETHIDINE BASE 

3 PEAKS OUT OF 4 D VALUE= 0+67 

THE FOLLOWING MATCHES FOR IR DATA 

5B 83 Yol 1462 13-1 9-9 DIOXAPHETYL BUTYRATE 

8 PEAKS OUT OF 4 D VALUE= 0-00 

THE FOLLOWING MATCHES FOR IR DATA 

568 10+4 85 809 8+2 606 DIPHENDXYLATE BASE 

3 PEAKS OUT OF 4 D VALUE= 0+67 

THE FOLLOWING MATCHES FOR IR DATA 

508 Be G9 BeS eA 14¢3 ETOXERIDINE HCL 

3 PEAKS OUT OF 4 D VALUE= 0-00 

THE FOLLOWING MATCHES FOR IR DATA 5 

5-6) 6-9 8S, Ged 965) 757 ETOXERIDINE BASE 

3 PEAKS OUT OF 4 D VALUE= 0¢67 

THE FOLLOWING MATCHES FOR IR DATA 

508 89 Be5 Be3 9-3 14¢4 FURETHIDINE BASE 

3 PEAKS OUT OF 4 D VALUE= 0-67 

THE FOLLOWING MATCHES FOR IR DATA 

568 Bel Ge2 Yel 85 13-8 MORPHERIDINE HCL 

3 PEAKS OUT OF 4 D VALUE= 0-67 

THE FOLLOWING MATCHES FOR IR DATA 

5B 900 Be5 Be3 Te7 14¢4 MORPHERIDINE BASE 

3 PEAKS OUT OF 4 D VALUE= 0°67 

_THE FOLLOWING MATCHES FOR IR DATA 

5B 900 83 78 9-2 °8+% PROPERIDINE BASE 

3 PEAKS OUT OF 4 D VALUE= 0+67 : 

190 COMPOUNDS SEARCHED 

po YOU WISH TO CHECK ANOTHER COMPOUND 

INSERT 1 FOR YES 0 FOR NO 

- 0 : c .



FIG: 6,38a 

FOR A FURTHER SEARCH TYPE 1,0 TO FINISH 
a 
FOUR SEARCH OPTIONS ARE AVATLABL 

  

C1)PEAK MATCH 

GHT 

  

PLEASE INSERT THE OPTION YOU REQUIRE 
NUMBER 1 TO 4 ONLY 

’ oe 
PLEASE INSERT THE NAME YOU WISH TO CHECK 
© MORPHINE ‘canon es 

17



FIG:6 8b 

THE FOLLOWING INFORMATION 1S ON FILE 

‘ 

COMPOUND NAME:MORPHINE SULPHATE” 

CHEMICAL FORMULACBASE):C17 H19 N1 03 CLO SO PO 

MOLECULAR WEIGHTCRASE) 22850 

MASS SPECTRAL EIGHT PEAKS: 285 28 32 42 44 162 215 

INFRA RED SIX KS: 9-0 963 1267 76 685 106 

ULTRAVIOLET LAMBDA MAX: 884 
THIN LAYER CUBRY POWELL RF:0-14 

DRUG TYPE = MORPHINE 

          

COMPDUND NAME: MORPHINE RASE 

CHEMICAL FORMULACEBASE):C17 H19 N1 O3 CLO SO PO 

MOLECULA 285 

MASS SPECTRAL EIGHT PEAKS: 0 0 0 0 0 0 0 

INFRA RED SIX PEAKS: 6-0 89 1264 10+6 12«0 922 

ULTRA-VIOLET LAMBDA MAX: 284 
THIN LAYER CURRY POWELL RFt0¢14 
DRUG TYPE = MORPHINE 

   

  

COMPOUND NAME:MORPHINE HCL 7 

CHEMICAL FURMULACBASE):C!17 H19 N1 O83 CLO SO Pd 

MOLECULAR WEIGHT CPASE) 2285-0 

MASS SPECTRAL EIGHT PEAKS: 0 0 0 9 

INFRA RED SIX PEAKS: 12-7 76 943 940 689 10+6 

ULTRA-VIOLET LAMBDA MAX: 
THIN LAYE WELL 

DRUG TYPE = MORPHINE 

  

   

       

COMPOUND NAME:MORPHINE METHOBROMIDE 

CHEMICAL FORMULACRASE):C17 H19 N1 03 CLO SQ PO 

MOLECULAR WEIGHTCBASE):285¢N 

MASS SPECTRAL EIGHT PEAKS: 
INFRA RED SIX PEAKS: 961 a 
ULTRA-VIOLET LAMBDA MAK:_ 0 
THIN LAYER CURRY POWELL RF#0 

DRUG TYPE = .MORPHINE 

  

0 0 0 0 0 0 0 
“67° 984 739 Feo 1V6% 

  

00 

COMPOUND NAME: MORPHINE-N-OXIDE 

CHEMICAL FORMULACBASE):CL7 H19 N1 O03 CLO SO PO 

MOLECULAR WEI GHTCPASE):2285-0 

MASS SPECTRAL EIGHT PEAKS: 58 26 285 72 42 32 71 

INFRA RED SIX PEAKS: 8+1 662 1266 1065 8:9 942 

ULTRA-VIULET LAMBDA MAX: 284 

THIN LAYER CURRY POWELL RF:0.14 

DRUG TYPE = MORPHINE 

  

190 COMPOUNDS SEARCHED 

FOR A FURTHER SEARCH -TYPE 1,9 TO FINISH 
+ 1 

al 

So 

178 

eae yee
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F OUR SEARCH OPTIONS ARE AVAILABLE?~ 

(1) PEAK MATCH Hl 

C2)NAM RCH , 

€3)MOLFECULAR WEIGHT » . t ) 

(4)MOLECULAR FORMULA 

  

PLEASE INSERT THE OPTION YOU REQUIRE 

NUMBER 1 TO 4 ONLY 

on 
PLEASE INSERT nu MOL WEIGHT 

© 301 

THE FOLLOWING INFORMATIGN IS ON FILE 
Seer 

COMPOUND NAME: OXYMORPHONE BASE 

CHEMICAL FORMULACBASE):Ci7°H19 N1 04 CLO SO PO 

MOLECULAR WEIGHTCEASE)?301-0 

MASS SPECTRAL EIGHT PEAKS: 44 42 301 .70 816 57 58 28 

INFRA RED SIX PEAKS: 5-6 8+1 8+2 8+8 1066 10+5 

ULTRA~VIOLET LAMBDA MAX? 281 : r 

THIN LAYER CURRY POWELL RF: 0+ 09 

DRUG TYPE = MORPHINE 

    

COMPOUND NAME: OXYMORPHONE BASE i 

CHEMICAL F ULACBASE):C17 H19 N1 O4 CLO SO PO i 

_ MOLECULAR WEIGHTC(BASE) 230160 

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57 58 28 

INFRA RED SIX PEAKS: 961 663 S08 769 8-8 8661 

ULTRA-VIOLET L. DA MAX: 281 

THIN LAYER CURRY POWELL RF?20-09 

DRUG TYPE = MORPHINE 

      

COMPOUND NAME:DIHYDROCODEINE TARTRATE 

CHEMICAL FORMULACBASE)?:C18 H23 N1 03 CLO SO PO 

MOLECULAR WEIGHT(BASE): 301-0 

MASS SPECTRAL EIGHT PEAKS: 301 28 42 302 163 245 70 59 

INFRA RED SIX PEAKS: 6+¢0 700 9+4 8+8 8+3 14¢7 

ULTRA-VIOLET LAMBDA MAX: 282 ‘ 

THIN LAYER CURRY POWELL RF:0-20 ' 

DRUG TYPE = MORPHINE 

  

  

COMPOUND NAME:DIHYDROCODEINE BASE 

CHEMICAL FORMULACBASE):C18 H23 N1 03 CLO SO PO 

MOLECULAR WEIGHT( BASE) 2301-0 

MASS SPECTRAL EIGHT PEAKS? 0 8 0 0 0 0 0 0 

INFRA RED SIX PEAKS: 626 729 967 80: 8B+7 9S 

ULTRA-VIOLET LAMBDA MAX: 282 : 

THIN LAYER CURRY POWELL RF:0+20 

DRUG TYPE = MORPHINE 

190 COMPOUNDS SEARCHED
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ric: 6,40 ¥ 

FOUR SEARCH OPTIONS ARE AVAILABLE$~ 

(1) PEAK MATCH 

€2)NAME SEARCH 

€3)MOLECULAR WEIGHT 

(4)MOLECULAR FORMULA 

PLEASE INSERT THE OPTION YOU REQUIRE a z . 

NUMBER 1 TO 4 ONLY 
- 4 + 

PLEASE INSERT THE FORMULA YOU WISH TO CHECK, 
C ARBONS= 
esl : . 
H YDRUGEN= TYPE <1 IF FORMULA COMPLETE 
=o es 
N TTROGEN= TYPE -1 IF FORMULA COMPLETE 
e- 1 . 

“OXYGEN= TYPE -1 IF FORMULA COMPLETE 
- AL y 

CHLORINE= TYPE -1 IF FORMULA COMPLETE 
©) 

THE FOLLOWING INFORMATION IS ON FILE P- 

COMPOUND NAME: OXYMORPHONE BASE 

CHEMICAL FORMULACBASE):C17 H19 N1 O04 CLO SO PO 

MOLECULAR WEIGHTCBASE) :301¢0 

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57 58 28 

-INFRA RED SIX PEAKS: 568 6+l 682° 868 1066 1005 

ULTRA-VIOLET LAMBDA MAX: 281 . 

THIN LAYER,CURRY POWELL RF:0-09 i 

DRUG TYPE = MORPHINE < 

    

COMPOUND NAME:QXYMORPHONE BASE 

CHEMICAL FORMULACBASE):C17 H19 N1 O04 CLO SO PO 

MOLECULAR WEIGHTCBASE)?301-0 

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57, 58 .28 

INFRA RED SIX PEAKS! 9+1 663 5e8 729 688 8el 

ULTRA-VIOLET LAMBDA MAX: -281 
THIN LAYER CURRY POWELL RF:0+09 . 

DRUG TYPE = MORPHINE 

190 COMPOUNDS SEARCHED 

FOR A FURTHER SEARCH TYPE 1,0 TO FINISH 
+ 1 :
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ric:6 ,4la i 
  

FOUR SEARCH OPTIONS ARE AVAILABLE?:~ 

(1) PEAK MATCH 

(2)NAME SEARCH s 

€3)MOLECULAR WEIGHT : ‘ 

(4)MOLECULAR FORMULA 

' Z i v 

PLEASE INSERT THE OPTION YOU REQUIRE 

NUMBER 1 TO 4 ONLY 

LaeAce INSERT THE FORMULA YOU WISH TO CHECK» 

C ARBONS= 

a yoRoaess TYPE -1 IF FORMULA COMPLETE 

a (iheaens TYPE -1 IF FORMULA COMPLETE 

ovaries TYPE -1 IF FORMULA COMPLETE 

cfiboarne= TYPE -1 IF FORMULA COMPLETE 

S ULPHUR= TYPE -1 IF FORMULA COMPLETE



Fic: 6,4lb 

THE FOLLOWING INFORMATION'IS ON FILE 

COMPOUND NAME:CLONITAZENE BASE 

CHEMICAL FO ILACBASE):C20 H2@3 N4 G2 CL1 SO PO 

MOLECULAR WEIGHTCBASE) :386+5 

MASS SPECTRAL EIGHT PEAKS: 0 0 0 0 0 0 

INFRA RED SIX PEAKS: 7e6 6+6 13¢6 1265 962 1200 

ULTRA-VIOLET LAMBDA MAX: 283 i 

THIN LAYER CURRY POWELL RF?0-68 

    

  

COMPOUND NAME:CLONITAZENE HCL 

CHEMICAL FORMULACBASE):C20 H23 N4 02 CL1 SO PO 

MOLECULAR WEIGHTCBASE)?2386«5 

MASS SPECTRAL EIGHT PEAKS: 0 0 0 Oct 0 

INFRA RED SIX PEAKS: 6+4 66 9+5 Qe7 136 128 

ULTRA-VIOLET LAMBDA MAX: 283 
THIN LAYER CURRY POWELL RF? 0+68 

COMPOUND NAME: CHLORPHENTERMINE HCL 

CHEMICAL FORMULACBASE):C10 H14 Ni 00 CL1 SO PO 

MOLECULAR WEIGHTCBASE) 218305 

MASS SPECTRAL EIGHT PEAKS: 58 36 42 28 125 59 

INFRA RED SIX PEAKS! 1263 902 929 1168 7+6 86 

ULTRA-VIOLET LAMBDA MAX: 267 

THIN LAYER CURRY POWELL RF?:0-65 

DRUG TYPE = AMPHETAMINE 

  

COMPOUND NAME: CHLORPHENTERMINE HCL 

CHEMICAL F ULACBASE):C10 H14 N1 O00 CL1 $0 PO x 

MOLECULAR WEIGHTCBASE) 2183-5 : 

MASS SPECTRAL EIGHT PEAKS: 58 Boe 42) 25 les) 59 

INFRA RED SIX PEAKS: 12-63 962 949 1168 7+8 1363 

. ULTRA-VIOLET LAMBDA MAK: 267 

THIN LAYER CURRY POWELL RF?0-65 

DRUG'TYPE = AMPHETAMINE 

  

190 COMPOUNDS SEARCHED 

FOR A FURTHER SEARCH TYPE 1,0 TO FINISH 

ol 

168 

168 

182 

Al 
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APPENDIX 1 

Synthetic Methods 

The Prodines 

The four compounds:— 

Alpha and Betaprodine (I) and Alpha and Betameprodine (II) 

were all prepared by the same synthetic sone. The 

preparation of (I) involved a 4 stage synthesis from 

commercially available methyl A-methylacrylate. For the 

synthesis of IT ethyl X-ethylacrylate was not readily 

available and, therefore, required an 8 stage preparation 

from ethyl diethylmalonate. 

Synthetic Scheme for Alpha and Betaprodine (1) 
  

¢4,B-1, 3-dimethy1-4~pheny1-4-propionyloxpiperidine) 

Methy1-2-methy1-3-methylaminopropionate Dp) 
  

Methyl o-methylacrylate (85g) was gradually added to 

a solution of methylamine (20g) in 95% ethanol (180 em). 

This solution was stored for 7 days at room temperature 

after which period the ethanol was removed in vacuo and 

the product (1) distilled at 97°/29mm Hg yield 78g. 

Dimethy1 %-meth 1p, 6" (methy1imino)dipropionate (2) 

Methylacrylate (100g) was added to 78g of (1) and the 

mixture left to stand at room temperature for 4 days to 

give the product (115g) (2) which distilled at 117°/5mm 

Hg. 

1,3-Dimethyl-4-piperidone (3) 

Compound (2) (20g) was eyeldsed se by dropwise 

addition with stirring to a suspension of sodium (2g) 

uhder refluxing dry toluene (40 em). As the condensation 

reaction progressed the sodium salt of the piperidone
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precipitated out. When the addition was complete the 

mixture was heated for 3 hours. The contents were 

cooled, water (20 em?) added, the eoulene layer removed 

and the aqueous layer acidified with concentrated 

hydrochloric acid (17 em?) . The acidified piperidone 

solution was refluxed until one drop gave a faint colour 

with ferric chloride. The water was removed in vacuo 

and the residue made alkaline with 40% sodium hydroxide 

solution to pH 11. The mixture was extracted into ether, 

dried over potassium carbonate and the ether removed. 

The residual oil on distillation gave 5.5g of the 

piperidone (3). 

1,3-Dimethyl-4-hydroxy-4—phenylpiperidine (4) 
  

The piperidone (3) was treated in the usual way4? 

with phenyl lithium prepared from bromobenzene GS sig) 

and lithium (1.5g) in excess dry ether. Subsequent work 

up and crystallisation from hexane gave 2g of the two oh 

and B diasterioisomeric alcohols m.p. 72282>. 

