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SUMMARY

The structure of the Fforensic 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 compeocunds 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 detailled descrip-
tion of how the program cperates fully illustrates the
retrieval system in use. A Ffull FORTRAN program listing
is shown in Aépendix (2.

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
Ievidence 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 1abo£atory 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



w

compounds required and conduct an appraisal of the
future use of computerised analytical data retrieval
in forensic science.

A small 8K Hewlett Packard 2200 mini—computeg 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 ffom commercial sources, where available, but
inlthe 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 SYNTHESIS OF SAMPLES AND
METHODS OF ANALYSIS

(I) Collection and Synthesgis 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:~

Agetyldihydrocodeine, 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 collect%on.
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 greéter 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 cémpany 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 identification,

(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

gcientist 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 Reguested

Wellcome Foundation Ltd.

London.

Br. 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

Dimethylthiambutene
Ethylmethylthiambutene
Isomethadone
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

R

mg
mg
mg
mng

mg
mg
mg
mng
mg
mg

mg

mng

mg .

QQ
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Drug Company, Drug(s) Supplied Quantity
Organisation or :

Scientist from whom

Sample was Requested

Carlo Erba, Properidine 1 g
Milan, Italy.

Mallinckrodt Inc. Metopon 380
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. 1In
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 1iterature]. ‘

In all cases where drugs were imported the appropriate
licence to import was granted by the Dangerous Drugs
Branch of the Home 0ffice. 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
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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 (I.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 indespens@ble auxiliary technique for
chemical structural analysise.

The physicist and technologist characteriée infra-red
radiation, just as that of other spectral regions by its

wavelength. The micron 9&) 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
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reciprocal of the wavelength in centimetre units is

called the wavenumber; its unit is the reciprocal centi-

metre (cmml). 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 1is
on a linear scale, as on the Unicam SP 200 at Aston).
Examples of both are illustrated and compared in FIG:2.]
The most important area of the infra-red spectrum
for comparative identification is thé "fingerprint"

region of 1333-667 cm™+

(7.5=15 M)

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 poﬁaséium 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™2.

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 practical

use.



14

FIG: 2.1

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 (m/e values)

and permits rélative abundance measurements. The result-
ing record, usually a photographic trace of ilon 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 m/e values
and since all the peak widths are constant the_;;iative
intensities of each m/e value are usually presented as a

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

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 (MY). Isotopic
contributions and ion—moleéular reactions can produce
ions at m/evalues greater than the M* and, therefore, for

comparative analyses the highest m/e 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. 1In 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 0" bonds are excited
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producing0 —>(0* 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, d
and T orbitals giving rise to T—>T * transitions
and n ——T[* transitions particularly in T 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 gi(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 Eii

_lcm’

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, ¢ (Beer-Lambert law)

A = absorbance value on spectrum
1%

& Elcm

b = path length of 1 cm

c = concentration of 1% solution

Spectra can be obtained on microgram quantities of

1%
j cm

material depending on the value of the E (the nature

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 ;ﬁg&z.
The value of the_)ﬂ&&& provides valuable evidence on
the nature of the molecule present. For example,
pethidine which only contains the weak benzene chromo-
phore has a ;5§§§ = 257 nm, whereas morphine has an
intense absorption of'gsggg = 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 lLﬁﬁ& in N/10 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 i .

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 combhination.

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 Curry—Powellz_system 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 guantities 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 Rf 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*439e
(2) Pethidine-type
(3) Methadone-*yp&
(4) Amphetamine -tyge

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

Name

Normorphine
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Codeine

Ethylmorphine
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Nicomorphine

Diacetylmorphine
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CH

CH

CH

OH

OCH

OCH3

OCIrI‘?'CH3

OH

OH

OH

OH

OH

OH
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FIG: 3.1(b)
Structures of the Compounds Related to Dihydromorphine

Rl = CH3
. 4
Dihydromorphine OH OH H
Dihydrocodeine OCH3 OH H
Hydromorphone OH \\II// H
(Dihydromorphinone)
Hydrocodone OCH3 \\ﬁT/, H
: 0
Acetyldihydrocodeine OCH3 OﬁCH3 H
0
Oxymorphone OH \"/ OH
0
Oxycodone OCH, \1/ OH
0

Nicodicodine OCH
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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 mass. Peaks such as m/e 44, 58 and 91 are
simply due to the basic aromatic gzzﬁcture 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 principa‘
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 Rl fragmentation was almost independent
of the nature of Rl and led to the cleavage at the Rl_N

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 R2 led to substantial fragmentation,

making specific identification on the basis of electron
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Structure of Amphetamine and Related Compounds

Name

2-Phenylethylamine
Amphetamine
Phentermine
Methylamphetamine
Benzylamphetamine

Mescaline

Mephentermine

S.T.P.

Ry

CHZ—C——N

R3

|-

H

3,445
Tri--OCH3

H

4-CH
2,5 Di-0CH

/”Rh

CH

CH

|

H

CH

CH

CH

CH

H

CH
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FIG: 3.3
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Structures of Pethidine and Related Compounds

Name

Norpethidine

Pethidine

Morpheridine

Benzethidine

Furethidine

Diphenoxylate

Anileridine

Etoxeridine

_OCHchg
g
H
CH,
~CH,CH, - R
b Wl

—CHzCHsz—CH2 -—@
—CH2CH2—O—CH2 —4 A §

O 2c;12—-©m}12

—CH2CH2—O~CH2CH20H
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FIG: 3,4
Structures of Methadone and Related Compounds

Name R R

1 L2
//pHB
Normethadone - EOH CH - CH,.CH,-N
i s 22 S
CH3
0 CH3
I I\/
Methadone - CCH2CI{3 - CH2-$H— \\
CH CH
£ 3
I
Dipipanone ~ CCH,CH, - CH 2-@-@
CI--I3
0 S
Phenadoxone - CCH2CH3 “CHz'?H"N\_d/D
CH3

Dextromoramide -

e - EE;CH2—@
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FIG: 3.4 (Cont.)
Structures of Methadone and Related Compounds

(Continued)
o . >
H 3
Alphamethadol - CH—CH2CH3 - CHz—CH—
Ha
E-CCHB TH3 £ea
Alphacetylmethadol - HHCH2CH3 - CH2—CH-N
3
E-ﬁCHS IHaN//CHa
Noracymethadol - H-—CH2CH3 - CHz— H~ \\\
H
Dioxaphetylbutyrate - C—0C2H5 = CH2CH2-N 0

C~NH
Pirintramide - C=N CH,CH,,~N <:fi>
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impact alone very difficult indeed.

C. Methods of Ionisation

Tt was concluded from the previous results that the
~more unstable molecules were being fragmented by the
cpmbined 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/I)

There are three sources of sample degradation:-
(a) high energy electron beam 70ev - Sev,
(b) hot source 200°C+,
(c) hot probe 28 . s100%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 £ 0.1%.),

(b) hot source 200°C,
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(¢) hot probe.

(3) Field Tonisation/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
jonisation 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.

(IT) 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 authorsAﬁﬁgnB . The first published report

of the identification of Dangerous Dru959 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

10,11,12

biological importance has increased rapidly .
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 identificationlz. 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 TIonisation" - 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 achleved 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) : TFhe 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, C2H50H, CH3OH and NHg . Stronger proton donors
such as H3 +, CH5 T and tert - C4H9 " have been used for

weaker bases, the most common gases being methane and

such as H

isobutane.

(5) 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 /or addition
reactions.

(a) Proton Transfer

For example methane used as the carrier gas produces

3 major addition ions:-

(1) cH, * (44) G (111) CoHe
produced in the following way:-

CH, ¥+ CH, ———CH, Vo ECHS + (48%) ;

CH, ¥ + CH———>C,Hg o+ oH, EC2H5 T (41%) ;

cH, ¥ + €H,——— CH, T+ 2H, 4+ H §C3H5 T (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:-

+ +
CHS + BH ——--—---)-CH4 + BH2
pla B, Ropl leom. BT
s 24 2
Ol B e e
2"'5 276

BH2 can now decompose to produce daughter ions of lower
molecular weights.

The ion H3 * was the most exothermic for both hydride
abstraction and proton transfer and therefore produced the
most fragmentation. The tert - C4H9 * jon 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:-

M o EaH —_— MC . H

2 o

+
—_—
and M o+ C4H9 MC4H9

Fragmentation reactions can also be observed of the
appropriate addition reactions.

C. Results and Discussion

l. 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 o 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,O0 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 m/e 148 and m/e 164 (both 2% intensity of 268)

which were observed in the spectrum of norcodeine but not
in that of morphine.

2. Amphetamine and Related Compounds

The results obtained from the iscbutane 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 C7H§+(peak at m/e 91) giving a P + 1 peak of
43% intensity. In this ;;;é however the C.H, * jon reacted
with the parent molecule to generate an ion at (P + 91)
m/e 330 which had 4% intensity. These observed fragments
;;gauced 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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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 Rl. In other words not only could
evidence of identity be gained from molecular weight
information but also structural identification of the

side chain Rl. All spectra showed a peak at m/e 246
indicative of the pethidine structure. Compa;;gén of

the E/I and C/I spectra of a pethidine analogue 1is
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. 1In
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 wasfix—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
R1 leaving a secondary carbonium ion stabilised by the
presence of the benzene ring structure. A comparison

of the E/I and C/I of a methadone analogue 1is illustrated

in PTG 3eile
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FIG: 3.7 MASS SPECTRA
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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 méthods 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 oneld based on the
comparison of full ultra-violet spectra and the other14
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 gqualitative

analytical parameters previously adopted for this project,
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that is the acidicu& MAX of the base in N/lo 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 wvisual examination, it was reguired 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 cohtinual 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 methodsﬁ These
retrieval systems were all mechanical and utilised coded

data stored on edge punched cardsls, body punch cardslé, abs-

17 18

orption band indexing ‘ and optical coincidence cards . 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

19,20

of I.R. data were produced by commercial organisations %
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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 studieszhzz-undertaken 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 other?2l a 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
nSadtler Spec finder"/ .  Spectra are listed according
to the strongest band (to the nearest O.%}&) in each %ﬁl
section of the spectrum 2 - 14.9 M. 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 system23 was described which reduced the
number of bands of the spectrum from the 12 of the "Spec
finder" to 6 equal bands of 1.5M in the area 5.5 - 15M1
only. The reference data files contained 90,000 coded
spectra and were searched in minutes. The facility to

"wiggle" the data (place s O.l/& 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.

A very similar system24 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 approach25 not involving the use of a plastic
overlay divided only the "fingerprint" region of the
spectrum into 12 equal sections and Ehe 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 disadvantéges 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 pased 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 - 15 (ignoring the nujol region 6.7 -
T.Q}L) 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 systemsma26 have been described
based on a major peaks approach. The size of the 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 secondzbtdescribed an interactive retrieval system
operated from teletypé terminals. The option of a
"WINDOW" of O to + O.2}Lon 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”™"i-

(a)

(b)

(c)

Only the peaks in the region 5 - 15AM were
coded to the nearest 0.1lM. TIf peaks fell
between two calibration lines they were

coded as the next lowest 0.lM interval.

Any bands in the region 6.7 = 7.§ﬁtwere
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;%}lwas to be included within the
comparison program in order to compensate for minor
positional variations from spectrum to spectrum. A survey
conducted27 during the course of this work which examined
spectra from 10 regional forensic laboratories established
that an error factor of + 0.lMwas adequate, however, for
the developmental stages of this work the window + 0.2M

was retained.

(2) Review of Mass Spectral Data Retrieval Systems

The first method28 which utilised automatic punched
card methods to sort M.S. data was described in 1950. The
first29apsﬁi computer system was reported in 1964.
Excellent selectivity was claimed when only 5 combined m/e
and intensity values were compared against a file. Onl;ﬂ#
file compounds within selected molecular weight rangeswere
examined in order to reduce the time and expense involved
in searching the full file.

In 1967 a G.C. = M.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-

sively reviewed31 and only brief details of each method
will be given here.

(i) Comparison of Full Spectra

This method involved32 the comparison of each peak,
rrl/e and intensity value in the unknown against those stored
I;_the 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 di screpancy
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 zZero.
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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 Egual Regions

This approach was adopted33 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 amus and
the largest two peaks in each region from m/e 6 to the

highest m/e value were selected. The 14 amu region was
chosen 5;;;use 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
masse.

This coding method has had considerable success and
two other operational systems have been developed from St

34

one used for forensic analysis in California and the

other in a hospital toxicology laboratoryss.

a3% yhich

A modification of this method was propose
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 approacﬁ§7h7§as developed as an extension of work
on the pyrolysis - G.C. - M.S. designed for the Mars lander,
project Viking. 1In 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 method were 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 indexe538139

to mass spectra, ordered on the 6 - 10 most intense peaks
valuable for manual compound identificafion. A computer40
retrieval system was directly developed from this appfoach
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 (m/e 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 rctrievalAl.

The use of the "major peaks" coding method had three
principu| advantages. Firstly it was very easy to use
and understand. Secondly it was economical in its use of
both 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 interactive42 system developed at
N.I.H. and available over telebhone 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

4344

5 major M.S. peaks influenced the decision towards

the use of files compiled on the 8 largest peaks (m/e
values only), greater than or equal to m/ 28. The 8
. 8 .
peak values were stored in a file from low to high m/e

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 (% O.Z/x), acidic Amax

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).



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

(d) 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 FILEMS, 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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THE ORIGINAL DATA FILES o8
DOCUMENT FILEMS
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2 36 42 56 100 114 232 246 247MORPHERIDINEHCL
3 28 36 38 42 91 233 246 247BENZETHIDINEHCL
4 28 36 42 44 70 115 229 2290XYCODONE
5 28 36 42 44 59 124 162 313ETHYLMORPHINEHCL
6 28 42 44 255 295 310 311 312THEBAINE
7 28 42 59 70 163 245 301 302DIHYDROCODEINETARTRATE
8 28 36 42 44 58 162 289 341THEBACON

DOCUMENT FILEIR

9.6ACETYLDIHYDROCODEINE
8 .2PROHEPTAZINE
9.6ALPHAMEPRODINE
9.3BETAMEPRODINE
9.6COCATNE
10.20XYCODONE HCL

6« 2HYDROXYPETHIDINE
9.8NICOMORPHINE HCL
8.2METOPON

=
-

NP WO
SRS EGRG T R RGNS NS,
00 00 00 00 00 ~3 ~J ~J ~J
NN OVUT 0 DM
L] L ] L] . L ] . L ] L] L]
OO IUUO
OO MO 10 MM
L] . L] L] L] L] L ] L ] L]
[ R e RERCRG RS, W WG
=
Wm0 D 0O
L] L] L] L ] L ] L] L ] L] L ]
N OO OO I W
o
000 OO WY MW
L] L] L ] . L ] L . L] L ]
WD U WD

DOCUMENT FILEUV

263FURETHIDINE
283DIHYDROMORPHINE
257BENZETHIDINE

2810XYCODONE
284ETHYLMORPHINE HCL

284THE BAINE
283DIHYDROCODEINE TARTRATE
280THEBACON HCL
280:JYDROCODONE ACID TARTRATE

OO wWwNH O

DOCUMENT FILESP

0.70FURETHIDINE
0.12DIHYDROMORPHINE
0.37MORPHERIDINE
0.87BENZETHIDINE
0.140XYCODONE
0.38BETHYLMORPHINE HCL
0.35THEBATINE
0.20DIHYDROCODEINE TARTRATE
0.35THEBACON HCL

oOwoubLWNOEO



70

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 FIG: 5.3. 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-(m/e) were compared
for equality and no importance was placed“g; 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

usee.
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FILE SEARCHING APPROACH ADOPTED FOR THE INITIAL PROGS, DW7, DWSORT .

DATA FILE ON TAPE OR

DISC

o .

START POSN.J

TERMINAL OR
LINE PRINTER

INPUT THE
UNKNOWN DATA

1 FILE

END OF FILE

STOP POSN.

PROGRAM

a.READ THE
UNKNOWN

b.READ THE
FILE

c.COMPARE THEM

NO

~

RETURN TO READ

THE NEXT FILE
RECORD

YES

Comparisons

(i) Directly for UV & TLC

(ii)Peak for peak for MS
& IR,(FIG: 5.4 )

TERMINAL OR
LINE PRINTER
WRITE —

THE COMPOUND
MATCHES FOR




: 9

FIG

\\IJ\('\IJ

mu wmoum £°S =Sua p=¥ £=NN
= (IJNN ! S e 5
n.mnﬁﬂmmm ﬁHuzr\.znm =cua WHOLWH Ol ANNOAWODITIE IXAN Bl ] WL
1 | I ' 4
i _ ! f 1 :
- (=) LI=WNS (€=) T+NN=NN
2 THT) ME=(T) Nt (¥)HAS+HNS=NAS|
< (V—-2)=(¥)uns =0 p=uHIIVIuf+
Z (%) c ¥ i L __\;/h. ﬂ\
| s lclolslvleFedrllr]lredelalxide
| ! ! I | \\H s
; _ : | ! |
ot . _ 1 | i H W
u * .H.
] €T = C=NN
2 2I03eg sY (€)WNSH+HNS=WNS aa0jag SY
T Z2=(T)NN 0=(E)HNS[< wHOIVI ONu TT)\)\/\J\)\/\)\)
wn. 3 . : )_.l e 4.\
< | | " g¢ Vo lo1e [[wyiE 2% 0% # Leid e £
= | | i H _ 7 i
_ | | | ! ! | ﬂ-
_ i f i
o ‘ Bl =
(] > =) WNS+WNS=H
» z=) (2 M WOS=NNS G s st
O I = I
= s Z(A=L)=(2)HNs ¢ G=0Z=MuHDILY W, [¢ _ I 1
> ?Iv/\!ll/\\llll
= = " =
2 | | | i | | glelolLsqv e |2 [T 1T qm\\m\ﬂl.u
| " | 1 | Ry Vi
= [ | : _ _ |
o : i i ﬁ
= (T=) T+NN=NN
w (12) o= wHEILNAOD HOIVWu
5 (I)NN = A T
& (¥=0)=(T)HNS |& £=0¢ T=XuHOIVH. |
: hosr~ e
Z - wHICHO YNV Wi ¢ 1 Jo.ls |v Ve'de | eLx v | e 2 [/14d 1
5 PLSASMO SY disn A \\\
< HOJ QI¥OLS VISASMA IHOSMO B LMO = =
= SANTVA WVRIDONG OSTY aNV =t =
S e SWVHD0Hd “IVILINI 8‘T=r*(L'I)SWIATId A T=3¢ () SWHvEd

|/\\|

SNOILLYOIATIAOW TVNIJ

(3TANYXZE SY SW) ONIHDIVWNVEd J0 NOIIYINISIUGIY ODIIVIWWYHOVIA




73

(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 MS1DT, IR1DT, UV1IDT and TLC1D 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 fof
the previous programs. The modification to terminal
operation, and the use of four tape files necessitated
the use of a small MACRO programe.

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 programe.
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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’
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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 imporfant. The sorting routine is
illustrated in FIGS: 5. 7 (a) (b) (c¢) (d). 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 vefy 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 thése 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.

A. Modification of the Data Files

The previous programs had utilised the analytical data
stored on four. separate files FIG:52. 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.

Dis 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.

L 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:S5.3 )

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 daﬁa 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
techniqgues 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. Fof
any combination of matches from the fdur analytical

techniques, each SCORE value was unique, e.g. SCORE values
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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:6,3, As
for DWSORT the format of the analytical match combinations
were ranked in the order MS —= IR —>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 3K 2 3 15

Total Number Created
by Program? 73 30 55 25 2

(Two "full" matches were obtained one for Amphetamine
the other for the identical Dexamphetamine.)

Oxymorphone Base

SCORE: 0 3 2 3 R 15

Total Number Created
by Program: 116 13 31 27 1 1 1

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.

2e 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 m/e, €age

for MS m/e 28 —™ 500, irrespective of their relative

—
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FIG: 6,3

THE MATCH COMBINATIONS PRODUCED BY THE PROGRAM

QUALITY |Scorg | BTNARY EQUIVALENT FORMAT OF
OF MATCH |VALVE 35 T3n Tov Tzic | MATCH STATEMENT
1st 15 R e M L T MS,IR,UV,TLC 15*
ond 14 ) 0 2 o R B MS,IR,UV 14+
3rd 13 T s e Ol B MS,IR,TLC 13+
4th 12 L R R R MS,IR 129
5th 11 i e Bl MS,UV, TLC 11+
6th 10 R MS ,UV 10+
7th 9 s Bl 158 O MS , TLC 9*
8th 8 Tl R TR MS ONLY ge
9th 7 B ke, L ohige . b 4 IR,UV,TLC 7
10th 6 o deer sbhg 10 IR,UV 6%
11th 5 O s Tl IR, TLC 5e
12th 4 ot i ] o IR 4
13th 3 ol Loldiie. i UV, TLC 3%
14th 2 o R R uv 2%
15th 1 Aet 20 st 1 TLC 1+

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 m/e values were often not as intense as those at

lower m/e values, they were in fact more important.
Codinéﬁzg 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 f£it" was devised.

The initial infra-red data file had been coded in
"rank 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 m/e for
MS, microns for IR) and also identified the posi££ggs 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). 1In 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 valug) 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)

S, SUM(1) = the square of the difference between the
respective J and K positions of the matching peaks,
suM(1) = (3 - )2 =4
Similarly for the second peak:-
PEAKMS (2) = FILEMS(5)
se SUM(2) = 9
and so on for all the peaks:i-

SUM(3) 0 (no match)

It

and SUM(4) 4

1

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



92

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 witﬁ an array for later use. The "Difference
Values" for infra-red data were stored within the array
DIR. '

Thé minimﬁm possible value for DMS was zero, il.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).

< 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 ofder 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 D;R 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.

(ci 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 Pregenting 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: L2y 93, Ssid y 9.9, 6.7, 10.4
Nujol Morphine HCL: 9.4, 6.7, 7«6, 12.7, 9.0, 10.6

WINDOW (0.2/“ )

Matches obtained = 1 2 3 4 5 6
4 il 3% % 2 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.

(¢) 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, 6.7y 265 127y 239, 1026
Morphine Sulphate: 93, BdB; By 1245, 6l 7.8
Window (0.%/¢)

Matches Obtained Ty 24 3, 4y 5y, 6 CUNKNOWN)

L 3 6 4 2 x (FILE)

5 peaks out of 6 DIR = 3.8
Dihydrocodeine base: 7.9, 6.7, 9.6, 9+3; Be3; 8.8
Dihydrocodeine

Tartrate: Sedy BeB; 7.8, 8.4, 8.1, 6.6

Window (O.%}l)
Matches Obtained 1, 2, 3, 4, 5, 6 (UNKNOWN)

3 6 X 1 4 2 (FILE)

5 peaks out of 6 DIR = 932
Finally:-
Codeine base: 9.4, 6.7, 8.9, a8, 10:6, 125

Codeine phosphate: 9«3, 1I0.4, 6.6, 7=9,12.5, 8.9
Window (0.%/&)
Matches Obtained i, 2, 3, 4, 5, 6 (UNKNOWN)

i "3 ‘6 4.0 2 5 AFILE)

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 beu:‘b:'l.turateé‘"5 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 splvents 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 difficultye.
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 coéing
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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-¢ 6-7
HYDROXYPETHIDINE & 9 2 3 2 2
DIPHENOXYLATE 4 A 2 4 & 5
ANILERIDINE & 2 ll 1 2 3
KETOBEMIDONE 1 3 3 9 2 3
ALPHAMEPRODINE 1 4 7 1 3 2
ETOXERIDINE i 1 4 1 4 1
AVERAGE OF 6 = 2 4 3 3 2 2 | mm

Average 10

Distance
mm 0 —) T

1 e 3 4 3) 6 7 peaks
ﬁORPHINE SERiES 1-2|2-3|3-4[4-5|5=6|6~7
NICOCODINE 1 3 6 3 2 2
NICODICODINE 1 il 2 1 1 1
HYDROMORPHONE 4 6 ik 1 2 1
DIHYDROMORPHINONE 5 1 6 25 1 1
MORPHINE-N-OXIDE 16 i 1 3 2 5
RACEMETHORPHAN 2 1 2.1.1 2 1
AVERAGE OF 6 = 5 & 3 2 2 2

Average 10
Distance

min ri_‘P___r__j 1 T s |

0
1 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:-

Zoxazolamiﬁe,
7 spectra D= 0
3 spectra =05
2 spectra D= 129
DIRp, MAX = 1l.25
Cyclizine,
5 spectra D=0
4 spectra D = @25
one spectrum D = 1.5
one spectrum D = 2.0

DIRT, MAX = 2

Comparison of these results with those cobtained 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 (DIRT4 = 3) was

as specific as the comparison of 6 against 6, but with the
major practical advantage that coding eérrors 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 DIRy, was Set to its Optimum Value

The previously determined optimum experimental value
for DIRp, was DIRT4:E§ 3. The size of this value ensured
that the probability of retrieving the correct spectrum
from a file, if pfesent 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

Compounds
Tested Against
the File

Total Number of
Pogsibilities where
D=3 at each match
level

Hydromorphinol

62| 43| 17 6 K

Oxycodone

12311061 45] 13 3

Amphetamine

56| 40| 13| 11 3

Average of 3 =

80| 63| 28] 10 2

40
No.. of //’N\\\
Spectra 30
Retrieved
20
10
0

3 4 ) 6

No. of Peaks Matching
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Reducing DIRT4 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 spéctra 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.TI.
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, 2B, 44, 31, 215, 70
Aston: 285, 28, 32, 42, 44, 162, 215, 41
Matches Obtained 1, 2, 3, 4, 5, 6, 7, 8

! 6 4 2 5 X i b4

‘6 out of 8 peaks DMS = 2.15



Amphetamine

MoTeTo 44 9%y, - 65, M2y 45; 120, 46, 82
Aston: 44, 43, 91, 65, 42, 29, 45, 92
Matches Obtained 45 s 3, 4, S 6, £ 8

6 out of 8 peaks DMS = 1:15

Pethidine

M.I.T.: ks 70, 42, 28, ST, A3, E72, 247
Aston: 7, 247, TOs 5% 36, 42, 246, 172

Matches Obtained 1 2, S5 4, 5 6, T 8

6 out of 8 peaks DMS = T84

Codeine

M.I.T.: 299, 162, 229, 42, 214, 300, 24, 128
Aston: 299, 162, 42, 229, 124, 44, 115, 300

Matches Obtained 1, 2, < 4, 5y 6, i 8

6 out of 8 peaks DMS = 1.66

Alphaprodine

M.IeTs s 1725 X875 42, 84, 129, 144, 44, 25 X
Aston: 29, 172, 42, 187, 84, 577 43, 28
Matches Obtained i 25 3, 4, 54 6, s 8

4 out of 8 peaks DNS =15

(v) Background Peaks

It was observed that many of the spectra (for both

Aston and M.I.T.) contained coded peaks at less than m/e 42.

