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PREFACE TO ‘fli E FIRST [S1 EDITION

This varityped version of my ductoral dissertation has been prepared primarily to satisfy the

nnny requests 1 received for copies of the original manuscript, With the exception of minor typo-

graphical changes and those noted below in the section on Transformations, tbe only other changes

have been in tk arrangement of the indexes, bibliography, etc. which had to confonm to university

conventions. tlowever, in this edition the indexes, etc. have been placed at the end.

The original manuscript waa typed primarily by my s=retary, Mrs. Sylvia Shapiro. The vari-

t~ping in this edition W= dOne h Mrs. Joan il. Graham. Proofreading was performed by Mrs. Joan

E, Shnok and Mr. Walter Fiddlez. Mr. Fiddlex found errors of omissicm in the section on Trans-

formations which have been ccrrectcd hy the addition of footnotes, He also found many errors in

the copying of chemical names and formulas in both the original and the final manuscript. Thk

on Iy strengthens my belief that an arduous intellectuaJ task such as naming a chemical or calcu-

lating its formula is moat cmsiatently performed hy a machine.

I also want to thank collectively, the many other persons who hefpcd in the preparation of

this wotk thrcm @ suggestions and participation. The dissertation, as accepted by tbc Department

of Linguistics of the University of Pennsylvania, went through seveml revisiuns before it was

accepted, Many of these changes resulted from different interpretations of the morpheme, allo-

morph, etc. f.inguistics is not yet so precise that one can prescribe a discovery procedure, Quite

simply, this means that linguistic data can be interpreted in many useful ways. For the reader

who is interested in pursuing the theoretical background of this statement further, I recommend

Noam Chomsky’s Syntactic Structures (Mouton & Co, ‘S-Gravenhagc, 1957) espsciallypages 17aud

56,

hlost of the readera of this treatise w ill “ot be trained in linguistics. However, I do not

feel that anyone interested in learning the procedures described will find the resoling too difficult,

even though the work was not written as a textbook. 1[ is my intention to supplement this work by

a textbook that will enable scientists and librarians to use chemical nomenclature for literature

searches and for indexing without getting into the detailed undemanding of organic chemical

structure and theory. As a follow-up of this dissertation, work is now in progress on the comple-

tion of the lexicon of chemical morphemes, fn the present work, linguistic analysis was confined

primarily to acyclic chemistry while definitely establishing the feasibility of handling cycfics.

To complete the linguistic analysis now requires considerable work. For example, the analyses

must account for the difference in meaning of oic acid when it occurs with pentanoic acid and

benzoic acid. This example also illustrates the futility of any syllabic apprusch to the study of

chemico-linguist ics,
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I wish to stress that it is not necessary (or the reader to wait for the appearance of the

above-mentioned lexicon in order to use the algorithm (procedures) described here. This is espe-

cially true for lhose with training in organic chemistry, tha[ is, have already memorized enough

chemical nomenclature to carrv through the simple calculations,

In closing I should like to encourage mv readers to communicate with me cmcemingany

portion of this work,

Eugek Garfield

lN~lTUTT F-CR SCIENTIFIC INFORMATION

Philadelphia 3, Pa,

Jldy 17, 1961
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PREFACE

This dissertation discusses, explains, and demonstrates a new algorithm for translating

chetica 1 nomenclature into molecular formulas. In order to place the study in ita proper context

and perspcctivq the historical development of nomenclature is first discussed, aa well as other

related aspects of the chemical information pmblcm. The relationship of nomenclature to modem

linguistic studies is then introduced. Tire relevance of structural linguistic procsdurea to the

study of chemical nomenclature is shown. The methuds of the linguist are illustrated by examples

from chemical discourse. The algcaithm is then explained, first for the human translator and then

for use by a conputer. Flow dia~ams fnr the computer swwtctic analysis, dictionary Iuok-up

routine, and furmu la calculation routine are included. ‘l%e sampling procedure for testing the al-

gcrithm is explained and final Iy, conclusions are drawn with resp~t to the general validity of the

method and the dirsction that might be taken for iuture research. A summary of mudern chemical

nmremlature practice is appen&d primarily for use by the reader who is not familiar with chemi-

cal nomencfaturc.

ABSTRACT

An algorithm for translating directly frnm chemical names to molecular formulas is described,

‘fire validity nf the algcmithm was tested both manually and hy computer. Molecular formulas of

several hundred randomly selected chemicals were calculated successfully, verifying the linguistic

analyses and the logic of the canputer program.

The algorithm fnr manual human translation consists of eight simple operations, The pro-

cedure enables non-chemists to compute mnleculsr formulas quickly without drawing structural

diagrams. The m~hine translation routine is rspid and requires a program of less than 100fl in-

structims. ff the experimental dictionary were expanded to include low frequency morphemes,

fonrrulaa for all chemical names could be handled.

The problem of chemical nom rnclature is discussed in terms of the information requirements

of chemists. The approach of the Iin guist to the problem of nomenclature is cnntraated with that

of the chutriat, It is shown that there is only one language of chemical nomenclature though there

exist many systems of nomenclature, The difficulties in syntactically analyzing Chemical Abstracts

(C. A.) “omaclatum results from C. A. ‘s ambiguous use of morfiemes such as imino, not the use

of so-cal led trivial nomenclature, The more systematic 1.U. P. A.C, nomenclature includes idio-

matic exlmes sions but eliminates all homonymous expressions.

The structural linguist tries to dessribe a language cumpactly. While this study does not

not inclu& a complete grammatical description of chemical nomenclature, all of the basic facets

of such a grammar have been studied. These Iingriistic studies include a morpbnlngical analysis

445



of the nmst frequently occur-ring segments. Approximately fnrty mnrphemes such as 10, e, y ) and

aflnmnr@ such as tki and sulj were isolated. A list nf their ZOO actual cn-occurrences were

compiled. Th es~ studies are particularly valuable in identifying idiomatic expreaaions such as

diaz, the meaning nf which cannnt he cnmputed from the referential meaninga of di and OZ. Mnr-

pheme classes are illustrated by the bonding morphemes (on, en, yn, ium, etc. ) and the homnlo-

.goua alkyl morphemes meth, eth, prop, but, etc.

The syntactic analyaea include the demmatratinn of transformational properties in chemical

ncmrenclature as e.g. in primary amines (R-N) where aminoRane=Rylamine. To compIete the

gramrrmr one would have to expand the inventory nf mnrphemes, morpheme classes, and the list of

tranafomationa, Chemical name recognition ia not simply a word-for-word translation procedure .