1,3-Dimethy1-4~—pheny1-4-propionoxypiperidine (5) 
  

The alcohol (4) (2g) was dissolved in excess 

propionic anhydride (10 em?) and heated for 10 hours on, 

a steam bath. The excess solvent was removed in vacuo 

and the residue made alkaline with 10% sodium carbonate 

solution. The oil was extracted into ether and dried 

over anhydrous potassium carbonate. After drying the 

ether solution was filtered and treated with hydrogen 

chloride gas. The resulting mass was filtered and dried 

over sodium hydroxide pellets in vacuo for 24 hours and 

finally crystallised from methanol/acetone. The & and Bp
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isomers were separated by fractional crystallisation. 

The Aisomer (1.2g m.p. 220-222°) was less:soluble and 

crystallised immediately from methanol acetone and the B 

isomer (0.5g) mp. 199-200° crystallised after two days 

in the refrigerator. 

Synthetic Scheme for Alpha and Betameprodine (IT) 
  

(3-Ethyl-1-methy1l-4-pheny1-4-propionoxypiperidine) 

Mono acid of diethyl ethylmalonate (6) 
  

(2-propionoxy-butyric acid) 

Diethyl ethylmalonate (1 mol) stirred with potassium 

hydroxide (1 mol) in excess absolute alcohol for 12 hours 

at room temperature’? The potassium salt was then washed 

with ether to remove unchanged malonate and filtered. 

The residue was dissolved in a minimum volume of water 

and acidified with concentrated hydrochloric acid. The 

oily free acid was extracted into ether and washed with 

water to remove all traces of the di-acid. The ether was 

removed in vacuo to give the mono acid as a colourless oil. 

Ethylo-ethylacrylate (7) 

This compound was prepared by a standard Manmicna 

“pase reaction . The acid (27g) was added dropwise to 

diethylamine (12g) and 30% formaldehyde (17g) with 

cooling. Two products the acrylate (7) boiling at 1372 

(60%) and an additional condensation product CH, (NC 5H) 5 

boiling at 167° were obtained and separated by fractional 

distillation. 

Successive treatments of the acrylate (7) in the 

manner described for the pueperaion of Alpha and 

Betaprodines (I) 1-5 gave the following:-
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Ethyl 2-ethyl-3-methylaminopropionate (8) 

Prepared as in I(1), distilled at 97°/29mm Hg. 

Diethy1 A-ethy1-f, BY (methylimino)dipropionate (9) 

Prepared as in I(2), distilled at 126°/2mm Hg. 

3-Ethyl-—1-methyl-4—piperidone (10) 

Prepared as in I(3), distilled at 103°/33mm Hg. 

1—Methy1-3-ethyl-4~pheny-4-hydroxypiperidine (11) 

Prepared as in I(4), colourless crystals m.p. 

96-97° from hexane. 

1—Methy1-—3-—ethy1-4—pheny1-—4—propionoxy- 
piperidine hydrochloride (12) 

Prepared as in I(5),d ~-isomer m.p. 229-230° Cig; 6 

isomer m.p. 201-203° (0.2g) 

Acetyldihydrocodeine (IIT) 

Dihydrocodeine anhydrous 6g)was dissolved in 

refluxing pyridine to which acetyl chloride (2g) was added 

dropwise. This mixture was refluxed for 1 hour. The 

pyridine was removed by distillation and the residue 

dissolved in water. The acidic solution was basified with 

40% sodium hydroxide solution and the base extracted into 

ether, concentration of the dried ethereal extract gave 

TIL (4g) map. 120-122° from ethanol. 

Nicocodine IV 

(6-Nicotinoylcodeine) 

Anhydrous codeine base (6g) was shaken in small 

Eien tine molten nicotinic anhydride (11.4g) at T2528 

This mixture was stirred for 1 hour at 125-135°. The 

solid mass on cooling was triturated with water (100 cm?) 

and sodium bicarbonate to decompose the excess nicotinic
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anhydride and to obtain a complete solution. This 

solution was basified with sodium carbonate and extracted 

into ether. The ether was removed in vacuo and the 

residue recrystallised from ethanol to yield 

6-nicotinoylcodeine (4g) mp. 123-125°. 

Nicodicodine (V) 

(6-Nicotinoyldihydrocodeine) 

This compound was prepared from anhydrous dihydro- 

codeine in exactly the same manner as for (IV) to yield 

4g of (V), mep-140 -142° 

Normethadone (VI) 

(6-Dimethylamino-4, 4-diphenyl-3-hexanone) 

Diphenylacetonitrile (20g) in dry benzene (100 em?) 

was stirred with 2-(N,N-dimethyl)ethylchloride (15g) in 

the presence of sodamide (15g) for 3-4 nours°Sat 50° 

to give 4-(N,N-dimethyl)-2,2-diphenyl-butyronitrile (21g) 

m.p. 66-67° from benzene. This compound when treated 

with the Grignard reagent Ethyl-magnesium bromide and 

subsequently worked up?4 produced the oily base (VI) 

which distilled at 164-167°. This base on treatment with 

ethanol, hydrochloric acid mixture gave the hydrochloride 

(10g) m.p. 174-175° from acetone. 

Norpipanone (VII) 

(4, 4-Dipheny1-6—piperidino-3-hexanone) 

To a solution of diphenylacetonitrile (20g) in dry 

benzene (100 em?) was added sodamide (5g) followed by 

2-(1-piperidyl)ethyl chloride with 3-4 hours stirring at 

50°°2 This gave 2,2-diphenyl-4-(N-piperidyl)-butyro- 

nitrile (23g) from benzene.



Grignard reaction with ethylmagnesium bromide and 

subsequent Iydrolysig gave the ketone (VII) as an oily 

solid. Treatment with ethanol, hydrochloric acid mixture 

gave the hydrochloride salt (12g) m.p. 181-182° from 

acetone. 

Alphamethadol (VIII) 

(\-6-Dimethylamino-4, 4~dipheny1-3-heptanol) 

A solution of methadone (9g) in dry ether (50 cm?) 

was added dropwise over 10 minutes to a suspension of 

lithium aluminium hydride (1.3g) in dry ether?2 The 

reaction was stirred for 15 minutes. On completion of 

the reaction water (5 em?) was cautiously added to the 

suspension, followed by concentrated hydrochloric acid 

(20 em?) . Two clear liquid phases were present and after 

standing for 1 hour the hydrochloride salt of (VIII) had 

crystallised in the aqueous phase. This was removed by 

filtration and recrystallised from water and ethanol/ 

ether to give the alcohol hydrochloride (8g) m.p. 192- 

193°, 

Alphacetylmethadol (IX) 

(-3-Acetoxy-6-dimethylamino-4 , 4-diphenylheptane) 

The alcohol hydrochloride (VIII) (0.8g) was heated 

with acetic anhydride (10 em?) for 1 hour on a steam 

bath. The solvent was removed in vacuo and the hydro- 

chloride salt of the product (IX) (0.6g) obtained oe 

208-209° from ether/ethanol. 

Betamethadol (X) 

(B-6-Dimethylamino-4 , 4-dipheny1—3-heptanol) 

Sodium (3.6g) was dissolved in absolute eoeeoiad 

189
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(70 em?) To this solution methadone (3.69) was added 

over a period of 15-20.minutes, maintaining a gentle 

refluxing solution. This solution was refluxed for a 

further 15 minutes after which it was carefully diluted 

with water and excess benzene. The benzene layer was 

washed with water and dried with anhydrous magnesium 

sulphate. The solvent was removed in vacuo and the 

residue acidified with ethanol, hydrochloric acid 

mixture, diluted with ether and stood overnight at 5° 

to give the hydrochloride salt of (X) (2.5g) m.ep. 210- 

212° from acetone. 

Betacetylmethadol (XI) 

(B-3-Acetoxy-6-dimethylamino-4 , 4-diphenylheptane) 

Betamethadol hydrochloride (100mg) was heated with 

acetic anhydride (10 em?) as for the preparation of (IX) 

to yield the hydrochloride salt (XI) (50mg) m.p. 215 —217- 

from acetone. 

Diampromide (XII) 

(N- 2-(Methylphenethylamino)propyl propionanilide) 

An equimolar solution of methylphenethylamine and 

2-bromopropionanilide 957 (prepared from 2—bromopropionyl 

bromide and aniline> in dry benzene was heated under 

reflux for 4 hours to give 2-(N-methylphenethylamino)- 

propionanilide, 80% m.p. 65-67° from 40-60° petrol. 

Reduction of this compound with lithium aluminium iyeride 

in dry tetrahydrofuran afforded an 80% yield of 

N2-methy1-N*-phenethy1-n+-pheny1-1, 2-propanediamine 

bepe 138-140°/0. 2mm Hg. This compound was acylated with 

excess propionic anhydride (2 hours reflux)and the solvent
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removed in vacuo to yield 83% of the product (XII) which 

was distilled at 174-178°/0.5mm Hg. 

Phenampromide (XIII) 

(N-(1-Methy1-2-piperidinoethyl ) propionanilide) 

An equimolar benzene solution of aniline and 

1-(2-brompropionyl)-piperidine”” (prepared from 2-bromo-— 

propionyl bromide and piperidine®?) was heated under reflux 

for 4 hours to give 80% of 1-(2-anilinopropyl) piperidine 

MeDe 90-91° from 40-60° petrol. This compound on 

reduction with lithium aluminium hydride in dry tetra- 

hydrofuran afforded 75% of 1-(2-anilinopropyl) piperidine, 

108-112°/0.4mm Hg. Acylation of this compound with 

propionic anhydride (2 hours reflux on a steam bath), 

removal of the solvent in vacuo gave 70% of (XIII) 124- 

128°/0.2mm Hg. 

Dioxaphetyl butyrate (XIV) 

(Ethy1-4—morpholino-2, 2—diphenylbutyrate) 

Diphenylacetonitrile (19.3g) was condensed with 

N-(2-chloroethy1)-morpholine (15g) in the presence of 

sodamide (4g) exactly as for the preparation of (vr) 

which gave 2,2-diphenyl-4-(N-morpholino)butyro nitrile 

(23g) recrystallised from 60-80° petrol. 

This nitrile was hydrolysed and esterified ina 

combined reaction®® , The nitrile (10g) was dissolved in 

a mixture of absolute ethanol (25 em), conc. sulphuric 

acid (8 em), water (0.1 em?) and ammonium chloride (1.8g). 

This was heated in a sealed glass tube for 16 hours at 

150°. On completion of the reaction the contents were 

diluted, made alkaline with 40% sodium hydroxide and
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and extracted into ether. The dense oily layer and the 

water layer were removed and discarded. The ether was 

removed in vacuo and the residual oil distilled at 175- 

180°/0.5mm Hg to yield the base (xIV) (4g) m.p. 65-70° 

from 40-60° petrol. The more stable hydrochloride salt 

was subsequently prepared by treatment with ethanol, 

hydrochloric acid mixture to give (XIV) hydrochloride 

M.D. 167-168° from acetone. 

Prolintane (XV) 

(1-@-Propylphenethy1) pyrrolidine) 

A solution of benzylpropyl ketone (12g) and 

pyrrolidine (5.5g) in methanol (50 em) was shaken with 

hydrogen and platinic oxide catalyst (0.5g) at room 

él temperature, 3 atmospheres pressure until no further 

hydrogen was consumed. The catalyst was filtered off 

and the solvent removed in vacuo. The residual oil was 

dissolved in dilute hydrochloric acid and shaken with 

ether (to remove unreacted ketone), basified and the 

released amine taken up in ether. Concentration of the 

dried ethereal extract and subsequent distillation of 

the residual oil gave (XV) (9g) 153°/16mm Hg. From this 

the hydrochloride salt m.p. 133-134° from acetone was 

produced by treatment with ethanol, hydrochloric acid 

mixture. 

Morphine methobromide (XVI) 

A solution of equimolar quantities of anhydrous 

morphine and bromoethane in ethanol were heated under 

reflux for 1 hour. On cooling the methylbromide salt of 

morphine crystallised to give a 95% yield of (XVI) m.p.



193 

265-266° from ethanol. 

(The methyl iodide salt was prepared in exactly the 

same way m.p. 286-288°.)
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APPENDIX 2 

FORTRAN Source Program



2 (macro) ° 

MZ 
LO 
RP 
MN 
1A 
OL. 
AS 
EN 
IF 
DE! 
EX 
2A 
RL 
RL 
RL 
Go 

E 

LF SYSTEN4,NU 

25000 
DWSYST4- 

DP» OL” 
ONs DELETE 

OL *LPO 

*CRO 
*CR1sFILEDATA 

0 
HALCEE)»GO 2A 

LETE 
IT 
DP 0,TYPING FRROR PLEASE START AGAIN 
*LPO 
*CRO 
*CR1 a 

1A 
** , + 
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LIST CLP) ae 
PROGRAM CEAXXX) 
INPUTTECRY 

INPUTSSCRI 
QUTPUTH=1 PO 
COMPRESS INTEGER AND LOGICAL 
COMPACT 

TRACEG 

END 

E RESTOENT MASTER RESPONSTSLE FOR rains ; 
THE SEAQCH OPTIONS AVAILABLE AND CALLING fHE REQUIRED 

SUBROUTINE 
MASTER 
INTEGER NAME eFULEMS, eILEUV 
COMMON TEORIN (290-7) SASS (200) -FILENS (200-8) FILETRC20006)4 

TELLEUY 6200), FILESP C200) 96200) NAME (200,10) ,1TYPECZU0)¢ 
2NN C200) ,K16200) p48 (209) DIR C200) 

¢ READIN @EADS ALL THE DATA HELD ON FILEOATA AND STORES 

ti 

  

   

c ty IN COMMON aS 
CALL READIN 
WRITECO,10) 4 

10 FORNATCTHO TUX 1 294k eeeHMLSUSE OF DRUGS ACT Hake, 4 
15X+36HDATA RETRETYAL PACKAGE NOW UPERATINGr/) 

41 URITEC6,15) : 
13 FORMATCIHO, 35HFOUR SEARCH DPTIONS ARE AVAILABLE:ce/e 

140% ,1 5H CT) PEAK HATCH, Je 

C104, T4HC2INAME SEARCH, /, 
SOK, VPACSPMOLECULAR WEIGHT, /e 
410K, 2UKCA)MOLECHLAR FORMULA) 

12 WRITEC6O,95) 
19 FORMATOC//¢1X+S64PLEASE INSERT THE OPTION YOU REQUIRE GS 

VAX VBHNIMBER 1 TO 4 ONLYY 

READ (1,20) 1NPT 

20 FORMATCIO) 
e THE FOUR SEARCY OPTIONS ARE HELD IN FOUR SUBROUTINES 
c ANAL=PEAk MATCHING €NR MS,TR,-UV,TLC DATA 
C WA AME SEARTHCFIRST EIGHT CHARACTERS) 

c MASSSHEEECMLAR URTGHT SEAREN 
c FORMSNOLECULAR FORMULA SEARCH OR PARTIAL MOLECULAR 
c FORMULA SFARCH 

TFCTOPT.£Q,1) CALL ANAL 
TFCYOPT.6Q@,2) CALL NAM 

LFCTOPT. 69,5) Catt Mass 
TFCTOPT,FQ.4) CALL FORM 
TECCLOPT.LT.12.0R. CinPT.GT.4)) GO TO 12 
WRITE (4,30) 

30 FORMAT CANO, S94NFOR A FURTHER SEARCH TYPE 4,0 TO FINISH) 
READ( 1/40) LET 

40 FORMATCIO) 

TFCTRET,FQ,4) GO TO 44 
CONTIRUE 

stop 
END 
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oO 
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1000 
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6 
410 
eu 
Su 

40 
50 
69 

4150 

READIN PEADS ALL THE DATA HELD OW FALEDATA AND ST 

IN COMMON 

SURROYTINE READIN 

INTEGER FILEAS, FILE, NAME 

COMMON 1FORMC200,7) pSMASS (200) FILES (20008) ¢ FILE 
VEILEUV (200), FILESP (209) -D6290) ,NAME (290,99), 1TYPE 
Ann 200) ,w1¢200), nM ¢ 200), p1R(290) 
pO 1000 ys1,200 
READCS eS) CLEORMCT ed) dz1 07) 
NEGATIVE VALUE FOR ENO OF FILE MARK 
TEC LFORMC1+7)9.FQ 77) GO TO 150 
READ CS + HYSMASS CT) 
READ CS £10) CETLEMS CI, J) 0d 2178) 
READCS 620) CePLEIR CTs) esate) 
REANCS, SO) FILEUV CL) 
READ(S+40) FILESD OLY 
READ C5250) CNAME CT AA) 081-10) 