This was understandable for the Aston file since the starting

position of coding was originally m/e 28, however, many of

——



the spectra in the M.I.T. collection also contained coded

peaks in this region. Peaks less than m/e 42 could have

been produced from background contamination of the wvacuum

system by air. A typical background spectrum obtained on

the Micromass 12B contained the following:-

m, Relative (Source)
e Intensity T
18 8% (H,0)
28 100% (NZ)
32 59% _(02)
44 3% (C02}

(vi) Recoding of Spectra

106

The peaks at m/e 44, although present in the background

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

+
characteristic breakdown peak CH, = N - CH3 particularly for

the aromatic aminesof the Amphetamine series. The peaks

+
= N = CH., were

i 3, ¢ N
at "/_ 43, *CH, -N = CH 3 5

m
5 3.and /e 42 CH

also similarly characteristic. The spectra were recoded to

include the largest 8 peaks greater than or equal to m/e 42

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

Morghine
MJE.T. ¢ 285, 162, 42, 44, 215, W, 2005 115
Aston: 285, 42, 44, 162, 215, 70, 286, 124

Matches Obtained 1 2 3 4, 9’ 6y T 8
1 4 2 3 5 6 b4 X

6 out of 8 peaks Pl =100




Amphetamine

M.I.T.: 44,
Aston: 44,

Matches Obtained

6 out of 8 peaks

Pethidine
M d o ike:s 7%,
Aston: 71,

Matches Obtained

6 out of 8 peaks

Codeine
M.I.Te? 299,
Aston: A LS

Matches Obtained

6 out of 8 peaks

Alphaprodine
M.I.T.: 172,
Aston: Li2y

Matches Obtained

5 out of 8 peaks

i

From comparison of the previous

81

117

1103

44

128

300

o1

107

a4

data, coded from m/e 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).

(d) Human Factors involved in choosing the largest

peéks.

(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 m/e 43 on different instruments varied from the

second strongest to the sixth strongest and the relative

intensity from 12.8% to 50.6%. Previous attention46 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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Tt was felt that the vague term "machine variations"
hid a multitude of sins and that probably the other
factors (b), (¢ ) and (d ) were also involved, however,
in order to avoid the possibility of machine variations it
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 j the complete file of drugs
was re-recorded on a Micromass 12B instrument at C.R.E.,
coding the 8 largest peaks¢;23m/e 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 ﬁorphine basé 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, 1682, 215, 44, 70, 124, 59, 286
HCL 285, 162, 215, 44, 42, 286, 124, 70
Sulphate 285, 162, 215, 44, 70, 8T, 124, 45
and the quaternary salts:-

Metho-~ :
bromide 45, 58, T35 2855 T25 80, 82, 42

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

N-Oxide 58, 285, 72;0 42, 71y 59, 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
75° -~ 125° and 20° - 100° respectively. The initial
temperature was determined by the compounds volatility,
Morphine Sulphate being far less volatile than Alphaprodine.
The following results were obtained:-

Morphine Sulphate

EFrATOY BTN 87, 885, a4, 43, B, "NdZ

jgote: 985, ‘162, - BT, A8, 70, 1 215; A5, 69
108% pgs. 162, 218, 44, 70, 57, 45, 124

Alphaprodine HCL

0% 172, 187, ' B4, 188, 173, 87, 144, 44

BOTCE 1720 187, ‘84,88, 57, 173, 144, - 44

100%: ave, ‘187, €4, 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 temperaturés. 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 wés 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.

(d) 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" égainst 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 (c).
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The Measurable Distance —1 mm Between the
Intensities of the Eight Coded Mass-Spectral
Peaks for Each of Two Compounds

100°¢ ,MICROMASS 12B| 1-2| 2-3| 3-4| 4-5 5-¢ 6-7 7-8|8-9

MORPHINE SULPHATE |22 4| 3} 23| 11 o1 |1

30
20
Distance
in mm 10
T e
0 I ) i | 1

100°c MICROMASS 12B|1-2| 2-3|3-4| 4-5| 5-6|6~7| 7-88-9

ALPHA PRODINE HCL 10130 1 .20 | 35 5 1 411

40
Distance
in mm
20
10
. T PO g

1 2 3 4 5 6 7 8 9 peaks
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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 = 0,50

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
DMST4 was set to DMST4.:EE3 within the program.

(viii) Results of a Test on the Mass-Spectral
Retrieval Program to Determine if the

Threshold Level DMSrp4 was set to its
Optimum Value

DMST4, like DIRT4 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,

Itlcén 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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Number of possibilities
where DMS =3 at each
match level

i 2 i 4 6 7 |8
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2 “ 5 8 peaks

Number of possibilities
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match level

1 2 3 4 6 7 |8
AMPHETAMINE 25| 15| 3 | 2 e
30¢
Total Number
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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 1:1,80%. [%his value was obtained by
multiplying the degree of selectivity for IR (1: @) 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 éither, 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.

E. The Structure of the Final "Peak Matching" System

The program had now evolved into four major operational

areas FIG:6,10,

1. Input area - where the unknown data was read
into the program and stored alongside the file
data in the core memory.

‘2. 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.

3. Sorting area - where the previously computed
values were sorted in cbmbination into their
decreasing order of importance. The appropriate
Mismatch routines MSMISMATCH and IRMISMATCH were
utilised if required.

4. Output area - where the appropriate format was
attached to the equivalent SCORE value for
output to the terminal.

F. The Data Retrieval Package DWSYST4 FIG:6,11.

To complete the system three additional subroutines
were developed to:i-
1. Retrieve the analytical data stored on any named
compound, Subroutine NAM.
2. Retrieve the analytical data stored for compounds
of the same molecular weight, Subroutine MASS.

3. Retrieve the analytical data stored for compounds
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STRUCTURE OF SUBROUTINE

ANAL

INPUT AREA

TERMINAL

"Unknown"
data in-
put in
correct
format
for use
by
program

Unknown data
read in from
terminal stored
in arrays

SUBROUTINE
IRCONV

Reads IR Data

TERMINAL

Matches
output
in order
of best
match to
terminal

SUBROUTINE
r’/ﬁ o
SCREENING AREA SUBROUTINE
IR
Each compound in
file compared
against unknown
k| SUBROUTINE
uv
\ SUBROUTINE
TLC
SUBROUTINE
5 N
S A MSMISMATCH
AREA
Values computed SUBROUTINE

in previous area
examined

QUTPUT AREA

Format of
matches
produced by
proegram

SUBROUTINE
TYPE

IRMISMATCH

SUBROUTINE
WRITE
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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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TOTAL
STRUCTURE OF DSYST4

SUBROUTINE

READIN ‘

SUERCQUTINE
ANAL
SUB.IRCCNV 3 "PEAK
MATCH"
\

Fortran
Prog.
Description
SUBROUTINE
NAM
,,,«f"”’* "NAME
AR SEARCH"
SUB.
MISM
y [ ECHRZCH SUBROUTINE
\ MASS
I "MOL ]
WEIGHT "
4 SUB. 1) S
| MSMISMATCH SRARGH

SUB.. MS

SUB.

TLC

SuB. IR

SUB. UV

SUBROUTINE
FORM
"MOL
FORMULA"™
SEARCH

SUB. WRITE

S /
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DOCUMENT FILEDATA

Voo ubdbwWNHEO

P L b Lt LR S
453,0
0 0 0 0 0 0 0 0
050" 0.0 10:0.0:0° 0.0 0.0 0.0
283
0.68
ACETORPHINE
1
38 Zh ol 2
287.0
0 0 0 0 0 0 0 0
5.8 8.5 8.8 8.7 14.3 13.2
257
0.75
ALLYLPRODINE BASE
2
28 3% 12
353.0.0
72 3% 73 43 57 60 bl @Y
5.8 8.1 14.2 9.8 13.8 13,1
259
0.75
ALPHACETYLMETHADOL DI HCL
4
23 31k 1 2
353.0
0 0 0 0 0 0 0 0
8.1 5.8 14.2 6.6 9.9 9.7
259
0.75
ALPHACETYLMETHADOL BASE
4
25331 1 2
353.0
72, 28 36, 43, 44 32 91 278
8:1 5.8 14,3 9,8 13.9 9.1
259
0.00
BETACETYLMETHADOL HCL
4



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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MACRO PROGRAM
PERATED BY TYPING:

SYSTEMA
START
CORE REQUIRED
Mz 25000)

TOTAL NO. OF COMPUTEF

WORDS

FILESTCRE:
BINARY VERSION

OF PROGRAM

LOAD COMPILED VERSION

.OF PROGRAM
(LO DWSYST4)

-

SUPRESS MONITORING

INFORMATICN
(RP DP,CL)

t

1. TELETYPE
(OL »LPD)
(OL 3CRO)

2. INPUT

USE MONITOR

(MN ON, DELETE}

DEVICE
(AS *CR1
FILEDATA)

DISPLAY
ON TERMINAL

"TYPING ERROR
PLEASE START

ENTER PROGRAM AT
START WORD 0
(EN 0)

YES

AGATIN"
RELEASE ALL

FILES, RETURN TO
A

DELETE PROGRAM FROM
CORE
(DELETE)

EXIT FROM MACRO
(EX)
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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:-
: 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

Ze 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.

(IT) 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 analytiéal 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 Appendix2@%8)

The most important lines were those of 2, 3 and 4 shown



127

below:- line (2} Input 1. = CRO
line (3} Input B3 = CR1
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
INRPOD S 1 =  CRO OL: *CRO )
y, ko
OUTPUT 6 = LPO oL wppg «yberminal
INBUT 3 = KL 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 Appendix2@0-53),

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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MASTER
START
LN CALL READIN
READIN:
READS ALL
DATA HELD ON
FILEDATA, -
TAPE FILE A
WRITE:
M.D.A. DATA RETRIEVAL
TERMINAL: PACKAGE NOW OPERATING
READ THE FOUR SEARCH OPTIONS
] gggiow VALUE is 1. PEAK MATCH
S =k 2. NAME SEARCH
e 3. MOL. WEIGHT
4. MOL. FORMULA

s
ICPT
WITHIN RANGE
yE

NO

. SUBROUTINE
ANAL.
(" PEAK MATCH
ROUTINE,")

SUBRCUTINE NAM
("NAME SEARCH

[ ROUTINE.") |
SUBROUTINE MASS
"MOLECULAR
{ WEIGHT SEARCH
3 ROUTINE,."
SUBRCUTINE
FORM TERMINAL I
"MOLECULAR DO YOU WANT A < «
FORMULA FURTHER
SEARCH SEARCH?
ROUTINE."
STOP YES NO RETURN
END OF TO
PROGRAM POINT A
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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(ZOO),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 datal(FILE). -

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

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



matches for the file spectra when compared against the
unknown (IRMILSMATCH 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(1l6)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.

130
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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.

Ce 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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SUBROUTINE READIN

FILEDATA: -
HELD ON TAPE.

B LINES = ONE
FULL RECORD

START

L

SET LOOCP
COUNTER
I to 1l

FIRST LINE

(IFORM (I,J), J=1,7)

Is
(1.J) =

IFORM =-1?

132

YES

SECOND LINE:
SMASS (1)
THIRD LINE: MASS SPEC,
(FILEMS (I,J),J=1,8)

FOURTH LINE: INFRA=RED,
(FILEIR(I,J),J=1,6)

FIFTH LINE: ULTRA=VIOLET,
FILEUV(I)
SIXTH LINE:
FILESP(I)

SEVENTH LINE: NAME,
(NAME(I,J) ,J=1,10)

EIGHTH LINE: TYPE,ITYPE(I)

MOL WEIGHT,

THIN LAYER,

Each Line
Read From
FILEDATA

LOCP COUNTER
=L 1

RETURN TO MASTER




1383

The following subroutine was called by the MASTER
in response to the value of IOPT (See FIG:6,15 )
being = 1.

Tis Subroutine ANAL - "Peak Match Routines"

Subroutine ANAL was constructed of 4 major operational
areas:-—

1. Input Area

Responsible for reading from the terminal all the
munknown" data and storing it within the core
memory for use within:-

2. Screening and Processing Area

This area was responsible for comparing all the
munknown" 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.

185 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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SUBROUTINE ANAL

START

SET ARRAYS HOLDING
"UNKNCWN' TO ZERC
1E PEAKMS,
PEAKUV, SPOT

PEAKIR,

\
TERMINAL

I FOR YES,
0 FOR NO,
READ VALUE

YES

HOW MANY
PEAKS (KK)

READ THE PEAKS
ONE PER LINE
(PEAKSMS (J)
J=1, KK)

WRITE:

DO YOU WISH TO CHECK MS DATA?

SET:

HPEAKMS (1) = O

DO YOU WISH TO

WRITE:

CHECK IR DATA?

3

SET

e

PEAKIR (1)

(o}

NO

TERMINAL :
1 FOR YES
O FOR NO,
READ VALUH

YES

READ ACIDI(
MAX

NO

WRITE

DO ¥YOU WISH TO CHECK UV DATA?

TERMINAL

1 FOR YES,
O FOR NO,
READ VALUH

YES

HOW MANY L—
PEAKS(QD)

SET PEAKUV = 0

o

WRITE

DO YOU WISH TO CHECK TLC DATA?

CALL IRCONV
(READS IN PEAKS
CONVERTS IS
NECESSARY)

see 6,19

PERMINAL:
1 FOR YES,
O FOR NO,
READ VALUE

}
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Initially the two arrays which stored the data for

Il

the unknown - (PEAKMS(K),K = 1,KK),KK = 1,8(max)
(PEAKIR(J),J = 1,J3),JJ = 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 reqguired.

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.

(i) Subroutine IRCONV

The function of this routine FIGS:6,18 and Appendixﬁi?23-7i
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 o , and
wavenumber (cm )

secondly to ascertain if the converted or non-converted
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SUBROUTINE IRCONV.

WRITE:

PLEASE INSERT THE PEAKS
CNE PER LINE

TERMINAL:
READ THE
PEAK

i R e o
FOR FIRST
PEAK )

A

TERMINAL:
PEAK
POSITION
ERROR
PLEASE
RE-TYPE

g9 =00 1
“— READ NEXT
DEALK

NO

YES

CONVERT FROM

WAVENUMBERS TO \
WAVELENGTH
WAVELENGTH (M) =
10,000

PEAK (WAVENUMBER)

FORBIDDEN
AREAS?

ALL
JJ PEAKS
READ TINZ

NO

RETURN TO
SUBROUTINE
ANAL
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PEAKIR(J) was:-—
(a) Still 15 microns (667cm™T) 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 6.7<s 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 /\max for UV and Rf, for TLC
were successi§e1y 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) = -l. 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(?44*28§)
illustrate the flow of the screening area and the program
listinge.

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

"fFit" 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 —TILC.

(i) Subroutine MS FIG:6.20 and Appendix 2(433-472)

This routine compared all the mass spectral m/e

values coded for one file monograph FILEMS(I,J),J = 1,8
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: from 6,17 139
SUBROUTINE ANAL |
WRITE
DO YOU WISH TO CHECK TLC DATA? 1
| TERMINAL
1 FOR YES,
i , 0 FOR NO,
READ VALUH

SET SPOT = 0

READ TLC
(SPOT)

LOQP COUNTER

I=21
END OF YES 1s
FILEDATA IFORM (I,1) ><
BLOCK ==17
l CALL MS
COMPARES UNKNOWN MS
DATA AGAINST ONE
CONTINUE TO FILECOMPD CALCULATES
LETTER B D(I), NL, DMS(I),
R NN(I)
see 6,24 !
SCORE (I) = NL
CALL IR
COMPARES UNKNOWN IR
DATA AGAINST ONE FILE
COMPOUKD CALCULATES
DIR(I), NI(I), NLL
SCORE (I) = CCMPARE
NO SCORE (I) + NLL NEXT COMPD
e T o L
YES
D(I) = DMS(I) CALL UV
+ DIR(I) COMPARES UNKNOWN UV
DATA AGAINST ONE FILE@____{:)
COMPOUND. SETS
VALUE OF NLLL
s NO I
¥ SCORE (I} =
YES SCORE (I) + NLLL
D(I) = DMS(I) 1
CALL TLC
CCOMPARES UNKNOWN TLC
DATA AGAINST ONE FILH
COMPOUND SETS VALUE
OF NLLL
SCORE (1) = ~
D(I) = DIR(I) SCORE (I) + NLLL[ g

E!



FIG: 6,20

SUBROUTINE MS

START

IS

PEAKMS(1) = © YES

(NO MS DATA

SET PEAK MATCH
COUNTER NN = 0
SET SUM = 0

COMPARE THE PEAKS,
(PEAKMS (K) ,K = 1,KK)

WITH THE FILE

(FILEMS(I ,J),J = 1,8)
CALCULATE SUM CF. SQUARE OF
DIFFERENCES (SUM)

DOES IT
MATCH FOR

YES

Y

SET NL = B
(FOR SCORE
VALUE)

ALL (KK) PEAKSS

SET NL = 0
(FOR SCORE

M

VALUE)

CALCULATE RANK ORDER
CORRELATION

> DM5(I) = SuM,
NN(I)

RETURN TO
SUBROUTINE
ANAL.
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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: -
5'= delta function

(=1 if £(I)=p i.e. FILEMS(I) = PEAKMS
5f(I)p=E
(=0 if £f(I)#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) = % 5’f(I,J),p(K)
K=1 J=1

The rank order correlation value DMS(I) was then
defermined 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 (1) = 3 BT, 30, p(RI(Ti) P

K=l 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



FIG: 6§,20a

EXPANDED SUBROUTINE MS

NN(T)

(6]

K =

(OUTER LOOP)

=
T

J =
(INNE

LOCP)

END OF

FILE ARRAY

KK?
SAMP

"RANK ORDER" +
NN(I) =NN(I) +1

ARRAY

"FULL MATCH"

Is
NN(I) = KK
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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 rautine was now completed for
one complete file monograph therefore control was returned
to Subroutine ANAL, which progressed to the next
~comparison routine.

(11)  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,JJ.

The matching routine was described by the following
algorithm:-

Algorithm for IR Comparisons

Using the Kronecher delta function (J’)

(1 if £(I)=p i.e. (FILEIR(I) - PEAKIR)sgiO.zp)
(

(or

(

(0 if £(I)#p i.e. (FILEIR(I) - PEAKIR)E;iO.%M)

Jf(I),p

I

We let £(I,J) = file entry FILEIR(I,J)

I

and p(K) peak entry PEAKIR(K)
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SUBRCUTIKE IR

START =

1s

EAKIR(I) = 02 YES

(NO IR DATA)

SET PEAK MATCH
COUNTER

NN = O

SET SUM = 0O

COMPARE THE PEAKS
(PEAKIR(J),J = 1,33)

WITH THE FILE
(FILEIR(I,J),J = 1,8)
CALCULATE SUM OF SQUARE OF
DIFFERENCES (SUM)

DOES IT

IES MATCH FOR

<

SET NLL =8
(FOR SCORE
VALUE)

JJ PEAKS?

SET NLL=0
(FOR SCORE

™

VALUE)

CALCULATE RANK ORDER
» CORRELATICN

DIR(I) = SUM
NI(I)

RETURN TO
SUBRCUTINE
ANAL,
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EXPANDED SﬁEROUTINE IR

|

NI(I) = O
2!

K=1
(OUTER LOCP)

N
¥

il A=l
(INNER LOOP)

"RANK ORDER" +
PILEIR(I,J) = 3 | NI(I) =NI(I) +1

PEAKIR(K)?

15
NI(I) = JJ7
"PULL MATCH"

END OF SAMP ARRA)
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Then the number of matches NI(I) was determined by:-

JJ 6
NI(T) = > > 3 £(I,3),p(K)
K=l J=l

.. The rank order correlation was computed by:-

JJ 6
DI(T) = > > S £(T,3),p(K) (J-K) 2
K=1 J=1

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.

(iii)Subroutine UV FIG6,22 g Appendix 2(560-575)

_ This routine compared the unknown, PEAKUV against
the file value FILEUV(I) as shown below:-
if (FILEUV(I) - PEAKUV)XX I 2nm "match" NLLL = 2
if (FILEUV(I) - PEAKUV)= X 2nm "no match" NLLL = O

The appropriate value of NLLL was transferred back
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SUBROUTINE UV

YES

START

IS PEAKUV = 07?

COMPARE THE VALUES OF PEAKUV AND
FILEUV FOR A MATCH WITHIN THE
REQUIRED WINDOW

SET
NLL = 2

(FOR SCCRE)

SET NO
NLL = 0
{(FOR SCORE)
RETURN TO
SUBRCGUTINE ANAL.
r1c: 6,23
SUBROUTINE TLC
% START
EhS IS SPOT
CCOMPARE THE VALUES OF SPOT (TLC
UMKNOWN) WITH THE FILE VALUE
(FILESP) FOR A MATCH WITHIN
THE WINDOW
3
SET :
NLLLL = 0
(FOR SCORE)

RETURN TO
SUBROUTINE ANAL.

SET
NLLLL = 1
(FOR SCORE

147
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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 (5 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)== I 0.15 "Match" NLLLL = 1

if (FILESP - SPOT) =X 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,1l) = -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.

Sie The Sorting and Interpretation Area

This area of the program, (FIGS:6,24,25. Appendix2(287-319>)
was responsible for:-
G)Sorting the "total match" SCORE values into decreasing
order of size, éo that the compound with highest SCORE
value, i.e. best "total match" was output first to the
terminal.

I+t sorted the rank order correlation values DMS and
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Fic: 6,24

SUBROUTINE ANAL

|z

TERMINATE ALL THE ARRAYS

SCORE (I) = 100
DMS (Z) = 100
DIR (I) = 100
' i NN () = 3100
INI () = 100
SET DMIN = (0]
]

OF NUMB IN
1G—»l}

SET UP AN ARRAY WITH VALUES
NUM (JK) FROM
IN DECREASING CRDER

|

CUTSIDE LOOP
COUNTER

JK =

1

FULL MATOi?

COMP

DATA BEEN

MATCH?

ARED FOR

YES

CALL MSMISMATCH

DATA BEEN COM-
PARED FOR

I

IR

MATCH?2

CALL IRMISMATCH

CONTINUE TO

LETTER C

see 6,25

"MISMATCH BLOCK"

FULL MATCH

e
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FIG: 6,25

SUBROUTINE ANAL

|

OUTSIDE LOOP

COUNTER

JK = 1
L
X

MISMATCH TESTING
"DEMONSTRATED BY MISMATCH
BLOCK"

!

LOOP COUNTER
IJ =1

INNER LOOP

END OF

UM (JK)=

END OF
SCCORE ARRAY
SCCRE (I)

SCORE VALUES

w1

INNER LOOP
T o o}

NO

DOES
SCORE (I) = NUM (JK

| s END OF SEARCH

YES [ ’,,””/;g
ﬁﬁh;aiaiﬁffx VAL.