Rather the syntactic analysis required is comparable to the prncedure employed by Harria, Hiz,

et al (Transfnrnutions and Discourse Analysis Projects, Univ. of Pennsylvania) for normal Eng-

lish discourse. The structural linguistic data is supported by a summary of /. U. P. .4. C. rules for

generating chemical names.

fn nrder tn relate this study to the general problem of chemical information retrieval, the

historical development nf chemical nomenclature is traced from the 1892 Geneva Conference to

the present. The relationship between nomenclature, notation, indexing and searching (retrieval )

systems is discus scd, In particdar, the need for linguistic studies to solve the intellectual facet

of the “retrieval” problem is discussed in contrast with the manipulative aspects which are more

readily amenable to machine handfing. The problem of synonymy in chemical nomenclature must

be resolved if computable syntactic analyses of chemical texts are to bc used for mechanized

indexing. The completion of the detailed grammar of chemical nomenclature would not only per-

mit tbe calculation of molecular formulas but also tbe generation of structural diagrams, system-

atic namea, line notationa, and other information required in macb irre searching s ygtems. With

suitable mafificaticms tbe procedures cnuld easily bc applied tn foreign nomenclatwe.

The field of chemicn-linguistics is of interest to the organic chemist as it can improve

methods for teaching normnclature. Similarly, for the linguist chemical nomenclature is a fertile

field of study, One can control the experimental conditions more eaaily than in normal discourse,

However, cnncluaions can he drawn which may have more general application.
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ORGANIC CHEMICAL NOMENCLATURE --
HISTORICAL AND BACKGRCKIND INFORMATION

The Contradictory Goals of Chemical Nomenclature

“It is possible in the domain of organic chemistry togive several names to the same corn-

potmd. This state of affairs has on the one hand the great advantage of Permitting clear expression

of thought and of rendering it easier to bring out analogies in structure wherever this is useful. ”

[/ Am. Chena SOc, S5,3905(1933)].

‘rhese remarks are quite indicative of the general state of affairs ofchemical ncirtenclature,

They are the opening sentences of the 1930’’ Definitive Report of the Commiasionon the Reform

of the ‘nomenclature of organic Chemistry” (opus cited, p. 3905) and like much that is aaid about

nomenclature, the one sentence contradicts (he other.

Ifitis possible to name the same chemical compound in two or more different waya, doesthis

really permit clear expression of thought. It depends on one’s orientation. For the speaker, syno-

nyms do indeed allow for greater freedom ofexpreasion and the ability to bring out subtleties that

might otherwise be difficult to make. For thelistena, such freedom ofex~ession on the part of the

speakermav result in complete loss of comprehension. To complete the round of contradictions we

find in the next sentence: “Rut on the other hand a multiplicity of names for the same sutmtance

constitutes a serious obstacle in the preparation of indexes. ” (opus cited, p. 390 S),

OralCommunication Versus fndexing

T6irtY years ago it was not yet quite apparent to experts in chemical nomenclature that their

attempts to modify prevalent nomenclature (or indexing purposes actually might bemaking oral and

written communication even more difficult. It is not my purpose or intention to criticize tbe work

oi these experts, The purpose of these introductory remarks ia to indicate that committees on chem-

ical nomenclature are indeed faced with the baffling dichotomy of trying to serve the purposes of

oral communication on the one hand and tbe needs of indexing on the other. This is like trying to

get people to speak the King’s English in order to simplify the task of preparing dictionaries. The

inability to make these two functions blend is quite obvious if one examines, btiefly, the histury

of organic nomenclature for the past seventy-five years.

Geneva Nomenclature

Modern chemical nomenclature “officially” began in lf192[Pictet, Arch. sci. phy. not. 27,

485-520( lB9?)l[Tiemann, Lfer. 26, 159 S-1631 (1892 )]atthe well known Congress of Geneva. ,Allstu-

dents ofelemen!ary organtc chemistry are still taught the “Geneva” system though some teachers
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may now call it the I. U. P.A. C. system. The next major ~evisicm of the Geneva system came with

the 1930 Report mentioned above. Thirty-eight years later “the intent of the Geneva Congress bad

not been realized’’ i.e., Rule lenabIed each chemical to bnamedofficiaIIy so that it would”be

found under only one entry in indexes and dictionaries. ” (opus cited, p. 3906)

I. U. P,A.C. !Yomenclature

Thenext major report on Organic Chemical Nomenclature came aImost thirty years [ater and

is known as the 1957 Repurt []. Am, Chem. .%c. 82,5545 -R4(1960)]. It is important to note that the

1957 Report contributed nothing to affect this di.ssertation. Most of the report is devoted to cyclic

compounds. The portion of acyclic chemistry which is discussed, the hydrocarbons, does not in

any way affect the linguistic aspects of my research. For that matter, as is noted below, it does

not affect the basic description of organic nomenclature.

Thenomenclature ofso-caIled simplcf~lnctim s,i.e. substances which contain only one kindof

function such as acids, alcohols, etc. are not covered in the 1957 Repwt. The same is true of the

complex functions.

Constant Activity in Nomenclature Field

The failure of the 1957 Report to treat the entire domain of organic nomenclature does not

mean that there has not been a great deal of attention devoted to chemical nomenclature during the

past thirty y:ara. On the contrary, as .Austin M. Patterson noted in 1951 there were so many com-

mittees on nomenclature that it was necessary to compile a directory of them. (Chem. Eng. Vews

May 28, page 2181, cited in his “Words about Words” Washington, Amer. Chem. SoC., 1957). This

is a collection of nomenclature columns written by Patterson for the weekly organ of the Swiety,

Chemical and Engineering V’eu,s.

No Basic Change

Looking at tie development of organic nomenclature from the viewpoint of structural linguist-

ics one is forced to conclude that while there are changes in the Geneva System contained in the

1930 Repcxt, the former system is retained basically intact. Only minor details were modified.

The present situation in organic chemistry may bc described by pusing the following ques-

tions. [f I had been ignorant of the 1930 and 1957 Reports on organic nomenclature and had mmpiled

the list of morphemes and their corresponding syntactic rules, how accurately would this analysis

describe organic nomenclature aa it ia used today. At least 90% of the new chemicals made each

year would be recognized by a grammar based on the Geneva System. It would be an interesting

study to make an exhaustive analysis of chemical nomenclature prior to 1892. This would determine
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the basic list of morphemes available to the chemist at the Geneva conference. Ilowever, such a

comparison was not germane to the particular research involved in this dissertation.