READCS 6G 1 TYPECIO 
CONTINUE 
FORMATC71 $) 
FORMATCES,19 

FORMAT (ATG) 

FORMAT (HE5,1) 
FORMATCTAY 

FORMAT CR 4,2) 
FORNATCTOA4) 

FORMAT (I?) 
CONTINUE 

RETURN 

FNS 

      

  

Lo 

ORES IT 

IRC20056)¢ 
C200) 6



a
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12 

16 

20 

14 

1000 
150 

AT 

NAM NAHE 

198 

  

CH OPTION 2 E 
SYBRQIJTINE SAM ces 

INTEGER UNANFeNAME eC ETLENS es FIL EUV 

COMMOW TEORMC2ND, 7), SHASS C200), FiLeweczng,6) «BaLeiR 20078), 
TFILEUV C200) FILES? C200) ,NC200) NAME C200, 10), 1 TYPE C20) + 

ENN (290) ,HIC20U) .N4S C20) ,DIRC200) 
DIMENSTOn UNAME (10) 
WRITEC6,15) 
FORMAT CIRO, 4THPLEASE INSFRT THE NAME YOU WISH TO CHECK ) 
READ CT + TA UNANE ° 

FORMAT CIORAY 
JN=0 
po 1000 y=1,200 
LIBARY SUSROUTOIF ComP USED TO COMPARE THE FIRST EIGHT 
CHARACTERS FIR FOYALTTY IF THE NAME MATCHES 

SUBSROUTIME WRITE TS fALLED TO PRINT THE MATCH OW THE TERMINAL 

FECEFORM CT, 4) 69.319 G0 TO 150 

yist2 
CALL COMPCTT,NAMECT,. 4901, UNAME(1) 41) 
TFECTI.NE.4) GU To 1909 

Tl=12 

CALL COMPCT I, NAMFCL, 22617, UNAME C2) 61) 

TFCIL.NE.L4) GO TO TH90 
TFCIN,GT.9) 60 Tn 18 
URITECO, 20) 
FORPMATOC//,37H THE FOLLOWING INFORMATIUN 1S ON FILED 

CALL WRITECT) 
INS INET 
CONTINUE 

Teie4 

WRITECOLT7)T 
FORPMATC//41X¢1$,49H COMPOUNDS SEARCHEDs//) 
RETURN 
FND 

   



418 
419 
120 
124 
122 

423 
124 
Aas 
126 
127 
128 
429: 
130 
131 
132 
435 

154 
t5 
136 
137 
458 
139 
440 
441 
142 
143 
144 
145 
146 

c 
Cc 

a
o
n
 

40 
al 

a2 
90 

400 
410 
120 

199) 

WRITE P®INTS THE INFORMATION OBTAINED By THE MATCH 

ROUTINE 
SUBROUTINE WRITECI) 
INTEGER NAME, FILEMS, £TILEUV 
COMMON TEORNC200,7),SMASSC2Z00) -FILEMNS (2000/8), FI LETRC20076), 

VFILEUV C200), ,FILESP(200),06290) -NAMEC200,10) ,ITYPEC200)¢ 

2NN{200),N10290),9HS8(¢200),D120200) 

WRITEC6,80) CHAME CT 2 J) ,S21010) 

WRITECO,B1CIFORMC LT, edt 7) 
WRIETECG,R2d5MASS C1) 

WRITECO,90) CEILEMS (1,0) ,s21,8) 

WRITEC6,400) CFILELR CP, J) de 106) 
WRITE CO T10FTLENIV CL) 
WRITECO, 120 ET LESP CT) 
TYPE REANS THE VALUE IN THE FILE DESIGNATED TO A 
PARTICULAR pRUG FAMILY AND WRITES THE CORRESPONDING DRUG 

TYPE ON THE TERMINAL 
CALL TYPECT) 

FORMATC//¢1X +14 COMOQUND NAMES. 19A4) 
FORMATCIX,-A2SHCHEMTCAL FORMULA CAASED 2, 

VUHC Te etXe TAH L2,91K THN TT eT Xe THOeT 1, TX, 2HCL eT 1, 1X01 HS 

211, 1X01 HO, 14) 
FORMATC4 Ys 23HMOLECULAR WEIGHT (BASE) :,F5,1) 
FORHATCAXs26HMASS SPECTRAL EIGHT PEAKS!,a14) 
FORMATCIXe204INERA BED SIX PEAKS? ¢6rS-1) 

FORMATCIX ,24HULTRARVIOLET LAMBDA HAnte Tay 

FORMATCAX,274THIN LAYER CURRY POWELL REL, F4.2) 
RETURN 
END



47? 

48 
49 

150 
Sa 
52 
153 

154 

155 
56 

157 
153 

159 
160 

161 
162 
143 
164 

165 
166 
167 

168 
69 
70 
N 

Te 
ee 
24 
2) 
76 

ae 

78 

ee 
80 
81 

n
a
n
a
n
 

200 

PEAK MATCH ROUTINE SFARCH OPTION 1 IN THE MASTER 
SEARCHES ANY COMBINATION OF THE ANALALYTECAL INFORMATION 

ON FILE, 
THE FILEpPATA 18 STORED IN CONMON AND THE UNKNOWN DATA IS 

PEAYMS PEAKIR«PEAKUV,SPOT/FOR MS IR UV TLC MATA RESPECTIVELY. 
SUBROUTINE ANAL 
INTEGER FILEMS, NAME, FILEUV, PEAKS ,PEAKUV, SCORE, NUM 

REAL FILEIR, FILESP + SPOT, PEAKIR 
COMMON TEORNC200 77) - SMASS C200) @FILENS (20008) eFILEIRC20016), 

TETLEUV C200), FILESPC209) 00290) -NAME(200,10) -ITYPECZU0) + 

2NNC200) 810200), 9486200) ,D1R (200) j 
DIMENSION SCORE (2U0), PEAKMS(R) sPEAKIR (6) sNUMC16) 
WRITEC6,10) 

10 FORMATC1HO,//e 88H THE PROGRAM RETRIEVES INFORMATION ON ¢/ ep 

41 

lie 

an 

449H ANY GE THE FOUR FOLLONING ANALYTICAL TECHNIQUES «/¢ 

25X%,43H (4) HASS=SPFCTRAL DATA ONE TO EIGHT PEAKS ote 

35X,37H (72) INFRARREN DATA ONE TO SIX PEAKS ,/e 

45X.61h (3) ULTRARVIOLET MATA ACIDIC LAMPDA MAX ¢/e 

55Xe37H (4) THIN LAYER DATA CURRY=POYELL RF fe 
6644 THE PROGRAM OPERATES ON A MATCH BASTS AND fo 
766H OUTPUTS THE COMPOUNDS IN ORDER VE BEST MATCH «//) 

  

IN=O 
dds 
Keo 
pO 11 Kal, 

PEAKMS (kK) 20 

CONTINUE 

po 12 Jetio 
PEAKIRGI)=0 
CONTINUE 
PEAKUVRD 

sPoTs0 

pO 24 [21,200 
SCOCECII=0 
CONTINUE



182 
183 
184 
185 
RO 
187 
188 
VA9 

190 
191 
192 
193 

194 
195 
196 
197 
198 
499 
e990 

201 
202 
203 
204 
205 
206 
207 
208 
2n9 

210 
241 
eve 

271s 
244 
245 
246 
217 
218 
249 
220 
221 
222 
225 
224 
225 

226 
eae 
2248 
229 
239 
os) 
232 
233 
254 
235 
236 

2368 

239 
240 
241 
2he 
243 

o 
o
o
 

201 

WRITE(6,20) 

20 FORMAT(1H0,30H no You WISH TO CHECK MS DATAR s/s 
1324 PLEASE TYPE 4 FoR VES 0 FOR NO ) 
READ CT. 309M 
TFCMLEY,0) GO To 60 

35 WRITECO,40) 
40 FORMATCTHO, 59H HOW MANY PEAKS DO YOU WISH To COMPARE? +/, 

1344 PLEASE TYPE A NUMBER FROM 1 TO SD 

READ (1+ 30) KK 

TFOCKK.LT.1),0R, (KK,GT.8)) GO TO 35 
CONTINUE 
wkITe (6,60) 

60 FORMATCZHH PLEASE INSERT THE PEAKS UNE PER LINE ) 
READC1,%0) CPEAKNS (K) ,K=4,KK) 
6O TO 94 

80 PEAKMS(1)=0 
CONTINUE 

90 WRITEC6,100) 
100 FORMAT C4 HO1 31H DO YOU YISH TO CHECK IR pata? fe 

132 PLEASE TYPE 1 FoR YFS 0 FOR NO D 
PEADCT, 300" 
ITFCMLE8.0) GO To 160 

119 URTTE(S,120) 

420 FORMATC1RO+39H HOW 4ANY PEAKS DO YOU WISH To COMPARE? +/+ 
1432HW PLEASE TYPE WUMeER FROM 1 TO 6 ) 

1350 REAN(1T 630) IN 
TRL Ches oT.) UR CIS. GT.692 GO TO 115 
TRCOONV READS Ty THE TR PATA OF THE UNKNOWN AND 

CONVERTS WAYENUMNRERS TO WAVELENGTHTF REQUIRED, 

TT ALSO CHECKS FOR PEAKS Ta UNCODED AREAS EGr NUJOL. 
CONy Thue 

CALL IRCONVCPEVK IRs tg) 
G0 TO 175 

160 PEAKIRG1)=9 

CONTINUE 
470 WRITE(6,4180) 
180 FORMATCAH0-31H DO You WISH TO CHECK UY DATA? /e 

413¢2H PLEASE TYPE 4 Four YES 0 FOR NO )D 

READ(1+30)4 
PF(H,EQ.0) GO Ta 210 

TAD WRITE(O,190) 
170 FORMAT CIHO, S74 PLEAS& INSERT THE ACIDIC LAaMRDA MAX 2 

READ (CTs SO) PFAKUY 
TFC CPEAK UV, GT.450) ,0R, CPEAKUVLT,209)) GO To 185 
60 TO 220 

210 PEAKUVE) 
CONTINUE 

220 WRITEC6,259) 

230 FORMATC1H0,57H po You WISH TO CHECK TLO pATa?e/, 
1$24 PLEASE TYPE 1 For YES 9 FOR WO?) 

REANC Ts S004 
TECHLEW.G6) GO TA 269 
WRITECO,240) 
FORHATC4HO, 51H OLEASE INSERT CURRY@POWELL RFE D 

READ(12150)500T 
IF COSPUY LT, 92.0p. (SpOT.GT.09,99)) G9 TY 255 
GO TO 270 

260 sPatTsd 
CONTINUE 

270 TFCJN.GE.1) GO TH 274 
Neo 

277) Fl=0



244 

245 
244 

1247 
1 248 
249 
250 
255 
a5e 
253 
254 
apa 
256 
257 

258 
259 
260 

251 
2n2 
265 
264 
265 
266 
207 
268 
269 
270 

227 
272 
ars 
274 

275 
276 

270 
era 

1279 
230 

2s) 
282 
2as 

254 
239 

236 

M
O
e
n
n
a
A
n
A
a
A
 
B
A
e
 
A
o
 

1500 

959 

1000 

AoN 

202 

THIS SECTION OF THE pkOGRAM CARRIES OUT THE COMPARISONS 
OF FILEDATA AGAINST THE UNKHOWNS 
THE INDIVibUAL goHMARTSONS £OR EACH TECHNIQUE ARE CARRIED 
OUT Tw THe foe gu RNUTINES  MS,.IReUV, tLe, 
THE VALUE TN SCORE TS CALCULATED FROM THE COMBINED MATCH 
OF ALL THE TECHYTQUEg ON THE BASIS: 

NSFRCFV2 SUCESSFUL MATCH) 
TRES 
HD 

Puta 
THE VALUE TA THE ARRAY Pp LS OURTATNED AS JHE RANKING 
ORDER FACTOR CALCULATED FOR MS AND IR WETHIH 
THE SUNHOUTTIES MS anh IR. 
PU 1000 737,200 
TECIN.EO.1) §9 fo 1590 
PECIFORNCEs4)-FQ."1) 60 TU 600 
CALL MSCPEAKMO; TAK LoD CL)? 

      

    

   

  

SCORE CI 

CALL TRCPEAKIR,G 1, JILL) 
SCORECL)=9CoRE (Tye dur 
TFcSCORF EL) ER. 42) Nel sdhscly+prReiy 

TF CSCORECL) EX.3) OCT) SnMSC1) 
TFECSCORE CI) EQ.4) IOVIENIREL) 
TECSCORF CID LT. 4) 91) B1000 
CALL UVCPEAKUV,T,Nhin) 

  

SQORECT) CORE ENA fol 
CALL TLE CSPOT eT When) 
SCORE CI 2SCOPE CTY +L LL 
CON FIUUE 

TFCJN.EG.1) GO Thm tOA9 
NSN+4 

CONTINUE 
TERMINATOR FOK SCURE akpaAY=100, 
SCORECLI 2109 

OCLs e100 
LKEO 
LRK=0 
DMInsd 

Lks9 

BMS 10> 
NITRA) 

Nha? 
NiCT)=196 
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INUMNBETG 
0G 800 J3re4,16 

NUMC IK etn yang 

TRUMBENTNCJSK) 
800 CONTINUE 

THE FULLOGING THRLE 190Pq ARE RESPONSIBLE FOR gTFTING 
THROUGH THE VALUES OF SCORE INORDER TU PRINT THE COMPOUND 
WITH THE HIGHEST SCOPE FIRST ON THE TERMINAL, 
TR THERE ARE COMPOUNDS HTTH EQUAL SCOKE THE COMPOUND WITH THE 
LOVEST VALUES TR The HIGHEST RANK ORDER 15 PRINTED FIRST, 
pO 850 JK=4,10 
TECONUNCIK) £8.79, AD, (Ke. E@,0)) GO TO R99 
TECONUINCOR) (69.7). ann. OLE 102) CALL MSMISMATOH CL, RKO 
TE CCNUME SK) €&.7) AN. OOMIN.GE,2)) CALL MSMYSMATOH CL Kid 
TECCNUNC IK) FQ. 5). Aun. C)JekO.Q)) GO TU g99 
TRCCNURCURD EQ. 3d. Ain CLERK. EQ.0)) Catt DRMTSMATCHCLedd) 
UR CCHUN IK) EQL3). Aun. COMIN, GE.2)) CALL YRMISMATCH(L edd) 

S97? NO RS: Tya4 8 

HO 900 tei, 200 
TFCIK.E9. 16) GO TO 2nno 

TRCSCORG C1). €4.400) an TH B05 
TECSCORE (IY FQ. NUN CY)? GO TO 950 

9y0 CONTINUE 

TFCIK.GE.13) GO TO AKO 
Bao CONTINUS 
B5U CONTINUE 

G0 TO 2nghy 

950 TROIL.GF 10) G9 TO 2n00 
TFCSCUKECI) LT.4) 59 TU 2020 
TECCOCL) GE Td=4) ANN, (OCT) LT.1N2) GU TO eneu 
69 TO Yau 

2020 GO TO (4511955 +95519571959 2964, 
1905,955,907,969,974 ,975,275,977,979) ,0K 
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954 
o5¢ 

Buy 

851 

B52 
655 

B54 
859 

456 
85¢ 
BAU 

861 

9535 
954 

95> 
956 

gist 
95% 

9659 
956 

967 

96% 

959 

940 

961 

yoe 

204 

FIFTEEN WRITE PGSSTATLITIES ARE PRODULEN BY THE 
MATCHING HETAUO.A STAR SYSTEM IS UStd To GIVE A RAPIDP VISUAL 

THDTCATION OF THE BEST MATCH AVAILAGLE+TOGETHER WITH THE 
PRINTED p VaLUE, 
WRITECO,95?) 
FORMATOGHOs/7 48H THR FOLLOUING COMPOUND MATCHES FOR MS,TReUv, TLC. 