YES

JK LESS THAN 1

15

E NUM{JK)
=1

OUTER LOOCP
COUNTER
JK = JK + 1

RANK
CRDER CORRECT
RANGE?

RETURN

WITHIN I

LOCP AT
LR

TERMINAL:

ONE OF 15 "MATCH"
POSSIBILITIES
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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(1l) = 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(1l) = 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 (i.e. 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:i-

There had not been any MS data for the unknown.

The program con£inued reducing the value of

SCORE as before.

There had been MS for the unknown. Two

situations could have applied:-

the unknown data had ggglproduced 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
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routine examinéd 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
calied, 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.?4,25 iy

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 search 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 (507-532),
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)

1l

mismatch values one less than KK, (i.e. LK

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

Ii

a secondary test was performed on the related DMS(I) value
computed for (KK -~ L) 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.



ric: 6,26

SUBROUTINE MSMISMATCH

START

i

WRITE:
MSMISMATCH OPERATING

' SET THE MATCH COUNTER
LK = KK = 1
(CUTER LOCP)

h

LOCP COUNTER ID = 1
(MIDDLE LOOP)

1D
"END

LOOP™

3

LOOP COUNTER I =1
(INNER LOOP)

DOES

L5 NN(I) = 1002

«

END OF ARRAY

DOES

+ 1
NEXT VALUE

: i
ID = 1D +1 NN(I) = LK? il !
(MIDDLE LOCH) "MISMATCH
MATCH?
= b 15
CF ID RANK CRDER NO

WITHIN RANGE?
(DMS(I))

LK=LK-1

“FOLLOWING MATCHES
FOR M5 DATA NN(I)
PEAKS OUT OF KK
D VALUE =

(OQUTER LOOP)

I5
LK = 02
(END OF LOCE

l

ANAL .

RETURN TO
SUBROUTINE

DOES
L = KK = 2

T YES

NO

Y

(END OF LOOP)
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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.

(b) 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.(é.ZB)

4. Output Area FIG:6,3 (output formats Appendix2@20-433’)

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.%%tion of analytical data. The total number of
possibilities are shown in FIG: 6,3 .Subroutine TYPE FIG:6,29

(593 625)
and Appendix?kwrote the 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"
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SUBROUTINE IRMISMATCH

START

|

WRITE:

IRMISMATCH OPERATING

3

SET MATCH CCUNTER
LEK = JJ =1
(CQUTER LOOP)

LOOP COUNTER 1D = 1
{(MIDDLE LOGP)

LOCP COUNTER I = 1
(INNER 1.OOP)

YES

END OF
ARRAY

D =3 1
MIDDLE LOOP

Is
EDieE 37
"END OF
LOQOP",

YES

LKK = LKK + 1

DOES
NI(I) = 1007

DOES
NI(I) = LKK?

L= L + 1
NEXT VALUE

NO

"MISMATCH
MATCH"

Is
RANK
ORDER WITHIN

CORRECT RANGE?Z
DIR(I)

YES

(OUTER LOOP)

YES

RETURN TO
SUBRCUTINE
ANAL.

T YES

TERMINAL:
FOLLCWING MATCHES
FOR IR DATA NI(I)
PEAKS OUT OF JJ
D VALUE =

15
LKK = DZ
(END OF LOOP)

DOES
LKK= JJ =27

NO

(END OF LOCOP)

b 4
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SUPROUTINE WRITE

TERMINAL:

START

WRITE:

“DRUG NAME, (NAME(1,J),J=1,8)
MOL: FORMULA (IFORM(I ,J) ,J=1,7)
MASS SPECTRA, (FILEMS(T,J),J=1
INFRA RED, (PILEIR(I,J)J=1,6)
ULTRA-VIOLET
THIN LAYER RF

MAX ,FILEUV(I)
FILESP(I)

8)

CALL TYPE
TRANSFER

FIG: 6,29

SUBROUTINE TYPE

WRITE: :

<« DRUG TYPE =
PETHIDINE

WRITE :
< DRUG TYPE =
METHADONE

VALUE OF 1
(POSITION
CF DATA) .

RETURN TO
CALLING
PROGRAM

+ START

| (SURBROUTINE ANAI

RETURN TC CALLA
ING PROGRAM

WRITE:
DRUG TYPE =
MORPHINE

=

WRITE:
DRUG TYPE =
AMPHETAMINE

WRITE:
DRUG TYPE =
HALLUCINOGEN

OR WRITE)

E

1

e
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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
unnecessarye.

The routine repetitively compared all the names in
the file until the "end of data" mark, IFORM(I,1l) = -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.
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SUBROUTINE NAM

START

WRITE:
i "PLEASE INSERT THE NAME
TG BE COMPARED"

b

[LOOP COUNTER

TERMINAL:
READ THE NAME

{UNAME(J) ,J3=1,1D) -

1.5
IFORM(I,1) = -1
(END OF
DATA)

- YES

COMP

USING COMP DO 4
LIBRARY : .
: CHARACTERS
SUBROUTINE MATCH?
CoMP
DO NEXT 4
CoMP CHARACTER 55
v SUBROUTINE MATCH?

[.OOP COUNTE
I I

+ 1

WRITE:

"THE FOLLCWING INFORMATION
IS AVAILABLE"

E

CALL WRITE:
TRANSFER VALUE

OF I (POSITION OF
DATA) IN COMMON

WRITE:
NUMBER OF COMPOUND (I - 1)

RETURN TO MASTER
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SUBROUTINE MASS

START \ i

WRITE:

PLLEASE INSERT THE
MOL WEIGHT

TERMINAL:

READ THE
UNKNOWN
MASS (UMASS)

YES

SET LOOP

k4

COUNTER I=1

S IFORM(I,1)=-1

LOCP COUNTE

I=1 +

xk

COMPARE
UNKNOWN UMASS
WITH FPILE SMASS

WRITE:
THE FOLLOWING INFORM-—
ATION IS AVAILABLE

P

CALL WRITE:
TRANSFER

VALUE CF I
"[POSITION OF DATHR)

WRITE:
NUMBER OF COMPOUNDS

SEARCHED (I-1)
RETURN TO MASTER
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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) = -l. Subroutine WRITE

was again used to output the matches to the terminal.

G. 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.

Thisprogram consisted of two sections:-

1. Input.

2. Matching and Sieving.

T 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 (array counter) was set
to zero. After each element of the unknown array

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



FIG: ©,34

SUBROUTINE FORM

START

SET COUNTER KK =
WRITE:

(0]

PLEASE INSERT THE FORMULA
YOU WISH TO CHECK

TYPE -1 IF FORMULA COMPLETE

4

TERMINAL:
CARBONS =
READ NFORM(1)

NO

r

TERMINAL:
HYDROCENS =
READ NFORM(2)

KK = KK

NO

1

TERMINAL:

NITROGENS =
READ NFORM(3)

KK = KK + 1

TERMINAL:
OXYGEN =
: READ NFORM(4)

i

TERMINAL:
CHLORINES =
READ NFORM(5)

NO

ol iy

KK = KK +1

see 6,33

YES

163
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to (KK + 1). If 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) = -1 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.

20 Matching and Sieving Section FIGS:6,33

The program repetitively compared the elements of the
munknown" array NFORM(J),J = 1,KK against the file array
TFORM(I,J), J = 1,7. The values held in the Jth position
of each array were compared for equality (initial wvalue
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.

2 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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FIG: 6,33

SUBROUTINE FORM

READ NFORM(6)

from 6,32

YES

165

==-1?

I5 NFORM(&)

KK = KK +.1

{

TERMINAL:
PHOSPHORCOUS

READ NFORM(7)

YES

IS NFORM(7) = =17

= KK + 1

1

KK

LOOP COUNTER I = 1

.

ER

W

LOOP COUNTER J = 1

END

I5 IFORM(I,1) =-1

Do
THE

INDIVIDUAL
ELEMENTS MATCH?

J + 1

SET J

ES

NO

CALL WRITE:
TRANSFER
VALUE OF I

TERMINAL:
THE FOLLOWING
INFORMATION IS
AVATLABLE

RETURN TO MASTER

*l DATA
MARK

¥
WRITE:
NUMBER OF
COMPOUNDS

SEARCHED
LT 5s2)
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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.

H. 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.
2 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'".
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No full matches were obtained therefore the mismatch
routines, MSMISMATCH and IRMISMATCH were utilised.

4. Session 4 FI1G: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.
5e 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 comﬁounds with é 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.

7. Session 7 FIG:6.40 "A complete Molecular Formula

Search".

The two monographs of oxymorphone base were retrieved
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8. 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.
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; *kxkkMISUSE OF DRUGS ACTH %k
DATA RETRIEYAL PACKAGE NOW OPERATING

FOUR SEARCH UOPTIUONS ARE AVAILABLE: =~
(1)YPEAK MATCH P
(2)NAME SEARCH
(3)MULECULAR WEIGHT
(4)MOLECULAR FORMULA

PLEASE IﬁqFRT THE OPTION YOU REQUIRE

NUMBER 1 TO 4 ONLY ‘

- 1 i . . \
r

THE PRUGRAM BRETRIEUVES INFORMATION ON
ANY OF THE FDUR FOLLOWING ANALYTICAL TECHNIQUES
: (1) MASS-SPECTRAL DATA ONE TO EIGHT PEAKS

(2) INFRA-RED DATA ONE TO SIX PEAKS

(3) ULTRA-VIOLET DATA ACIDIC LANMEDA MAX

(4) THIN LAYER DATA CURRY-POWELL RF 4
THE PROCGRAM OPERATES ON A MATCH RASIS AND ’
QUTPUTS THE COMPOUNDS IN m IWER OF BEST MATCH

DO YOU WISH TO CHECK MS DATA?
.PLEASE TYPE 1 FOR YES 0 FOR NO :
- 1 _ :
HUOW MANY PEAKS DO YDU WISH TO COMPARE?
PLEASE TYPE A NUMRER FROM 1 TO 8
- S “ =
PLEASE INSERT THE PEAKS ONE PER LINE
- 58
- 45
« 58

t
—
"\3
wun

PO YOU WISH TO CHECK IR DATA?
PLEASE TYPE | FOR YES 0 FOR NO

—

HOW MANY PEAKS DO YOU WISH TO COMPARE?
PLEASE TYPE NUMBER FROM 1| TO 6

- Z|

PLFQSE INSERT THE PFAKS ONE PER LINE

1 12«3

- 9.2

f

- 9.2-
- 115

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

PLEASE INSERT THE ACIDIC LAMRDA MAX
- 267

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

PLEASE INSERT CURRY-POWELL RF
- 065
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F1c: 6,34b

THE FOLLOWING COMPOUND MATCHES FUR'MS:IR:UU:%LC DATA e ook o ofe sbe oo ke ok ohe e she ohe o ok

COMPDUND NAME :CHLORPHENTERMINE HCL

CHEMICAL FORMULACBASE):C10 H14 N1 00 CL1 SO PO

MOLECULAR VEIGHT(RASE):183.5 : : '
MASS~-SPECTRA EIGHT PEAKS : 58 36 42 28 125 59 168 41
INFRA-RED SIX PEAKS & 12¢3 9¢2 9.9 118 7«8 8.6
ULTRA-VIULET LAMBDA MAX t 267 _ : S
CURRY-POWELL RF :0.65 = : :

D VALUE= 0.00

DRUG TYPE = AMPHETAMINE

THE FOLLODWING 'COMPOUND MATCHES FOR MS,IR,UV,TLC DATA sdddokskokkok kb ok ok ko

COMPOUND NAME :CHLORPHENTERMINE HCL

CHEMI CAL FORMULACPRASE):C10 H14 N1 00 CL1 SO0 Pp

MOLECULAR WEIGHT(RASE):183+5

MASS-SPECTRA EIGHT PEAKS : 58 36 42 28 125 59 168 41
INFRA-RED SIX PEAKS ¢ 123 9¢2 9¢9 118 78 133"
ULTRA=-VIULET LAMRDA MAX : 267 =

CURRY-POWELL RF 2065

D VALUE= 0.00 _
DRUG TYPE = AMPHETAMINE

THE FOLLOWING MATCHES FOR UV AND TLC DATA . Fookok

COMPOUND NAME :ETHYLMETHYLTHIAMBUTENE HCL
CHEMICAL FORMULA(PASE):C25 H33 N1-04 CLO S0 PO
MUOLECULAR WEIGHT(PASE) 411 .0

ULTRA-VIOLET LAMBDA MAX t 268

CURRY-POWELL RF :0.71 3 &

DRUG TYPE = METHADONE

‘THE FOLLOVING MATCHES FOR UV ONLY ok

COMPOUND NAME :MESCALINE SULPHATE

CHEMICAL FORMULA(PASE):Ci1 H17 N1 U3 CLO S0 P
MOLECULAR WEIGHT(BASE):RP110 g
ULTRA-VIOLET LAMEDA MAX : 268

DRUG TYPE = AMPHETAMINE

[ 4



F16: 6,3 4c

THE FOLLNDWING MATCHES FUOR UV UNLY

COMPOUND NAME :MESCALINE PASE
LCHFMICAL FORMULACRASE):C11 H17 N1
MOLECULAR LEICHTC(RASE)$211.0 o
ULTRA-VIOLET LAMEDA MAY. ¢ 268
DRUG TYPE = AMPHETAMINE

I
THE FOLLOYING MATCHES FOR UV ONLY

. COMPUUND NAME :PSILOCIN

CHEMICAL FOEMULACRASE):C12 H16 N2
MOLECULAR WEIGHT(RASE):204.0
ULTRA-VIOLET LANMRBDA MAX : 266

- DRUG TYPE = HALLUCINUGEN

A

03

01

THFE FOLLOWING MATCHES FOR UV ONLY °

COMPOUND NaME $PSILUCIN

CHEMICAL FORMULACBASE):(Cl2 H16 N2

MOLECULAR WEIGHT(RASE) 20440
ULTRA-VIOLET LAMEDA MAX t 266
DRUG TYPE = HALLUCINOGEN .

THE FOLLOWING MATCHES FOR UV ONLY

COMPOUND NAME :PSILOCYBIN
CHEMICAL FORMULACBASE):C12 H17 N2
MOLECULAR WEIGHT(BASE) 28440
ULTRA-VIOLET LANMPDA MAX ¢ 268
DRUG TYPE = HALLUCINUOGEN

THE FOLLOWING MATCHES FOR UV UNLY

COMPUUND NAME :METHAQUALONE HCL
CHEMICAL FUORMULACBASE):C16 H14 N2
MOLECULAR WEIGHT(BASE):250.0
ULTRA-VIOLET LAMEDA MAX : 269

THE FOLLOWING MATCHES FOR UV ONLY
COMPUUND NAME :METHAQUALDNE BASE
CHEMICAL FORMULA(RBASE):C16 H14 N2

MOLECULAR WEIGHT(BASE):2500
ULTRA-VIOLET LANMEDA MAX :'969

190 COMPOUNDS SEARCHED.

04

01

01

CLN

CLﬂ

CLO

CL1

CLO

CLD

DO} YOU WISH T CHECK ANOTHER COMPOUND

INSERT | FOR YES 0 FOR NO
N

S0

S0

PN

PO

B

Pl

Pl

PN

e/l

* ok

|k

&k

*k

*%

* K



FIc: 6,35

DO YOU WISH TO CHECKX MS DATA?
PLEASE TYPE 1 FOR YES 0 FOR NO
- 1
TOW MANY PEAKS DO YOU WISH TO COMPARE?
PLEASE TYPE A NUMBER FROM 1 T0 8
- 10 : s 4
A0V MANY PEAXS DO YOU WISH TO COMPARE?
PLEASE TYPE A NUMBER FROM 1 TO' 8 -
- /) i
PLEASE INSERT THE PEAKS ONE PER LINE
44 e ;

/

|

2
01
0 .
PO YOU %WISH TO CHECK IR DATA?
PLEASE TYPE 1 FOR YES 0 FOR NO
.- 1 .
HOV MANY PFAXS DO YOU WISH TO COMPARE?
PLEASE TYPE NUMBFR FROM 1 TO 6

“ =1

e

|

%)

£y

-

PLEASE TYPE NUMBER FROM 1 TO 6
- /)
PLEASE INSERT THE PEAKS ONE PER LINE
- Q.1
e N9
PEAK POSITION ERROR PLEASE RETYPE
e 6-3__ ]
- -(3,8
PEAK POSITION ERROR PLEASE RETYPF
- 1700 '
- 7:.9
DO YOU WISH TO CHECK UV DATA?
PLEASE TYPE | FOR YES 0 FOR NO
- 1 \
PLEASE INSERT THE ACIDIC LAMBLA MAX
~ 500
PLEASE INSERT THE ACIDIC LAMBDA MAX
- 251
DO YOU WISH TO CHECK TLC DATA?
PLEASE TYPE 1 FOR YES 0 FOR NO
- 1 ? ’
PLEASE INSERT CURRY-POWELL RF
= 240
PLEASE INSERT CURRY-POWELL RF

~ 0.1

HOW MANY PEAKS DO YOU WISH TO COMFARE?

172



riG: 6,36a

wxskk*MI SUSE - OF DRUGS ACTH¥*x%
DATA RETRIEVAL PACKAGE NOW OFERATING

" FOUR SEARCH OPTIONS ARE AVAILABLE:-
(1)YPEAK MATCH
(2)NAME SEARCH
¢3IMOLECULAR WEIGHT
¢4YMOLECULAR FORMULA

PLEASE INSERT THE OPTION YOU REQUIRE
NUMBER 1 TO 4 ONLY
I | " *

e e

THE PROGRAM RETRIEVES INFORMATION ON

ANY OF THE FDUR FOLLOWING ANALYTICAL TECHNIQUES
(1) MASS-SPECTRAL DATA ONE TO EIGHT PEAKS
(2) INFRA-RED DATA ONE TO SIX FEAKS

, (3) ULTRA=-VIOLET DATA ACIDIC LAMBDA MAX

(4> THIN LAYER DATA CURRY-POWELL RF

THE PROGRAM UPERATES ON A MATCH BASIS AND

DUTPUTS THE COMPOUNDS' IN ORDER OF BEST MATCH

PO YOU WISH TO CHECK MS DATA?
PLEASE TYPE | FOR YES 0 FOR NO
- 1 .

HOW MANY PEAKS DO YOU WISH TO COMPARE?
PLEASE TYPE A NUMBER FROM 1 TO 8

—
"GIU’!

ASE INSERT THE PEAKS ONE PER LINE

B

i
no

|

bt
o
o}

ot A R R i M
152}
xR D

b
o
wn

PO YOU WISH TO CHECK IR DATA?
PLFASE TYPE 1 FOR YES 0 FOR NO

- 1

HOW MANY PEAKS DO YOU WISH TO COMPARE?
PLEASE TYPE NUMBER FROM 1 TOD 6

- 4 2 ¢
“PLEASE INSERT THE PEAKS ONE PER LINE
wid A8 .

- 9.2

10.0

11.5 :
PO 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

Y

t

;]

173



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 5 D VALUE= 0.00

THE FOLLOWING MATCHES FOR MS DATA

58 36 42 28 125 59 168 41 CHLORPHENTERMINE HCL
4 PEAKS QUT OF 5 D VALUE= 000
I RMISMATCH OPERATING

THE FOLLOWING MATCHES FOR IR DATA

123 9.2 9.9 11.8 7.8 8.6 CHLORPHENTERMINE HCL
3 PEAKS OUT OF 4 D VALUE= 000 .

THE FOLLOWING MATCHES FOR IR DATA

12¢3 9¢2 9¢9 1148 78 13«3 CHLORPHENTERMINE HCL
3 .PEAKS DUT OF 4 D VALUE= 0«00

190 COMPOUNDS SEARCHED
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Do Yl.]]j VISH TO CHECK ANOTHER COMPOUND
INSERT 1 FOR YES 0 FOR NO

DU

DD YOU WIsH TO C‘{FC‘{ MS DATA?

FLFASF TYPE | FOR YES 0 FOR NO

-~ .0 >

DO YOU WISH TO CHECK IR DATA?

' F’LF‘QSE TYPE 1 FDR YES 0 FODR NO

oy

HOW MANY PEAKS DO YUU WISH TO COMPARE?
PLEASE TYPE NUMBER FROM 1 TO 6

- Jg >

PLFQS}: INSERT THE PT‘M(S ONE PER LINE

= BeH

He
9.1 s

127 ' '

DU YUU WISH TD CHECK UV DATA?
PLEASE TYPE 1 FOR YES 0 FOR NO
w0

DD YQOu ‘Ica"f TO CHECK TLC DATA?
PLEASE TYPE 1 FOR YES 0, FDD NO
e B

W

l

-

 E T |

"J

- 17



FIG: 6,371

176

IBRMISMATCH OPERATING

THE FOLLOWING MATCHES FOR IR DATA
5.8 Be3 Be¢9 606 8Bel 1444 ANILERIDINE DI HCL
3 PEAKS 0OUT OF 4 D VALUE= 0.00

THE FOLLOWING MhTFHEo FOR IR DATA
Gef 9ef 8e5 1464 83 105 BENZETHIDINE thF
3 PEAKS OUT OF 4 D VALUE= 067

THE FOLLOWING MATCHES FOR IR DATA
B8 8.3 91 142 132) 949 DIOXAPHETYL RBRUTYRATE
3 PEAKS OUT OF 4 D VALUE= 000

THE FOLLOWING MATCHES FOR IR DATA
5.8 104 8¢5 849 8.2 6+6 DIPHENOXYLATE BASE
3 PEAKS OUT OF 4 D VALUE= 0.67

THE FOLLOVWING MATCHES FOR IP DATA
5.8 B.2 8¢9 Be5 9¢4 14.3 ETOXERIDINE HCL
. 3 PEAKS OUT OF 4 D VALUE= D00

THE FOLLOWING MATCHES FOR IR DATA i
S« B9 Bs5 8«3 Fed G ETOXERIDINE PASF
3 PEAKS 0UT OF 4 D VALUE= 0067 j

THE FDLLDLINC ‘MATCHES FOR IR DATA
5.8 8.9 8.5 8.3 9.3 14.4 FURETHIDINE BASE
3 PEAKS DUT OF 4 D VALUE= 0+67

THE FOLLOWING MATCHES FOR IR DATA
Se8 B¢l 8B+¢2 9e¢1 8¢5 138 MORPHERIDINE HCL
3 PEAKS 0OUT OF 4 D VALUE= 0.67

THE FOLLOWING MATCHES FOR IR DATA
58 9¢0 8¢5 8e3 TeT7 14424 MORPHERIDINE BASE
3 PEAKS OUT OF 4 D VALUE= 067

THE FOLLOVING MATCHES FOR IR DATA
5.8 9.0 8¢3 78 9.2 ‘8.8 PROPERIDINE BASE
3 PEAKS OUT OF 4 D VALUE= 0.67 k

IQD_CDMPUUNDS SEARCHED

DO YOu LISq TO CHECK ANOTHER COMPOUND
INSERT 1 FOR YES 0 FOR NO
- 0 = - |



F1G: 6,38a

FOR A FURTHER SEARCH TYPE 1,0 TO FINISH
- 1 .
FOUR SEF&RCI'I OPTIONS ARE AVAILARLE: -

C(1)YPEAK MATCH -
(2)NAME SENARCH o
(3IMULECULAR WEIGHT

(4 MOLECULAR FORMULA

PLEASE INSERT THE OPTION YOU REQUIRE
NUMBER 1 TD 4 ONLY

.- 2 f ¥
PLEASE INSERT THE NAME YOU WISH TO CHECK
« MUORPHINE

40y



FIG: 6 .38]_-,

THE FOLLDWING INFORMATION IS 0N FILE

/

COMPOUND NAME:MORPHINE SULPHATE™

CHEMICAL FORMULACBASEY$C17 H19 N1 03 CLD S0 PO
MOLECULAR WEIGHT(BASE) 28540

MASS SPECTRAL EIGHT PEAKS: 285 28 32 42 44 162 215
INFRA RED SIX PEAKS: 9e0 93 127 746 845 106
ULTRA-VIBLET LAMBDA MAX: 284

THIN LAYER CUBRY POWELL RF:0.14

DRUG TYPE = NORPHINE

COMPDUND NAME:MORPHINE RASE

CHEMICAL FORMULACEASE):C17 H19 N1 03 CLO S0 PO
MOLECULAR UEIGHT(BASE):1285.0

MASS SPECTRAL EIGHT PEAKS: 0 0 0 f 0 0 0
INFRA RED SIX PEAKS: 8«0 8¢9 124 106 120 9.2

. ULTRA-VIOLET LAMEDA MAX: 284

THIN LAYER CURRY POVWELL RF:0.14
DRUG TYPE = MORPHINE

COMPOUND NAME:MORPHINE HCL .
CHEMICAL FORMULACRBASE):C17 H19 N1 03 CLO S0 PO
MOLECULAR WEIGHT(RASE):285.0

MASS SPECTRAL EIGHT PEAKS: 0 0 0

INFRA RED SIX PEAKS: 12¢7 T¢6 9.3 9¢0 8.9 106
ULTRA-VIOLET LAMBDA MAX: 284

THIN LAYER CURRY POWELL RBF:0.14 :

DRUG TYPE = MORPHINE

A s

COMPOUND NAME:MORPHINE METHOBROMIDE

CHEMICAL FORMULA(CBASE):C17 H19 N1 O3 CLO S0 PO
MOLECULAR WEIGHT(RASE):285.0
MASS SPECTRAL EIGHT PEAKS:
INFRA RED SI1X PEAKS: 9.1 7
ULTRA-VIOLET LAMBDA MAX: 0
THIN LAYER CURRY POWELL RF:0
DRUG TYPE = (MORPHINE

el gl T L Ve e A g
<698 739 965 18

«00

COMPOUND NAME:MORPHINE-N-0OXIDE

CHEMICAL FORMULACRASE):C17 H19 N1l 03 CLO SO0 PO
MOLECULAR WEIGHT(BASE):285.0

MASS SPECTRAL EIGHT PRAKS: 58 28 285 72 42 32 71
INFRA RBED SIX PEAKS: 8.1 642 12¢6 105 8.9 9.2
ULTRA-VIULET LAMBDA MAX: 284

THIN LAYER CURRY POWELL RF:0+14

DRUG TYPE = MIORPHINE

190 COMPOUNDS SEARCHED

FOR A FURTHER SEARCH -TYPE 1,0 TO FINISH
=

et

4]

59



FIG: 6,39 179

F QUR SEARCH OPTIONS ARE AVAILABLE:-
( 1) PEAK MATCH )
(eawanr SEARCH , .
¢ 3)MOLECULAR WEIGHT » ' )
( 4)MOLECULAR FORMULA

PLEASE INSERT THE OPTION YOU REQUIRE
NUMBER 1 TO 4 ONLY
"
PLEASE INSERT THE MOL WEIGHT
- 301

THE FOLLOWING INFORMATION 1S ON FILE

PR LRt

C OMPDUND NAME:OXYMORPHONE BASE

CHEMICAL FORMULACBASE)>:C17 H19 N1 04 CLO SO PO

M OLECULAR VEIGHT(BASE):301.0

MASS SPECTRAL EIGHT PEAKS: 44 42 301 .70 216 57 58 28
INFRA RED SIX PEAKS: 58 B8e1 Be2 848 106 105
ULTRA-VIOLET LAMBDA MAX: 281 : !