While it is true that ‘ ‘official” nomenclature began at the Geneva conference, examination

of the 1S92 Report and others (e.g. frmstronq, Proc. Chem. Sot. 1892,127-131) and similar examina-

tion of earlier nomenclature practice reveals that the morphology of organic chemistry not cmlyre-

mained essentially the same in the 1930 and 1957 Reports, (which were presumably revisims of

the 1R92 Geneva Report!, but even the Geneva conference did not contribute any major morphologi-

calchangcs in organic nomenclature. The Geneva chemists simply accepted tbe morphological pat-

tern already in use and cotfified it. In other words, a morphological analysis of organic nomenclat-

ure conducted in 1891 would have produced almost exactly the same results as an analysis con-

dwted after the Geneia Conference in I X92.

This is not to underestimate the value of the Geneva Con fereme, It has served a USef”I fmc-

tion In teaching nomenclature, as there was not then available any internationally accepted system

that teachers could use. Ilowe,er, while the teaching of organic nomenclature was not quite for-

malized in 1891, the terminology acquired in studying elementary organic chemistry as e.g. by us-

ingan lWIOtext book would be not significantly different than that which would he acluired in read-

ing the same texthuok in its 1920 edition in which the Geneva system is adopted.

longest Versus Shortest (’hain Structure

The Geneva Conference Jid mak some significant contributions to the syntactical descrip-

tion of organic nomenclature, or at least to solidification of syntactical practices used by many

but not as uni~ersally as was the morphology. Thus, triethvlmrtAane became 3-ethvfPentane. The

example of triefhylmeth atie demonstrates the point well. The morphemes tri, eth, ,yt, rneth, an, e

*ere not new. Neither were the morphemes eth, ~1, pent, an, e in cthylpenta”e. The new rules spec-

ified the selection of the latter combination of morphemes for the ~henlical C113-C112-Cll(C112-

C113)-CI~ –C113 byeslablishing the syntactical principle that the “parent” structure shall be the
.,

one which contributes the longest possible chain of carbon atoms. The older method of naming

this chemical bad an implied syntactic struc~urc where one named chemicals in terms of tbe short-

est chain. The same diagram can he written (C113–C119)3-CII. There are historical r eas ons for
-.

this change.

Rapid Change in Syntax - Not \lorpbolcgy

Early organic chemistry naturally was concernetl with chemicals of simpler structure such

as metkane gas. is the knowledge of chemical structure increased, chemicals Like pentane were

easier to understand, b“t still the (;eneva chemists could not foresm the rapid development of or-
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ganic chemistry that would take place, in which it would again become necessary to modify the

syntax of nomenclature but not the morphology, This would seem to be the opposite of historical de-

velopment of IarrKuages where it is the morphemes which change more rapidly than syntax.

Reading Organic Chemistry as a I.anguage

Contrary to general belief, organic chemical nomenclature is relatively simple. It is not to

the credit of many teachers of organic chemistry that many students are frightened away from or-

ganic chemistry because they are confronted too early and quicklv with whal seem to bc very com-

plicated chemical words. Students are not taught the basic elements of organic nomenclature be-

fore they begin the formal study of the actual experimental science. This is unfortunate. One can

recall that it use to be a requirement for pre-medical students to study Latin. This was really not

necessary to the study of medicine. However, having removed Latin from the medical curriculum

there remains a vacuum. Special preparation in the language of medicine is needed to fill this vacw

um. Similarly, the special language of organic chemistry should be taught first.

Implications for Teaching Organic Chemistry

I believe there are implications to be drawn from this dissertation for the teaching of organic

chemistry. Teaching chemistry cannot be divorced from the general problem of chemical communi-

cation. Ilowever, I cannot hope LO pursue, in detail, all the derivative problems related to chemical

nomenclature.

Increased Volume of Chemical I,iterature

As waa stated in the opening paragraph, the earlier intematimral committees on mqaric norrxzn-

clature tried to resolve simultaneously the problem of communicating and indexing chemistry. I f

the problem of indexing chemicals was already a problem in 1892, it is quite understandable that

the emphasis on the indexing implications of nomenclature have increased. Whereas a few thousand

new chemicals were prepared each year at the turn of the century, over 75,000 new chemicals were

prepared by the world’s chemists in 1960 alone (cf. E. Garfield, /ndex Chemicus, ]StCumulative

Index, 1961, 33. )

Notation Systems

This volume has increased the preoccupation of nomenclature experts with indexing require-

ments. This includes not only conventional indexing systems, but also systems which will employ

machines both for listing chemicals in the conventional fashion and also for new types of machine

!,
searching ‘fire newer “nomenclature systems, e.g. G.\~. Dyson [(1947) Longmans, N. Y. 1949] and
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W.J. Wiswesser (A Line Formula Chemical Notation, Crowell, N. Y., 19S4) have completely dis-

carded the semblance of English and employ ccsnpletely symbolic representatims. These so-called

cipher or notation systems do undoubtedly simplify the problem of arraying formulas in indexes, just

as notation systems simplify the problem of arraying boOks on a library shelf. However, just aa

library classification systems cannot place the book on more than one shelf at a time, using a no-

tations ystem, pcr se, does not resolve the need to locate chemicals in more than one place in the

index.

The various notation systems which have been proposed purport to avoid the pitfalls of no-

menclature. None of them have been designed on the basis of a formal linguistic analysis of no-

menclature. Rather, the ir inventors have been preoccupied with aucb problems as economy of no-

tation and the ability to use the system simultaneously for the unique identification of chemical

compounds as well as for generic searching. This now introduces a factor which Eegins to explain

the background purpmse of this research program.

Objectives of Linguistic Analysis

One can perfomn linguistic analysis with many different objectives in mind. Indeed, it is

quite pnssibleto visualize a situation in which a language might be analyzed without the linguist

acquiring a speaking knowledge of that Isrrguage. Similarly one can analyze nomenclature either

with the idea of mastering the techniques of naming chemicals or one may & more irrterestcd in

uncovering rrew methods of classifying chemicals. Since modern formal Iinguiatics certainly helps

one to perceive semantic as well as grammatical categories more directly than the older, more in-

tuitive methods, (comparable to o priori elucidation of chemical class ificaticms) then it is of in-

terest to explore the possibilities of using formal structural linguistics in studying the problcm of

chemical information retrieval. 1 first discussed this possibility with Prof. Z. }Iarris in 1955 (E.

Garfield, private communicaticm “Structural Linguistics and \lechanical Indexing, 1955).