6H DATA LTS Het eee ew eee 1) 

LK=0 

LkKKE0 
WRITECO, 950) (NAHE CI, J) 2de1,10) 
URTTE CO, 986) CLEURM C1.) ed ET 97) 
WRITECG,967)5MASS C1) 

TECDMIN FQ 9). AND, CLK. FQ.05) DINED CI) 

LECPCL) LT, onl) OM¢MeO Cy) 
Jhetbe4 
TFCSCORECL) LT, 8) Gu TO 852 
YRITECH,981) CFILENS CT sd) SRI ERD 

t K*l 

ORE CT eSCOREC{I~“8 
IF CSCORE CID LLT.4) GO TO B54 

URTTECO, 982) CFILEIR 61d) det 16) 
LKKSELEKe4 
SCOPE CL eS CORE CTY<4 
PFCSCORE CID _LT.29 GO TO 856 
WRITECO,O83)FILEUIV EFS 

SCORE CI RSCuRE CT) 72 

  

  

   

TECSCORFECI) .LT.1) Gi TO 860 

WEETECO SGYFILESP CTD 

SCORE! ) 

  

TFCCLK. LEO) LAND CLE. LE LO79 GO TO 461 

WRITE CO, 995) DCT) 

CALI TYPECT) 
60 TO YOO 

URITECO,956) 

FORMAT (AKU e//e4qH THE FOLLOUING MATCHES FOR MS,TRGUV DATA « 

V1 OR D4 e eek wee ti 1) 

GO TO 449 

WRITE CO,996) 

EURMAT CHO e// 162K THe FOLLOWING HATCHES FOR MSeTReTLE DATA & 

VICK St weet ree, J) 

GU TO 649 

WRETECOLG SR) 
FORMALC Rie //eS°H Tile FULLOUING MATUNES FOR MSeTR DATA + 

WACK TaN wee eee, Sd 
GO TO BAG 
WRITECO 965) 
FURMAT(AHGs 4/2 35H THe FOLLOUING MATCHES FOR MS ONLY @ 

VAI XK BHR wee ew) 

SU TO ang 
WRETECO, 843) 

FURHATOAHO, 7/049 THR FOLLOMVING MATCHES FOR TR,UVETLE DATA ¢ 

TVX THR Hee) 

60 TO Bag 
VWRTTECO,G6)) 

FORNATCANO,//e41H The FOLLOWING MATCHES FOR MS,UV, TLE DATA « 

TISK TN ee eae eR EY 
GV TO 649 
WETTEC6,962) 

EORMATOANOs // 242M THe FOLLQUING RATIO HES FOR MS ART UV DATA + 

VTE Vea eee 1D 

GO TO ALD 

 



381 

ae 
343 

Ba4 
335 
SA6 
327 

348 
389 
300 
391 
392 
Ns Oh 
394 
$95 
596 

307 
508 
509 
400 

1404 
4ne 
403 

1 bid 
46d 
406 

40? 
408 
4n9 

410 
4) 

412 
413 
414 

415 

416 

ay? 
48 
419 
420 

424 
422 
4e5 

96S WRITECH, 964) 
966 FORNATOAND 6 // 43H TH 

TVR DH ae eee, J) 

GO TO &4Y 
“9o¥ URITE(O,97)) 
97U FURMATOVHOL// 16H 

VVEX OH wee, LD 
40 TO 6.9 

971 URITECG.972) 

972 FORMAT HG //eURH 
VVIX , DHw eee, fd 
GU TO B49 
NEITE CO +974) 
FORMATCAHO,// 435K 

V1PX GAH em LY 

G0 TO 649 

WEETECO,976) 
cata Ca Hor / easy 

111k, 3dr wee) 
GO 10 Bag 
YRITE CG, 978) 
FORMAT CA HUES S76 35K TH 

TAK anes fl) 
GO TO Bad 

979 WRITE(O,955) 
9ad FORMATO HOe// 4 36H TH 

118K, THe es? 

GO TO 849 
FORHAT CIO) 

V5G FURMATOROLT) 
GAL FORPAT V6 ConPuute 
986 FOWUATC 24H CHEMICAL 
VANE. Teet ret HHT, 1A 

21S, Titre VHP eli) 

TH 

9P a 
a TH 

Ge: 
970 

See 
97b 

$0 

  

QR POREATCZEH MOLECULAL 

981 FOREATOP7H MASSASPEC 

952 FOBMAT CP eh INFRARRED 

Dad PORMATCZEH ULTRARVTIN 
JRO FURMATCAERN CURRY=POT 

9D FORMATCOH D VALUE=, F 

2000 CUNTINUE 

HMMs 

Tete hE) WRITE CH, 

TRCONLGE, 4) WRETECO, 

2007 PUREATCARO Sse T, 204 

URITECe, 2040) 

FURMAT CI hus 30H pe 

12H THSEET 4 FOR 
REAT CT) RO) de. 

TFECENV EQ. 1) 
CONTTRUE 

RETURN 

ERD 

Yu 

MIRE 
2010 

6G 7H 4 

te FOLLOMING 

Hp FULLOUING 

© FOLLOWING MATCHES FOR AnD 

MATCHES FOR AND 

fb FOLLOVIMNG MATCHES FOR TK an 

Ff FOLLOWING MATURES FOR TR ONLY 

MATCHES fOK UV ANd 

rf FOLLOUING MATCHES FOR UV ONLY 

& FOLLGUING MATCHES FOR TLE UNLY 

Hehe se 0N6) 
TOPMNULACBASE) t¢ 

Qi TUT Ket hOeT IK, AWC e110 

VETGUTCBASE) 2, *5.17) 
YeRA FIGHT FEAKS 3-874) 

SLY PEAKS f90F 2.1? 
1ET TAMPDA MAX 2414) 
FLL PR tr F Ged) 

6,2) 

acuryt 

26049 

  

COMPOUNDS SEARCHED ,//) 

TO CHECK 

NOD 

Wo Wyse 

O FOK 

ANOTHER COMPOUND 

uy 

TLE 

’ 

ae 

205 

TLC DATA 

DATA 

DATA 

pata 

ele 

‘



133 
34 
435 
, 36 
is? 
438 
439 
wy) 
41 
4 by 2° 
4 1,3 
tt, 4 
41.5 

hh. 

Kh? 
t, 1. 8 

4 4,9 
450 
4S 
152 
453 
AS 4 
Se) 

156 
657 
158 
LS 9 

, &() 

464 
Woe 

63 
his 

465 
A668 

167 

W68 
LO? 
670 
71 
bn 722 

¢ 
c 

m
a
a
n
n
n
n
e
n
 

400 
$50 

405 

410 

420 

430 

206 

MS COMPARES THE UNKNOWN MASS SPECTRUM WITH THAT IN THE 

ELEEE 
SUBROUTINE MSCPEARINS, Te KKe NL) 
INTEGER PEAKMS + PFAKUV,FILEMS, FELEUV 
DIMENSION PEAKMS (8) 

COMMON TFORMC2LON0,7),SMASS C200) -FILEMNS (200 ¢ Bde FILEIRC20076)4 

VEILEUVO200) ,FILESP C200), 00200) NAMES 200,10), 1TYPE C200), 

2NNC290) -NICZ90) M5 (200) DIR C200) 
CONTINUE 
TF CPEAKNS (4), EQ.0) Go TO 405 
bC)ysU 

WNC] ) 20 

sum=0 
DO 350 Ket, KK 
nO 400 J=1°8 
TECIABSCELLEMS CL, J) -PEAKMS(K)),£9,0) 4O TO 410 

CONTINUE 
CONTINUE 

IF THe COMPOUND MATCHES FOR THE NUMBER OF PEAKS 
REQUIRED CKK),Tde SCORE VALJF NL IS SET TO &,IF NOT NL 

ES) SET AOL Or 

THE RANKING ORDER FacTOR IS CALCULATED aS THE SUM OF THE 
SQUARES NF THE DIFFERENCES BETWEEN THE POSTTIONS 

OF THE MATCHING PEAKS J AND K, 
THIS VALUE 13 THEN pREVIDED RY THE NUMBER OF PEAKS COMPARED 

AND STORED IN THF ARRAY De 
NL=O 
DMS CT) BSun/ NOT) 
60 TO 430 

HNCT)ENN CT) #4 
AzdeK 

AsAxwe 
sUmas linea 
TFCNNCI) EQ KK) GO TH 420 
60 TO 356 
NLS 

DMS CID SSUM/NNCT) 
CONTINUE 
RETURN 
END



478 C 
474 C 

675 
476 
‘47? 
478 
479 
420 
431 
42 

425 
484 
485 
486 

437 
428 
GR9 
490 C 

491 ¢ 

492 
495 
494 
495 
496 C 
497 
498 
499 
500 
501 
She 
595 

594 
505 
506 

459 
440 

460 

4280 

490 

500 

207 

IR COMPAPES THE UNKHONN YR CTRUM Wity THaT IN THE 

FILE IN an EXACTLY STAILAR MANNER TO THAT FOR MS, 
SUBROUTINE TROPEAKIR, Ted de NLL) 
INTEGER PEAKMS + PEAKUV, FILEMS e FI LEUV 
DIMENSION PEAKIR(O6H) 
COMMON TFEORMC200-7) .SMASS C200) FFILEMNS (20008) rr FILETRC2Z0076) + 

TEILEUV C200) -FILESP C290) -D(290) NAME C2U0,10),1TYPEC2U0)+ 
2NN C200) MI C290), p45 (200), DIR C200) 

IFCREAKIR(4),EQ.0) Go TO 469 

  

DIRGCII=0 

nic1)=0 
sUiMsd 

ho 440 

    

po 450 45 6 

TECABSCFEILEL ACT J MP FAKIR CK) LE.0.22 GO TO 489 
CONTINUE 
CONTINUE 
THE SLORE 18 SET TO 4 FOR THE COMPLETE MATCH OF JJ PEAKS 

OR 9 FOR NO MATCH. 

NLL=O 

PIRCLISSUM/NT CT) 
GO TO 590 
NICIIENT OT) 44 

THE RANKING ORDER FACTOR D JS CALCULATEN AS FOR MS, 

A=J-k 
AtAka? 

SUMESUMN +A 

TFCNICI) €Q,dJ) GO To 490 

GO TO 449 
NLLs4 
DIRCIISSUN/NT CT) 
CONTINUE 
RETURN 
END
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SUBROUTINE MSMTSMATCHCI KK) 
INTEGER FILEMS,FILEUY 
COMMON TEURNC200,7),SMASSC200) -FILEMS (20028). FILEIRC20076), 

TEILEUV C290) ,FILESP C200) nC 200) -NAMEC2U0,10),I1TYPE C200), 

Q@NNC200) ,N1(200),pMS (700), DIRC200) 

WRITECO, 700) 

700 FORMATCA RO, APONMSMISMATCH OPERATING) 

LK=KK=1 

00 1000 19=1,5 
961 po 903 r=1,200 

TFONNC(1).EQ.,400) GO TO 999 

TFCANCT) EQ.LK) 69 To 905 
905 CONTINUE 

1000 CONTINUE 
999 LKaLK=1 

TFCLK.EQ,KK-2) GO TO B99 
GU TO 9n4 

905 TFCCOMS(1).GE.Tb-1) AND, CDOHS(1) LFLID)) GO TO 800 
GO TO 90% 

800 URITECO, 810) CFILEMS C1, J), de1 eB CNAMECIT Je e110) 

B10 FORSATCAHO.S/e34H TXe FOLLOWING MATCHES FOR MS DATA B14 1X eT 0AG 

B20 YWRITECOLASYIHNCGT IKK, DMS CT) 
B50 FORMATCIHO, T2071 X, T2HPEAKS OUT OF eT 2+5Xe QHD VALUER, FS, 2) 

GO TO 93 
877? RETURN 

END



[533 
"934 
535 
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537 
553 
559 
540 
541 

S42 
543 
5SA4& 

545 
546 
547 
5438 
549 
559 

551 
$52 
553 

554 

B52) 
556 
557 

553 
559 
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SUBPOUTINE TRATSMATCH CIs dd) 

(INTEGER FILENS ETLEGY 

COMMON TEORIIC200,7) -SMASS C200) ,FILEMS (20018) rc FI 

TETLEUV (200) -FELESP C290) 606200) NAME C209 240),1TY 

2NN C200) ,N1(200), pS (209) ,DER C290) 

WRITE CO, 700) 

700 FORMATC1HO, SOHIRMISMATCH OPERATING) 

UKKsuds4 
- pO 1000 1p=41,5 

901 NO 903 1=1,200 

TFONICT).FQ,100) GO TO 999 
TFCNICT) FQ. LKK) GO TO 995 

993 CONTINUE 
1000 CONTINUE 
999 LKKELKK=4 

TFCLKK. FQ. dde2) GO Ta 399 

GO T0.991 
905 TECCDIRCT).GE.IDm1). AND, COIRCE).LT, 102) GO TU 800 

GO TO 9HS 

BOO WRITECO, B10) CFILEL RCT rd) ed e1 6) 2 CNAMECT J) 2 de17°10) 

B10 FORMATCHO+//034H THE FOLLOWING MATCHES FOR IR DATACHs 

16F5.107%,1946) 
R20 URITECH, RIDIN CIV edd, DERCT) 

B30 FORMATC1HU,T201X,12HDEAKS OUT OF -12¢SArB8HD VALUES? F932) 

GO TO 94% : 
897 RETURN 

END 

LETRO20016)6 
PeC2u0)5
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S64 
565 
566 
5467 
568 
S49 
579 
571 
S72 

aes 

574 

575 
576 

S07 
578 
579 
520 
581 
SR2 
has 
5a4 
585 
1586 

'5a8 
i589 
(599 
591 

592 

510 

520 
550 

S40 

$50 
550 
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UY COMPARES THE UNKNaMN UV SPECTRUM WiTH THAT IN THE FULE, 

SUBROUTINE HVCPEAKUY, Te hLLLD 
INTEGER PEAKMS, PEAK IY, FILENS pETLEUV 

COMMON TEDR C200, 7) + SMASS C290) -FILEMS (26008) eFILETRO20000)4 

TELLEUV C200), FILE SP C200) DN C200) NAME C2Z00,10) ,ETYPR C200) 6 

2NN C200) 810200), 018 (209) -DIKRC200) 
TECPEAKUV.EO.0) GO To 510 

CONTINUE 

TFCTABSCFILEUV C1) -PEAKUV) .LF.4) GO TO 520 
THE SCORE 15 SET TO > FOR A MATCH WITHIN THE WINDOW 

OR 0 FOR NO MATCH. 

NLLLSO 
GO TO 5%0 
NLLLS2 
CUNTIWUF 
RETURN 
EN) 

TLE COMPARES THE UNKNOWN RE WITH THAT In THE FILE. 

SUBROUTINE TLC CSPOT, T /NLLLL) 

INTEGER PEAKMS,-PEAKUW/FILEMS eFILEUV 

COMMON TROR4CZN0, 2) GMASS C290) FILENSK200 1S), FILETRC20006)4 

AFEILEUV 6200), ELLESP (200) ,NC290) NAME (200,10) ,LTYPE C200)» 

2NN (200) HL C200), 01806209) DIR C200) 

IFCSPOT.£2,9) Go TO S40 

TECABSCEILESP(1)=SPOT).LE.0.15) GO TO 550 

score 1s set TO 4 FOR MATCH WITHIN THE UTADAW 0 

FOR NO MATCH, 

NLLLL=O 

GO TO 344 

NLLLLSI 
CONTINUE 

RETURN 
END -
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594 
595 
896 
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601 
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606 
695 
606 

400 
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300 

2u 

310 

40 

520 

3U 
350 

50 
$40 
450 

end 

TYPE IS RESPONSTALE FOR PRINTING THE DRUG TYPE 
CORRESPONDING TO A PARTICULAR NUMERICAL VALUE ASSOCIATED 

WITH THE COMPOUND ON FILE. 