THIN LAYER CURRY POUWELL RF:0.09

DRUG TYPE = MOBFHINE '

C OMPOUND NAME: OXYMORPHONE BASE : %
CHEMICAL FORMULACBASE):C17 H19 N1 04 CLO SO PO g

~ MOLECULAR WEIGHT(BASE):301.0 ]

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57 58 28
I NFRA RED SIX PEAKS: Qel 6¢3 5¢8 79 8+8 8ol
ULTRA-VIOLET LAMBDA MAX: 281

THIN LAYER CURRY POVELL RF:0.09

DRUG TYPE = MORPHINE

C OMPOUND NAME:DIHYDROCODEINE TARTRATE

CHEMICAL FORMULACBASE):C18 H23 N1 03 CLO SO0 PO

MOLECULAR WEIGHT(BASE):301+0

MASS SPECTRAL EIGHT PEAKS: 301 28 42 302 163 245 70 59
I NFRA RED SIX PEAKS: 8e0 7¢0 94 Be8 8Be3 1447
ULTRA-VIOLET LAMBDA MAX: 282 ' 3

THIN LAYER CURRY POWELL RF:0.20 :
DRUG TYPE = MORPHINE

 COMPOUND NAME:DIHYDROCODEINE BASE

CHEMICAL FORMULACRBASE):C18 H23 N1 03 CLO SO0 PO

M OLECULAR WEIGHT(BASE):301.0

MASS SPECTRAL EIGHT PEAKS: 0 ¢ -9 0. & 8 8/ 10
I NFRA RED SIX PEAKS: 646 7¢9 9¢7 840 8+7 9+5
ULTRA~VIOLET LAMBDA MAX: 282 :

THIN LAYER CURRY POWELL RF:0.20

'DRUG TYPE = MORPHINE

190 COMPOUNDS SEARCHED



ric: 6,40

F OUR SEARCH OPTIONS ARE AVAILABLE:-~
(1)PEAK MATCH
~ (2)NAME SEARCH
(3)MOLECULAR WEIGHT
(4)MOLECULAR FORMULA

PLEASE INSERT THE OPTION YOU REQUIRE SR .
NUMBER 1| TO 4 ONLY

- 4 .
FITASE INSERT THE FORMULA YOU WISH TO CHECK.

C ARBONS=

O : .
H YDROGEN= TYPE -1 IF FORMULA COMPLETE

e 19

N I TROGEN= TYPE -1 1F FORMULA COMPLETE

- 1 =

"0 XYGEN= TYPE -1 IF FORMULA COMPLETE

i ™ | :
CHLORINE= TYPE -1 IF FORMULA COMPLETE

e =1

THE FOLLOWING INFORMATION IS ON FILE

C OMPOUND NAME:OXYMORPHONE BASE

CHEMICAL FORMULACRBASE):C17 H19 N1 04 CLO SO0 PO
M OLECULAR WEIGHT(BASE):301.0

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57
-I NFRA RED SIX PEAKS: 5¢8 8¢1 Be2 8.8 106 105
ULTRA-VIOLET LAMBDA MAX: 281

THIN LAYER,CURRY POVELL RF:0.09

DRUG TYPE = MORPHINE

/

C OMPOUND NAME:OXYMORPHONE BASE
CHEMICAL FORMULA(BASE):C17 H19 N1 04 CLO SO0 PO
M OLECULAR WEIGHT(BASE):301.0

MASS SPECTRAL EIGHT PEAKS: 44 42 301 70 216 57

INFRA RED SIX PEAKS: 9¢1 603 5¢8 79 8.8 8.1
ULTRA-VIOLET LAMEDA MAX: 281

THIN LAYER CURRY POWELL RF:0.09 X
‘DRUG TYPE = MORPHINE

190 COMPOUNDS SEARCHED

FOR A FURTHER SEARCH TYPE 1,0 TO FINISH
- 1 :

———

58

58

28

.28

180



FIG:6‘4-|a

_F OUR SEARCH OPTIONS ARE AVAILABLE:-
(1)YPFEAK MATCH
(2)NAME SEARCH
(3)MOLECULAR WEIGHT

(4)MOLECULAR FORMULA

PLEASE INSERT THE OPTION YOU REQUIRE'

NUMBER 1 TO 4 ONLY
- /)

PLEASE INSERT THE FORMULA YDU WISH TO CHECK»

C ARBONS=

o-[] -

H YDROGEN= TYPE -1
« [ J
N ITROGEN= TYPE -1
e

O XYGEN= . TYPE -1
- 0

CHLORINE= TYPE =1
- 1

S ULPHUR= TYPE =1

1
RE
S

IF FORMULA
IF FORMULA
IF FORMULA
IF FORMULA

IF FORMULA

COMPLETE

COMPLETE

COMPLETE

COMPLETE

COMPLETE
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r1c: 6.41b

THE FOLLOWING INFORMATION'1S ON FILE

C OMPOUND NAME:CLONITAZENE BASE :
CHEMICAL FORMULA(BASE):C20 H23 N4 02 CL1 SO0 PO
MOLECULAR WEIGHT(BASE) :386+5 ;
MASS SPECTRAL EIGHT PEAKS: 0 0 0 0 0 0 0
I NFRA RED SIX PEAKS: Te6 646 13¢6 12:5 942 1240
ULTRA-VIOLET LAMBDA MAX: 283 g :
THIN LAYER CURRY POWELL RF:0.68

C OMPOUND NAME:CLONITAZENE HCL _ _
CHEMICAL FDRMULACRASE):C20 H23 N4 02 CL1 SO0 PO =

M OLECULAR WEIGHT(BASE):386+5 _

MASS SPECTRAL EIGHT PEAKS: 0 0 0 0 0 0 0
I NFRA RED SIX PEAKS: 8Bel 666 95 97 136 128
ULTRA-VIOLET LAMBDA MAX: 283
THIN LAYER CURRY POWELL RF:0.68

C OMPDUND NAME:CHLORPHENTERMINE HCL

CHEMICAL FORMULA(BASE):C10 H14 N1° 00 CL1 S0 PO

M OLECULAR WEIGHT(BASE):183+5

MASS SPECTRAL EIGHT PEAKS: S8 36 42 28 125 59 168
INFRA RED SIX PEAKS: 12¢3 942 99 11.8 7.8 846
ULTRA-VIOLET LAMBDA MAX: 267 :

THIN LAYER CURRY POWELL RF:0.65

DRUG TYPE = AMPHETAMINE

C OMPOUND NAME:CHLORPHENTERMINE HCL

CHEMICAL FORMULACBASE):C10 H14 N1 00 CL1 S0 PO

M OLFECULAR WEIGHT(BASE):18345

MASS SPECTRAL EIGHT PEAKS: 58 36 42 28 125 59 168
I NFRA RED SIX PEAXS: 12¢3 9+2 9:9 118 748 133

. ULTRA-VIDLET LAMBDA MAX: 267 .

THIN LAYER CURRY POWELL RF:0.65

DRUG' TYPE = AMPHETAMINE

b

190 COMPOUNDS SEARCHED

FOR A FURTHER SEARCH TYPF 1,0 TO FINISH
s

41

41
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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 route4 7’48. The
preparation of (I) involved a 4 stage synthesis from
commercially available methylﬂ(—methylacrylate. For the
synthesis of II ethyl {-ethylacrylate was not readily
available and, therefore, required an 8 stage preparation

from ethyl diethylmalonate.

Ssynthetic Scheme for Alpha and Betaprodine (I)

bgB—l,3-dimethyl—4—phenylm4—propionyloxpiperidine)

Methyl-2-methyl-3-methylaminopropionate (1)

Methylti—methylacrylate (85g) was gradually added to
2 solution of methylamine (20g) in 95% ethanol (180 cm>).
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.

DimethylC(—methyl—ﬁLBl(methylimino)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 cyclised48 by dropwise
addition with stirring to a suspension of sodium (2g)
‘uhder refluxing dry toluene (40 cm3). 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 cm3) added, the toluené layer removed
and the aqueous layer acidified with concentrated
hydrochloric acid (17 cms). 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 1l. 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 way49
. with phenyl lithium prepared from bromobenzene (15.7g)
and lithium (1.5g) in excess dry ether. Subsequent work
up and crystailisation from hexane gave 2g of the two o
muiB diasterioisomeric alcohols m.p. 75.82°,

1, 3-Dimethyl-4-phenyl-4-propionoxypiperidine (5)

The alcohol (4) (2g) was dissolved in excess
propionic anhydride (10 cm3) 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 wés 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 X and P

.



isomers were separated by fractional crystallisation.
The A isomer (1l.2g m.p. 220-222°) was less soluble and
crystallised immediately from methanol acetone and theﬁ
isomer (0.5g) m.p. 199-200° crystallised after two days
in the refrigerator.

Synthetic Scheme for Alpha and Betameprodine (IT)

(3-Ethyl-l-methyl-4-phenyl-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 temperature5q 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

186

removed in vacuo to give the mono acid as a colourless oil.

Ethyld-ethylacrylate (7)

51
This compound was prepared by a standard Mannich

"base reaction . The acid (27g) was added dropwise to
diethylamine (12g) and 30% formaldehyde (17g) with
cooling. Two products the acrylate (7) boiling at 137°
(60%) and an additional condensation product CHz(NC2H5)2
boiling at 167° were obtained and separated by fractional
distillation.

Successive treatments of the acrylate (7) in the
manner described for the preparétion of Alpha and

Betaprodines (I) 1-5 gave the following:-
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Ethyl 2-ethyl-3-methylaminopropionate (8)

Prepared as in I(1l), distilled at 97°/29mm Hg.

Diethyl9L-ethyl—ﬁ,Bl—(methylimino)dipropionate (9)

Prepared as in I(2), distilled at 126°/2mm Hg.

3-Ethyl-1l-methyl-4-piperidone (10)

Prepared as in I(3), distilled at 103°/33mm Hg.

1-Methyl-3-ethyl-4-pheny-4-hydroxypiperidine (11)

Prepared as in I(4), colourless crystals m.p.
96-97° from hexane.

1-Methyl=3-ethyl-4-phenyl-4-propionoxy-—
piperidine hydrochloride (12)

‘Prepared as in I(5),p -isomer m.p. 229-230° (1g), ﬁ
isomer m.p. 201-203° (0.2g)

Acetyldihydrocodeine (III)

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
IIT (4g) m.p. 120-122° from ethanol.

Nicocodine IV

(6=Nicotinoylcodeine)

Anhydrous codeine base (6g) was shaken in small
amountsszinto molten nicotinic anhydride (1l.4g) at 1aa80
This mixture was stirred for 1 hour at 125-135°. The
solid mass on cooling was triturated with water (100 cm3)

and sodium bicarbonate to decompose the excess nicotinic



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) m.p. 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), m.p.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 hours53at 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 up54

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-Diphenyl-6-piperidino-3-hexanone)

To a solution of diphenylacetonitrile (20g) in dry
benzene (100 em®) was added sodamide (5g) followed by
2-(1l-piperidyl)ethyl chloride with 3-4 hours stirring at
50°%% This gave 2,2-diphenyl—d-(N-piperidyl)-butyro-

nitrile (23g) from benzene.

188
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Grignard reaction with ethylmagnesium bromide and
subsequent hydrolysisSAQave 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-diphenyl-3-heptanol)

A solution of methadone (9g) in dry ether (50 cm35
was added dropwise over 10 minutes to a suspension of
1ithium aluminium hydride (1.3g) in dry ether5§ The
reaction was stirred for 15 minutes. On completion of
the reaction water (5 cm3) was cautiously added to the
suspension, followed by concentrated hydrochloric acid
(20 cms). 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)

©l-3-Acetoxy—-6-dimethylamino-4,4-diphenylheptane)

The alcohol hydrochloride (VIII) (0.8g) was heated
with acetic anhydride (10 cm3) 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 m.p.‘
208-209° from ether/ethanol.

Betamethadol (X)

(F—GmDimethylamino-4,4-diphenyl—3—heptanol)

Sodium (3.6g) was dissolved in absolute propan0156



(70 cm3). To this solution methadone (3.6g) 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.p. 210-
_212O from acetone.

Betacetylmethadol (XI)

(P—3—Acetoxy~6—dimethylamino—4,4~dipheny1heptane)
Betamethadol hydrochloride (100mg) was heated with

acetic anhydride (10 cm’) as for the preparation of (IX)

to yield the hydrochloride salt (XI) (50mg) m.p. 215-217°

from acetone.

Diampromide (XTII)

(N- 2-(Methylphenethylamino)propyl propionanilide)

An equimolar solution of methylphenethylamine and
2—bromopropionanilide57 (prepared from 2-bromopropionyl
bromide and anilinesg 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.
P

Reduction of this compound with lithium aluminium hydride

in dry tetrahydrofuran afforded an 80% yield of
Nz—methyl—szphenethyl—N1-phenyl—1,2—propanediamine

b.p. 138-140°/0.2mm Hg. This compound was acylated with
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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 (XIIT)

(N-(1-Methyl-2-piperidinoethyl)propionanilide)

An equimolar benzene solution of aniline and
1—(Z—brompropionyl)mpiperidine57(prepared from 2-bromo-
propionyl bromide and piperidine59) was heated under reflux
for 4 hours to give 80% of 1l-(2-anilinopropyl)piperidine
MePe 90-91° from 40-60° petrol. This compound on
reduction with lithium aluminium hydride in dry tetra-
hydrofuran afforded 75% of 1l-(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)

(Ethyl-4-morpholino-2,2-diphenylbutyrate)

Diphenylacetonitrile (19.3g) was condensed with
N-(2-chloroethyl)-morpholine (15g) in the presence of
sodamide (4g) exactly as for the preparation of (vI)
which gave 2,2-diphenyl-4-(N-morpholino)butyro nitrile
(23g) recrystallised from 60-80° petrol.

This nitrile was hydrolysed and esterified in a
combined reaction®®., The nitrile (10g) was dissolved in
a mixture of absolute ethanol (25 cmB), conc. sulphuric'
acid (8 cm3), water (0.1 cm°) and ammonium chloride (1.8g9).
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



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.Pe 167-168° from acetone.

Prolintane (XV)

(1- A-Propylphenethyl)pyrrolidine)

A solution of benzylpropyl ketone (12g) and
pyrrolidine (5.5g) in methanol (50 cmg) was shaken with
hydrogen and platinic oxide catalyst (0.5g) at room
61

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 hydroéhloric 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.

192
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265-266° from ethanol.
(The methyl iodide salt was prepared in exactly the

same way M.pe. 286-288°.)
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PROGRAM(FAXXX)

INPUTI=CRO

INPUTS=CR1

oUTPUTA= PO

COMPRESS INTEGER AND LOGICAL
cOMpACT

TRACEU

END

T TGMALL COPE RESINENT MASTER RESPONSIHLE FOR
PRIKTING THE SEARCH oPTIONS AVAJILABLE AND CALLING
SURKQUTIHNE
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(1€ REQUIRED

MASTER
INTEGER MAME,FTLEMS , g TLFUV
COMNON TEORMC2DI0,7) (8MASS(200) ,FILENSI{200,8)FILEIRC20046),

TETLEUVC200) , FILesP(2n0), n200) ,NAMEC200,10),ITYRPECZNO),

ENNC200) ,k1¢200),pa53¢200),D1IRC200)
READIN RrADS ALL THF DATA HELD ON
IT IN oMoy
CALL READTH
WRITECD ,10)

10_FUQHA¥(1H0f1dX-29H***ﬁ*WlSURE OF DRUGS ACTHhwx*w,/,

185X, 36HDATA RETRETVAL PACKAGE NOW OP&RATINGr/)

11T WRITE(H,18)

15 FOQMATCIHD, 35HEOUR SEARCH
140,130 C1)PEAK HATCH, /s
2104, 14N (2IYNAME SFARCH,/,
3904, 120 ¢C3YMOLECULAR WETGHT ./,

L10K, 20K LYMOLECHLAR EDRMULA)

12 WRITE(6,;15)

19 FORMATC// 91X, S64PLEASE INSERT THE O¢°TIOpN
11X, 18HNUMBER 1T T 4 oNLY)

READCY ,20)InRT
20 FORMATCIN)
THE FOUR SEARCH nNPTInNS ARE
ANAL=PEAY MaTCHIMG £0aR MS,(R,UV,TLC DATA
KNAM=NAMF SEARCHCFIRST £16dT CHARACTERD)
MASSsMUOLFCJLAR YPRIGHT SEAKCH
FOM=MOLECU L AR FORKMUI A SFARCH OR
FOQMULA REAQCH
YELLOPT £ 1)
PELYOPT (EQ.2) CAL
TFCIOPT,EQ,3) CAaLL YASS
IFCIOPT , EQ,4) CALL FORM
TFCLIOPT LT 12.0R.CinPT,6T.4)) 60 YO 12
WRITEC(H,3D)
30 FORMATCARD, 4924FOR A FURTHER SEARCH
REAP(T,40) I DET
&0 FOamMAT(T16)
TRCIRET _EQR.1) GO
CONTINUF
STOp
END

YD1

PARTIAL

ANAL

CALE
L aaAM

FYPE 14

p s S

MOpLECULAR

FILEDATA AND STORES

DPTIONS ARE AVAILABLE:z=¢/

REQUIRE ¢/

HELD IN FOUR SUsROQUTYILINES

TO FINIS3H)
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4 C READIN PEADS ALL THE DATA HELD ON FLILEDATA AND STORES [T
5 Is COMMON

& SURKROUTINE pEADTN

7 INTEGER FILPAS,fILEUV,NAME

8 COMHMON 1TFORMC20D,7T) ,sMASS (20 1O)  FILEMS 200, 8Y FILEIRCZ2004+8),
9 1F1tpuvnzn0),+11;rP(Jnﬂ!.n(zrna,mawtnzou 10), ITYPECZOD)
0 ZNNC200) ,nTCz00),pMs20V) ,DIRC2DU)

1 po 1000 1=1,200 -

/ REANCSr8YCTIFORMCT ¢d )y, d=1,7)

G MEGATIVE VALDE FOR Eudp 0OF FILE MARK

4 TFCIFDORMETI LAY L EQ.=1) GO TO 150

5 READ( S, 63511455 (1)

é READCS s An) (el LEMSCI , y)ed=1,8)

7 READC3,20) (erLér(T,u)ed=T00)

& READCS,%0)FT1LEUyel)

9 READ(3,40)FILESD (L)

) ﬂEﬁ,D(ﬂiSﬁ)f:'l'\:‘”;(?r”atlz“r"'})

1 READCS /601 TYPE(L) :

2 1000 CONTINUF

% S FORMAT(Z13%)

4 6 FORMATC(FES 1)

& 10 FOQMAT(nT4)

' f 20 FORMATC(AKES,.1)

it 30 FORMATCTAL)

5 48 FORMATCEL 2D

) S0 FORMATCI0AL)

0 60 FORMAT(I?)