[rrfcrmatim Requkeme~s of Chemists

To complete] y understand the raison d’etre of this research, it is necessary to review some

of the general information requirements of the chemist and how chemical nomenclature is related

to these requirements. The organic chemist may spend years attempting to synthesize a particular

chemical. [n order to avoid the possibility of repeating experiments which were performed byothera,

he must have access to compreben sive indexes. Such indexes are typified by the Chemical

Abstracts (CA.) Subject and Forrmla Indexes (Chemical Abstracts, Columbus, Ohio).

fn the C,A. indexes one can find a specific chemical by either of two methods. If one un-

derstands the C.A. system of chemical nomenclature then one can name a particular chemical in
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which one is interested and look for it in the alphabetic subject index. On the other hand, if one

dues not have mastery of the C.A. nomenclature system one still has the option to use the Form-

ula Index. (Incidentally, not more than a few hundred chemists in this country have a complete

mastery of the C. A. sys tern. Thee years of full-time indexing work sre gene rail y required to train

a graduate orgsnic chemist to be an indexer for Chemical Abstracts. )

Formula Indexes

The Formula Index is a simple device in which each chemical is listed in alpha-numeric or-

der according to the number Of carbon and other atoms contained in it. Ethyl alcohol (ethanol) is

listed under C2H60 while acefic acid (ethanoic acid) is C2H ~02. By simpIy counting the num-

berof carbon and other atoms in the chemical, the chemist can compute the molecular formula. With

no special trsinin,q he can uae the formula index to find the C.A. name of the chemical in which

hc is interested.

I wish to make clear that these are oversimplified statements for the purpose of explanatory

clarity. In actual practice one must bc very cautious in calculating a molecular formula as the

more complex molecules prepared today can even b difficult to depict in ideo~aphs. This then

brings up another vital question, which is, the use of structural diagrama (idiographs).

Structural Diagrams

While a chemist MSy frequently not be able to IMIW a Chaniml fmrn a structural diagram, ac-

cording to the I. U. P.A. C. or C..i. system , he can usually draw a diagram from a name. In order to

calculate the molecular formula of a complex molecule the chemist wi 11 invariably draw ita struc-

tural dia~am and then pruceed to add the number of carbun and other atoms. A particularly annoy

ing aspect of working with someone else’a diagram is the frequent practice of omitting some of the

hydrogen stoma in the diagrams. Ilydrogen atoms as such are usually of little interest to the

chemist.

All existing methods of naming, indexing, coding and ciphering chemicals are based on the

assumption that the chemist will first provide a structural diagram. Itia important to keep this in

mind when compring methods of handling chemical information. For example, when a chemical

originally reported by name is indexed by Chemical Abstracts the indexer will first draw a struc-

tural diagram. He wi 11 then proceed to rename it “systematically”, More often than not, the newly

assigned name will b completely incomprehensible to the chemist who first prepared the chemical.

The indexer will also uae the structural diagram to calculate the molecular formula which, as we

have seen, is very useful to the chemist in finding a chemical in a formula index.
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Molecular Fonmulas in Analytical Chemistry

The molecular fortmrla alao plays another important role in chemical research aa it is essen-

tial in analyzing chemicals to identify them through molecular or empirical fonmrlas. The empiri-

cal formula showa the ratio between carbon, hylrogen and other atoms. For this reaaon, it is gen-

erally required that the chemist report the “oalcukrted” molecular formula of each new compound

he prepares when submitting paper to a scientific journal. Itissi.qnificant that a large number

of the molecular formulas repwted by authors contain errors. This statement is based on my per-

sonal experience in editing the indcsing of more than 100,000 new ckmical compounds. Surpris-

ingly few chemists knmv the “odd-even” ruIe which requires that the hydrogen count ia an odd

number if there is an odd number of other atoms present. Most of the errors are in the hydrogen

count. “The calculation of correct molecular fomnulas requir= great care and checking is justi-

fied. ” (E. J. Crane: “C A To&zY - The Production of Chemical Abstmcts, Amer. Chem. SOC.,

!Yashington, D.C,, ]9ss, p. 86). fn this same book Dr. Crane also discusses the frequent errors

found in original iournal articles (opus cited p. 74).

Generic Searches

While the s“bicct and formula indexes to Chemical Abstracts are &signed primarily to help

the chemist find asp= ificchemical in which he is interested, they are not especially useful wkn

he is trying to rind a chemical of related structure. fndced, in this case the chemist may not even

know the existmce of a panicular chemical be[nre he begins hia search. Ttus he may be interest-

ed in learning whether any member of a class of chenicals has been repnrted in the literature as

e. q. hexanols. Generic searching is not always practical with the arnventi onal indexes. For this

reason other methnds, both manual and machine, are now extensively employed.

Chemica I-Biological Coordination Center Cad e

The moat comprehensive classification system &signed fw searching chemicals generically

is the system of the now defunct Chemical-Biological Chetical Coordination Center of the Na-

tional Research Council. This system is based primarily on the work of Prof. D, Frear of the

Pennsylvania State University (CBCC Chemical Code, National Research Council, Washington,

194 R.)

Modifications of CBCC Needed

The CBCC chemical code ia an elaborate hierarchal system of classification based on a

priori assumptions concerning the chases one may wish to search in large files of chemicals,

\Vhile the CRCC system is ~uite useful, almoat without exception, chemists who employ it must

make modifications in particular parts of the classification schedules to differentiate more
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preciacl~ their particular chemical interests. For example, a steroid chemist would expand certain

sections of the code where it ia not sufficiently specific to distinguish large numbcra of chemi-

cals which might otherwise receive the same code number. This is the same problem that librar-

ians encounter in using systems such as the Dewey Deci!mal System and the Library of Congress

classification system.

Thus the laboratory chemist has two general requirements in searching for chemicals – the

search for a specific chemical and the generic search. Turning from the chemist who is the user

of indexes, what is the problem of the chemist who prepares these indexes.

The Indexer’s Problem

fn attempting to satisfy the information requirements of the lab chemist, the chemical indexer

must deal with dozens of foreign languages in which chemical papers are written. He must also

deal with the different s~nonvm-producing-sy stems of naming the same chemical in each foreign

language. In other words, French chemists not only have their little devices for naming chemi-

cals, but in France, as in other countries, each chemist Iias certain preferences for naming chem-

icals in which he is a specialist.

Nomenclature Requires \lore Than Ccmperation

The last comment may sound strange when one considers the obvious desire and willing-

ness of chemists all over the world to cooperate in using standardized nomenclature. Ilowever,

nomenclature is a problem that is far beyond the mere question of cooperation. It takes more than

good intenticms to resolve problems that arise from the vagaries of language. The plethora of

chemical synonyms presents a formidable obstacle to the chemical indexer. If snme method could

bc found for indexing chemical names without the many costly and enervating steps now required,

a worthwhile step would have been made in documenting the literature of chemistry. This prob-

lem has great econcxnic significance to indexer and user alike. The budget of Chemical Abstracts

is over live million dollars per year.