FIVE NUMBERS ARE USEN TO I HDICATE FIVE nruG TYPES 
MORE CAN ADDED LF REQUIRED, 

SUBROUTINE TYPECY) 
INTEGER FIL GMS s FILE, NAME 
COMMON TEORIC200,7)-54ASS C200) -FILENS (200,8) FI LEIRC29016)4 

TFILEUVG 200) ,FILESP C200) .0(200) MAME C2U0,10) ,ITYPEC200)4 

2NN (200) ,h10200), 0186200) ,DIRC200) 

TECTTYPECL) 64.4) 
TECITY@ECT) EQ, 2) 
LFCITYPF CI) £8,353) 

  

TFCITYPF CL) E84) 
IFCITYPE CT) ERS) 
GO TO 150 
WRITECO, S00) 
FORMAT C1 HG 2THORUG 
GO TO 150 

WRITEC6, 319) 
FORMAT CANO, 24HORUG 
60 Tu 150 
WRITECH, 420) 

FORMAT OVO P2HORNG 
GO TO 159 

WRITECO, 259) 
FURMAT CHO, 2AHDRUNG 

GO TO 1594 
WRITE(O, $49) 
FORMAT CAH ASHORUG 
CONTINUE 
RETUON 
END 

6) TO 

Go TO 
60 TO 

60 TO 

Go TO 

TYPE 

TYPE 

TYPE 

TYPE 

40 
30 
20 
40 
50 

NHORPHINE ) 

AMPHETAMINE ) 

METHADONE ) 

PETHIDINE ) 

HALLUCINOGEN )
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+ 628 

629 
640 
651 
632 

633 
644 

635 

636 

637 
6338 
639 
40 
641 

642 

643 
644 

645 
646 

647 

A443 

649 

650 
695i 

652 
(653 

654 
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q 
40 

2u 

es 

18 

1090 

150 

40 

MASS SESpCH OPTION % IN MASTER,SEARCHES FOR MOLECULAR 
WETGHT, 
SURROUTINE 4ASS 

INTEGER FILEAS, FILE NV, NAME 

REAL SMASS, MASS, FILETReFILESP 
COMMON TEORACZAID, 2) SMASS C290), FI LENS (200-8) + FILEIRG20076)5 

TFILEUV CPN 0) FILESP C290) e290) NAME C2U0010) -ETYPE C200) 

ENN C200) ,nLC290), pS (200) ,01R (200) 
WRUTEC6,610) 
FORHATCIH0, 20H PLEASE INSERT THE MOL WEIGHT) 

READ (1/20) UNASS 
FORMATCFO, 9) 

TF CCUMASS .L7.0.0),08. (UMASS,GT.800,9)) G0 To 1 
JNSO 
po 7000 131,209 
TFCTFURNCT,1)6£Q.°1) GO TO 150 
TFCARSCSMASSCI)=UMASS).NEL9.0) GO TO 1000 
TFCIN.GY.O) GU TO 18 
WRITE(6,25) 
FORMATC//,%7H THE FOLLOWING INFORMATION 15 ON FILE) 
WRITE USED TO PRINT TNFORMATION ON HATCHING COMPQUND, 

CALL WRITE CT) 
SNS INET 
CONTINUE 
1=1=1 
WRITEC6,17)1 
FORMATC//41X%¢13,49H COMPOUNDS SEARCHED, //) 
RETURN 
END
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FORM SEARCH OPTION 4 TN MASTER, MOLECULAR FORMULA SEARCH, 
OR PARTIAL MOLECULAR FORMULA SEARCH, 
SUBROUTINE FORM 

INTEGER FEILLEMS, FELEUV,NAME sr CrHe Ne Oe C he S,P 

REAL FILEIR,FILESP 

COMMON TEORNC209+ 7) + SMASSC2A00) PFILEIS 4200-8) eFILEIR(20016)5 
AETLEUV C200), FLLESP C2009,00200) NAME C 290,19), 1 TYPE CA00), 
2NN C200) ,N1 (200), NMS C200), DER C200) 
DIMENSION NEORNCPI +003) HOS) INCS) OCS) CL OS) 4S C3) PCS) 
DATA COA) /12HCARBUNS= Je CVI/12B4YOROGEN= Je 

Iw) /VedN 1 TROGEve ye 
2001) (1 AHOXY GENS FACLOVI/T2HCHLOR INES le 

SSC1)/12HSULPHURS FeP (V/V 2HPHOSPHOROUSE/ 
Kk=0 
URITECO,10) (00K), KE1, 3) 
FORMAT((HO, 454 PLEASE INSERT THE FORMULA YOu WISH TO CHECKi/ > 

41%, 3A4) 

REANCT AH NENRM (1) 
FORMAT CIO) 
KKaKK+4 
WRITECO,30) CHCK),KE1,3) 
FORMATC1HO, 444,284 TYPE #1 TF FORMULA COMPLETE) 

REANCT +20) NFORNC 2) 
IFCNFORM (2) £Q2.-4) Go TO 59 
KKEKK+4 
URTTECO,39) (NOK), K31,3) 

READ (1,20) 4FORNC3) 
TF ONFOR (3) FQ.44) Go TO 50 

KKEKK4 
WRITEC6, 30) (OCK),Ke1, 3) 
READ(C1229) SFORNCG) 
TF QNFORM(4) £9.41) Gn TO 50 

KKaKK+T 
WRITECO, $0) (CL OKYeK=17S) 
PEAD(1,20)4FORNCS) 
TFCNFOR 405) ,F8.-4) Go To 50 
KKSKK+1 
WRITE(6,%0) (90K) ,K91,5) 
READC Ts PO NEORNCH) 

TECNFORNC6) £0.91) Go TA 50 

KKSKK+ 
WRITECO, 3) C9CK),K21,3) 
READCT +20) NFORUNC7) 

KKeKK+4
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JNeO 

THE FOLLOWING LOOPS CARRY OUT THE COMPARTSUNS ON A 

SIFVE PRyHcyelt 
ANY VALHE WHICH nOES NOT HEFT THE REQUIREMENTS IS THROWN OUT 

AN) ALL THOSE YHICH MEET THE REQUIREMENTS REMAIN TU EXIT 

AS SUCESSFUL MATCHES FROM THE LOOPS. 
pO 100 t=1,200 

DO 200 Jelenk 
TE CIFORMNC1+1)-E6Q.71) GO TO 150 
TFECNEURH (J) £8.90) GO TO 200 
TFECTFORMN(1 ed) «eNE.AFORMC ID) GO TO 109 

CONTINUE 
TFCIN.GT.O) GO TO 14 

WRETEC6,25) 
FORMATOC/ 424374 THE FOLLONTING INFORMATION JS ON FILE) 
WROTE USED TO PRINT ENFURMATION ON MATCHING COMPOUND, 

CALL WRITECI) 
JNRINET 
CONTINUE 

1ete4 

WRETECOLI7ZII 
FORMATC//,4X%913,99H POMPOUNDS SEARCHED. //) 
RETURG 
END 
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25) 

TRCONV READS THE TR TNFORMATION AND CUNVERTS ANY 

WAVENUMBER THPUT TO WAVELENGTH, IT ALSO CHEC¥S FOR PEAKS 

WITHIN THE NONCOMED ARRAS OF THE SPECTRUM, TFs 

6.777.5 MICRONS -NUJOL 

LESS THAN 5 MICRONS 

GREATER THAN 75 MICRONS, 
ANY INPUT GREATER THAN 45 MICRONS 15 TREATED AS WAVENUMBER AND 

CONVERTED ACCOURDTNGLY, 
SUBROUTINE PRCOWV CPR AKIRe JI) 
DIMENSTON PEAKIR(O) 

WRITECO,1909) . 

FORNATCSRH PLEASE INSERT THE PEAKS INE PER LINE ) 

0O 92 Kei,du 
READ (1410) PEAKIR OK) 
FORMATCEO, 9) 
IFCPEAKIROK) .GT, 15.0) GO TO 11 

G9) FO 44 

PEAKIRCK) 5190090 0/0 EAKIRCK) 

CONTINUE  ” : 
TECCPEAKIR(K) cGT. 4.7) . AND, (CPEAKIRCK) JLT. 7.5)) GO TO 12 

TFCCPEAKIRG(K) LT. 5.0) .OR, CPEAKIRCK) GT, 15,0)) GO TO 12 

GO TO 92 

WRETE(6,73) 
FORMAT C1 Hue 33H PEAK POSTTION FRROR PLEASE RETYPE ) 

GO TO 94 

CONTINUE 

RETURN 
END 

FINISH 

 



APPENDIX 3 

Coded Analytical Data of Compounds 
Listed in the M.D.A. 1971 

3.1 Molecular Weights in increasing 
order of size 

3.2 Molecular Formulae in increasing 
order of size 

3.3 Mass Spectra "Eight Peak Index" 
Recorded on Micromass 12B 
Spectrometer at C.R.E. 

3.4 Infra-Red "Six Peak Index" 
Recorded as potassium bromide 
discs on P.E. 137 Spectrophotometer 

3.5 Coded Ultra-Violet Spectra in 
increasing order of acidic \MAX 

3.6 Thin-Layer Chromatography Data 
in increasing order of 
Curry-—Powell Rf, 

216a



216b 

The following controlled substances were not included 

within the data collection because of the difficulties 

involved with analyses by the 4 stated methods, Canna- 

pinol derivatives (including T.H.C.), Cannabis and 

Cannabis resin, Coca leaf, Opium and Poppy straw. Samples 

and standard methods of analysis for all of these are 

available at C.R.E. 

The analytical data of the drugs Fencamfamin, 

Pemoline, Phenmetrazine and Prolintane have been 

recorded and included within the original (1972) collect- 

ion but have since been removed from the M.D.A. 

The 4 drugs, Bromo-S.T.P., Difenoxin, Drotebanol 

(all Schedule 2 Part B) and Propiram (Schedule 2 Part C) 

have recently been included within the Act. Samples and 

analytical data for these, although not included within 

this collection, are available at C.R.E. The drug 

Nicodicodine has been transferred from Schedule 2 Part B 

to Part C. 

The following coded analytical data is still required:- 

(i) Mass Spectra, Acetorphine, Bezitramide, Metopon, 

Phenomorphan, Phenoperidine and Norpethidine. 

(ii) Infra-Red Spectra, Acetorphine, Bezitramide, 

Dimenoxadole, Etorphine, Phenoperidine and Methylphenidate. 

(iii) Ultra-Violet Spectra, Bezitramide, Dimenoxadole, 

Dioxaphetyl butyrate, Lysergamide, Lysergide, Metazocine, 

Methyl dihydromorphine, Proheptazine and Norcodeine. 

(iv) Thin-Layer Chromatography, Betacetylmethadol, 

Bezitramide, Bufotenine, Cannabinol, N,N-Diethyltryptamine, 

N,N-Dimethyltryptamine and Norpethidine. 

Work is currently in progress at C-.R.E. to complete 

the data collection.



3,1] MOLECULAR WEIGHTS 

135.0 

135.0 

149.0 

149.0 

163.0 

176.0 

177.0 

183.5 

188.0 

191.0 

200.0 

204.0 

204.0 

209.0 

211.0 

213.0 

213.0 

215.0 

216.0 

217.0 

231.0 

232.0 

234.0 

239.0 

243.0 

247.0 

Amphetamine 

Dexamphetamine 

Methylamphetamine 

Phentermine 

Mephentermine 

Pemoline 

Phenmetrazine 

Chlorphentermine 

N,N-Dimethyltryptamine 

Phendimetrazine 

Pethidine int A 

Bu fotenine 

Psilocin 

S.T.P. 

Mescaline 

Ethylmorphine 

Norpethidine 

Pethidine int C 

N,N-Diethyltryptamine 

Prolintane 

Metazocine 

Methylphenidate 

Methadone int 

Benzphetamine 

Norlevorphanol 

Ketobemidone 

2h7



247.0 

250.0 

257.0 

257.0 

261.0 

261.0 

261.0 

263.0 

263.0 

267.0 

271.0 

271.0 

271.0 

274.0 

275.0 

275.0 

275.0 

275.0 

282.0 

284.0 

285.0 

285.0 

285.0 

287.0 

287.0 

289.0 

291.0 

Pethidine 

Methaqualone 

Levorphanol 

Racemorphan 

Alphaprodine 

Betaprodine 

Properidine 

Dimethyl thiambutene 

Hydroxypethidine 

Lysergamide 

Desomorphine 

Normorphine 

Racemethorphan 

Phenampromide 

Alphameprodine 

Betameprodine 

Proheptazine 

Trimeperidine 

Methyldesorphine 

Psilocybin 

Hydromorphone 

Morphine 

Norcodeine 

Allylprodine 

Dihydromorphine 

Benzoyl ecgonine 

Diethyl thiambutene 
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299.0 

299.0 

299.0 

299.0 

301.0 

301.0 

303.0 

303.0 

309.0 

309.0 

311.0 

311.0 

311.0 

311.0 

311.0 

313.0 

315.0 

321.0 

321.0 

323.0 

324.0 

327.0 

335.0 

336.0 

339.0 

339.0 

Codeine 

Hydrocodone 

Methyldihydromorphine 

Metopon 

Dihydrocodeine 

Oxymorphone 

Cocaine 

Hydromorphinol 

Tsomethadone 

Methadone 

Alphamethadol 

Betamethadol 

Cannabinol 

Dimepheptanol 

Thebaine 

Eenyimorpnine 

Oxycodone 

Etoxeridine 

Phenazocine 

Lysergide (LSD 25) 

Diampromide 

Dimenoxadole 

Norpipanone 

Fentanyl 

Moramide int 

Noracymethadol 
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341.0 

343.0 

346.0 

347.0 

349.0 

351.0 

352.0 

353.0 

353.0 

353.0 

353.0 

361.0 

361.0 

366.0 

367.0 

367.0 

369.0 

375.0 

386.5 

392.0 

392.0 

392.0 

396.0 

398.0 

404.0 

406.0 

Thebacon 

Acetyldihydrocodeine 

Morpheridine 

Phenomorphan 

Dipipanone 

Phenadoxone 

Anileridine 

Alphacetylmethadol 

Betacetylmethadol 

Dioxaphetyl butyrate 

Methadyl acetate 

Furethidine 

Levophenacylmorphan 

Piminodine 

Benzethidine 

Phenoperidine 

Diampromide 

Benzylmorphine 

Clonitazene 

Levomoramide 

Racemoramide 

Dextromoramide 

Etonitazene 

Pholcodine 

Nicocodine 

Nicodicodine 
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411.0 

411.0 

430.0 

452.0 

492.0 

495.0 

585.0 

Ethylmethylthiambutene 

Etorphine 

Piritramide 

Diphenoxylate 

Bezitramide 

Nicomorphine 

Myrophine 
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3,2 MOLECULAR FORMULAE 
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Name 

Pemoline 

Amphetamine 

Dexamphetamine 

Chlorphentermine 

Methylamphetamine 

Phentermine 

Phenmetrazine 

Mephentermine 

Mescaline 

N,N-Dimethyltryptamine 

Bufotenine 

Psilocin 

Phendimetrazine 

Psilocybin 

S.T.P. 

Norpethidine 

Pethidine int A 

Pethidine int C 

Dimethyl thiambutene 

Methylphenidate 

N,N-Dimethyltryptamine 

Prolintane 

Metazocine 

Ketobemidone 

Pethidine



15 

16 

16 

16 

16 

16 

16 

16 

16 

16 

be 

Aly 

Le 

ney, 
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19, 
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au 

2L 
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Name 

Hydroxypethidine 

Methaqualone 

Normorphine 

Lysergamide 

Benzoyl ecgonine 

Diethylthiambutene 

Norlevorphanol 

Alphaprodine 

Betaprodire 

Properidine 

Hydromorphone 

Morphine 

Norcodeine 

Oxymorphone 

Benzphetamine 

Desomorphine 

Dihydromorphine 

Cocaine 

Hydromorphinol 

Levorphanol 

Racemorphan 

Alphameprodine 

Betameprodine 

Proheptazine 

Trimeperidine 

Methyl desorphine
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Name 

Pipradrol 

Codeine 

Methyl dihydromorphine 

Metopon 

Hydrocodone 

Oxycodone 

Racemethorphan 

Allylprodine 

Etoxeridine 

Thebaine 

Methadone int 

Ethylmorphine 

Thebacon 

Clonitazene 

Normethadone 

Dimenoxadole 

Acetyldihydrocodeine 

Lysergide (L.S.D.) 