4 150 CONTINUE

i RETUAN

e o ENDY S
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16

29
14

1000
15V

a7

1986

NAM NAdE SEARCH OPTIoN 2 TN MASTER

SUBRRIJSTINE AM it
INTEGER UNAMEsNAMESFTLEMS FILEUV 1
COMMON TEORMC2NN, 7)), SUASSC200) ,FILEMNSC200+,8)YFILEIRC(20D,8),
TFILEUVER200) , FILESPC(200),n(200) NAMECZVD,10) ,ITYPEC2YD),
ZNN(200) ,81(200) ,pMS(200),DIK(200) ey
DIMENSINN UNAME(1U)

WRITE(B,15)

FORMATCAIHO L THRPLEASE INSFRT THE nAdE YOI WIgH T CHECK )
READC(T YD) UNAME 2

FORNAT(10A4)

JN=(

PO 1000 y=1,200

LIBARY SUKROUTL4dF ComP USED TO COMPARE THE FIRST EIGHT
CHARACTERS EFOR FOUALTITY TF THF NAME MATCHES

SUSBROUTTME WRITE IS pALLED TO PRINT THE MATCH ON THE TERMINAL
JESTEORMCI ;1) . EQ. =12 60 TO 450 '
11=42

CALL COMP(TI, NAMECT 1)1, UNAMECT) 1)

TFCILLNF,4) 60 Tp 1000

1l=1%2

CALL COHMpCIT , NAMFCL ,2) 1 ,UNAMEC(Z2)Y 1)

IFCII.NE_ &) GO T0O 100D

IFCUN,.GT D) 60 Tn 18

WRITECH,20)

FORMATC/ /7,370 THE FOLLOWNING INFORMATIUN IS ON FILE)

CALL: WRETELYD

JN= N+1

CONTINUE

I=ia]

WRiTE(L,17)1

FORMATC//41X%X+ 13,194 cOMPDUNDS SEARCHED./Z/)

RETURN

END



118
119
120
121
122
125
124
125
126
127
128
129
13
1 %1
132
135
1564
153
136
1357
1358
139
140
141
142
143
144
11’45
146

C
C

SO0

133

WRITE PRINTS TdrE INFORMATION OBTAIANED By THF MATCH
ROUTINE
SUBROUTYRE MRITECTD)
INTEFGER NAME,FYLEMS, ETLEUV
COMMON TFORML200,7) ,SMASS(200) +FILENSC200,B8Y,FILEIRCZ2D0:6),
TFILFUYC200) ,FLLESPC200),DC(200) ,NAMEL200,140) ,ITYPEC200)
ENNL200D) ,wI(200),nHMS(200),DIR€200)
WRITE(H,R0) (HAMECTL 2 ), d=1+10)
WRITECO,BIYCIFORMCT ) s d=,7)
WRITECH,R2)gMASs (1)
WRITECH,Q0)(FILEMSCT ,J) =1 ,8)
WRITECH;100)CFEILEIRCT ) 0ds]406)
WRYTECO AT FILENVE )Y
WRITECOH,1201LESKP(TY
TYPFE REANS TJE VALUE IN THE FILE DESIGONATED YU A
PARTICULAR pRUG EAMIIY AND WRITES THE CORRESPONDING DRUG
TYPE OUN THFE TERMINAL
CALL TYPECI)Y
BO FORMATC/ /1% 141Hc0M0o0UND NAME: ,10A4)
81 c0RMAT(I%,244CHEMICA] FORMULACRASE):,
TIHC 12 r X s TR 12,1 Xy A UN T T oI X T HO» T s TX,2HCL 2 I, 1 XeTHS »
21T :9X¢THD ;1)
42 FORMAT(AY ,23HMDILFCULAR WEIGHT(RASE) 1 ,F5,1)
90 FORHATCAX,24HMASS SPECTRAL FIGHT PEAKS:,AR14)

100 FORMATUIX 204INFRA 2ED SIX PEAKS:eHFS:1)
110 FORMATC(IX,24HULTRA=VIOLFT LAMHDA MAx:,I4)
120 FURMAT(1X,274THIN LAYER CURRY POWELL RE;,F4 2)

RETURN
N



47
4B
| 49
| 50
1 51
| 52
153
| 54
155
.56
1657
1 68
159
160
P61
162
143
164
P65
166
\ 67

|-(\8
| 69
| 70
70
iy
| 23
| 74
| 2.9
76
77
| 78
st
1830
81

DI X0

200

PEAK MATCH ROUTINE SEARCH OPTION 1 IN THE MASTER

SEARCHES AnY COMRINATION OF THE AMALALYTICAL INFOKMATION

ON FILE,

THE FILEPATA 1S &TDugd IN COMMON AND THE UNKNOWN DATA IS
PEAYMS ) PEAKIR/PEAKUY,SPOT,FOR MS IR UY TILC NATA RESPECTIVELY.
SURBRQUTINE ANAL

INTEGER FILEMS,NAHAE, pILFYY,PEAKMS,PEAKUY,SCNRE,NUM

REAL FILFIR,FILFRP,SpPOT,PEAKIR

COMMON T1F0RMC200,7)  SMASSC200) FILENSC(200,8)FILEIRC200,62,
1EILEUV(2N0) . FLLESP(200),n(2)0),NAMEC200,10) ,ITYRPECZU0)
ZNNC200) ,41(200),nM48(200),DIRC200) i
PIMENSION SCORE(2U0),PEARMS(R) ,PEAKIR(A) ,NUM(14)
URITECH,10)

10 FORMATCI1O0,// 884 Tigp PRNGRAM RETRIEVES INFORMATION ON ./,

1

11

12

21

1494 ANY GF THE FOUR pOLLOWING ANALYTICAL TECHNIQUES o/
25X, 43K (1) “ASS=SPECTRAL DATA ONE T9 EIGHY PEAKS o /4
Z5X,37H (2) INFRA=-RED DATA ONE TO SIX PEAKS ./,

45X, 011 (3) ULTRA=VIOLET DATA ACIDIC LAMpDA MAX /o

56X ,%7H (L) THIN LAYER DATA CURRY~POYWELL RF ,/«

64610 THE PROGRAM NPERATES ON A MATCH BASIS AND /o

7eb6d OUTBUTS THE cOMpaUADPS IN ORDER OF BEST MATCH 2//)

JN=0

Jd=0

KKk=0

po 11 K&,
PEAKMS(¥)=
CONTINUF
po 12 d=1,;s
PEAKIR())=0
CONTINUE
PEAKUVSD
SPUr=1N

pot 29 I=1,200
SCork(IN=0
CONTINUE

A
0



182
183
484
T8RS
186
187
168
189
190
191

1602
193
104
195
106
197
198
109
<00
201

2ne
203
204
203
206
207
208
2N9
210
214

212
213
214
215
216
217
218
219
220
¢21

222
225
224
2723
226
227
224
229
230
251

232
23%3
£Lé
235
236
23/
258
239
2410
241

242
243

L |

ol w

WRITE(H,20)

20 FORMATCARKD,,ZOH
1324 PLEASE TYPE 1 Fop YES O FOR NO )

35

READCT 5000 M

N

[F(HM,ER, D) GO TO

WRITEC(O ,40)

40 FORMAT(1u0, 29N
1344 PLEARE TYPE &

60

80

90

READCT»30)KK

oW

Yl

ta )

WISH TO CHECK M> DATA?./.

NUMBER FROM 1 TO & )

FFPLCKE LY Y, OR . (KK, GT>83) GO TO 85

CONTINUE
WRITECH , 60D

FORMATCZH#H DLEASFE
READCT+RN)Y(PEAKMS (K)Y ,K=1 ,KK)

GO TO 99
PEAKMS (1)=0
CONTINUFE
WRITEC(H,100)

INGERT THE PEAKS UNE PER (INE )

100 EORMATCAap0e31H O YO

113

1324 PLEASE TYPE

PEADCT » 3000

PREOGECER YL G TD

WRITE(H,120)

120 FORMAT(1HO,39H

130

169

170

1528 RLEASE TYRE

READCT»30) )

H

160

WOAANY PEAKS DO YU WISH Tn
WUM<ER

WiSH TO CHECK IR pATA? /.,
1 Eba YES O FOR NO )

FROYM 1 TO 6 )

TEC G Lme A0 0 C)d . e T .62 GO TO 115

TREONY WFANS

1

4T

HE TR DATA OF THE UNKNOWN AND
TO WAVELENGTHIF

CONVEKTS WAvEHUNBERS

1T ALSO CHED
CO4TIRUE

CALL IRCOMVEPENKTR, 1))

60 TO 170
PEAKIRC(1 Y=
CONTINURE
WRITE(6,180)

S

180 FORMATC(AnG3H
13Z2H PLEASE TVPE 1

1483

JF{n,ER.0) 6
MRETE (6,190)

)

170 FORMATCIHD, g 2H
READ (T, S0)PFAKUY
TFCCPEAR UV, GT.450) ,ar, (PEAKUV,LT,200)) G0 Tn 185

210

2720

60 10 220
PEARDV=)
COWTINUE
WRITE(H,250)

250 FOOMATCAH0, §9H
1324 PLEARE TYPE 1

260
27U

271

PEADCT s S0)HM

1F(M,ER _#) G0

WRITE(D,240)

FORMATCAMO, 21H
READ(T,150)8007T

[FCCSPOY LT,
Gl 1O 27n
Sbny=y
CUNTINUF
TELINGGESTD
NED)

=0

AEPh

50

£

no

TO

£

ho

T

By

TH

R peaKS ITa UNCODED

Y
§T|||,:

eln

EASE

Y
Fop

260

LASFE

271

WISH TO CHFCK UVY DATA? /.

YES 1) FaOr nbd )

THSEXRT THE ACIDIC LaMpDA

REQUIRED,
AteEAS EG s

NUJOL .

MAX )

WISH TO CHECY TLC DATaA?:/,

YES O FOR WU )

INSERT CURRY=POWELL RF

R, (SpAT,6Y,.0,99)) G0 TQg 2355

)

201

ManNY PEAXKS DO Y0OuU WISH Tn COMPARE?./.

COMPARE? /[,



244
245
244
247
I 248
249
250
251
25
253
L 254
L2455
| 256
257
| 258
| 259
'i 2.‘){]
I 201
2ne
263
264
263
2(\(&
2ot
2468
269
27U
2721
Pl A
27D
274
273
e706
277
278
| 229
{230
241
282
2R3
254
235
m?%ﬁ

28 e s Releslle el oles > Ee o)

1500

3564

1060

AOY

202

THIS SECTION OF TAE prDGRAM CARRIES GUT THE COMPARISONS
OF FILEDATA AGAINST THAF UNKHOWNS
THE INDIVLIDUAL goMrantiSonS fOR EACH TECHNIQUE ARE CARRIED
OLT Tw TuE ENUR QURLAUTIMES,MS. IR, UY,TLe.
THE ValLbe T4 SCORF IS CALCJLATED FROM THE COMBINED MaTCH
DF ALL Tu# TECHytQUzq UN THE HASIS:=

MSERLFI2 SUCFESSEUL MATCH)

TH=4

s

11,631
THE VALUE T THE ARRAY p 15 ORTAINED AS THE RANKING
DRDER FacTOR CALCULATED FOR NS AND IR WITHIR
THE SUnRQUY T JES M8 And 18R,
pY 10010 1=1,2Jd0
TECOn.EQ 1) 69 1o 1500
TECIFURNM(TL Y- Eq =13 60 TU 600
CALL .4‘-(#?3,‘\::1!.‘,;,-_V.r!L,h(j)\
SCORECT y=nL
CALL IRCPEAKIR, T, LL)
SCORECIY=GCORECTY*
TEeSCORF L) ER.912) Del)=dHS(Ty+DIRC )
TF(SCORECT) . FR.3Y D1)=nMS (1)
TE(SCORFOI) EQ,4Y 2Cry=niR(1)
IFCSCOREFECT) LY. AY DC1Y=1000
CALL UVIPEAXUV,T,8%11)
SCOMECIYsSsCanbicryedi o
CALL TLﬂI‘S"AIf![.“L{_L[)
SCORECII2SCORPE (Y Y+ L
CUNTIHUE
FROIW . B 1) G TO. Y000
N=N+1
CONTINUE
TERMINATOR FOK SCURE akpaY=100,
SCORECL)=10n '
pDll)=10¢p
Lh=t)
LKNK=1)
nM]’-::ﬂ
Li=9
PMS(Id=100
DERCT Y=qn4
HEkCY =100
NICI)=11¢

[



2orl
2n6
ZR9
200
2u
20¢
203
204
205
206
207
F0R
209
300
| AN
302
o
L4
50 S
206
N7

(PR
- LR S, S = d‘__*
C XNV S W= O

=%

=Y

I3 O

8430

H.;l’

P90

83
B50U

250

2020

203

INUMB=T A

DG BOO J¥=1,106

NUMCJK) =T i) g5-9

TRUMB=NHM (k)

CONTINYE

THE FULLOGWING THRLE 1L.00pg AKE REQPONGIBLE kDR GlFETIHG
THRONGH TuF VALUES OF SCORE INORDER TU PRINT THE COMPOUND
WITH THF ATGHEST SCORE FTRST ON THE TERMINAL,

T THERE ARE COMPOUNDS HTTH EQUAL SCORE THE €OMPOUND Witk

LOWEST n VALUE.TF Tigp HIGHEST RANK ORDER 16 PRINTED FLIRST,

DO ¥50 JKk=1,90
TF((NU“{JK),FU.}).A{D.(!K.Ew.ﬂ)) GO TO g9
TECONUNCIR) JEQ. 7). Ain. (LELEQ,0)) CALL MEMISHATCH L, KK)
TECCRUMEGR) EQu7) ann CMIN.GE,2)) CALL MSMISMATUNCE . Ki)
TRCINURCHE) Q. 3).4 . CJJeER,0)) GO TU 599

TFCCNUMCGK) B3 A In. CLKK,.EQ. D)) CAaLL JRMISHATCHC(I JJ)
LECCRUREIKD) EQ %) Ain. COMIN.GE.2)) CALL JRMISMATOM (L, 44)
AR T TR R TE - . B

N Joy i 3 LT

IFCIK.ED T68) O v 2a00

TRESCORE (L) . FU,100) 60 TO K0S

TROSCORECIY FQ_ HUMCIK) ) GO TN 950

F:IJ-J L

PECIKVGE 13y GO YO asp

CRYT NI

CONTINUE

GO TOU 200y

TRCILLOF, 10y &9 TO 2000

TECSCUKE(T) LT,4) 40 TU 2020
!F((u(f)_wE.1J-1),Aun,(uf1).LT.lJJ) GU YO ¢ncy

40 TN Yoy

GU TO (Y451,955.955,457,959,944,
1095.be.bh?,000,?f1.J?S,Q?S,Q??,Q{g;,gﬂ

i HE



N OIS WNS, SN IND VDWW

OO0

EIFTEFH URITE DosSIattITUES ARF PRODULER
MATCHING METAUD_A STARl SYSTEM IS UStD

PRINTED p ValLUE,
951 WRITECOL,052)

952 FORMATCAHO,// 048K THr FOLLOUYING COMPOUNp MATCHES FOR MS,1R,UV,TLC.

16H DATA CASHR Rk Rk ww N rww, /)
849 LK=Q
=i
WRITECO,960) (NAMECT, 1) ,0=1,710)
WRKITE(O D86y ClFORML,0),0%1,7)
WRITEC(H a7 ysMAss (L)

TEC/DMIN FU_0)L aAND, (1K FQD3) DRIN=DCD)

TECRCL) , LT, ntIN) DMeM=D(Y)
JEsSLel
LFCSCORECL) _LT,3) Go TD BRS52
851 WRITE(A, 9813 ¢F1iLrMSi1,d),d21,8)
L= LR
RCORECT)=SCOREC)=8
B52 TF(SCORECL)  LT.4) GO TO 354
B55 URITE(H,082yC(FILETIR Y, J) ,J021,6)
LREKz ) K+
SCHOPECIY=SCARE (1) =4
854 TF(GO0RECIY _LT.2Y GO TO 8h6
855 WRITEC(H , 883 FILFUV L)Y
SRORECEY=SONRE (T Y=D
50 TE(SCOReCI) . LT.1) G TOD A6
B57 WEITE(H,084YFLLEQPLTY
8ol SCORE(T)=0
(P LR, LESOD JANG, Cliteg, LE B)Y GO
WhITECH,095)n 1)
B61 CALIL TYpECI)
60D TO Yn0
9'-13 ”F'-[Tf'(f",f):)h}
9564 FURMATOqRG e/ /eqqn TiHe FOLLOUVING
115X ;1 bHbrewwk®nphxh,l)
GO T &40
955 URITE(H,H568)
986 FUAMATC4pn /420 Ve FOLLOMVING
112 13w rkuwThepenw, J)
G TO 8ib
P57 UHITE(O,GHR)
958 FORMATCAt /o371 Tie FULLOVING
190K, 120 medk cn e upww, [)
G610 TN B0
965 URITECH,BON)
Q46 EFURMAT (MO, /7360 THE FOLLOUIHNG
119 BHT wwe ke xewn, /)
U 10 8u.%
967 WRITE(E,VA3)
9t FURPATLAUO, /7,420 Tue FOLLOUING
112X  7H sk xews [ )
60 TO KH.LG
959 WBRTTE(H,$6)
90 FORMATCARO , /7 rhaH TupE FOLLOWING
115X 1Mt kwswewhund, /) b
Gl Y0 49
961 WEITE(H,D62)
96 EURMATCAWNO ./ sb2n YTdg FOLLOWING
1160, AliMesdernwxwxss /)
1oy T o RO )

TO 67

MATOHES

MATLHES

MAT: HES

MIHT"Ht.S

N(lT\‘hrS

MATL HES

o

sy

THE

GIVE A RAP
THOTCATION 0F THE BEST MATCH AVAYLALLE,TOGETHER WITH THE

FOR

FOR

ENkE

FOF

FOR

FOR

FOR

1D

MS, 1R UV

MS TR Y

LC

204

visual

DAl A

DATA

MS: IR DATA

M5 DONLY

’

IR, N, TLC DATA

MS,UV,TLC DATA

MS AbD

Uy

} !‘\ [ F

]

'



331
308
353
3A4
145
146
IA7
3443
339
300
301
LR
BG3
< 3
305
206
307
308
_str','i'
CL00
i 401
Fhne
P 4n3
I,_ tyl‘!f;
| 403
Lt
Lid
408
LN9
410
4611
612
413
414
415
416
4n 7
41 8
449
L0
421
Lp2
45
bLeob
425
Lyt
LA
L8
670

471
LTe

433

968 URITE(H,96A4)
966 FORVMAYCANO//chiH TH
119K AT wa* henx, [)
GO0 TO keY
‘967 WRITE(H .97 ))
Q7u FURMATCAMO//0bpH TH
196X 6H*wanws, /)
60 T0 4.9
97T URITELH,QT7?)
Q7 FORMATCAHG /] e 43M
117X, % wwwew, /)
60U TO 8B40
WEITYE (6974
cORMATCAHO, /) 385H
119K, GH*+nn, /)
60 TO 449
WEITECH ,O76A)
cGRAATCa s /vl TH
119X, 3 %w, /)
Gl Y0 Hao
WRITE(E S8y
FORMAT ARG/ 035K T
14X, 2H%=,/)
GU TO bi%
97Y WRITE(G,965)
QAL FORMATCARO,//036H Ty
118X, 90 .4)
Gl TH &S
LURBATCOID)
15¢ FUORMATERO.D)
9AL FOREATLARE cOHPOLND
ORB FORMATC24H8 CHEMiCAL
TAHO 1 v 3 e Tanel Yo bR,
ErnS, I atxsiineel3)

TH

973

974 i

e
Y70

9.7
976

50

QB¢ FORMAT(24H YMOLECILAL
981 FURMATIOX7ZH MASS~SPER
8¢ FORNAT(Zh IMFRAi~FED
Qrad FURMATCREN NLTRA=VTN
QHL FlOprAT (A H CURRY=PDH
2% FURMAT(OH D VALUF=.,F
200U chuTIRUFE
hM=t
YE(ob bk 0 METTELH,
TRCUN.GF 1) WMREITYE(SH,
2007 FORDATC AR 4 e, 200
VRITE(E,20140)
2090 FUPPATtahpszot nn Yo
12 7H YHRSERTE 1 BEOR YES
READ CY e &0 D
TE G ER AR 6E 1O 1

COMNTYRUE
i FTHRN
ERD

205

c FOLLOUING MATCHES FOR MS AND TLC DATA
f FOLLOMING MATCHES FOR LW AND UV DATA
F FOLLOVEMG MATGHES FOR IR aNp TLC baTa
£ FOLLOWING MATUHES FOR TR ONLY o

p FOLLOUING MATOHLES gOR UV aAND TLC paTa
r rnLLUHIMﬁ_HATCHtS FOR UV ONLY

£ FOLLOUING MATLHES FOR TLE UNLY

ppbE ;.1unn)
FOPMULACBASE) &

b, 1T o X s THO Y X, 2HC L 141K,

VETGHTIBASE) 2, 541

TEA FIGHT FEAKS :1.8514)
S1Y PEAKS 2aoby, 1)}
[T 1 AMEDA MAX :,14)
FLE DE trFGL.2)
&,2)
200121
2069 3N
(OnpeUdDs SEARLHED /1)
1Sk YO CHELK ARHOTHERE COMPOUND o/,
0 FOlk NO )

’

’



"+ 33
AN
V35
36
L8 7
38
39
440
AT |

4, 2

44 3
A
614, 5
L4 6
A
L4L8
L 49
450
A%
LS 2
AL
L5 4
53
56
57
458
L5 Y
L6 ()
AN
bAe
AR
At s
h6S
66
l’,()’
]
L&D
670
L7
h72

v
C

OO0 D)0

400
5§50

405

410

420

435U

206

MS COMPARES THE UNXHOWN MASS SPECTRYM WITH THAT IN THE

FlLF,

SUPBROUTINE MSC(PEANIAS T+ KKsNL)

INTEGER PFARMS,PEAKUV, ST LFMS,»ELLEVY

DIMENSTON PEAKMS (&)

COMMON TFORMCZON,7) ,8MASS(200) FILEMS(Z200,8)Y,FILEIRC200,6),
1F1LFUVC260) ,FILESPC20N0) ,nC200) (MNAMECZ2U0,10),ITYPE(Z2V0),
ZNNC200) ,mI(200),pM5(200),D1R(200)

CONTIMUF

IFCPEAKMS (1), . EQ. D) Gn TO 405

pliy=sv

NN (1) =0

suUM=0

p0 x50 K=1,KK

DO 400 J=1.,8 :

TFCLARSCRILFMSCY,J)-PEAKMS(K)) , EQ.0) WO YO 410

COHTINUFE

{fl):]T]:JU(-

IF THe CoMPOUND MATCHES FOR THE NUMBER OF PEAKS

REQUIREDC(KKY,THE SCORF VALJF NL IS SET 10 ¥,1F NOT NL

IS SET AT

THE RANKING ORDER FaArTOR IS CALCULAVED aAS THE SUM OF THE

SQUARES 0OF T4k DIFFErRENCES KETWEEN THE POSITIUNS

OF THeE MATCHING pPEAKS J AND K,

THIS VALUE 13 THEN beVIDED RY THE NIUMBER OF PEAKS COMPARED

AND STORED IH THF ArnAY D.

ML=

pMSCId=sun/anC1)

60 10 4ip

MNCT)=NYSCT) 41

AT A=K

ASAswc

gUm=qUm+p

TRECNNCTY EQ_XKY 60 Th 420

60 70 350

NL=§

pMSCI)=spM/yNCT)

CONTINUF

RETURN

END



|L?5 7
474 €
475
L76
(477
478
479
430
631
Ly
L9 5
L& 4
485
LA6
i 7
4R&
LRY
L0 €
491 C
402
40 %
L4
L0905
496 C
497
498
L09
500
501
50¢
505
504
505
506

4549
44

46U

4290

630

500

207

IR COMPARES THE UNKWOWUN TR SPECTRUM WiTyq THAT IN THE

FILE IN A9 EXACTLY STHAILAR MANNER TUO THAT FNOR MS,
SURROUTINE JRCPEAKTIR, I JJdenLL)

INTEGER PEAKMS »PEAKUV,FILEMSFILEUV

DIMENSTION PEAKIRC(A)

COMMON TFORMC200.7) +SMASSC200) »FILEMS 20028 FILEIRCZ2D0006)

TELLEUNC200) ,FILESP(200) ,DC200) NAMEC200,10),1TYPEC2U0)
ZHNC200) ,n1(200),pM8(200),D1R(200)

IF(PEAKIR(T).EQ.0) nn T0O 48

pIRCII=D

pMECTI)=0

SUiI=0

DU !.2.0 F=1;JJ

poO 450 J=1,6
TFCARSCRILELIRCT, ) =pEAKIR(K) ) LE,0.2) GO TO 489
CUONTINUF

CONTINUE

THE SCO%fF 1§ SET TO 4 FOR THE COMPLETE MATCH OF JJ PEAKS
OR 0 FOR NO MATCH. -

MLL=0

PIRCI)=SUM/NTCT)

G Taang

NICID)=NTCT) 4

THj RANKING ORDER FARTOR D JS CALCULATEP AS FOR MS,
A=)=K

A=A es?

SUM=SUMe A

IFONTCLY FU.dd) GO To 4920

GO TO 44D

NLIL=4

DIRCIV=sum/n1 (1)

CONTINUF

RETURN

END



o~

=

NSO L NPV a2 OC NGO N O

208

SURROQUTITKE HMSMISMATCH (I, KK)
INTEFGFER FILEMS,FILFUY
COMMON THORNC200,7) ,SMASSC200) , FILEAS(200.,8)Y+FILEIRC200,6),
TFILFEUVL200) ,FLLFESPC2N0) ,DC200)Y (NANEC2VO,10),ITYPEC2U0D) .
CNNC200) ,nIC200),pRS(200),DIRC200)
WRITE(O,700)
700 FORMATCAHO,20HMSMISMATCH OPERATING)
LK=KK=1
DO 1000 1D=1,5
931 poO 203 1=1,200
IFCNNCL) EQ_100) GO 1O 999
IF(UNCTD)Y) EQ. LK) a0 1Tn 905
Q0% CONTINUE
1000 CONTINUF
999 | Ki:ix=1
IFCLK.EQ, KK=2) GO Ti) 8?9
60 TO 901
QS TF¢(OMS(1),.GE.TD=1) AHD, (PHS (1) .LE,.ID2) GO TO RDO
G0 T0 P03
800 URITE(G,EIDYCFILFEMS Y pJ)dst o 8B) s (NAHECT ,J) 0 d=1,10)

B10 FORAATCANND /7 e 340 THE FOLLOWING MATUHES FOR My DATA:/ 814, 1X 1074

820 WRITECH ,AANIHNCIY KK, DMS (1)

840 FORMATCIHO,12+1%X,12H0FAKS OUT OF,12.5X+8HD VALUE=,Fb5,2)
GO0 TO 903

B2% RETURN
FND



1533
HTh
585
53k
537
5%4
5489
5410
541
'S42
R4S
hhb
543
546
SLT
5448
549
550
551
582
‘583
554
555
5586
‘567
554
559

SURROQUTINE IRMISMATCH(IJJ)

INTEGER FILEMS,FTLEUY

COMMON TEORIIC200,7) ,8MASSC200),FILLEISC20N,8) FI
1FIL£UJ(20n3,FELERP(?qn),D(ZHU);NA“El£u0.1U),lTY
PNNC20U) ,N1(200),pM8¢200),DIR(2D0)

WRITE(H,700)

700 FORMATCIHD,20HIRMISHATCH OPERATING)
LKK=JJ=14 -

LEIRC
PEC2U0) »

- p0 1000 1D=1,3
901 N0 €03 1=1,200
TEENICIY . FQ 100y GO 1O 299
IF(NICI) EQ.LKK)Y GO 1O 905
908 CONTINUF
1000 CONTINUF
999 LKKzLKKe1
TFCLKK,FO, Ja=2) 60 Tn R2Y
60 T0.901
905 1FC(DIRCT), GELID=1) AND, (DIRCI) LT,ID)) GO TU A0V
60 1O 903
800 uRrre(n.axn3rFILpl?(t.J),sz.hi;(NAJF(I,J)'J=1.1U)
310 FORMATCAHG,// 0340 THE FOLLOWING MATUHES FOR IR DATA./,
16F5,1:1Y,1044)
820 WRITEC(A,R3MNI(1Ypd I, DIRCIY
K30 FORMATCIUO,12+,1X,1240FAKS NUT OF,12/:5A/8HD VALUE=,Fb>,2)
GO0 TO 9n% ;
B9Y RETURN
END

200,

209

6) s



210

560 C UV COMPAaRES THE UNKyaYWY UV SPECTRUM WiTH THAT IN THE FILE,
561 QUBROUTINE UVC(PEAKUY, T M1 LL) -
562 INTEGER BEAXKMS, PEAKIY, FILENS, FILEUV

563 COMMON YEORUC2DN,7)  SMASS(200) ,FILEMSC200,8) «FILEIRC200,0),
564 TELLFUVC200), FILFSP (200D ,nC200) ,NAHEC2U0,10),1TYPEC200),
565 2NNC200) ,u1€200),pM8(200) ,DIR(200)

566 TF(PEAKUV.FO,0) 60 Tn 510

567 cOuTIHUE

568 TFCITABSCRILEUV I =PEAKUV) . LF 4) 6O TO 520

549 C THE SCO=F 15 SET TO » FOR A MATCH WITAInM THE WINDUW

570 € DR 0 FOR NO MATCH.