?dachine Indexing

The use of machines to perform indexing is by now no nOvel idea. My O!vn inve$tigatiOns on

the use of computers to index chemical information began in 19S1 as a member of the Johns l!op-

kinsh!achine Indexing Project (cf. W.A. IIimwich, 11, Field, E. Garfield, J. \’lhittock, S.V. [.arkey,

‘,Yelch\kd ical f.ibrary Indexing Project Reports, Johns Ilopk ins (University: Baltimore, 1951, 19S3,

1955.)
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Manipulative Versus Analytical Aspects O( Indexing

[n September of 19S2, 1 presented an oral report on a tentative method for preparing the indexes

to Chemical Abstracts before the American Chemical Society’s Committee on C.A. Mechanization,

Ilowever, most of the early work in the use of computers for scientific documentation concerned it-

self wilh the manipulative aspects of the problem rather than the analytical aspects. (cf. E. Gar-

field: Preparation o(Printed Indexes by Machines, Am. Documentation, 6:6s-76,195S and Prepara -

tionoISubject Ileading I.ists by Automatic Punched-Card Techniques, 1. Documentation, 10:1-10,

1954).

In private comrmmicaticm to Prof. Arthur Rose, Pennsylvania State University, then chairman

of the American Chemical Society Committee on C.A. Mechanization, the relationship between the

problem of mechanical translation of languages and the problem of mechanical analysis of scientific

literature was discussed. As the years have passed, the general awareness that the linguistic prob

lems of indexing are far more significant than the manipulative aspects has increased. All workers

in the field of information retrieval are now more conscious of the need to concentrate on problems

of using computers as a substitute for the costly intellectual analysis required to index scientific

documents by the conventional criteria as well as new criteria.

Soviet and British Nomenclature

In recent years Soviet scientists have also been clc~oting more attention to these problems

as, for example, in the work of Tsukerrnan and Vladutz (cf. .A. }1. Tsukerman & A.P. Terentie~,

Chemical ~on~enclature’translation, Proc. lntl. Conf. for Standards on a Common Languoge (or Mo-

chine .Searching and Translation; \lcw York, Intcrscience, 19 fIl). fndeed, what it now a Soviet text-

book of organic chemical nomenclature was first published in 1955 (cf. A.P, Terentiev et al, \’o-

menklatura Organ iches/cik/t Soedmionit, \loscow, 195S) (simultaneously published in German trans-

lation as “’VOrSChLa8c :“r Yorne”klature Organischer F’erbindungen”, \loscow, 1955. ) It is an ex-

cellent treatment of the general subiect of nomenclature. There are not too many extant works to

which it can be compared. Cahn’s recently published work (R. S. Cahn, An Introduction to Chemical

Vornenclafure, l.o”don, 1959) is written for the lay chemist. Ilowever, as Editor of the /ouma/ o/

the Chemical Society of London, Cahnand Cross also prepared the “handbook {or Chemical Society

Aut/iors”, (Special Publication No. 14, I.cmdon, Tbe Chemical Society, 1960) which has many im

valuable comments on I.l). P.A, C. as well as British and American nomenclature. It also gives t h c

dates each ruie was adopted.

American Nomenclature

The definitive American work on nomenclature is a publication known to most organic chem-

isk - “The Vaming and lndexin8 of Chemical Compounds by Chemical ,4 bstracts’’ (Columbus,
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Chemical Abstracts, 1957). The wurk is simply a reprint with cornmcrrts of introductory remarks

to the 1954 C.A, Subject Index. Neither this work nur that of Cahn can be considered to be a

critique o{ nomenclature. That no really complete critilue of chemical nomenclature is available

is not surprising. This is a subject which has represented a lifetime of work for several eminent

chemists among others A.M. Patterson, E.J. Crane, L.T. Cappell and tbe staffs of several pub-

lications in this country and sbroad.

Accelerated Interest in Mechanical Analysis

The increasing availability of high-speed, high-density storage computers has now accel-

erated interest in the rrwchan ical analysis of texts, It is not surprising that many individuals and

teams are working simultaneously on many aspects of this problem. The pussible use of com-

puters for mechanical analysis of texts is not just an academic question involving the study of

language, information theory, etc., in an academic sense, not that there can hc too much research

on these subjects. Ilowever, as one witnesses the growing volumes of scientific publications

and the increasing difficulties of finding qualified personnel with scientific and indexing train-

ing one must bs tempted to explore the full potential of the computer for every facet of indexing

work. AS the editor of a chemical index, f am only too well aware of the need for such assist-

ance, even though a complete resolution of all extant problems seems now to bs “futuristic”.

!Vhat then are the possibilities of using the computer to perform such intellectual analyses?

INTELLECTUAL INDEXING TASKS REQUIRING STUDY

Mechanical Reading Device

fn the first place, one would like tohaveavailable a device formechanically reading the

words. This would avoid the costly step of manually creating a computer input in machine lan-

guage. For example, one would like to index chemical papers merely by underscoring pertinent

chemical names in a text. These words then would be analyzed by tbe computer. This was the

basic premise of Frome’s experiment (cf. J. Frome, U.S. Patent Office, Report No. 17, 1959).

Selective \Vord Recognition-Copywriter

In the work of indexing for the Index Chemicus, chemists must underscore pertinent

chemical names and formulaa. At present, there is no device available which would permit one

toselectively ’’read”or “aenae” printed texts, tbougb tbecbaracter recognition problem is grad-

ually finding= solution, Large sums are now going into research on character recognition de-

vices, Ilowever, the immediate prospsct of devices which can simultaneously read the hundreds
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of di Iferent topographical styles now employed is still only on the horizon. Nevertheless, a proto-

type “reading” unit (or selecliwly copying words for indexing and other purposes has bee n

invented and built hy this writer and is called the COPYWRITER (cf. Fourth Annual Report,

Cmrnc i] on I.ibrary Resources, !Vashin~ ton, 1961, p. .30). This machine might be modified for use

in character recognition machines for selected fonts (cf. Z. S. Ilarris, Intl. Conf. on Scientific

tnfcmration, p. 949). Since one do= know the particular typographical style used by publications

regularly indexed, character readers can he hui It to accommodate these typographical styles (cf.

\ Rabinow, Character Recognition Hmchtries, lq61).