Morpheridine 

Diamorphine 

Moramide int 

Cannabinol 

Isomethadone 

Methadone 

Diapromide 

Alphamethadol
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Name 

Betamethadol 

Dimepheptanol 

Furethidine 

Phenazocine 

Dioxaphetyl butyrate 

Fentanyl 

Anileridine 

Etonitazene 

Noracymethadol 

Norpipanone 

Phenadoxone 

Benzethidine 

Phenoperidine 

Piminodine 

Pholcodine 

Alphacetylmethadol 
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On5y 

9.6, 

9.6, 

9.6, 

TOs 7, 

11.5, 

12.05 

es; 

1207, 

Hos 

12.9, 

13.2), 

1323, 

fs ae 

13.4, 

Vse58 

13.5, 

13.6, 

13.6, 

7.6, 

14.3, 

ieee 

7.9, 

10.9, 

10.6, 

8.1, 

one 

12.05 

10.4, 

oe, 

8.0, 

9.2, 

9.4, 

13625 

9.0, 

9.6, 

8.5, 

9.0, 

esth, 

8.4, 

9.4, 

10.5, 

8.7, 

8.2, 

9.9, 

Tei 

10.4, 

12.6, 

8.9, 

oi, 

10.4, 

TIS, 

6.6, 

8.0, 

12.6, 

13.4, 

9.0, 

8.9, 

8.8, 

8.9, 

LO ds 

6.35 

6.3, 

9.2, 

9.6, 

9.0, 

10.7, 

8.5, 

11.5, 

8.0, 

9.3, 

12.5, 

8.1, 

9.4, 

Tite 

9.5, 

7.8, 

8.9, 

8.4, 

9.9, 

Bers 

7.6, 

Tels 

9.3, 

10.7 

10.1 

8.0 

1235 

12.5 

de) 

12.1 

13.1 

LSie7, 

13.5 

Cet 

13.8 

1333 

10.6 

ie 2) 

6.2 

10.1 

8.8 

10.1 

9.6 

13.8 

OeS: 

12.4 

TE. 
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Morphine 
Methobromide 

Phenmetrazine HCL 

Codeine 

Ethylmorphine HCL 

Psilocybin 

Codeine Phosphate 

Levomoramide 
Tartrate 

Benzylmorphine HCL 

Psilocin 

Dihydromorphine HCL 

Methyl desorphine 
HCL 

Psilocin 

Chlorphentermine 
HCL 

Morphine HCL 

Norcodeine 

Prolintane 

Pethidine int A 

Desomorphine 

Pipradrol HCL 

Methylamphetamine 
HCL 

N,N-Diethyltryptamine 

N,N-Dimethyltrypt— 
amine 

N,N-Dimethyltrypt— 
amine 

Ethylmethylthiam- 
butene HCL



13.6, 

13.8, 

13.9, 

14.0, 

14.0, 

14.0, 

14.1, 

14.2, 

14.3, 

Hae 2) 

13.6, 

5.95 

5.9, 

13.5, 

TBs 

9.0, 

13.0, 

eT, 

16; 

8.3, 

8.8, 

leg 

8.8, 

LSet 

13.2, 

12.8, 

9.1, 

9.0, 

6.2, 

8.0, 

13.0, 

9.5, 

9.2, 

6.2, 

9.5, 

14.9, 

920, 

12.0, 

6.6, 

noms 

8.1 

1229 

6.2 
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Benzphetamine HCL 

Phentermine 

Dimethyl thiam- 
butene HCL 

Moramide int HCL 

Dipipanone HCL 

Diethylthiam— 
butene HCL 

Alphamethadol 

Betamethadol



    

SES uv: max 

251 Levophenacylmorphan 

254 Fentanyl 

256 Norpethidine 

256 Pethidine int A 

256 Pemoline 

256 Phenmetrazine 

256 Phendimetrazine 

256 Phenoperidine 

256 Norpethidine 

257 Allyprodine 

257 Alphameprodine 

257 Alphamethadol 

257 Amphetamine 

257 Alphaprodine 

257° Betameprodine 

257 Betamethadol 

257 Benzethidine 

257 Betaprodine 

25/7 Cocaine 

257 Dexamphetamine 

257 Diampromide 

257 Diphenoxylate 

257 Methylamphetamine 

257 Methylphenidate 

257 Moramide int 

257 Pethidine 
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257 

257 

cor 

257 

27 

257 

257 

258 

258 

258 

258 

258 

258 

258 

258 

258 

258 

258 

258 

258 

252 

259 

259: 

259 

252 

259 

259 

Pethidine int C 

Phenampromide 

Phenoperidine 

Piminodine 

Piritramide 

Properidine 

Trimeperidine 

Anileridine 

Betaprodine 

Benzphetamine 

Etoxeridine 

Furethidine 

Mephentermine 

Methadone int 

Noracymethadol 

Norpipanone 

Phentermine 

Pipadrol 

Prolintane 

Racemoramide 

Alphacetylmethadol 

Betacetylmethadol 

Dipipanone 

Dimepheptanol 

Isomethadone 

Levomoramide 

Methadone 

239



259 

259) 

259. 

261 

261 

261 

261 

266 

267 

268 

268 

268 

269 

279 

271s 

275 

277 

er] 

277 

277 

278 

278 

278 

278 

278 

279 

279 

Methadyl acetate 

Normethadone 

Phenadoxone 

Dextromoramide 

Nicocodine 

Nicodicodine 

Nicomorphine 

Psilocin 

Chlorphentermine 

Ethylmethylthiambutene 

Mescaline 

Psilocybin 

Methaqualone 

Benzoyl ecgonine 

Cocaine 

Hydroxypethidine 

Bufotenine 

Desomorphine 

N,N-Dimethyltryptamine 

Racemethorphan 

N,N-Diethyltryptamine 

Diamorphine 

Levomoramide 

Phenazocine 

Racemorphan 

Ketobemidone 

Levorphanol 
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279 

280 

280 

280 

280 

281 

281 

281 

282 

282 

282 

283 

283 

283 

283 

283 

283 

283 

284 

284 

284 

284 

284 

284 

285 

285 

287 

Phenomorphan 

Hydrocodone 

Metopon 

Norlevorphanol 

Oxycodone 

Hydromorphone 

Oxymorphone 

Thebacon 

Benzylmorphine 

Dihydrocodeine 

Etonitazene 

Acetorphine 

Clonitazene 

Dihydromorphine 

Methyl desorphine 

Myrophine 

Pholcodine 

Thebaine 

Acetyldihydrocodeine 

Cannabinol 

Codeine 

Hydromorphinol 

Morphine 

Morphine-N-Oxide 

Ethylmorphine 

Normorphine 

Etorphine 
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3.6 The. Rf. 

0.02 

0.06 

0.08 

0.09 

0.11 

0.12 

0.12 

0.14 

0.14 

0.15 

0.16 

0.16 

0.16 

0.16 

0.18 

0.20 

Pholcodine 

Psilocybin 

Hydromorphinol 

Oxymorphone 

Lysergamide 

Hydrocodone 

Normorphine 

Morphine 

Morphine-N-Oxide 

Hydromorphone 

Bufotenine 

Codeine 

Dihydromorphine 

Oxycodone 

Norcodeine 

Dihydrocodeine 

Hydrocodone 

Morpheridine 

Metopon 

Mescaline 

Methyl dihydromorphine 

Nicomorphine 

Anileridine 

Betaprodine 

Nicodicodine 
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0.31 

0.31 

0.32 

0.33 

0.34 

0.35 

0.35 

0.36 

0.36 

0.38 

0.38 

0.38 

0.39 

0.40 

0.40 

0.44 

0.47 

0.48 

0.48 

0.48 

0.49 

0.50 

0.50 

0.50 

0.51 

0.51 

Nicocodine 

Psilocin 

Thebaine 

Diampromide 

Acetyldihydrocodeine 

Ethylmorphine 

Deeonorohine 

Pethidine int C 

Thebacon 

Cocaine 

Pethidine int A 

Piritramide 

Ketobemidone 

Benzoyl ecgonine 

Benzylmorphine 

Methyl desorphine 

Lysergide (L.S.D.) 

Hydroxypethidine 

Metazocine 

Phendimetrazine 

Phenmetrazine 

Ketobemidone 

Properidine 

Racemethorphan 

Amphetamine 

Dexamphetamine 
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0.51 

0.52 

0.54 

0.54 

0.56 

0.58 

0.59 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.61 

0.61 

0.61 

0.62 

0.62 

0.63 

0.63 

0.65 

0.65 

0.66 

0.66 

0.67 

0.67 

0.68 

Methylamphetamine 

S.T.P. 

Etoxeridine 

Pethidine 

Proheptazine 

Alphaprodine 

Racemorphan 

Dimethyl thiambutene 

Levomoramide 

Levorphanol 

Moramide int 

Norlevorphanol 

Phentermine 

Betameprodine 

Dextromoramide 

Racemoramide 

Dimenoxadole 

Mephentermine 

Etorphine 

Methylphenidate 

Chlorphentermine 

Trimeperidine 

Methadone int 

Racemethorphan 

Diethylthiambutene 

Normethoadone 

Acetorphine 
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0.68 

0.68 

0.68 

0.70 

0.70 

~ 0.70 

0.71 

0.72 

0.73 

0.73 

0.74 

0.74 

0.74 

0.74 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.76 

0.76 

0.77 

0.78 

0.79 

0.80 

0.83 

Clonitazene 

Phenampromide 

Phenomorphan 

Furethidine 

Norpipanone 

Pipradrol 

Ethylmethylthiambutene 

Etonitazene 

Tsomethadone 

Pemoline 

Alphamethadol 

Betamethadol 

Dimepheptanol 

Methadone 

Allylprodine 

Alphacetylmethadol 

Alphameprodine 

Benzphetamine 

Dioxaphetyl butyrate 

Methadyl acetate 

Diampromide 

Prolintane 

Phenadoxone 

Levophenacylmorphan 

Noracymethadol 

Benzethidine 

Myrophine 
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0.83 

0.85 

0.86 

0.86 

0.90 

0.91 

0.94 

Piminodine 

Dipipanone 

Fentanyl 

Phenazocine 

Diphenoxylate 

Benzethidine 

Methaqualone 
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3.7 FULL MONOGRAPHS 

SCHEDULE 2 PART 1 CLASS A 

No. 1 Acetorphine 

C27 H35 Nl 05 MW 453.0 t 

UV = 283 

TLC = 0.68 

TYPE = Morphine 

No. 2 Allylprodine 

C18 H25 Nl 02 MW = 287.0 

MS = 172, 214, 42, 57, 110, 91, 173, 44 

TR = 5.8, 8.5, 6-4, 9.6,.14.3) 13.2 

UV = 257 

TLC = 0.75 

TYPE = Pethidine 

No. 3 Alphacetylmethadol 

C23) H3l NL 02 MW = 353.0 

Di-HCL 

MS P= 72 4on 7s, 4Ge Ol am AD e205 

Res 50,082 14514.2,9-8, 15.8, 13.1 

Base 
TR = 8.1, 5.8, 14.2, 6.6, 9.9, 9.7 

UV = 259 

TLC = 0.75 

TYPE = Methadone
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No. 4 Betacetylmethadol 

€23 H31 NI 02 MW = 353.0 

Di-HCL 
MS = 72, 43, 44, 91, 278 

TR = Bel, 58, 14.3, 9-8, 1959, 9.2 

UV = 259 

TYPE = Methadone 

No. 5 Alphameprodine 

Cl? H25. Ni) 02 MW = 275.0 

HCL 
MS = 99740172, 91,105, 57,.42,.77, 201 

TR = 5-8, 9.5, 8.6, 8-4, 14.3, 9.6 

Base 
ERG = Sef pei s5, | Cos Onli Oats (906 

UV = 257 

TLC = 0.75 

TYPE = Pethidine 

No. 6 Betameprodine 

C17 H25 Nl 02 MW = 275.0 

HCL 
Ten MS = 97, 1725, 91,0105, 57, 425, 77, 201 

IR = 5:8, 8.5, 8.6, 8.7, 8.4, 14.3 

Base 
TRIS(5.7, 8-7, 8-5, 14.4, 9.5, 9-3 

UV = 257 

TLC = 0.61 

TYPE = Pethidine
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No. 7 _Alphamethadol (Dimepheptanol) 

C2l H29' NL OL MW = 311 

Base 

Tom MSt= 72,.56, 91, 1259, 105, 130, 73, 57 

IR =14.1, 12.8, 8.8, 13.0, 6.6, 8.8 

HCL 
Mop eR = 14.2, 15.05 10.25,.9.0, 952,,.9.4 

UV = 257 

TLC = 0.74 

TYPE = Methadone 

No. 8 Betamethadol 

€21 H29 Nicol MW = 311.0 

Base 
MS v= 92, °7S5 91,058, 2555..195, 42, 115 

TReati4c2. SOM Ise te oe5. 1022, 09.9 

UV = 257 

TLC = 0.74 

TYPE = Methadone 

No. 9 Alphaprodine 

C16 H23 N1 02 MW = 261.0 

HCL 
> MS = 172, 187; 144, 84, 42, 57, 188, 44 

TR = 1528, 8.6, 804, 99:75 902, 8x2 

Base 
TR = 5.8, 8.5, 8.8, 14.4, 9.5, 9.7 

UV = 257 

TLC = 0.58 

TYPE = Pethidine
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No. 10 Betaprodine 

C16 H23 N1 02 MW = 261.0 

HCL 
MS = 172, 187, 84, 42, 57, 188, 44 

TRi= 6.7, 508,18e5, 14.5,°9.8, 13-9 

IR = 5.8, 8.6, 8.4, 9.7, 14.3, 9.2 

Base 
TR =96.8, 6.8, 965, 8.5, 14.4, 8.2 

UV = 258 

TLC = 0.30 

TYPE = Pethidine 

No. 11 Anileridine 

C22 H28 N2 02 MW = 352.0 

Base 
MS = 246, 42, 247, 120, 172, 80, 218, 106 

ERG FeG Oe Ose G5) Ue O5, wdy Seo 

Di-HCL 

ER) =) 500, Os5, 8-9, 656; Bel, 14.4 

UV = 258 

TLC = 0.30 

TYPE = Pethidine 

No. 12 Benzethidine 

C23 H29 N1 03 MW = 367.0 

HCL 
MS = 246, 91, 42, 233, 162, 57, 56, 149 

TR 21508) 8.25 15.6, 9.8, 8.75 14.2 

Base 

TR = 568, 9-0, 805, 14:4, 8.3, 10.5 

UV = 257 

TLC = 0.91 

TYPE = Pethidine



eon 

No. 13  Benzylmorphine 

C24 H25 N1 02 MW = 375 

HCL 
—— MS = 284, 91, 375, 81, 42, 285, 175, 44 

Th 2946, 95750624, Geos L205, 13.1 

Base 

Ta, FRET 0y 964 sGeG O-3 loa. 9-5 

uV = 282 

TLC = 0.40 

TYPE = Morphine 

No. 14 Bezitramide 

C31 H32 N4 02 MW = 492.0 

MS = 

IR = 

UV = 

Ee = 

No. 15 Bufotenine 

C12 H16 N2 O1 MW = 204.0 

MS = 58, 204, 146, 59, 42, 160, 43, 159 

TR a @10,, 12-0,06.6, 12-4, 12-6, Gal 

UV = 277 

TLC = 0.16 

TYPE = Hallucinogen



No. 16 

MS 

IR 

TYPE 

No. 17 

Base 
MS 

IR 

HCL 
IR 

UV 

TLC 

No. 18 

HCL 
MS 

IR 

IR 

Base 
IR 

TLC 

252 

Cannabinol 

Cal H2702 

= 295, 296, 43, 310, 238, 299, 58, 41 

= 6534: 9-7; 6-5, 9-0, 8.3, 8-8 

284 " 

Hallucinogen 

Clonitazene 

C20 H23 N4 02 CL1 MW = 386.5 

= 86, 57, 43, 71, 55, 69, 58, (41) 