571 510 MLLL=O0

572 GO TO 530

K73 §20 NLLL=2
h7a 530 CUNTINUF

) RETURN

576/ END

S2¢ G TLE COMBPARES THE UYUNguoWi RF WITH THAT 1IN THE FILE:

578 SURROUTINE TLC(SPOT, v, NLLLL)

el INTEGER PEAKMS ,PEAKUV,F1LEMS FILEUV

580 cOMA0N TfﬂKq(JOO,?),qHASS(ZJﬂ),}]LEHS\ZHO,S),FILFIk(zOQ,ﬁ\,
581 1F1 I.EUV(?('IU},}-‘Il_-'__‘!_:p{'-_'nn),n(;ffl(\'n:l‘M-‘f‘lFl\ZUU,‘lﬁ) yITYPECZUO)
552 2NNC200) ,1C200),pis(200),D1r(200)

has IF(SPOT k@, n) Ga TY 840

536 YFC(ABSCEILESPC(TI)=SPOT) . LELD,15) GO TO 350

58% C SCNRE IS SET T 4 FOR MATCH WITHIN THE WINDOW 0

1586 C FOR NO SMATOCH,

547 540 NLLLL=D

1533 G0 TO 34N

iSRS 550 NLLLL=1

590 560 CONTINUS

591 BETURN

5972 END _ N



508
504
5085

T

Kot
568
599
AN
AN
602
6nd
60b

L4605

606

AOT
605
A0

610

;_h11
612

615
61b
615
h1h
67
a18
619
H20
621
622
625

624

625

OO OO

10
300

2u
510

40
520

RRY
350

50
540
150

o

TYPE IS RESPONSTRLE pOR PRINTING THE DRUG TYPE _
CORRESPNONDING T A PARTICULAR NUMERICAL VALUE ASSOCIATED
UITH THE CcOMPOUNN ON FILE. _

FIVE NUMPERg . ARFE USEN To INDICATE FIVE DRUG TYPES

MORE CAM ADDED 1F REQUIRED,

SUBROUTINE TYPE(D)

INTEGER FI11pMSsFTLEHUV,NAME

COMMON TRORMC2NDA,7) ., 6HMASSC200) ,FILENSC2n0,8)FILEIRCZO0,6),
TFILEUVE200), FILESPC2A0) ,p(200) NAMEC2VD,10) ,ITYPEC200),
ZNNCP200) ,01(200),p18¢200) ,DIRC200)

TECITYRPE(L)Y _EW,1)Y GO TO 10

TECITYRECD) EQ,2) GO TO 30

(FCITYRPFCL) _FQ.3Y GO TO 20

TFCITYPF (L) (EQR.a) GO TD 40

IFCITYRPECL) ER.8Y GO TO SO

G0 TO 150

WRITE(E, X0
FORMAT(1HG,21H0RIG TyPE
G0 TO 150

WRITE(H, 31D
FORMATCAHD,26HDRIG TYPE
GO TO 150

WRITECS,220)
FURMATCI40D, 2200RIUG TYPE = METHADONWE )
g 8 A G T
WRITE(L,2%0)

FORMAT (MO, 22HDRNG Ty
GO TQ 180

WRITEC(D, 840)

FORMAT (1K), 25HDRUIG TYPE
CONTINUE

REYUL®ON

END

HORPHINE )

AMPHETAMINE )

E = PETHIDINE )

~

HALLUCINOGEN )



626 C
427 G

c 6248
629
G630
6461
632
h23
614

635
636

637
~%3
639
A4LD
641
642
643
f)!‘&
645
6&6
64T
ﬁf,,ufj
o4Y
Hn50
81
A8 2
683
654

(un |

1
10

20

2o

1000
150

17
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MASS SEARCH QPTION % IN MASTFR,SEARCHES FOR MOULECULAR
WEIGHT,

SURROUTINE ~ASS

INTEGER FILEAS, FILEUY , NAME

REAL SMASS,MASS,FILETR,FILESP

COMMON TFORACANG, 7)) ,8MASSC2ZN0) , FILEHMS(200,B)Y«FILEIRC200:+6),

TFILEUV(2n0) L, FILESP(200) ., pC200) s MANECLZ20GD,10),ITYPEC200),
ENNC200) ,n1C200),pMS¢200),0IR(200)

WRITELH,10)
FORMAT (110,200 pPLEASE INSERT THE MNDL WEIGHT)
READC(T,20)1J:ASS

FORMATCKO, D)

1FCCUMASS ., LY. 0.0), 00 (UMASS.GT.B800,03) 0 To 1
JN=0

PO 1000 1=1,200

IFCIFURMCET p 1) «FER.=1TY GO TO 150
TFCARSCSWASS(I)=UMASSY , ,NELD,0Y GO TO 1000
TFCIN.GY . 8)Y GO TO 18

WRITE(H,25)

FORMATC(//,272H THE FO)LOWING INFORMATIUN 1S NN FILF)
WRITE USFH TO PRIAT INFORMATION ON HATCHING COMPOUND,
CALL WRITECTD)

JNzz N+

CONTINUE

1=1=1

WRITELO,17)1

FORMATC/ /1%, 13,190 rOMPOUNDS SEARCAED,//)
RETURN

END



[655 C
656 C
' 687
658
iﬁﬁ?
A6
A6l
6h62
Hh A
G664
665
666
L hKT
HAB
aaY
670
671
672
‘6?3
674G
675
!6?0
677
678
679
630
649
632
*hHAS
6R6
ARS
HA6
ART
68
aRY
H00
601
L A02
605
- 6Q4
/08
(O hH
} e ls
L6038

10

20

30
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EORM SEARCH OPTINW 4 IH MASTER_ MOLECULAR FORMULA SEARCH,

OR PARTIAL MOLECULAR FORMULA SEARCH,.

SURROUTINE FORM

INTEGER FILEMS,FILEUV,NAME,CoHeN,O,CLPS,P

REAL FILFIR,FILESP

COMMON T4 ORN(20D,7),SMASSC200) ,FILENSCZ200,8) ¢ FILEIRC200+6),
1FILEUV(znd),FILEQP(Rnﬂi.n(ﬁ”ﬂ);NAHEtZUO,1U),ITY?t€£UUI.
ZHNC200),01 (2000 ,nMS¢200),DIR(200)

DIMENSION NEORMC?2),CC3) ,HEEY ,NC3) 0(3)4cL(3),5(3),P(3)

DATA CC1)/12HCARRBUNS = J oM (1) /12RBHYDROGEN= /e
TeCI)/12HMITROGENE A

2O0C1)/TEHOXYGENS J,CLCT1Y/12HRCHLORINES= /e
$6(1)Y /1218 ULPHUR= JeP(1)/12HPHOSPAOROUS=/

KK=(

WRITE(S,10) (L (K),K=1,3)
FORMAT(AHO, 450 PLEASE IMSERT THE FORMULA YOI WISH TU CHECK,/,
11X.3A4)

READCT 2 20)MEDRM(T)
FOQMATC1I0)

KK=KK+1
WRITECH,30) (HEK) ,k=1,3)
FORMATCIHO, A&, 28" TyPE =1 TF FORMULA COMPLFTE)
READCT »20)NFORM(2)
TF(NFORM(2) £Q.=4) 6n TO 80
KK=KK+1

URITECH,Z0) ¢lK),K=1,%)
REANCT ,20) HEORN(T)
IF(MFUORM(S) FU.=4) an TO 51
KK=KkK+1
WRITE(A,3D) (D L) ,K=1,3)
READCT £ 200)AEORM (L)
TFCHFORA(CAL)Y FRA.=1) 6n TO 50
KK=xK+1
WRITECO,SO) (LK) K=1,3)
PEADCT , Z0)HFORM(S)
TFCNFORA(S) EQ.=1) Gn TO 50
KEK=zKEK*1
WRTTELS ,Z0)Y 50k K=1,3)
READCT »20)HNFIORY(A)
TF(NEOHRN(R) EW.=1) 6 TH 50
KKz K+
WRITECo , 3 ¢n(K),K=1,3)
READCT,20)MFQRU(7)

KK=Kk+1



609
1700
7201
7ne
’ns
7nh
705
706
nr
704
709
710
ke
T2
713
714
715
716
7ol
218
719
720
21
3

VO DD

L 5 |

50

200

2.3
16

100
150

1.7
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JNz=0

THE EOLIOJTNG LONPS FARRY OUT THE COIMPARISUNS ON A
SIEVE PRIMCIOLE

ANY VALUHE Wy1CH p0OFES NOT MEET THE REQUIREMENMTS 1S THROWN OUT
AND ALL THOSE WATICH MEET THE REQUIREMENTS REMAIN TU EXIT
AS SUCESsE!L MATCHES FROM THE LOOPS,

N0 100 1=1,200

ph 204 2] sk

IFCIFORMCT 1).EQ,. =1 GO TO 150

TFCHFUORME(J) _EQ, DY G T 200
TFCIFORMOT s 1) «HE NFORMCY)Y) 60 TO 109

CONTINUE

IFCINLGT . 0) 6O Y0 18

WRITE(H,25)

FORAATC/ /7,324 THE FOLLOWING INFORMATION JS ON FILE)
WRETE USEP T BRIUNT (NFORMATION ON TATCHING COMPOUND,
CALL WRITE(I)

JNZJIN+T

CONTINUFE

1211

WRITEL(H 171

FORMATCZ/,1%,18,194 rOMPNUNDS SEARCAED ./ /)

RETURHN '

FND



725
724
"I

726

27

728

2y
| hED

731

732

75

754 100

745

736 91

Na i 10

738

79

740 g Ji

741 g s |

il 1

763

7h4

s T2

‘L6 15

Ll

748 2
( 749

750
L7514

THE dwddex

OO0 000
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-

IRCONV READS THE IR INFORMATION AND CUNVERTS ANY
WAVENUMOER (HPUT T YAVELENGTH,.IT ALSO CHECygS FOR PEAKS
WITHIN THE NONCOPRFD AREAS OF THE SPECTRUM,IF:~

6.77.5 M1cRONS.NUJOL

LESS THAN 5 MICRONS

GrREATER THAN 15 MICRONS,

ANY INPUT GREATER THAN 46 MICRONS 15 TREATED AS WAVENUMBER AND
CONVERTERD ArcORNDTNGLY,
SURROUTINE TRCONVIREAKIR,JJ)
DIMENSTION PRAKIR(O)
WRITEL(OH,100) . '
FORMATC(RRAH DSLEASF IWNSFRT THE PEAKS UNE PER LINE )
DO Q2 K=1,Jy
READCTI »10) PRAKTIR(K)
FORMATCRD 1)
IR CPREARKTRCK) <87, 15.0) 60 TO 11
G0 TO 114
PEAKIRCK)=1000)_0/PEAKIR(K)
CONTIRNUE ' :
TFCCPEARTRIKY :0T. A.7) .AHND, (PEAKIR(KY .LT, 7.3)) GO TO 12
TF((PEAXIR(%) .LT. §.0) .0OR, (PEAKIR(K) ,GT_, 15,0)) GO TU 12
GO Y0 %2
WRITECH,13)
FORMATCA MU, 35H PEAK nOSITIAN FRROR PLEASE ReTYPE )
GO TO W1
CONTINUE
RETHRN
FND
FIulsH



APPENDIX 3

Coded Analytical Data of Compounds

3.1

3.4

3.6

Idsted in the M.D.A. 1971

Molecular Weights in increasing
order of size

Molecular Formulae in increasing
order of size

Mass Spectra "Eight Peak Index"
Recorded on Micromass 12B
Spectrometer at C.R.E.

Infra-Red "Six Peak Index"
Recorded as potassium bromide
discs on P.E. 137 Spectrophotometer

Coded Ultra-Violet Spectra in
increasing order of acidic AMAX

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-
binol derivatives (including T.H.C.), Cannabis and
Cannabis resin, Coca leaf, Opium and Poppy straw. Samples
and étandard 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

Sslsks

Mescaline
Ethylmorphine
Norpethidine
Pethidine int C
N,N-Diethyltryptamine
Prolintane
Metazocine
Methylphenidate
Methadone int
Benzphetamine
Norlevorphanol

Ketobemidone

211



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
Dimethylthiambutene
Hydroxypethidine
Lysergamide
Desomorphine
Normorphine
Racemethorphan
Phenampromide
Alphameprodine
Betgmeprodine
Proheptazine
Trimeperidine
Methyldesorphine
Psilocybin
Hydromorphone
Morphine
Norcodeine
AllYlprodine
Dihydromorphine
Benzoyl ecgonine

Diethylthiambutene

218



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
Isomethadone
Methadone
Alphamethadol
Betamethadol
Cannabinol
Dimepheptanol
Thebaine
Ethylm&rphine
Oxycodone
Etoxeridine
Phenazocine
Lysergide (LSD 25)
Diampromide
Dimenoxadole
Norpipanone
Fentanyl
Moramide int

Noracymethadol

219



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

220



411.0
411.0
430.0
452.0
492.0
495.0

585.0

Ethylmethylthiambutene
Etorphine

Piritramide
Diphenoxylate
Bezitramide
Nicomorphine

Myrophine

221



10
10
10
fHiE
L
11
162
12
12
12
12
12
13
13
13
14
14
14
15
15
15

15

3.2 MOLECULAR

H

13
13
14
15
15
15
17
17
16
16
16
17
17
19
11
16
17
17
18
20
23
21
21

ol

FORMULAE

N O Cl
2 2

i 8

1

3 1
1

¥

1 i

AL

1 3

2

2 3

2 1

il 1

2 4

7 2

1 2

&

1 2

1

L 2

2

1

1 i

i &

1 2

222

Name

Pemoline
Amphetamine
Dexamphetamine
Chlorphentermine
Methylamphetamine
Phentermine
Phenmetrazine
Mephentermine
Mescaline
N,N-Dimethyltryptamine
Bufotenine

Psilocin
Phendimetrazine
Psilocybin

S«TePs

Norpethidine
Pethidine int A
Pethidine int C
Dimethylthiambutene
Methylphenidate
N,N-Dimethyltryptamine
Prolintane
Metazocine
Ketobemidone

Pethidine



15
16
16
16
16
16
16
16
16
16
sy
X7
L7
17
17
2 44
17
17
17
£7
17
Lt
17
17
17

18

24
14
1Y
17
19
21
el
23
23
23
19
19
19
19
21
21
21
21
21
23
23
25
25
25
25

20

- I

e U - S 5 IR

Cl
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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



18
18
18
18
18
18
18

18

18

12
19
5
20
20
20
20
20
20
20
21
21
21
21
el
21

2

21
21
AT
21
21
21
25
25
27
21
22
23
23

23

25
25
25
30
23
25
27
27
27
28

29

H O w U w W

I

241

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

224



21
21
21
22
22
22
22
22
22
)
23
23
23
23
23
23
23
23
24
24
24
24
24
24
25

25

29
29
31
27
27
28
28
28
29
29
29
29
29
30
30
31
34
31
24
25
26
27
29
31
32

32

> Y

=

H NNk W (A O N S

'_..R

(o<
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Name

Betamethadol
Dimepheptanol
Furethidine
Phenazocine
Dioxaphetyl butyrate
Fentanyl
Anileridine
Etonitazene
Noracymethadol
Norpipanone
Phenadoxone
Benzethidine
Phenoperidine
Piminodine
Pholcodine
Alphacetylmethadol
Betacetylmethadol
Methadyl acetate
Nicocodeine
Benzylmorphine
Nicodicodine
Levophenacylmorphan
Phenomorphan
Dipipanone
Dextromoramide

Levomoramide



25
25
25
27
29
30
31

38

e
33
33
35
29
=7
32
21

-

s W

TS R R R TR S S

S

Cl
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Name

Racemoramide
Ethylmethylthiambutene
Etorphine

Acetorphine
Nicomorphine
Diphenoxylate
Bezitramide

Myrophine



33 m,s. 8 PEAK INDEX

T AN T 7 TR T (o R I
43, 58, 256, 45, 51, 55,
A4, 42, 301, 115, 70, 216,

44, 43, 257, 59, 150, 200
44, 103, 91, 65, 42,104,
44, 103, 91, . 65, 42, 104,
44, 163, 91, 42, M, 8BS,
44, 215;.324, 164, 45, 216,
as. 58, ‘73, 285, 72, @0,
45, 243, 136, 200, 159, 157,
87, 42, 43, L3I0, 1%, 208,
57, A2, B85, 44, 56, 77,
g, 43, 149, 58, . 8BS, (41,)
58, 42; (41,)125, 59, 168,
58, 43, 128, 127, 59

58, 72, A2, 165, 192, 71,
58, 12, 71, 42 59, 16S,
58, 91, &9, 44, 42, 134,
58, 91, 56, 55, #42, 8BS,
BRoWlOS, “BI00A3F 9, L BE,
58, 128, 127, 59, 193, 179,
58, 134, 43, 99, 59, 91,
58, 188,130, . 59, 42, 71,
g8, 902, 57, 200, 42, 84,
‘©g, 204, 42, 59, 57, 44,

103,

44,

91,

42,

42,

43,
162,

82,
198,
199,

51,

89,

59,
91,
65,

135
41,

178,
44,

115,
44,

146,

91
56

43

102

102

151
58
42

242
44

70

LS

63

)
179

L

167
115
150
143

186

227

Pethidine int C HCL

Levophenacylmorphan
Methane Sulphonate

Oxymorphone Base
Racemorphan HBr
Amphetamine Sulphate

Dexamphetamine
Sulphate

ST, HCL

Etorphine

Morphine Methobromide
Norlevorphanol Base
Pethidine int A

Phendimetrazine
Bitartrate

Methyldihydromorphine

'Chlorphentermine HCL

Isomethadone Base
Methadone int
Normethadone HCL
Phentermine Base
Methylamphetamine HCL
Dimenoxadole
Isomethadone HI
Noracymethadol HCL
N,N-Dimethyltryptamine

Proheptazine Base

(41) Psilocybin



58,
58,
58,
59,
59,
70,
71,
7L,
T
5515
92,

72,

72,
72,
7o
72,
B2
99
82,
82,
84,
86,
86,
86,
o1,
o1,

97,

204,
204,
285,
257,
97,
44,
42,
70,
70,
140,
43,

43,

43,
56,
56,
73,
73,
91,

124,

182,
56,
57,
58

162,
43,

148,

192,

59,
146,
72,
256,
58,
71,
56,
57,
218,
70,
44,

93,

73 .
o1,
91,
58,
91,
93,

105,
44,
85,

43,

58,
57,

51,

42,
59,
42,
150,
150,
57,
43,
42,
57,
263,
o1,

46,

51,
129,
129,
57,
58,
56,
7,
7%
1,

Tty

87,

146,
42,
T
80,

270,

247,
44,
44,
42,

263,

278

91,

Ok ¢
105,
105,
923,
253,
148,

168,

107,

(41,) 73,

92,

105,

65,

57,

160,
160,
59,
42,
214,
190,
177,
43,
44,

189,

Ly

224,
130,
130,
165,
193,
(41J
199,
103,
55,
69,

105
55,
56,

42,

130,
43,
186,
82,
42,
119,
117,
247,
43,

57,

42,

129,
73,
73,
70,

42,

42,
94,
42,
58,

60,
42,

71,

77
159
44
200
80
191
ol
1L
174

42

225

206
57
57
56

115
42
83
96

51

(41)

81
120

201

228

Psilocin

Bufotenine Oxalate
Morphine-N-Oxide
Levorphanol Tartrate
Racemethorphan HBr
Ketobemidone HCL
Phenmetrazine HCL
Pethidine HCL
Properidine Base
Hydroxypethidine HCL
Betacetylmethadol HCL

Alphacetylmethadol
di HCL

Methadyl acetate
Dimepheptanol Base
Alphamethadol Base
Methadone HCL
Betamethadol
Mephentermine
Benzoyl ecgomine
Cocaine HCL
Pipradrol HCL
Clonitazene HCL
N,N-Diethyltryptamine
Etonitazene
Myrophine Base
Benzphetamine HCL

Alphameprodine HCL



97,
98,
98,

100,

100,

100,

100,

100,

100,
106,
107,
112,
121,
126,
162,
162,
172,
192,
172,
172,
182,
186,
291,
230,
231,
235,

246,

172,
15 i
125,
42,
56,
114,
128,

265,

265,

78,
176,
113,
152,

91,
105,
105,
106,
187,
187,
214,
181,
201,

a4,

58,
216,
250,

42,

91,

57,

a4, (41;) 55,
(41,) 42,

99,
56,
101,
a2,
265,

128,

128,
70,
90,
56,
93,

127,

44,

57,
42,
144,
84,
42,
149,
42,
54,
231,
84,
o1,

247,

101,
42,
56,
55,

56,

266,
59,
42,
57,
65,

174,

163,

163,
57,
84,
42,
57,
44,

202,

196,
44,

214,

233,

120,

114,
165,
115,

44,

44,

56,
42,
105,
110,
122,
55,
57,
114,
78,
42,
57,
110,
167,
187,
72,
42,
59,

236,

172,

42,
99,
120,
353,
91,
70,
42,

55,

129,
284,
89,
91,
63,
42,
190,
190,
44,
57,
188,
91,
231,
56,
552,
105,
42,
65,

80,

77,
42,
55,

165,

115,

101,
56,

266,

55,
300,

1o,

55,

153,

97

(40 ,) (41)

201
149
57
o1
70
55
129

42

101
44
70
42

64

58
7T
149

44

g
81, 45
173, 56
12 T4
76, 251
218, 106
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Betameprodine HCL
Norpipanone HCL
Phenampromide Base
Dioxaphetyl butyrate
Moramide int HCL
Pholcodine Base
Levomorémide Base

Dextromoramide
Tartrate

Levomoramide Tartrate
Nicodicodine Base
Pemoline Base
Dipipanone HCL
Fentanyl Base
Prolintane
Diampromide Base
Phenadoxone HCL
Nicomorphine HCL
Alphaprodine HCL
Betaprodine HCL
Allylprodine Base
Mescaline Sulphate
Trimeperidine HCL
Lysergamide
Phenazocine HBr
Metazocine
Methaqualone HCL

Anileridine Base



246,
246,
246,
246,
246,
246,
248,

262,

271,
271,
276,
277,
282,
283,
284,
285,
285,
287,
287,
295,
299,

91,
100,
247,
247,
366,
375,

97,

239,

81,
214,
219,
214,
106,
282,
o1,
42,
61,
70,
70,
296,

a4,

42,
42,
42,
42,

42,

42,

219,

141,

150,
44,
i) 8
229,
78,

160,

375,

70,
262,
44,
44,
43,

242,

235,
82,
45,
7%,

106,

247,

1L,

97,

148,
270,
297,
228,
229,

42,

81,
162,
148,

42,
164,
310,

59,

162,
91,
o1,
43,

188,
91,
12,

263,

45,
228,
278,
42,
267,
284,
42,
44,
286,
164,
42,
238,

96,

57,
56,

56

(41,) ss,

247,
376,
249,

56,

110,
272,
42,
96,
42,
268,
285,
284,
214,
59,
59,
299,

42,

56,
532

219,

57,
156,
56,

218,

42,

42,
100,
286,
124,
110,
175,
124,
164,
288,

288,

58, (41)

76,

149
(a2)
248
232
260
184
263
42

82
148
97
70
283
44
44
o
110
286
286

243

230

Benzethidine HCL
Morpheridine HCL
Etoxeridine HCL
Furethidine Base
Piminodine esylate
Diphenoxylate HCL
Dimethylthiambutene HCL