Cbcmical ‘iames to Structural Diagrams

Assuming now tba t we ha \e ohmincd son-e form of machine input either by character recog-

nition or hv rnanuall} creating a record in machine language, wkat do we wish to have done w i t h

this information?

hside from the use that is m~de of the structural diagram by the chemist for naming chemicals

systcmaticallv, and for calculating mnlecu[ar formulas, one of (he primary uses of the structural

diagram is for communication. The organic chemist is able to comprehend a chemical most quickly

when it is presented m him in (bc form of a structura[ diagram. ‘l%is tvpe of graphic presentation is

akolutelv newssarv because the usc of systemaic nomenclature is frequently either too difficult

or too time consuming, While it is lheorcticallv possible to name anv chemical hy the Gene}a sys-

tem, it must be understood that this is far from true in practice. What actually happens is that cer-

tain complex configurations arc assiqncxl either a semi-systematic or rri}ial name. The chemist

therefore o~erwbelminglv prefers the use of the structural diagram. Ilow. ever, in order to save space

journals continue to use nomenclature extcnsivelv. One would therefore like to use the computer to

convert chemical names back into structural diagrams.

[)rawing Diagrams by !lachine

At first glance the average chemist considers computer conversion of names to diagrams an

impossible task. Ilowever, this is bv no means the case. It is not true either in the sense of recog.

nizing and understanding the chemical name itself nor in (he sense that a machine cannot “draw” .

That structural diagrams can be drawn by machine is an accomplished fact. In two separate reports

Opler and Waldo ha,e shown that structural diagrams can be drawn hv a computer. (A. Opler and N.

Baird, Displav of(~henlical Structural Formulas as Digital Computer Output, Am. Documentation 10:

59 –63,19S8 ) (W. Il. Waldo and \l. de Backer, Printing Chemical Structures fClectroniuallv. Pro..

international COn/erence on Scientific [n{onnafio~, Yational Acadenw of Sciences, \Vashington,

1959, p.71 1-730). In [act, the diagrams drawn by Clpler’s computer wem so realistic, few chemists

would believe that it was not a photographic projection technique until they were shown exactly
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how the illusion was created o“ the IB\I 718 output tube. This particular computer output device

has a television type raster. By energizing the appropriate combination of spots, one can ohta in

drawings of amazing complexity. [f the drawings are examined from a dis[ance, one cannot sce the

spaces between the spots, thereby creating the illusion that they are line drawings. This is basic-

allv the technique used in wirephoto facsimile. One can see such patterns of dots on the front page

of the dailv newspaper, as it is frequently necessary to transmit photos quic!ily, and the size of

the dots consequently must be large and more perceptible to the naked eye. If the transmission

rate is slowed down, one can increase the resolution to the point where the human e~ cannot

easily detect the presence of the dots. There is no question that we can mechanically display and

print structural diagrams by computer.

Recognizing Chemical Names hv Machine

If we are capable of drawing a structural diagram by machine, then we must determine wheth-

er we can indeed find a procedure for “recognizing” a chemical name in such a way that th e

computcrcan hc properly instructed to draw the correct diagram, I first began to pursue this ques-

tion \cars ago. Could a computable procedure bc found for recognizing chemical names and what

tvpe of analvsis would he required in order to find this procedure? f further question naturallv

concerned the design of an experiment which could be completed in a reasonable length of time,

with a reasonable chance for S“cceSS,

[)po” ~xami”atio”of the complex computer programming required to reprOduce a single knOwn

and coded chemical on a 718 displav tube, it became quite apparent that to recognize a previously

unknown, uncoded chemical was nol a reasonable task for one person to accomplish. f)pler esti-

mated that at least ten man-years would be required just to write the necessary computer programs

fordisplayingany (Ype of chemical diagram after suitable linguistic analyses of organic chemistrv

had been performed (A. Opler, Private Communication 1959). For this reason it was ascertained

how much effort would be required to produce conventional line formulas as e.g.

C-C-S(C113)-C-C: C:0

To perform this feat, as in the case of drawing structural diagrams, this requires not onlv recog-

nition routine, buthlso a“ extremely sophisticated generation routine, i.e. a procedure for generat-

ing tbe correct line-formula. This is further complicated by the fact that most general purpose

computers do not ha}c the topographical flexibility required for conventional line-formulas. Other

methods of displa~ing chemicals as e.g. ciphers were also explored. A search of the literature’ and

communication wi(h the proponents of all well known notation systems indicated that such computer

routines were not available. (G. M. Dyson and W.J. \Visswisser, Private Communication).
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Calculating \lolecular Formulas by Machine

Subsequently, I turned to the possibility of calculating the molecular formula. As has been

stated above, (he molecular formula is not only a widely used method of retrieving chemical infor-

mation, it is also information that tbe chemist frequently needs in his laboratory work. In many

situations it would not be necessary to draw a diagram if the molecular formula were available.

Indeed, this is a very practical problem for every chemical publication or institution which prepares

molecular formula indexes. The feasibility of preparing a program for generating molecular formulas

seemed reasonatie and prnk ided a useful target for research.

While it was desirable [U relate the study of finding a recognition routine to some usable

output goal, the search for a recognition procedure might still have been undertaken tn~how. howe-

ver, it is difficult to envision any recognition procedure which would not produce some type of

usable outpu~. Even a syntactic analysis of a sentence without regard to ultimate use does pro-

duce an output. In the ease of chemical nomenclature, any output that results from ~ rcco~ition

routine has some value.

IIa, ing limited ~hc scope of the output, it was (hen necessary to define and limit the recug-

nitiort capabilities.

The Quagm ire of Chemical Nmncnclature

Organic chcmicol nomenclature is at first glance a horrible quagmire that could never be

crossed by the most umhitious chemist, Na[urally, the average chemist thinks first 01 the several

million chemicals that hove alreadv been reported in the literature. There is almost an unlimited

number O( new Chemicals (hat can he made. New combinations of atoms are uncovered everv day.

C. !. maintains a cross-reference file consisting of se~eral hundred thousand entries. Ilowever,

most people are unnecess~rily discouraged by this state of affairs. It is necessary to differentiate

the various facets of the problem of reco,qnizin~ chemical names herore one comes to the conclusion

that it is a problem that is too hopciess to deal with.

There are three basic types of chemical names: (1) Trivial names, (2) Systemfitic names and

(3) Semi-Svs(ematic or Semi-Trivial names.

Trivial Names

The problem of handling trivial names muse he dealt with in two parts: (a) names which are

known prior to the computer analvsis and (b) names which are entirely new. Tsukerman has proper-

ly called both types of trivial names “words. provocateurs” (opus ci~ed, p, 4).
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From the point of view of machine recognition of known trivial names there exists no prob

lem. The storage of large dictionaries in computers is no longer a serious obstacle. \Vith tb im-

provement of so-called random access memory units we can expect to be able to look up items in

large dictionaries quite rapidly at relatively low cost. While [ would not underestimate the work

involved in analyzing the thousands of trade nsmes and other non-systematic names for chanicals,

the problem of trivial names is indeed essentially trivial and of no basic interest to the linguist.