Beye GANGEG) 12260012555) 95271200 

SI8t4,) 66659-5097, 013.658 12.8 

= 283 

0.68 " 

Cocaine 

C17 H21 N1 04 MW = 303.0 

= 82, 182, 44, 77, 83, 105, 94, 96 

=) 728, 5-8, 9-0, 13-6, Sel, 8.0 

295685) 5e%a 71685 (9-05 L4sis) 926 

Only 5685 59,07-9,u19-7, 8.2 

= 257 

= 0.38
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No. 19 Desomorphine 

C17 H21 N1 02 Mw = 271.0 

Base 
MS = 271, 214, 44, 270, 228, 272, 42, 148 

TR = 1303, 6.0, 626; 10.7, 07.6, 5-8 

UV = 277 

TLC = 0.35 

TYPE = Morphine 

No. 20 Dextromoramide 

C25 H32 N2 302 MW = 392.0 

Tartrate 
MS = 100, 265, 128, 56, 44, 55, 266, 42 

TR a G52, S.Onmiaisedss057 600. Seo 

UV = 261 

TLC = 0.61 

TYPE = Methadone 

No. 21 Diamorphine 

C21 H23 N1 05 MW = 369.0 

HCL 

MS = 327, 369, 43, 268, 310, 42, 215, 128 

ERY =, Oe ub Oe. Sd te Tone 5 

Base 
7 URte 6.25.8.4, 5.8, 527, 8,4, 9-5 

UV = 278 

TLC = 0.33 

TYPE = Morphine
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No. 22  Diampromide 

C21 H28 01 MW = 324.0 

. Base 
MS = 162, 105, 44, 163, 57, 190, 106, 58 

TR = 6.0s06.34 14-4, 725, Ge55 8-8 

TR = 620; 1425, /16-3, 7-9, 8-55) 0-0 

UV = 257 

TLC = 0.76 

TYPE = Methadone 

No. 23  Diethylthiambutene 

C16 H21 Nl S2 MW = 291.0 

HCL 
MS = 276, 219, 111, 277, 278, 42, 100, 97 

TR = 14,0, 13-5, 1127, 8.0, 12.0, 6.2 

Base 
IR = 14.4, 1.8, 8215,9-3, 1323 

UV = 288 

TLC = 0.67 

TYPE = Methadone 

No. 24 Dihydrocodinone-o-carboxymethyl oxime 

No Sample No Analytical Data
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No. 25 Dihydromorphine 

C17 H21 N1 03 MW = 287.0 

Base 
MS = 287, 70, 44, 42, 163, 59, 288, 286 

IR = 8.0, 10.6, 10.4, 9.2, 13.4, 12.5 

HCL 
TR = 1007, 1054; V0.5 012.65 Osa 1365 

UV = 283 

TLE = 0.16 

TYPE = Morphine 

No. 26 Dimenoxadole 

C20 H25 N1 03 MW = 327.0 

Base 
MS = 58, 105, 57, 43, 71, 55, (41,)167 

TLC = 0.62 

TYPE = Methadone 

No. 27 Dimepheptanol (See Alphamethadol ) 

No. 28 Dimethylthiambutene 

C14 H17 Nl 82 MW = 263.0 

HCL 
MS) 21240497, 219-s 15) 72,9249, 56269 

IR = 13.9) 13-6, 11-6, 9.1, 9.5, 8.8 

UV = 288 

TLC = 0.60 

TYPE = Methadone
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No. 29 Dioxaphetyl butyrate 

C22 H27 N1 03 MW = 353.0 

Base 
MS = 100, 42, 56, 101, 114, 353, 165, 91 

TRe= 658, 8-3, Gels U4.2, 1901, 929 

TLC 0.75 

TYPE Methadone u 

No. 30 Diphenoxylate 

C30 H32 N2 02 MW = 452.0 

HCL 
MS w 246,°375, 42, 247, 91, 376, 156, 164 

TR = 5.8, 14.4, 8.2, 8.8, 13.2, 14.1 

Base 
IR = 5.8, 10.4, 8.5, 8.9, 8.2, 6.6 

UV = 257 

TLC = 0.90 

TYPE = Pethidine 

No. 31 Dipipanone 

C24 H31 N1 O01 Mw = 349.0 

HCL 
MS w TiO, etlge 56, 57, 110, 91,055 n4e 

TR =elAs0) 5.98 82858652, 9. Osmeeo 

TR = 529) 24009 9-05 1252, 10.3, 10.5 

Base 
TR 5s9y 1403 6-55,.960,) 9525) Laos 

UV = 259 

TLC = 0.85 

TYPE = Methadone
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No. 32 Benzoyl ecgonine 

Cree 4 My_> 289 
MS = 82, 124, 105, 77, 168, 122, 42, 83 

TR 2729, 5.8, 625 13-9, 9-0,09-8 

uv = 275 

TLC = 0.40 

No. 33 Ethylmethylthiambutene 

C25 H33 N1 04 MW = 411.0 

HCL 
MS = 262, 219, 111, 97, 263, 56, 218, 42 

TR 3.6, 14.05 18505 965, tle) L166 

UV = 268 

TLC = 0.71 

TYPE = Methadone 

No. 34 Etonitazene 

C22 H28 N4 03 MW = 396.0 

MS = 86, 162, 58, 87, 107, 105 

TR = 96.6, 8.1, 123.5, 727, 6.2, 6.4 

UV = 282 

TLC = 0.72 

No. 35 Etorphine 

C25 H33 N1 04 MW = 411.0 

MS = 44, 215, 324, 164, 45, 216, 162, 58 

IR = 

UV = 287 

TLC = 0.63 

TYPE = Morphine



No. 36 

HCL 
MS 

IR 

Base 
IR 

UV 

TLC 

258 

Etoxeridine 

C18 H27 N1 04 MW = 321.0 

= 246, 247, 42, 45, 91, 56, 219, 248 

= 5.8, 8-2, 8.9, 8.5, 9-4, 14.3 

=55856.9, 8.5, 653,925, 7a7) 

= 258 

0.54 

No. 37 Fentanyl 

MS 

IR 

IR 

UV 

TLC 

TYPE 

No. 38 

MS 

IR 

UV 

TYPE 

C22 H28 N2 Ol MW = 336.0 

= 121) 152, 98, 65, 122, 63, 253, 64 

26-0) 14.3,, 626, 1094 eS.) Go 1 

27-8, 6:0, 86, 726, 6.4) 6.3 

= 254 

= 0.86 

= Pethidine 

Furethidine 

C21 H31 N1 04 Mw = 361.0 

29246, 247, 42, 71, 43, 56, 232 

oretG) (829508255 18.3, 95351454 

= 258 

= 0.70 

= Pethidine



No. 39 Hydrocodone 

C18 H21 N1 03 MW = 299.0 

Acid Tartrate 
. MS = 299, 44, 242, 59, 96, 42, 76, 243 

TR 728, Ve MyaeG, Only Sele Ond 

Base 
IR = 5.8, 7.9, 6-6, 10.4, 9.5, 12.5 

UV = 280 

TLC = 0.22 

TYPE = Morphine 

No. 40 Hydromorphinol 

C17 H21 N1 04 MW = 303.0 

Ne = 305, 7098585044, 87, 42, 216;n286 

TR =)920,17146, 6265 9-25010.25 0967 

UV = 284 

TLC = 0.08 

TYPE = Morphine 

No. 41 Hydromorphone 

C17 H19 N1 03 MW = 285.0 

Base 

= MS = 277, 214, 229, 228, 42, 96, 286, 70 

si) Sey Goh Veeq ei) Celis weee 

HCL 
Sanu TR = rCe By (7/08 1oOgel s 39h Ooo sete ee 

UV = 281 

TLC = 0.15 

TYPE = Morphine
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No. 42  Hydroxypethidine 

C15 H21 N1 03 Mw = 263.0 

HCL 
: MS = 71, 140, 70, 263, 262, 189, 57, 42 

TR 295287 G-1e08s5; Ges, 1025, 7.9 

Base 

Ge TR =) SeOnyee Oe ease yee 456. 

UV = 275 

TLC = 0.48 

TYPE = Pethidine 

No. 43 Isomethadone 

C21 H27 N1 O1 MW 309 u 

Base 

Gk MS = 585, 43,0128. 127,059 

TR =65.9, 12-0s-2, 6.25 10seu 9.1. 

MS = 58, 128, 127, 59, 193,.1795,278, 115 

TR 27600, 1402, 13-25014.0501409,010.4 

UV = 293 

TLC = 0.73 

TYPE = Methadone 

No. 44 Ketobemidone 

C15 H21 N1 02 MW = 247.0 

HCL 
Ms = 70, 44, 71, 57, 247, 190, 119, 191 

IR = 663, 5.9, 7.8, 8.2, 10.2, 10.6 

Base 
TR ='5.9, 6.35758-0, 12.9, 7.8, 14.3 

UV = 279 

TLE =)0.50 

TYPE = Pethidine
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No. 45 Levomoramide 

C25 H32 N2 02 MW = 392.0 

Tartrate 
MS = 100, 265, 128, 266, 56, 129, 55, 101 

TREE PICO OSL ey 07 eS esa Lead 

Base 
MS = 100, 128, 265, 55, 44, 42, 56, 129 

TREE 6:47 G2 0snddess Tie el a-0, 15-9 

UV = 259 

TLC = 0.61 

TYPE = Methadone 

No. 46 Levophenacylmorphan 

C24 H27 N1 02 MW = 361.0 

Methane Sulphonate 

MS = 43, 58, 256, 45, 51, 55, 44, 56 

TRea Ges iloy, (0.256.051 13-0, 929 

Base 
TR = 6.1, 8.2, 13.3, 6.6, 7.9, 6.2 

UV = 251 

TLC = 0.78 

TYPE = Morphine 

No. 47 _Levorphanol 

€17 H23 NI O01 MW = 257.0 

Tartrate ‘ 

MS = 59, 257, 256, 150, 80, 42, 82, 200 

TRES Tate GO; neeesne.G, 9-4, 14.8 

Base 
TR = Bc, 6.6, 13.8,07-8, 6-35, 7-6 

UV = 279 

TLC = 0.60 

TYPE = Morphine
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No. 48 Lysergamide 

C16 H17 N3 O01 MW = 267.0 

MS = 227, 44, 54, 196, 72, 222, 181, 45 

TRee 620; Grly) 13-05.) 622) 9-550 7-7 

TLC = 0.11 

TYPE = Hallucinogen 

No. 49 Lysergide (LSD 25) 

C20 H25 N3 01 MW = 323.0 

TR = 6.2, 7.7, Gel, 8.35 8.0; 9.4 

TLC = 0.47 

TYPE = Hallucinogen 

No. 50 Mescaline 

CIISHL7 Ni Os) MW = 211.0 

Sulphate 
MS = 182, 181, 149, 44, 167, 211,(40,)(41) 

TR = 669, 85171653, 10605 656, 12.2 

Base 
ER = 629, 6.3,,8.1, 6.65) 959, 10.1 

UV = 268 

TLC = 0.25 ; : 

TYPE = Amphetamine 

No. 51 Metazocine 

G15, H21 Ni OL MW = 231.0 

MS = 231, 216, 84, 124, 59, 42, 72, 74 

TRH 8.1, Ges, 769, 13625, 7.75 Gee 

TLC = 0.48 

TYPE = Morphine
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No. 52 Methadone 

C21 H27 Nl O1 MW 309.0 

HCL 
-"—~_ MS = 72, 73, 58, 57, 223, 165, 70, 56 

TR = 5.9, 14., 13.0, 9.1, 9.3, 8.9 

Base 
TR =95.8, 14.2, 13.0; 9.0, 9.2,°8.8 

UV = 291 

TLC = 0.74 

TYPE = Methadone 

No. 53  Methadyl acetate (See Alphacetylmethadol) 

No. 54 Methyl desorphine 

C18 H20 N1 02 MW = 282.0 

HCL 
MS = 283,282, 160, 42, 284, 268, 110, 44 

TR = 11eS sed, 857, U3e4, 11.1, 9.7 

Base 
GR = 6.2. 1126, 1150, 7-6,) 12-6, 9.0 

UV = 283 

TLC = 0.44 

TYPE = Morphine 

No. 55 Methyl dihydromorphine 

C18 H21 N1 03 MW = 299.0 

MS = 57, 43, 149, 58, 55,(41,)69, 71 

TLC = 0.25 

TYPE = Morphine
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No. 56 Metopon 

C18 H21 Nl 03 MW = 299.0 

IR = 5.8, 7.8, 9.8, 9.2, 8.8, 8.2 

UV = 280 

TLC = 0.24 

TYPE = Morphine 

No. 57 Morpheridine 

C20 H30 N2 03 MW = 346.0 

HCL 
MS = 246, 100, 42, 82, 91, 56, 232, (41) 

TR = 58, 8.1, 9-1, 8.5, 1328 

Base 
TR = 5.8, 9.0, 8.5, 8.3, 7:7, 14.4 

UV = 257 

TLC = 0.22 

TYPE = Pethidine 

No. 58 Morphine 

C17 H19 N1 03 MW = 285.0 

Sulphate 
MS = 285, 42, 70, 162, 44, 284, 124, 59 

TR i= 9209-646 12. 7, 97-6, 6.5, 10.6 

HCL 
MR = 12.7, 7.6, 9-3, 9-0, 6.9, 10.6 

Base 
ITR'= 8.0, 8.9, 12.4, 10.6, 12.0, 9.2 

UV = 280 

TLC = 0.14
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No. 59 Morphine methobromide 

MS = 45, 58, 73, 285, 72, 80, 82, 42 

TRbs Orly 726, O-45 70509455) 10-7 

No. 60 Morphine-N-oxide 

MS = 58, 285, 72, 42, 71, 59, 186, 44 

TREE Gol 6225 1256, 1025,09-9, 9-2 

No. 61 Myrophine 

C38 H51 Nl 04 MW = 585.0 

Ms = 91, 43, 57, (41,) 73, 55, 60, 81 

TRUS 52098675 1-01 G25) S-05 9-8 

UV = 283 

TLC = 0.83 

TYPE = Morphine 

No. 62 Nicodicodine 

C24 H26 N2 04 Mw = 406.0 

MS = 106, 78, 70, 59, 42, 284, 300, 44 

IR = 7.9, 9.1, 5.8, 6-7, 13.5, 9.5 

UV = 261 

TLE = 10.30 

TYPE = Morphine
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No. 63 Nicomorphine 

C29 H25 N3 05 MW = 495.0 

_ HCL 
a MS) = 172, 106,742, 575.78; 44, 214, 149 

TR 95-8, 758,920, 8.0) 9-5,,9-8 

TR SS8Gs roy GntgS-o, 13-5,09=9 

UV = 261 

TLC = 0.25 

TYPE = Morphine 

No. 64 Noracymethadol 

C22 H29 N1 02 Mw = 339.0 

HCL 
MS = 58, 134, 43, 99, 59, 91, 44, 150 

TR 29528) Sel, 14.2,15.8, 99.8, 16.3 

UV = 258 

TLC = 0.79 

TYPE = Methadone 

No. 65 Norlevorphanol 

C16 H21 Nl 01 MW = 243.0 

MS = 45, 243, 136, 200, 159, 157, 198, 242 

TRV eNScl, GF640929, 286s, 6025 Tee 

TRIS 6-0) 20000 Go2-0 012.0729, 565 

uv = 280 

TLC = 0.60 

TYPE = Morphine
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No. 66 Normethadone 