Ethylmethylthiambutene
HCL

Normorphine Base
Desomorphine Base
Diethylthiambutene HCL
Hydromorphone Base
Nicocodeine Base
Methyl desorphine HCL
Benzylmorphine HCL
Morphine Sulphate
Norcodeine Base
Dihydromorphine Base
Dihydromorphine HCL
Cannabinol

Hydrocodone Acid
Tartrate



3.4 IR, 6 PEAK INDEX
I T R O DN O T L
Tk PRSI E Y - L R R
Somsl . Bu 0BG AR 0.5,
- = SR SRS R I
2B, Gy, 3520 Budal T8,
S8 L 6ban . TuB5r L 9L0, 0 91T
BBy . Bibny . Osty 2, JH0LT;
5.0 B.6,  Bi9i . Tel, BT,
B3, e L Bl YIRS 3, - 19LB;
BB S8 BTy . Bi2as aBd,
5.8y, 8.7, 5.0, 804 . 9a3;
BaBy T8l - o8y SR a8
5.8, | 7.9,°) 6.6, 10.4, 9.5,
Ba8,  W1.9, 8009 Valsy S 13,7,
£l B0 < 738, 10T | 6.6,
BeB. ' Be1, L Ba3. 7 8:8, 10.6;
Bl . Buls 't BB, e 8.1, i640,
BB 8.9 8.5, a3y il 5
5.8, 8.4, 1d.2, 918, 13.8,
BBy Badseldez, 0.8, 488,
B8, Gely 11452, 15.8,: s B8,
By~ BoZan 8.7, 885 T,
BB BB B8 B.5,, 944,
Bl L8R,  13:8: - 8.8, . B,
BB, 8.3, aulins s, A8,

8.2
9.6
9.3
9.6
6.5
10.5
10.2
8.3
i2.2
6.2
9.8
8.2
12.5
6.6
1843
10.5
13.8
7.9

13:.1

13ad
6.3
9.1
14.3

14.2
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Proheptazine
Alphameprodine
Betameprodine
Alphameprodine HCL
Methaqualone HCL
Oxycodone
Oxycodone HCL
Anileridine
Hydromorphone HCL
Hydroxypethidine
Nicomorphine HCL
Metopon
Hydrocodone
Nicocodeine
Hydromorphone
Oxymorphone
Morpheridine HCL
Hydroxypethidine HCL

Alphacetylmethadol
di HCL

Methadyl acetate
Noracymethadol HCL
Pethidine HCL
Etoxeridine HCL
Benzethidine HCL

Dioxaphetyl butyrate



8.8,
8.9,
8.9,
9.0,
9.0,
9.0,
10.4,
14.2,
14.4,
6.3,
Bed;
8.8,
5.2
14.0,
14.0,
14.2,
34.3,

14.3,

13.0,
8.2,
8.0,
871,

14.2,

14.1,
9.0,

8.2,

13.0,
6.6,

15.2,

6.6,
9.6,
8.4,
14.4,
8.7,
9.7;
9.7,
8.5,
8.5,
8.5,
8.5,
8.3,
7.8,
8.3,

14.4,

9.0,

11,6,
8.0,
10.3,
10.2,
9.3,
9.2,

10.2

14.4
13.2
9.6
9.7
14,3
8.2
92
14.1
Dol
8.2

del

1l4.4

8.8
14.4
10.5

6.6

8.8
14.1
14.3
14.4

8.8

9.0
10.5

9.1

8.9

13.3

232

Anileridine di HCL
Allylprodine
Alphameprodine HCL
Alphaprodine
Betameprodine HCL
Alphaprodine HCL
Betaprbdine HCL
Trimeperidine HCL
Myrophine
Betaprodine
Etoxeridine
Furethidine
Properidine
Morpheridine
Benzethidine
Diphenoxylate
Methadone
Diphenoxylate HCL
Ketobemidone
Norpethidine HCL
Levomoramide
Phenadoxone HCL
Dipipanone HCL
Isomethadone
Methadone HCL

Dipipanone

‘Normethadone HCL



5.9,
6.0,
6.0,
6.0,
640,
6.0,
6.0,
6.0,
6.0,
6.0,

6.1,
G2

6.3,

5.9,
Tie D
947,

13.6,
7.9,
70
8.1,
8.1,
8.2,
8.8,
9.4,
6.6,

13.4,

13.3;
12,5,
14.4,
6.3,
6.2,
1382,
6.3,
6.6,
13.2,
14.3,

7.9,

9.0,

Gl s

7-7"

7.8,
13.6,
6.5,
7.8,
5.0},
8.7
13.5;
14.5,
7.8,
8.6,
9.6,

13,5,
Bl
18,1,
7.5,
8.9,
8.2,
14.0,

7o 94

B.2,
14.2,
9.0,

8.1,

ey 9.2
g5 A e
Gan | dee
8.5, 8.8
740 14.2
7.9, 8.8

14.9, 10.4
8.5, 8.6
8. By
8.4, 633

Y4.0, © 8.9
a6, 8.2

18.0,. 6Gif
8.0, | 1054
8.3, 8.9

102, 10.6

12,4, 6.0
gia, 18,8

12.4, 10.8
8.9 1247

BeT . 8.5
6.2, ' 8,4
T8, 6.3

14,3 v 15.3
65" 6.0
8.8, 8.4
9.9.% 12,0

Piritramide
Lysergamide
Methaqualone
Diampromide
Phenampromide
Norlevorphanol
Isomethadone HCL
Diampromide
Fentanyl
Pirintramide
Levomoramide
Phenampromide HCL
Racemoramide
Lysergide (L.S.D.)

Dextromoramide
Tartrate

" Ketobemidone HCL

Pethidine int C
Cannabinol
Pethidine int C HCL
Codeine
Dihydrocodeine
Etonitazene
Phenazocine
Phenomorphan
Pholcodine
Ethylmorphine

Clonitazene



8.0,
8.0,
8.0,
8.1,
8.1,
g1y
gay-

8.1,

g1,
8.1,
8.1,
B,
8.1,
8.1,
8.1,
8.1,

8.1,

8-0,
5.8,
6.0,

Tl

8.9,
10.6,
12.0,
5.8,
5.8,
5.8,
5.8,

5.8,

12.6,
9.0,
8.6,

7.6,

12.5,
6.6,
8.9,
5.8,

95l

12.4,
10.4,
6.6,
8e3;
8.6,
Yk 2
1432,

12.6,
7.9,
Tl
9.6,

13.3,
9.6,
6.3,

1

1140,

12,7,

9.8,
18,9,
6.7,

8.8,

10.5,
13.2¢
13.3,
8.0,
7.8,
9.4,
6.6,
6.6,

B2,

Gt 9.0
% R - 2
6.4, 6.3
8a7 8.
8.9, 8.4

15,49, 9.5
9.05 " 9.8

18.5.0 9.5
8.3, 14.7

12:04 2 9.2

13,4, 125

12:6,  '6:1
B.7, © 8.5

130,  Teb
9.9, ' 9.4
9.9, « 97

13.9 9.1
8.9, 9.2
il 6o
Ge2y . TP
6.2, 1148
83050 7.6
7:9; 29,9
EaZ,  Tx8
78y B2
s S
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Normorphine
Cocaine HCL
Fentanyl

Hydrocodone Acid
Tartrate

Norcodeine
Benzylmorphine
Beﬁzoyl ecgonine
Nicodicodine

Dihydrocodeine
Tartrate

Morphine
Dihydromorphine
Bufotenine Oxalate
Diamorphine HCL
Norpethidine HCL
Alphacetylmethadol
Methadyl acetate

Betacetylmethadol
HCL

Morphine-N-Oxide

Metazocine
Norlevorphanol
Racemthorphan
Norlevorphanol
Racemethorphan HBr
Racemorphan
Levophenacylmorphan

Thebaine HCL



9.0,
9.0,
9.1,

9.1’

Sl
8.4,
9.6,
9.6,

16,

14,3,

8.7,

6.6,
8.3,
5.8,
14.2,

14.2,

6+3,

14.2,
5B,
6.6,
6.6,

110

8.1,
o3y
9.2,
9.0,

145,
6.6,

7.9,

12-7,
V4.3,
5.9,

5.cs

8.9,

14.6,

9.7,
5.8,
14.5,

6.6,

6.6,

6.6,
10.0,

13.2’

Fe9,
8.4,
a2,

TL.5;

12.6,

8.8,

1840,

13.6,
6.3,
9.3,
6.3,

6.3,

9.9,

6.6,

14:3,"

9.5,
6.6,
10.2,

9.4,

8.5,
13,0,
13,7,

8.8,

12.8
9,7
13.5

6.2

10.6
9.7
8.2

8.1

Thebacon HCL

Acetyldihydrocodeine
Base.

Phenazocine HBr
Diamorphine
SeTePs HCL
S5.T.P. :Base

Methyl desorphine
Base

Pemoline Base

Levophenacylmorphan
Methane Sulphonate

Clonitazene HCL
Piminodine Esylate
Betaprodine HCL
Amphetamine Sulphate

Dexamphetamine
Sulphate

Mescaline

Mescaline Sulphate
Phendimetrazine Base
Pholcodine
Phenadoxone
Hydromorphinol

Phendimetrazine
Bitartrate

Morphine Sulphate
Mephentermine
Cocaine

Oxymorphone



9,2,
9.4,
9.4,
9.4,
9.5,

9.6’

9.6,
9.6,
10.7,

11.5,

190,

19.7,
12,7,
12.9,
13,2,
13.3,
13.4,

13,4,

13.5]

13.5,

1.5,

13.6,

7.6,

14.3,
BB,
7u9,

10.9,

10.6,

8.1,

gLy
12.0,

8.1,

Yoy
7.8,
14,1,
14.3,
8.0,
4.1,

14.3,

9.0,

9.9,

8.4,
9.4,
10.5,

8.7,

B4
9.5,
13.4,
TE9,
8.6,
14.4,

9.5,

7.9,

10.4,
12.6,
8.9,
8,1,
10.4,

7.8,

6.6,
8.0,
12.6,

13l4’

9.0,
8.9,
8.8,
8.9,

30.7;
6.3,

6.3,

9.5,

9.0,
10.7,
8.5,
11.5,
8.0,

9.3,

12.8,
8.1,
9.4,

- B 05 09

8.9,
8.4,
9.9,
B
7.6,
Tl

9.3,

10.7

10.1

8.0
12.5
1245
L2V

12.1

138
13.7
13¢5

9.7

13.8

13.3

10.6
79
6.2

10.1
8.8

10.1

9.6

13.8

B

12.4

11.6
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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’

13.9,

14.0,

14.0,

14.1,

14-2,

14.3,
14.2,

13.6,

5.9,
5.9,
13.5,

12.8,
9.0,

13.0,
1147,

11,6,

8.3’
8'8,

i

8.8’

L L

132,
12.8,

9.1’

14.9,
g.0,

12.0,

6.6,

s o

8.1
12.9
6.2

291

Benzphetamine HCL
Phentermine

Dimethylthiam-
butene HCL

Moramide int HCL
Dipipanone HCL

Diethylthiam-
butene HCL

Alphamethadol

Betamethadol



3DV, AMAX
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

257 Cocaine

257 Dexamphetamine
257 Diampromide

257 Diphenoxylate
257 Methylamphetamine
257 Methylphenidate
257 Moramide int

257

Pethidine

238



257
257
257
2957
257
257
257
258
258
258
258
258
258
258
258
258
258
258
258
258
259
259
259
259
259
258
259

Pethidine int
Phenampromide
Phenoperidine
Piminodine
Piritramide
Properidine
Trimeperidine
Anileridine
Betaprodine
Benzphetamine
Etoxeridine
Furethidine
Mephentermine
Methadone int
Noracymethadol
Norpipanone
Phentermine
Pipadrol
Prolintane

Racemoramide

Alphacetylmethadoel

Betacetylmethadol

Dipipanone
Dimepheptanol
Isomethadone
Levomoramide

Methadone

239



259
299
299
261
261
261
261
266
267
268
268
268
269
275
275
275
2717
277
277
207
278
278
278
.278
278
279
279

Methadyl acetate
Normethadone
Phenadoxone
Dextromoramide
Nicocodine
Nicodicodine
Nicomorphine
Psilocin
Chlorphentermine
Ethylmethylthiambutene
Mescaline

Psilocybin
Methagqualone

Benzoyl ecgonine
Cocaine
Hydroxypethidine
Bufotenine
Desomorphine
N,N-Dimethyltryptamine
Racemethorphan
N,N-Diethyltryptamine
Diamorphine
Levomoramide
Phenazocine
Racemorphan
Ketobemidone

Levorphanol

240



279
280
280
280
280
281
281
281
282
282
i 35
283
283
283
283

283

283
283
284
284
2é4
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

241



3.6, TLhe. Ri.

0.02
0.06
0.08
0.09
0.11
O.lé
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

242



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
Desomoréhine
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

243



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
ST P
Etoxeridine
Pethidine
Proheptazine
Alphaprodine
Racemorphan
Dimethylthiambutene
Levomoramide
Levorphanol
Moramide int
Norlevorphanol
Phentermine
Betameprodine
Dextromoramide
Racemoramide -
Dimenoxadole
Mephentermine
Etofphine
Methylphenidate
Chlorphentermine
Trimeperidine
Methadone int
Racemethorphan
Diethylthiambutene
Normethoadone

Acetorphine

244



245

0.68 Clonitazene

0.68 Phenampromide

0.68 Phenomorphan

0.70 Furethidine

0.70 Norpipanone

“0.70 Pipradrol

0.71 Ethylmethylthiambutene
0.72 Etonitazene

0.73 Isomethadone

0.73 Pemoline

0.74 Alphamethadol

0.74 Betamethadol

0.74 Dimepheptanol

0.74 Methadoﬁe

0.75 Allylprodine

0.75 Alphacetylmethadol
0.75 Alphameprodine

0.75 Benzphetamine

0.75 Dioxaphetyl butyrate
0.75 Methadyl acetate
0.76 Diampromide

0.76 Prolintane

0.77 Phenadoxone

0.78 Levophenacylmorphan
0.79 Noracymethadol

0.80 Benzethidine

0.83 Myrophine



0.83
0.85
0.86
0.86
0.90
0.91
0.94

Piminodine
Dipipanone
Fentanyl
Phenazocine
Diphenoxylate
Benzethidine

Methaqualone

246



247

3.7 FULL MONOGRAPHS
SCHEDULE 2 PART 1 CLASS A
Noe Acetorphine
C27 H35 N1 05 MW = 453.0
Uv = 283
TILC = 0.68
TYPE = Morphine
No. 2 Allylprodine
C18 H25 N1 02 MW = 287.0
MS = 172, 214, 42, 57, 110, 91, 173, 44
IR = 5.8, 8.5, B.:4, 9.6, 14:.3, 13.2
uv = 257
TLC = 0.75
TYPE = Pethidine
No. 3 Alphacetylmethadol
C23 H31 N1 02 MW = 353.0
Di~-HCL
MS = 72, 43, 73, 46, 91, 71, 42, 225
IR = 5.8, 8.1, 14.2, 9.8, 13.8, 13.1
Base
IR = 8.1, 5.8, 14.2, 6.64 9.9, 9.7
UV = 259
TILC = 0.75
TYPE = Methadone



No. 4 Betacetylmethadol
C23 H31 N1 02 MW =
Di-HCL
Ms = 72, 43, 44, 91, 218
IR = 8.1, 5.8, 14,3, 9.8, 13.9, 9.1
Uv = 259
TYPE = Methédone
Nos 5 Alphameprodine
Cl7 H25 N1 02 MW =
HCL
MS = 97, 172, 91, 105, S7, 42, 77, 201
IR = 5.8, 8.5; 8.6, 8.4, 14.3, 9.6
Base
IR = 5.7, 8.5, 8.8, B.7, 8.4, 9.6
UV = 257
TLC = 0.75
TYPE = Pethidine
No. 6 Betameprodine
Cl7 H25 N1 02 MW =
HCL
MS = 97, 172, 91, 105, 57, 425 71, 201
IR = 5.8, 8.5, 8.6, 8.7, 8.4, 14.3
Base
TR = 5.7, 8.7, 8:5; Jdsd, 9.5; 93
UV = 257
TIC = 0.61
TYPE = Pethidine

353.0

275.0

275.0

248



Alphamethadol (Dimepheptanol)

105, 130, 73,

13.0, 6.6, 8.8

Mw

57

9.0, 9.2, 9.4

MW

- 72, 73, 91, 58, 253, 193, 42, 115

No. 7
€21 'H29 N1 01
Base
MS = 72,.56, 9L, 129,
IR ='14.1, 12.8, 8.8,
HCL
IR = 14.2, 13,0, 10:2,
Uv = 257
TLC = 0.74
TYPE = Methadone
No. 8 Betamethadol
C21 H29 N1 01
Base
MS
IR =
uv = 257
TLC = 0.74
TYPE = Methadone
No. 9 Alphaprodine
Cie H23 Nl 02
HCL
MS
IR
Base
IR = 5.8, 8.5, 8.8,
uv = 257
TLC = 0.58
TYPE = Pethidine

= 172, 187, 144, 84, 42, 57, 188, 44

14,2, 920, 10T, 9.5, '10.2, 95

= Bugl B8, Bul, 9.7 942; 8i2

14.4, 9.5, 9.7

MW

S

311.0

261.0

249



No. 10

Betaprodine

Cl6 H23 N1 02

MW

MW

MW

1

. HCL
Ms = 172, 187, 84, 42, 57, 188, 44
IR = 8.7, 5.8, Bsb, 14.5; 9.8, 13:3
IR = 5.8, B.6, 8.4, 9.7, 14.3, 9.2
Base
IR = 5.8, 8.8, 9.5, 8.5, 1l4.4, 8.2
UV = 258
TLC = 0.30
TYPE = Pethidine
No. 11 Anileridine
C22 H28 N2 02
Base
MS = 246, 42, 247, 120, 172, 80, 218, 106
IR & 5.8, 8.5, 849, 7.9, 9.1, B.3
Di-HCL
IR = 5.8, 8.3, 8.9, 6.6, 8.1, 4.4
Uv = 258
TLC = 0.30
TYPE = Pethidine
No. 12 Benzethidine
C23 H29 N1 03
HCL
MS = 246, 91, 42, 233, 162, 57, 56, 149
IR = 5.8, 8.2, 13.6, 9.8, 8.7, 1l4.2
Base
IR = 5.8, 9.0, 8.5, 1l4.4, 8.3, 10.5
uv = 257
TLC = 0,91
TYPE = Pethidine

261.0

352.0

367.0

250



No. 13 Benzylmorphine
C24 H25 N1 02
HCL
MS =
IR = 9.6, 9.7,
Base
IR = 7.8, 9.6;
UV = 282
TLC = 0.40
TYPE = Morphine
No. 14 Bezitramide

284, 91, 375, 81, 42, 285, 175, 44

MS

IR

v

No. 15

C31 H32 N4 02

Bufotenine

MS

IR

uv

TLC

TYPE

Cl2 H16 N2 0Ol

I

58, 204, 146, 59, 42,

8.0, 12.0, 6.6, 12.4,

2179

0.16

Hallucinogen

MW

8.4, Bub6s; 12,5, 13.1

6.6, 9.5, 13.3, 9.5

MW

MW
160, 43, 159

12.6, 6.1

I

319

492.0

204.0

2oL
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No. 16 Cannabinol

c21 H27 02

MS = 295, 296, 43, 310, 238, 299, 58, 41
TREm 6235097, G5, 2.0, 843, 8.8

UV = 284

TYPE = Hallucinogen

No. 17 Clonitazene

C20 H23 N4 02 CL1 MW = 386.5

MS = 86, 57, 43, 71, 55, 69, 58, (41)

TR = Js8, Bsty 13.6, 12.5, 8.2, 12.0

HCL '

T IR = 8.4, 6.6, 9.5, 9,7, 13.6, 12.8
UV = 283
TLC = 0.68

No. 18 Cocaine

Cl7 H21 N1 04 MW = 303.0

HCL
= M& = 82, 189, 44, 77, 83, 105, 954, 96

TR = 7.8, 5.8, 9.0, 13.6, 8.1, 8.0

TR = 5.8 567 TeBy 9.05 I4LT, 9.6

Base
IR = 9.1, 5.8, 5.9, 7.9, 1327, 8al

Uv = 257

TLC 0.38

Il



No. 19 Desomorphine
C1l7 H21 N1 02 MW =
Base
MS = 271, 214, 44, 270, 228, 272, 42, 148
IR = 13.3, 8.0, 8.6, 10.7, 7.6, 8.8
uv = 277
TIC = 0.35
TYPE = Morphine
No. 20 Dextromoramide
C25 H32 N2 02 MW =
Tartrate
MS = 100, 265, 128, 56, 44, 55, 266, 42
IR = 6.2, 8.0, 7.7, 14.0, 8.3, 8.9
UV = 261
TLC = 0.61
TYPE = Methadone
No. 21 Diamorphine
€21 H23 N1 05 MW =
HCL
MS = 327, 369, 43, 268, 310, 42, 215, 128
IR = Bedy 5485 8.3, 547y 9:7,y 8e3
Base
IR = 8.2, 8.4, 5.8, 5.7, 8,4, 9.5
Uv = 278
TLC = 0.33
TYPE = Morphine

271.0

392.0

369.0

253



No. 22 Diampromide
C21 H28 01 MW =
. Base
Ms = 162, 105, 44, 163, 57, 190, 106, 58
IR = 6.0, 6.3, 14.4, 7.9, 8.5, 8.8
IR = 6.0, 1443, 6.3, 7.9, 8.3, 8:6
UV = 257
TLC = 0.76
TYPE = Methadone
No. 23 Diethylthiambutene
Cl6 H21 N1 s2 MW =
HCL
MS = 276, 219, 111, 277, 278, 42, 100, 97
IR = 14.0, 13.5, 11.7, 8.0, 12,0, 6.2
Base
IR = 14.4, 11.8, 8.1, 9.3, 13.5
Uv = 288
TLC = 0.67
TYPE = Methadone
No. 24 Dihydrocodinone-o-carboxymethyl oxime

No Sample No Analytical Data

324.0

291.0

254



MW = 287.0

No. 25 Dihydromorphine
Cl7 H21 N1 03
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 = 10.7, 1054, 10.5; 12.6, 94, 135
Uv = 283 |
TLC = 0.16
TYPE = Morphine
No. 26 Dimenoxadole
C20 H25 N1 03 MW
Base
=== M5 = 58y 105, 57, 43, 71, &5, (41,)167
TLL = 0.62
TYPE = Methadone
No. 27 Dimepheptanol (See Alphamethadol)
No. 28 Dimethylthiambutene
Cl4 H17 N1 S2 MW
HCL
MS = 248, 97, 219, 111, 72, 249, 56, 263
IR = 13.9, 13.6, 11.6, 9.1, 9.5, 8.8
UV = 288
TLC = 0.60
TYPE = Methadone

327.0

263.0

255



256

No. 29 Dioxaphetyl butyrate

C22 H27 N1 03 MW = 353.0

Base
Ms = 100, 42, 56, 101, 114, 353, 1656 9%

IR = 5.8, 8.3, 9.1, 14.2, 13.1, 9.9
TIC =08 75
TYPE = Methadone

No. 30 Diphenoxylate

€30 H32 N2 02 MW = 452.0
HCL
Mg = 246, 375, 42, 247, 91, 376, 156, 184
IR = 5.8, 14.4, 8.2, 8.8, 13.2, 14.2
Base

IR = 5.8, 10.4, 8.5; B.9, 8.2, 6.6

v = 257
TYPE = Pethidine

No. 31 Dipipanone

C24 H31 N1 01 MW = 349.0

HCL
MS

1l

112, 113, 56, 57, 110, 91, 55,140
IR = 4.0, 5.9, 8.8,06.2, 2.0,%12:9
IR = 5.9, 14,05 9.0, 13.2, 10.3, 10.5

Base
IR & 5,9y 14.3, 6.6, 9s0, 9.2y 13:3

UvV = 259
TLC = 0.85

TYPE = Methadone



No. 32 Benzoyl ecgonine
C16M19M10 e
M$ = 82, 124, 105, 77, 168, 122, 42, 83
IR = '7.9, 5.8, 6.2, 13.9, 9.0, 0.8
UV = 275
TLC = 0.40
No. 33 Ethylmethylthiambﬁtene
C25 H33 N1 04 MW =
HCL
MS = 262, 219, 111, 97, 263, 56, 218, 42
IR = 13.6, $4.0, 8.0,79.5, 11.3, 11.6
UV = 268
TIC = 0.71
TYPE = Methadone
No. 34 Etonitazene
C22 H28 N4 03 MW =
MS = 86, 162, 58, 87, 107, 105
IR = 6.6, 8.1, 13.5, 7.7, 6.2, 8.4
Uy = 282
TIC = 0,72
No. 35 Etorphine
C25 H33 N1 04 MW =
MS = 44, 215, 324, 164, 45, 216, 162, 58
IR =
UV = 287
TILC = 0.63
TYPE = Morphine