This is primarily a problem of locating trade “amea and other synonyms by reference to standsrd

compendia.

Legislation not a Solution

Similarly new trade names can be dealt with by non-linguistic methods. This may oms day

require legislative action, though it is extremely doubtful that we will see in our lifetimes the

elimination of the practice of naming new chemicsls biogmphicslly. You don’t eliminate tbe use of

terms like “Richstein’s Substance S“ by legislation. Rigid standards might make it very difficult

for people to use such names in published journals, However, the use of trivial names or semi-

trivial names is absolutely essential and necessary in chemistry and particularly in biochemistry.

Unfortunately, the chemicsl structure of many chemicals is not ccinpletely knowm for msny years,

?Janychernicals can only bc identified by a mol~ular or empirical formula. The canplete chemical

structure may not be understood for many yeara as was the case with ttrouaands of churricals like

insulin, penicillin, etc.

Systematic Names

Systematic names also fall into seveml categories. The word “systematic” is used very

loosely to mean chemical names which are (a) named according to existing nomenclature systems

or (b) named on the baa is of a very prescribed list of basic terms . As the Geneva system has de-

veloped, the various commissions have tried to get chemists to rely on “systematic” nomenclature

oftbe latter type, but this is not alwaya easy. The f. U. P.A.C. rules as they statd today allow for

so many exceptions in the selection of lexical items that it is incredible to think that all cbernists

will ever use it with 100% consistency. Indeed, in using CA or 1,U.P,A.C. nomenclature one

constantly faces the situation of having to name a chemical in a way which is completely foreign

to the chemist. The rules are written primarily for the use of indexers, Consequently, the above

distinction which is made by [, U. P.A.C. and by such Soviet authors as Tsukermn (opus cited)

between so-called systematic and trivial names almost becomes meaningless. What is a trivial

name to one chemist is a systematic name to another. If you are a steroid chemist them androstane

is not a trivial name. It is amusing to observe that the 1957 Report (opus cited, p. 73) gives up

any attempt to get chemists to name androstane as a derivative cyclopentanophen anthrene, the
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more systematic description. It is equally ridiculous to call cyclopen tarropkenonhrene a system-

atic name when One could pro@y call the phenan~rene portion a derivative of benzonaphfhalene.

Once you are cOnvinced, as I am, that the development of a truly systematic nomenclature for human

communication is an impossible absurdity then d ist incticms between trivial versus systematic

names also become abaurd. ff, on the other hand, one treats nomenclature linguistically chemical

names can be classified as idiomatic or non-idiomatic expressrnms whose meanings can or cannot

be computed from the meanings of the participating morphemes.

Treating Nomenclature as a Language

\loat difficulties in dealing with nomenclature are due to the failure to recogrrize, in spite

of its being a specialized jargon, that nomenclature is a sub-language of English (or whatever

other language is involved). It displays many features of ordinary language. ff the study of organic

nomenclature is tackled as a linguistic as well as a chemical problem, then you avoid pitfa[la such

as the trivial-systematic dichotomv. If nomenclature is a linguistic problem then it seems reascm-

able to analvze the language or chemistry as you might analyze any other language. To completely

describe a language is to write the grammar of that language.

Since I assumed chemical nomenclature to be a “language” with complexities or a range of

complexities quite different than English or other natural languages, I was prompted to inquire how

linguists might deal with such problems. I was further stimulated in this direction by the words of

Bloom fie[d (1.anguage, 193?) and \Vhorf (Language, Thought and Reality), This type of associative

though(and further personal contact with linguists such as Harris inevitably focused my attention

on [he idea of treating organic chemical nomenclature as the structural linguist would treat a pre-

~iotrsly undescribed language.

\Vhile it was “ot possible for me to come to the linguistic Iabratory with completely clean

hands, having as a chemist acquired a general familiarity with chemical nomenclature systems, I

was not uncritical of it, I have been reluctant to devote a great deal of time to the complete mastery

of nomenclature because I feel that it has certain inherent limitations for communication and re-

trieval purposes.

In discussing organic chemical nomenclature, I have tried to indicate that as indexing prob-

lems ha~e increased, nomenclature svstems have tended to hccome geared more to the requirements

of indexers rather than chemists or communicators. Naturally, both of these forces are constantly

at work and the example 1 gave of the change in steroid nomenclature is one which indicates s case

where the no,nenclature experts had to revise systematic nomenclature to the facts as they already

existed. Chemists had not followed the rules and the Commission could not overcome this fact in

the in-between meetings. Between the first submission of the 1957 Report and its publication in



1960, there were over twelve thousand new s(eroid chemicals prepared. This is a fact from per-

sonal experience, as I examined that many steroid structures during the three Yews in question.

In the face of sucha rapid accumulation of new steroids, it is un reasonable to expect that chemists

would do other than foIlow the principal-of-least-c ffofi in naming chemicals. Eva the la~msn has

a good idea of what cholesterol is and it would bc folly fnr scientific commissions to ignore the

facts of natural linguistic growth. Creation of names cannot wait for the calling of annual com-

mittee meetings.

Designing Nomenclature for Machine Uses

On the other hand, if nomenclature systems can be designed both to help chemists commu-

nicate better and to index more consistently, why shouldn’t nomenclature be designed so that it

can be understood more easilv bv machines? In fact, it is not at all coincidental that elsewhere

in this paper I have raised questions concerning the teaching of organic chemical nomenclature

to humans. I suggest that a thorough re-examination of organic chemical nonmnclature in terms of

simplifying the process of analvzing chemical names by computer also would be most rewarding

for teaching humans.

Certain practices are already noticeable in the naming of very complex chemical stmctures

which appear to be accelerating this process anyhow, Chemicals are becoming so complex that

chemists are finding it necessary 10 name them systematically but not in the I. U. P..A. C. or CA

sense. This usage of existing terms does make sense to the reader and to the machine. Tbe

practice is increasing of adding substituents to the end of parent structures with inter~ening hy-

phens, without regard to the established [. LI.P, A,C. rules of priority. For example, prefixes and

suffixes are being used interchangeably. Most chemists could not care less whether substituents

are listed in alphabetical order, by complexity, or by any other criterion. In fact, deviation from

these comple~ ordering rules for multiple prefixes led to the formulation of a new method of filing

steroids alphabetically, The system avoids absurdities which result from I. L1,P. A,C.’S complex

ordering rules [cf. E. Garfield, Steroid Literature Coding Project, Chem. Literature 12(3):6(1960)].