C20 H25 Nl O1 MW = 295.0 

HCL, 
Msi 5000 72, 7,425 59501655 91 (9 

TR = 5.9, 14.3, 13.2, 9.0, 10.2 

Base 
TR =) 14.3, 5.9,°6.35 Ie 7onee9, 1392 

UV = 292 

TLC = 0.67 

TYPE = Methadone 

No. 67 Normorphine 

C16 H17 N1 03 MW = 271.0 

MS = 271, 81, 150, 148, 45, 110, 42, 82 

TRea” 7565082059 1226) 924, 9075 260 

UV = 285 

TLC = 0.12 

TYPE = Morphine 

No. 68 Norpipanone 

C23 H29 N1 O1 MW = 335.0 

HCL 
MS = 98, 111, 44,(41,)55, 99, 42, 149 

TR e142 5e 0s els <2, 18-6509-1, 1268 

Base 

oa TRee14.3015¢ 70529, 609) 13.2,19.8 

uv = 258 

TLC = 0.70 

TYPE = Methadone



268 

No. 69 Oxycodone 

C18 H21 Ni 04 MW = 315.0 

Base 

MS = 315, 230, 70, 44, 316, 42, 1405 258 

TR =) 5-8, 616, 728, 9.0, 9-7, 10-5 

HCL 
: IR = See Ge6ye 9-74 7-9, 10st l0<2 

UV = 280 

TLC = 0.16 

TYPE = Morphine 

No. 70 Oxymorphone 

C17 H19 N1 04 MW = 301 

MS = 44, 42, 301, 115, 70, 216, 91, 43 

Theses <6 90.1, cGe2e6-6, 10-6, 10-5 

TR =| G01, 6.3, Se8s 729, 868, 8.1 

UV = 281 

TLC = 0.09 

TYPE = Morphine 

No. 71 Pethidine 

C15 H21 N1 02 MW 247.0 

HCL 
MS " WL, 70, 57, 42,44, 43, 247, 172 

IR 05.0) 8.2, 607.08-55 Tol, Sol 

TR SSeS snGe2sS.668-5.) 726, 1405 

UV = 257 

TLC = 0.54
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No. 72 Phenadoxone 

C23 H29 N1 02 Mw = 351.0 

HCL 
‘ MS = 162, 105, 57, 163, 114, 190, 44, 77 

TR = 559, 9-2, 14-1, 14.3, 8.0, 9.0 

Base 
TR = 9.0, 5.9, 14.53,°13.1, 6.6, 8.0 

UV = 292 

TLC = 0.77 

TYPE = Methadone 

No. 73 Phenampromide 

C17 H26 N2 O1 MW = 274.0 

Base 
MS = 98, 125, 99, 42, 120, 55, 57 

TR =7650,, 6-26; 6-5, 669, 1.95, 1452 

HCL t 
TR aUGsl oe. 504) 735 GeO 1062 

UV = 257 

TLC = 0.68 

TYPE = Methadone 

No. 74 Phenazocine 

C22 H27 N1 O1 MW = 321.0 

HBr 
MS = 230, 58, 231, 44, 42, 105, 173, 56 

ER] 822.6551 4e2,81S-25 7.9, Tee 

Base 
TR = (6.6, 8.1 7914.5, 5652, 7-99 6.3 

UV = 278 

TLC = 0.86 

TYPE = Morphine
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No. 75 Phenomorphan 

C24 H29 N1 O1 Mw = 347.0 i 

TR = 666, GS-2) 728, 7-6 14-3, 13-3 

UV = 279 

TLC = 0.68 

TYPE = Morphine 

No. 76 Phenoperidine 

C23 H29 N1 03 MW = 367.0 

UV = 256 

TLC = 0.90 

TYPE = Pethidine 

No. 77 Piminodine 

C23 H30 N2 02 MW = 366.0 

Ethane Sulphonate 
MS = 246, 366, 42, 106, 133, 247, 57, 260 

TR = 6.5, 8.3, 867, 5<8; 6.3, 9.7 

UV = 257 

TLC = 0.83 

TYPE = Pethidine 

No. 78 Piritramide 

C27 H34 N4 O1 MW = 430.0 

MS w 386, 138, 42, 387, 162, 110, 301, 91 

IR BO 14e3 13-45 13234666, 9-3 

TR = 6.0, 1403, 13.2, 9.2, 16.4, 6.4 

UV = 257 

TLC = 0.47 

TYPE = Methadone



271 

No. 79 Proheptazine 

C17°H25:. Ni. 02 MW = 275.0 

MS = 58, 202, 57, 201, 42, 84, 44, 186 

TRY Seo aye O. Se) Baas LAs seo. Smee 

TLC = 0.56 

TYPE = Pethidine 

No. 80 Properidine 

C16 H23 N1 02 MW = 261.0 

MS = 71, 70, 218, 57, 42, 44, 43, 174 

TR = 5.8, 9.0, 8.3, 728, 9-2, 8.8 

UV = 257 

TLC = 0.50 

TYPE = Pethidine 

No. 81 Psilocin 

C12 H16 N20 1 MW = 204.0 

MS = 58, 204, 59, 42, 146, 160, 130, 77 

TR = 9.6, 12.0, 9-4, 8.0, 8.1, 13.7 

ER = 12.0, 820, 8.2, 9.6; 9.5, 13-8 

UV = 266 

The e=. OUST 

TYPE = Hallucinogen
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No. 82 Psilocybin 

C12 H17 N2 04 MW = 284.0 

MS = 58, 204, 42, 59, 57, 44, 146,(41) 

TR = 9.4, 10-9, S45) 8-1, 11.5, 1205 

uv = 268 

TLC = 0.06 

TYPE = Hallucinogen 

No. 83  Racemethorphan 

C18 H25 N1 O1 MW = 271.0 

HBr 
MS = 59, 271, 58, 150, 270, 214, 42, 80 

Re Ohl, 707 926, eds Tanne oe 9 

Base 
TRee Gol, GosiGe6, G-0,nG-2n11.8 

UVi = 1277 

TLC = 0.50 

TYPE = Morphine 

No. 84 Racemoramide 

C18 H25 N1 01 MW 392.0 

TR Se6el 1452, 09 0M 1Se2,) 14.0 oee 

UV = 258 

TLE = 0.61 

TYPE = Methadone
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No. 85 Racemorphan 

Cl7 H23 NL OL MW = 257.0 

HBr 
MS = 44, 43, 257, 59, 150, 200 

Base 
TR oe Gels Posy O05, 6-45 Occ, Jeo 

UV = 278 

TLC = 0.59 

TYPE = Morphine 

No. 86 Thebacon 

C20 H23 N1 04 MW = 341.0 

HCL 
MS = 341, 298, 43, 42, 342, 284, 242, 299 

TR = 8.2, 5.8, 7-9 822, 11.1, S87 

UV’ = 281 

TLC = 0.36 

TYPE = Morphine 

No. 87 _Thebaine 

C19 H21 Nl 03 MW = 311.0 

HCL 
MS = 311, 44, 255, 296, 310, 312, 42, 253 

TR = Sel G00 0s 6.25) 128,09-7 

UV = 283 

TLC = 0.32 

TYPE = Morphine
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No. 88 Trimeperidine 

C17 H25 Nl 02 MW = 275.0 

MS = 186, 201, 42, 202, 187, 56, 57, 71 

TR = 5.8, 8.6, 8.8, 8.5, 9.3, 14.1 

UV = 257 

TLC = 0.65 

TYPE = Pethidine 

No. 89 Methadone intermediate 

C19 H22 N2 MW = 234.0 

MSi=' 58, 72, 42, 165 0292 a 7s 595 73 

IR = 14.3, 13.2, 13.0, 9.6, 13.4, 8.6 

UV = 258 

TLC = 0.66 

No. 90 Pethidine intermediate A 

C13 H16 N2 MW = 200.0 

MS = 57, 42, 43, 70, 71, 200, 199, 44 

IR = 13.2, 14.3, 7.9, 8.9, 8.7, 10.1 

UV = 256 

TLC = 0.38 

No. 91 N,N-Diethyltryptamine 

C14 H20 N2 MW = 216.0 

MS = 86, 58 

TR = 1255,°9.0, 9-4, 9-2, 8.1, 13-8 

UV = 278 

TYPE = Hallucinogen
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No. 92 N,N-Dimethyltryptamine 

C12 H16 N2 MW = 188.0 

MS = 58, 188, 130, 59, 42, 77, 115, 143 

TRS 13.5, 069) Gel, JeG,;noel, 963 

RWaLs). Gen OeleeoolsOs6,09+9 elo. 4 

UV = 277 

TYPE = Hallucinogen 

No. 93 S.T.P. 

C12 H19 N1 02 MW = 209.0 

HCL 
MS = 44, 163, 91, 42, 71, 65, 43, 151 

IR = 8.2, 9.6, 6.6, 11.5, 8.2, 8.5 

Base 
IR = 8.2, 9.6, 6.6, 14.6, 11.5, 8.5 

UV = 288 

TLC = 0.57 

TYPE = Amphetamine 

No. 94 Pethidine intermediate C 

C13 H17 N1 02 MW = 215.0 

HCL 
MS = 42, 43, 44, 57, 70, 71, 103, 91 

IR = 6.4, 13.6, 7.8, 8.1, 12.4, 10.8 

Base 
IR = 6.3, 7.9, 13.6, 14.2, 12.4, 6-0 

UV = 257 

TLC = 0.36
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No. 95 Moramide intermediate 

C21 H25 N1 03 MW = 339.0 

MS = 100, 56, 101, 42, 165, 91, 115, 70 

IR = 14.0, 5.9, 8.3, 9.0, 14.9, 8.1 

UV = 257 

TLC = 0.60 

TYPE = Methadone 

No. 96 Norpethidine 

C13 H1L N1 02 MW u 213.0 

HCL 
se Ree 8.1, 5-8, 8+6, 969; Les7s) 7-6 

TR 2 5:0p Gee tee T ste 74 ose, 1aee 

UV = 256 

TYPE = Pethidine 

SCHEDULE 2 PART 2 CLASS B 

No. 97 Acetyldihydrocodeine 

C20 H25 N1 04 MW = 343.0 

MS = 343, 284, 344, 300, 43, 70, 59, 226 

Ria Sele 7eS5 5sSyul Oy 6.7, 900 

UV = 284 

TLC = 0.34 

TYPE = Morphine
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No. 98 Amphetamine 

c9 H13 N1 MW = 135.0 

Sulphate 
MS = 44, 103, 91, 65, 42, 104, 45, 102 

Re e128, 0 [Ae oeaedynG.G, 16.0) 86 <2 

Base 
TR. = 14525813 .5506-2, ee, Leet LISG 

UV = 257 

TLC = 0.51 

No. 99 Codeine 

C18 H21 N1 03 Mw = 299.0 

Phosphate 
MS = 299, 81, 42, 229, 162, 124, 300, 44 

TR = 9.5, 10.6, 950, 10.4, 8.0, 12-7 

Base . 
IR = 6.6, 7.9, 9-0, 904, 8-69, 12.7 

TR= Gs4) 728,7900, 12.6, 10-7,,.5.0 

uv = 284 

TLC = 0.16 

TYPE = Morphine 

No. 100 Dexamphetamine (See Amphetamine)
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No. 104 Methylphenidate 

C14 H18 N1 02 MW = 232.0 

HCL 
MS = 84, 91, 55, 150, 146, 56, 85, 83 

UV = 257 

TLC = 0.63 

TYPE = Amphetamine 

No. 105 Nicocodeine 

C24 H24 N2 04 Mw = 404.0 

MS = 282, 106, 78, 229, 267, 42, 124, 283 

TR a °508, 7.95 °920,0925, 13-7; 666 

TR = 5.8, 7.28, 7-9, 8-9, 8.0, 9-0 

UV = 261 

TLC = 0.31 

TYPE = Morphine 

No. 106 Norcodeine 

Cl] HIOONT, 03: MW = 285.0 

MS = 285, 81, 262, 148, 286, 214, 164, 110 

TR = 728, 955, 12.55 12s7,) 8.9, 8.4 

TR = 12.7, 728, 955, 829, 824, 729 

TLC = 0.18 

TYPE = Morphine



279) 

No. 101 Dihydrocodeine 

C18 H23 N1 03 MW = 301.0 

Tartrate 
MS = 301, 44, 70, 164, 59, 42, 244, 302 

TRi=! 8.07 f2 0, 19545) 8.80865, 1ae7 

Base 
TR 296-6, 7595, 927518050675 2-9 

UV = 282 

TLC = 0.20 . 

TYPE = Morphine 

No. 102 Ethylmorphine 

C19 H23 N1 03 MW = 313.0 

HCL 
MS = 313, 243, 162, 124, 59, 42, 112 

TR = 904, (7.9, 9.6, 8.9) 8.551265 

Base 
IR = 6.6, 9-4, 9.6, 7.9, 8.8, 8.4 

UV = 285 

TLC = 0.35 

TYPE = Morphine 

No. 103  Methylamphetamine 

C10 H15 Nl MW " 149.0 

HCL 
MS = 58, 91, 56, 59, 42, 65, 134 

TR] 13-4, 1405, 9-5, 625, 9-3, 9.6 

UV = 257 

TLC = 0.51 

TYPE = Amphetamine
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No. 107 Phenmetrazine 

Cll H15 N1 01 MW = 177.0 

HCL 
MS Fi ae G6, 48 At 177, 107), VS) 

TRS) 9.2, 1423;113-25010-4; 9-0, 10e1 

UV = 256 

TLC = 0.49 

No. 108 Pholcodine 

C23 H30 N2 04 

MS = 100, 124, 42, 56,015, 70, 101, (55 

IR = 6.6, 8.8, 8.6, 951, 6-1, 6-0 

IR = 8.9, 10-3, 9.0, 7-9, 9-5, 9-5 

UV = 283 

TLC = 0.02 

TYPE = Morphine 

SCHEDULE 2 PART 2 CLASS C 

No. 109 Benzphetamine 

C17 H21 N1 MW = 239.0 

MS = 91, 148, 149, 92, 65, 56, 42, 120 

TRO 19e6.,014-9, 13.0, 3.2,°9-2,). 9-0 

UV = 258 

TLC = 0.75 

TYPE = Amphetamine
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No. 110 Chlorphentermine 

C10 H14 NL MW = 183.5 

BCL x 
MS = 58, 42,(41,)125, 59, 168, 89, 63 

TRees b2s45 19.2, 9-9, 11.8,°7.6,0 826 

TR 122350902, 9-9; 1s 7.05 13.3 

UV = 267 

TLC = 0.65 

TYPE = Amphetamine 

No. 111 Mephentermine 

GIT HL? NE MW = 163.0 

MS = 72, 91, 73, 56, 148, (41,) 57, 42 

IR = 9:0) 14:0, 14.3, 623, 1300, 9-7 

uv = 258 

TLC = 0.62 

TYPE = Amphetamine 

No. 112 Methaqualone 

C16 H14 N2 O1 MW = 250.0 

HCL 
MS = 235, 250, 91, 233, 236, 65, 76, 251 : 

TR =u5e8, 6.1, 01320674, 7.5.0 625 

Base 
TR = 650) (6. 29612.94 13197295 7.6 

UV = 269 

TLC = 0.94
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No. 113  Pemoline 

c9 H8 N2 02 MW = 176.0 

MS " 107, 176, 90, 42, 105, 89, 77, 70 

THe Seo. Tass su6s0.16-5, S5,7-8 

UV = 256 

TLC 0.73 

No. 114 Phendimetrazine 

C12 H17 N1 01 MW = 191.0 

Bitartrate 
MS = 57, 42, 85, 44, 56, 77, 51, 70 

TR = 9.0; %e75 0-9308-2, 0c4,0S-7 

Base 
IR = 8.9, 9.1, 9.2, 13.2, 14.3, 10.0 

u UV 256 

TLC = 0.48 

No. 115 Phentermine 

C10 H15 NI MW = 149.0 

MS = 58, 9, 59), 44, 42, 134, 65, 57 

TR = 19.8, 14.2) 11.7, 12.8, 6.2, 8.4 

UV = 258 

TLC = 0.60 

TYPE = Amphetamine
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No. 116 Pipradrol 

MS 

IR 

Uv 

TLC = 

No. 117 

MS 

IR 

Uv 

TLC 

TYPE 

C18 H21 Nl 01 MW = 267.0 

= 800 560065,.77,- 105, 55,042,05) 

= 13.4, aed, 14.4, 6.3, 1707, 010.0 

Prolintane 

C15 B23 NL MW = 217.0 

= 126, 91, 127, 174, 55, 42, 97 

" 12.9,°14.1,,19-4, 8.8, 9.9, 16.2 

= 258 

= 0.76 

= Amphetamine
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