289

411.0

396.0

411.0

287



No. 36 Etoxeridine
C18 H27 N1 04 MW = 321.0
HCL
MS = 246, 247, 42, 45, 91, 56, 219, 248
IR = 5.8, 8.2, 8.9, 8.5, 9.4, 1l4.3
Base
IR = 5.8, 8.9, B.5, 8.3, 9.5, 1.7
UV = 258
TLC = 0.54
No. 37 Fentanyl
C22 H28 N2 01 MW = 336.0
MS =« 121, 152, 93, 65, 122, 63, 153, 64
IR = 6.0, 14.3, 6.6, 7.9, 7.8, 8.1
IR = 7.8, 6.0, 8.6, 7.6, 6.4, 6.3
Uv = 254
TIC = 0.86
TYPE = Pethidine
No. 38 Furethidine
€21 H31 N1 04 MW = 361.0

MS

IR

uv

TYPE

= 246, ZAT, 42, Nl; 43, 56, 232

=S0A. 8.9 B.E, B.3, 9.3, 14.4

258

1l

]

0.70

= Pethidine

258



No. 32

Hydrocodone

C18 H21 N1 03 MW =

Acid Tartrate

MS = 299, 44, 242, 59, 96, 42, 76, 243
IR = 7.8, 7.7, 7.6, 5.7, 8.7, 8.1
Base
iR = 5.8, 7.9, 6.6, 10.4, 9.5, 12.5
Uv = 280
TILC = 0.22
TYPE = Morphine
No. 40 Hydromorphinol
Cl7 H21 N1 04 MW =
Ms = 303, 70, 58, 44, §7, 42, 216, 286
IR = 9.0, 7.6, 6.6, 9.2, 10:2, 9s7
Uuv = 284
TLC = 0.08
TYPE = Morphine
No. 41 Hydromorphone
Cl7 H19 N1 03 MW =
Base
MS = 277, 214, 229, 228, 42, 96, 286, 70
IR = 5.8, 8.0, 7.8, 9.7, 6.6, 13.2
HCL
IR = 5.8, 7.7, 7.85 10:.3; 9.8, 12.2
UV = 281
TILC = 0.15
TYPE = Morphine

299.0

303.0

285.0



No. 42 Hydroxypethidine
Cl5 H21 N1 03 MW =
HCL |
' Ms = 71, 140, 70, 263, 262, 189, 57, 42
IR = 5.8; HB.1, 8.5, 6.3, 10.8, 7.9
Base
IR = 5.8,7.8; 8.7, B.2, 8.4, 6.2
Uv = 275
TLC = 0.48
TYPE = Pethidine
No. 43 TIsomethadone
€21 H27 N1 01 : MW =
Base
MS = 58, 43, 128, 127, 59
IR = 5.9, 14.0, 33.2, 6.2, 1052, Y.}
HI .
MS = 58, 128, 127, §9, 193, 179, 178, 115
IR = 6.0, 14.2, 13.2, 14.0, 14.9, 10.4
UV = 293
TLC = 0.73
TYPE = Methadone
No. 44 Ketobemidone
€15 H21 Ni-02 MW =
HCL
MS = 70, 44, 71, 57, 247, 190, 119, 191
IR & 6.3, 5.9, 7T«B, 8.2, 10.2, 10.6
Base
IR = 5.9, 6.3, 8.0, 129, 7.8, 14,3
uv = 279
TIC = 0.50
TYPE = Pethidine

263.0

309

247.0

260



No. 45 Levomoramide
C25 H32 N2 02
Tartrate
MS = 100, 265, 128, 266, 56, 129, 55, 101
IR = 9.6, 8.1, 7.7, 7.8, 9.3, 1l2.1
Base
MS = 100, 128, 265, 55, 44, 42, 56, 129
IR = 6.1, 9.0, 14.3, 11.7, 14.0, 8.9
v = 259
TLC = 0.61
TYPE = Methadone
No. 46 Levophenacylmorphan
C24 H27 N1 02
Methane Sulphonate
Ms = 43, 58, 256, 45, 51, 55, 44, 56
IR = 8.3, 8.7, 9.2, 6.0, 13.0, 9.5
Base
IR = 8.1, 8.2, 13.3, 6.6; 7.9, 62
UV = 251
TLC = 0.78
TYPE = Morphine
No. 47 Levorphanol
€17 H23 N1 01
Tartrate \
MS = 59, 257, 256, 150, 80, 42, 82, 200
IR = 7.7, 8.0, 8.2, 8.8, 9.4, 14.8
Base
IR = 8.1, 6.6, 13.3, 7.8, 6.3, 7.6
uv = 279
TLC = 0.60
TYPE = Morphine

MW

MW

MW

392.0

361.0

257.0

261



262

No. 48 Lysergamide

€16 H17 N3 01 MW = 267.0
MS = 227, 44, 54, 196, 72, 222, 181, 45
IR & 6,0, Buly 13,3, B2, D55 el
TLC = 0.11
TYPE = Hallucinogen

No. 49 Lysergide (LSD 25)

C20 H25 N3 01 MW

323.0

TR =6e2, TeT; Fo1, 8.3, B0y 9.4

11

TLC 0.47

I

TYPE

Hallucinogen

No. 50 Mescaline

c11l H17 N1 03 MW = 211.0

Sulphate
“—Ms - 182, 181, 149, 44, 167, 211,(40,)(41)

IR = 8.9, B.l, 6.3, 10.0, 6.8, 12.2

Base
= ZR = 8.9, 6.3, B.1, 6:6, 9.9, 10.1

UV = 268
TLC = 0.25

TYPE = Amphetamine

No. 51 Metazocine

€15 H21 N1 01 MW = 231.0
Ms = 231, 216, 84, 124, 59, 42, 72, 74
IR = 8.1, 6.3, 7.9, 13.2, 1.7, 6.2
TLC = 0.48

TYPE = Morphine



263

No. 52 Methadone

€21 H27 N1 01 MW 309.0

HCL
= MS e 72, 73, 8B, 57, 223, 165, 70, 56

IR

5.9, 4.y 13.0, 9,1, 9.3, 8.9

Base
IR =5.8, 142, 13.0, 9.0, P2, 8.8

v = 291
THE = Qeid
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

IR = I1.5, B.l, 8.1, 1348, 1k.l, 97
Base

IR = 8.2, 11.6, 11.0, 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



No. 56

Metopon

IR

TLC

TYPE

No. 57

C18 H21 N1 03

1

]

280

0.24

]

= Morphine

Morpheridine

C20 H30 N2 03

= 5.8, 9.0, 8.5, 8.3,

HCL

MS =

IR =
Base

IR

uv = 257

TILEC = D.22

TYPE = Pethidine
No. 58 Morphine
CL7 HI9 Nl 03

Sulphate

MS = 285, 42,

IR =
HCL

IR =
Base

IR

Uv = 280

T = (0 14

MW

5.8, 7.8, 9.8, 9.2, 8.8, 8.2

MW

246, 100, 42, 82, 91, 56, 232, (41)

5.8, 8.1, 9.¥, 8.5, 13.8

P, 14:4

MW

70, 162, 44, 284, 124, 59

Ga0L 93 12,7, T-6, 8.5, 106

12,7, 16, 9.3, 9.0, 8.9, 10.6

= 8.0, 8.9, 12.4, 10:56, 12,0, 9.2

299.0

346.0

285.0

264
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No. 59 Morphine methobromide

MS = 45, 58, 73, 285, 72, 80, 82, 42

IR = 9.1, 7.6, 9.4, 7.9, 9-5, 10.7

No. 60 Morphine-N-oxide

MS = 58, 285, 72, 42, 71, 59, 186, 44

TR = B:0; 6,25 1246, 1045y 8.9, 9.2

)

No. 61 Myrophine

C38 H51 N1 04 MW = 585.0
Ms = 91, 43, 57,(41,) 73, 55, 60, 8l
HR = 8.8, 827, 9.0, Be54 8.0, 8.2
uv = 283
TILC = 0.83
TYPE = Morphine
No. 62 Nicodicodine
C24 H26 N2 04 MW = 406.0
MS = 106, 78, 70, 59, 42, 284, 300, 44
TR 125, Galy 5.8, 0607, 013.5, 9.8
UV = 261
TIC = 030
TYPE = Morphine



No. 63 Nicomorphine
C29 H25 N3 05 MW =
| HCL
MS = 172, 106, 42, 57, 78, 44, 214, 149
IR = 5.8, 7.8, 9.0, 8.0, 9.3, 9.8
IR = 5.8, 7.8, 9.7, 8.9, 13.6, 9.3
UV = 261
TEC = 0645
TYPE = Morphine
No. 64 Noracymethadol
C22 H29 N1 02 MW =
HCL
MS = 58, 134, 43, 99, 59, 91, 44, 150
IR = 5.8, 8.1, 14.2, 13.8, 9.8, 6.3
UV = 258
TLC = 0.79
TYPE = Methadone
No. 65 Norlevorphanol
¢16 HZ) N1 01 ‘ MW =
MS = 45, 243, 136, 200, 159, 157, 198, 242
IR = 8.1, 6.6, 7.9, 13.3, 6.2, 7.2
IR = 6.0, 8.0, 6.2, 8.2, 7.9, 8.8
UV = 280
TLC = 0.60
TYPE = Morphine

495.0

339.0

243.0

266



MW

- 88, 72, 71, 42, 59, 168; 51, 179

= 5.9, 14.3,13,2; 9.0, 10.2

= 140-3, 5.9, 6.3, 9.7, 809, 13.2

MW

= 271, 81, 150, 148, 45, 110, 42, 82

- 7-6, 8.0, 12.6, 9.4, 9-7, 9.0

No. 66 Normethadone
C20 H25 N1 01
HCL
MS
IR
Base
IR
UvV = 292
TLC = 0.67
TYPE = Methadone
No. 67 Normorphine
C1l6 H17 N1 03
MS
IR
v = 285
TLC = 0.12
TYPE = Morphine
No. 68 Norpipanone
C23 H29 N1 01
HCL
MS
IR
Base
IR
UV = 258
TLC = 0.70
TYPE = Methadone

= 98, 111, 44,(41,)55, 99, 42, 149

—.d4.3. Bunodlis 0. '8 8,19, 12.8

B14.3,013,7,05,9, 8.9, 15.2, 9.8

MW

295.0

271.0

335.0

267



70, 44, 316, 42, 140, 258

7.8, 9.0, 9.7, 10.5

507, 7.9, 10:7, 10,2

MW

MW

= 44, 42, 301, 115; 70, 216, 91, 43

25,8, B.d, Ba2, 848, 10.6, 10,5

e 8.1, 6:3; 5.8, 7.9, 8.8, 8.1

£.8, 8.2, 8:7.78,8, 7.7, 9.1

5.8, B:2, B8.6; 8.5, 7.8, 14.3

No. 69 Oxycodone
C18 H21 N1 04
Base
MS = 315, 230,
IR = 5.8, 6.6,
HCL
IR = 5.8, 6.6,
Uv = 280
TLC = 0.16
TYPE = Morphine
No. 70 Oxymorphone
Cl7 H19 N1 04
MS
IR
IR
Uuv = 281
TLC = 0.09
TYPE = Morphine
No. 71 Pethidine
€15 H21 N1 02
HCL
MS =
IR =
IR =
Uv = 257
TIC = 0.54

MW

715 T05 57, 425 44, 43, 247, 172

315.0

301

247.0

268



No. 72 Phenadoxone
C23 H29 N1 02 MW
HCL
MS = 162, 105, 57, 163, 114, 190, 44, 77
IR = 5.9, 9.2, 14.1, 14.3, 8.0, 9.0
Base
IR = 9.0, 5.9, 14.3; 13.1, 6.6, B.0O
UV = 292
TLC = 0.77
TYPE = Methadone
No. 73 Phenampromide
Cl7 H26 N2 01 MW
Base
Ms = 98, 125, 99, 42, 120, 55, 57
IR = 6.0, 6.6, 623, 8:9, 7.9, 14.2
HCL - -
IR = 641y 1349, 1.8, 7.8, 6.6, B2
Uv = 257
TLC = 0.68
TYPE = Methadone
No. 74 Phenazocine
c22 HZ7 N1 01 Mw
HBr
MS = 230, 58, 231, 44, 42, 105, 173, 56
IR '= B.2, 8.1, di2,013.2, '7:9, sl
Base
IR = 6,6; B.l, 14.5, 8+2, 7«9, 6.3
uv = 278
TLC = 0.86
TYPE = Morphine

351.0

274.0

321.0

269



No. 75 Phenomorphan
Cc24 H29 N1 O1
IR = 6.6, 8.2, 7.8, 7.6, 14.3, 13.3
uv = 279
TLC = 0.68
TYPE = Morphine
No. 76 Phenoperidine
C23 H29 N1 03
uv = 256
TLC = 0.90
TYPE = Pethidine
No. 77 Piminodine

C23 H30 N2 02

Ethane Sulphonate

MS
IR
uv
TLC

TYPE

No. 78

= 57

546, 366, 42, 106, 133, 247,

]

8-5’ 8-3’ 8.7, 5-8, 6‘3-’ 9.7
257

0.83

1l

]

Pethidine

Piritramide

MS

IR

IR

uv

TLC

IYPE

€27 H34 N4 01
B 9. 14.3.°93.4. 13,33 6.6, 9.3
6.0, 4.3, 13,2, 9.2, B.4, 6.3
257

0.47

Methadone

]

270

MW = 347.0
MW = 367.0
MW = 366.0
, 260

MW = 430.0

sg6, 138, 42, 387, 162, 110, 301, 91
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No. 79 Proheptazine
Cl17 H25 N1 02 MW = 275.0
MS = 58, 202, 57, 201, 42, 84, 44, 186
IR = 5.7, 8.5, 8.4, 14.3, 13.3, 8.2
TIC = 0.56
TYPE = Pethidine
No. 80 Properidine
Cl6 H23 N1 02 MW = 261.0
MsS = 71, 70, 218, 57, 42, 44, 43, 174
IR = 5.8, 9.0, B.3, 7.8, 9.2, 8.8
uv = 257
TLC = 0.50
TYPE = Pethidine
No. 81 Psilocin
Cl2 H16 N20 1 MW = 204.0
MS = 58, 204, 59, 42, 146, 160, 130, 77
IR = 9.6, 12.0, 9.4, 8.0, 8.1, 13.7
IR = 12,0, 805 842, 946; 945, 13.8
UV = 266
THE = 031
TYPE = Hallucinogen



272

No. 82 Psilocybin
Cl2 H17 N2 04 MW = 284.0
MS = 58, 204, 42, 59, 57, 44, 146,(41)
IR = 9.4, 10.9, 8,5, 8.1, 11.5, 12.5
Uv = 268
TLC = 0.06
TYPE = Hallucinogen
No. 83 Racemethorphan
C18 H25 N1 01 MW = 271.0
HBr
MS = 59, 271, 58, 150, 270, 214, 42, 80
IR = 8.1, 7.7, Db, 9.4, 7.9,I9.9
Base
IR & 8.1, 6.6; 9.6, 8.05; 6.2; 11.8
UV = 277
TLC = 0.50
TYPE = Morphine
No. 84 Racemoramide
Cl8 H25 N1 01 MW = 392.0
IR = 6.1, 14.2, 9.0, 13.2, 14.0, 6.2
UV = 258
TIC = 0.61
TYPE = Methadone



273

No. 85 Racemorphan
Cl7 H23 N1 01 MW = 257.0
HBr
MS = 44, 43, 257, 59, 150, 200
Base
IR = 8.1, 7.8, 6.3, 6.6, 6.2, 79
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
IR = B.2, 5:8, 7:9, 8.2, 11.1, 8.7
UV = 281
TLC = 0.36
TYPE = Morphine
No. 87 Thebaine
C19 H21 N1 03 MW = 311.0
HCL
MS = 311, 44, 255, 296, 310, 312, 42, 253
IR = 8.1, 8.7, il.O, 6.2, 71285 9.7
Uv = 283
L = 0.32
TYPE = Morphine



No. 88 Trimeperidine
Cl7 H25 N1 02
MS = 186, 201, 42, 202, 187, 56, 57,
IR = 5.8, 8.6, 8.8, 8.5, 9.3, 1l4.1
N = 257
TLC = 0.65
TYPE = Pethidine
No. 89 Methadone intermediate
Cl9 H22 N2
MS = 58, 72, 42, 168, 192, 71, 59, 713
IR = 14,3, 13.2, 13.0, 9.6, 13.4, 8.6
UV = 258
TLC = 0.66
No. 90 Pethidine intermediate A
Cl3 H16 N2
MS = 57, 42, 43, 70, 71, 200, 199, 44
IR = 13.2, 14.3, 7.9, 8.9, 8.7, 10.1
UV = 256
TIC = 0.38
No. 91 N,N-Diethyltryptamine
Cl4 H20 N2
MS = 86, 58
IR = 13.5, 9.0, 9.4, 9.2, 8.1, 13.8
UV = 278
TYPE = Hallucinogen

MW

71

MW

MW

MW

1l

275.0

234.0

200.0

216.0
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No. 92 N,N-Dimethyltryptamine

MS
IR
IR
uv

TYPE

No. 93

Cl2 H16 N2

1l

]

]

S.

58, 188, 130, 59, 42,77, 115, 143
13.5, 9.9, 8.1, 9.6’ 9.1, 9.3

13,6, 8.1, Gs1, 9.6, 9.9, 12.4
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Hallucinogen

T.P.

HCL
MS

IR

Base
IR

uv
TLC

TYPE

No. 94

Cl2 H19 N1 02

Pethidine intermediate C

a4, 163, 91, 42, 71, 65, 43, 151

8.2. 9.6, 6.6, 115, 8.2, 8:5

8.2, 9.656.6, 14,6, 11.5, 8.5

288
0-57

Amphetamine

]

HCL
MS

IR

Base
IR

uv

TLC

Cl3 #H17 N1 02

]

]

424 43, &k, Slain Ty 103,191

6ad, 1346, 7.8, Bil, 13,4, 10,8

8.3, 195 19.8, 14,2, 12,4, 6.0

257
0.36

I

A



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
wy = 257
TLC = 0.60
TYPE = Methadone
No. 96 Norpethidine
€13 H11 Nl 02 MW = 213.0
HCL
; IR = 8.1, 5.8, 8.6, 9.8, 13.7, 7.6
IR » 5.9, 8.2, B:T, 1:75 98, M.d
oV = 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
IR = 842, 7uB,; 5.8, 12.7, 6.7, 9.3
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

IR = 8.8, 1402’ 13-4’ 6.6, 6.3, 6.2

Base

SRS s w1400 15,5006 9.2, 12,3, 11,6
UV = 257
TLC = 0.51

No. 99 Codeine

C18 H21 N1 03 MW = 299.0

Phosphate
MS = 299, B1, 42, 229, 162, 124, 300, 44

IR = 9.5, 10.6, 9.0, 10.4, 8.0, 12.7
IR = 6.6, 7.5, 9.0, 9.4, 8.9, 1207
I8 = 9.4 .5, 9,0, 12,86, 10.7, 8.8
Uv = 284
TIC = 0.16

TYPE = Morphine

No. 100 Dexamphetamine (See Amphetamine)




Mw

MW

MW

232.0

404.0

285.0

No. 104 Methylphenidate
Cl4 H18 N1 02
HCL
MS = 84, 91, 55, 150, 146, 56, 85, 83
UV = 257
TLC = 0.63
TYPE = Amphetamine
No. 105 Nicocodeine
C24 H24 N2 04
MS = 282, 106, 78, 229, 267, 42, 124, 283
IR = 5.8, 7.9, 9.0, 9.5, 13:7, 6.6
IR = 5.8, 7.8, 7.9, 8.9, 8.0; 9.0
UvV = 261
TLC = 0.31
TYPE = Morphine
No. 106 Norcodeine
c17 H19 N1 03
MS = 285, 81, 262, 148, 286, 214, 164, 110
TR = 7.8, 9.5;.12.5; 12+7; 8.9, 8.4
IR = 12.7, 7.8, 9.5, 8.9, 8.4, 7.9
TLC = 0.18
TYPE = Morphine
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No. 101 Dihydrocodeine
Cl8 H23 N1 03
Tartrate
MS = 301, 44, 70, 164, 59, 42, 244,
IR = 8.0, 7.0, 9.4, 8.8, 8.3, 14.7
Base
IR & 6.6, 'Te9, Dely Bally Bely 95
UV = 282
TLC = 0.20
TYPE = Morphine
No. 102 Ethylmorphine
C1l9 H23 N1 03
HCL
MS = 313, 243, 162, 124, 59, 42, 112
IR = 9.4, 7.9; 9.6, 8.9, Bs5,; 12.5
Base : .
IR = 6.6, 9.4, 9.8, 7.9, 8.8, 8.4
UV = 285
TLC = 0.35
TYPE = Morphine
No. 103 Methylamphetamine
C1l0 H15 N1
HCL
MS = 58, 91, 56, 59, 42, 65, 134
IR = 13:4; 14+3; 95, 6.3, 933 2.6
UV = 257
TIC = 0.51
TYPE = Amphetamine

)

MW = 301.0
302

I‘M = 313.0
MW = 149.0



No. 107 Phenmetrazine
Cl1l H15 N1 0Ol MW
HCL
MsS = 71, 42, 56, 43, 44, 177, 117, 51
IR = 9.2, 14.3, 13.2, 10.4; 9.0, 10.1
UV = 256
TIC = 0.49
No. 108 Pholcodine
C23 H30 N2 04
MS = 100, 114, 42, 56, 115, 70, 101, 55
IR = 6.6, 8.8, 8.6, 9.1, 6.1, 6.0
IR = 8.9, 10.3, 9.0, 7.9, 2.5, 9.5
UV = 283
TLC = 0,02
TYPE = Morphine
SCHEDULE 2 PART 2 CLASS C
No. 109 Benzphetamine
€17 H21 Nl MW
MS = 91, 148, 149, 92, 65, 56, 42, 120
IR &= 13.6, 14.3, 13:0, 13.2; 9.2, 9.0
Uv = 258
TLC = 0.75
TYPE = Amphetamine

177.0

239.0

280



No. 110 Chlorphentermine
C10 H14 N1 MW =
HCL \
MS = 58, 42,(41,)125, 59, 168, 89, 63
IR = 12.3, 9:2, 9.9; 11.8, 7.8, B.6
TR = 12:3,. 9.2, 9.9, 1138, 1.8, 13:3
UV = 267
TLC = 0.65
TYPE = Amphetamine
No. 111 Mephentermine
CIl H17 Nl MW =
MS = 72, o1, 73, 56, 148,(41,)57, 42
IR = 9.0, 14.0, 14.3, 6.3, 13.0, 9.7
UV = 258
TLC = 0.62
TYPE = Amphetamine
No. 112 Methagualone
Cl6 H14 N2 01 MW =
HCL
MS = 235, 250, 91,233, 236, 65, 76, 251
IR = 5.8, 6.1, 13.2;5 6.4, Te8; 645
Base
IR = B0, 6.y 1295 13.1, 759, 7.6
UV = 269
TILC = 0.94

183.5

163.0

250.0

281
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No. 113 Pemoline

C9 H8 N2 02 MW = 176.0
Ms = 107, 176, %0, 42, 105, 89, 77, 70
IR = 8.2, 14.3, 6.0, 6.5, 8.8, 7.8
uv = 256
TLC = 0,73
No. 114 Phendimetrazine
Cl2 H17 N1 Ol MW = 191.0
Bitartrate
MS = 57, 42, 85, 44, 56, 77, 51, 70
IR = 9.0, 7.7, 7.9; 8.2, 9.4, 8.7
Base |
IR = 8.9, 9.1, 9.2, 13.2, 14.3; 10.0
UV = 256
TLC = 0.48
No. 115 Phentermine
Cl0 H15 N1 MW = 149.0
MS = 58, 91, 59, 44, 42, 134, 65, 57
IR = 13.8, 14.2, 11l:7; 12.8; 6.2, 8.4I
UV = 258
TLC = 0.60
TYPE = Amphetamine
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No. 116 Pipradrol
C18 H21 N1 01 MW = 267.0
MS = 84, 56, B85, 77, 105, b5, 42, 51
IR = 13.4, 14.1, 14.4, 6.3, 7.7, 10.0
Uv = 258
TLC = 0.70
No. 117 Prolintane
C15 H23 Nl MW = 217.0
MS = 126, 91, 127, 174, 55, 42, 97
IR = 12.9, 14,1, 13.4, 8.8, 9.9, 6.2
UV = 258
TLC = 0.76
TYPE = Amphetamine
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