For example, it is the general rule in naming a chemical which has a particular function

repeated to use the numerical prefix di. Thus one encounters hexanediol or more specifically

2,4-hexanedioL lfone files another chemical which is also a hexonediol, but which also contains

an acid function as e.g. 2,4-dihydroxyhexanoic acid, one obviously must file these two chemicals

in entirely different places in an alphabetic scheme. However, tbe latter chemical could be calld

2,4-dioMexanoic acid since hydroxy equals OL Further simplification of the rules might produce

2-ol,4-ol-h exan-oic acid. Not only is this easier to learn, it is certainly easier to analyze by

machine.
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Designing the Experiment

In designing the experiment and limiting its scope, 1 had to chcmse some Prtion Of organic

chemistry which was sufficiently large as to allow general conclusions to bc drawn for chemical

“ome”clature in general. 1 chose acvclic chemicals as this class could be easily sub-divided if

n=cessar~. The experiment would still be reasnnablv complete so as to demonstrate the feasibility

of tackling, by a team of linguists, chemists, and programmers, the entire dorrmin 01 chemical

wmewlature, especially the cvclics. The present analysis could be expanded to include and deal

N ith more than 91K of the ncw compounds reported in the literature and a large percentage of the

older literature hv use of a relatilelv small number of additional morphemes such as pkeu, benz,

C>CIO, and rxher cvclic co-occurrences such as UZa, OXII, etc. Thus, fw a process of elimination

the specific obiec(ive of my experimental program ~$as established – to find a procedure for the

machine translation of chemical names to molecular formulas.

One of the practical b~-produc[ results of this research has been to delineate a manual,

algorithmic method of calculating [hc molecular formula of chemical names w ithout resorting to

structural dia~ams. !s I simulated tbe operations ~rformed by the computer, based on the

linguistic analvsis, it became readil} apparent that the procedure can bc used manually. f am

confident tha[ most chemists will quickli learn and apprec!a, e the simplicity of the method. fine

of the greatest ialues of tr~ing to mechanize IS that We are forced to look at a problem in a wav

that was bltherto difficult. The complete algorithm is summarized In Table ~’ on page 30.

\nother prac(ical use of (his nc,! algori~hm is found in the abilit} to [rain a non-chemist

clerk to calculate a molecular [ormula from a chemical name,

!lclationship between nomenclature and Scarchinq

\ b!-pmduct of this stud~ is [he clearer understanding of the relationship Irctween nomen-

clature and chemical searching requirements. \~hen [he computer anal}sis of [he chemical name is

cmnp Ieted, the parsed etprcssion tba{ results fronl the analysis could be used bv the computer to

perform ,er} adequate generic as Nell as specific searches. If [he chemists specifies the tvpe

of chemical in which he IS interested in term of morphemes instead or conventional chemical

class names, generic searches become quite simple. Ilence, a scarcb [or all Aexenols becomes a

search for all chemicals which contain the morpheme co-occumence hezen and the morphemeol.

If he is interested in an> six-carbon-chain-alcohol he need onl} speclft the presence of hex and

01, where he~ must bc the carbon containing morpheme, not the multiplier morpheme as in Aexa.

chlorooctane.



While the computer program used in this research may be of intcreat to the reader (and for

that reason is included here), it m only incidents] to the general program of this resutrch. The

genersl requirements of tbe program, the hssic spproach, etc. sre the pertinent factors. The sp~ific

methodology of particular computers is not of vital concern, though it is certainly an interesting

exercise to work with s programmer. All of the actual Univsc computer coding work was done in s

relatively short time. Any large and several medium sized computers could have been used.

f personally prepared the Unitypcr tspes lmth for the input of the chemicsIs to km tested ss

well ss the program. However, the actual Univac program coding wss done by two Uniwxsity pre

.grammers, Dr. J. O’Connor and T. AngeH. f wish to thank them both for this sssistanec. The coded

Univsc I progrsm is omitted for this ress on and comprises ap~oximately 10DO code steps. How-

ever, the computer operstion is described in genersl terms by flow diagrams in Tsbles vIf to X.

While the study has been limited to acyclic compounds I was interested to explore just hmv

difficult would be the transition to handling cyclic structures. A few cyclic morphemes were added

to my testing procedure to simplify the selectinn ofs random sample.

Tbe exciting results of this side excursion over the imrder between the cyclic and ac~clic

compounds is thst f hsve found cyclics to present no insurmounra tde obstacles. Certsinly with

sufficient, hut reasonable manpower, it would be possible to resolve most of the ambiguities in the

nomenclature, st Ieast ss far as calculation of molecular formulss is concerned, When we enter the

reslm of mechanically drawing structural diagrsms then we are indeed faced with some grave prob-

lems in handling cyclics, We cannot ignore positional designations, which we can do in calculating

moleculsr formulas. This is not because the syntactic problems of positional designations is itself

difficult, which it is, but bccsuse there would appear to be no immediate solutions to tbe problem

of resolving the use, by different chemists, of different systems of numbering well known ring sys-

tems. This would be more of a problem for older compounds publisbed before the appearance of

CA’s Ring fndex (Patteraon, Cappell, Walker, Ring Index, Am, Chenr. Sot,, ‘.Vashington, 1960).

Pattern Recognition Devices

This problem leads logically to another facet of the chemical information problem. Is it pos-

sible to find s method of “reading” structural diagrams. We have assumed all along that we would

usually find our rsw information in the form of printed chemical nsmes. IIowever, it ia also true one

hss to desl with the printed structural diagram. Whether for the purpose of calculating a molecular

formula or for naming the chemical systematically, a pattern-recognition device would he required

in order to completely mechanize recognition. The National Bureau of Standards has been working

on this problem using topological techniques. This is an exciting area of research, but we appear

to bc far from a solution to the problem.
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Experiments with Cyclic Compounds

Preliminary experiments involving cyclic chemicals indicate that restricting the experiment

tO acyclic c~wunds d~es IMX affect (he awlicabilh Of the pr~edu~e tO c@ic structures. The

greatest additional linguistic work is found, not in expanding from acyclics to c~clics, but from

1,11. P.A.C. 10 less systematized nomenclature such as is used by Chemical Abstracts.

STRLICTURAI. LINGLIISTICS APPROACfl TO CHEMICAL NOMENCLATURE

f shall outline below how a structural Iinguis{ic analvsis of nomenclature differs from a non-

linguistic approach. For example, (he Soviet chemist Tsukerman (opus cited) uses the “syllabic”

ap~oach –a natural cOurse fOr a chemist ~ith g~d knO~ ledge Of nomenclature tO follO~. Ile thinks

on terms of prefixes, suffixes, stems or roots, radicals, etc. on the other hand, the linguist study-

ingnomerwlature would not begin with the rule book of nomenclature, but rather with the actual dis-

course, the chemical names created by chemists. From the actual discourse he would discover the

existing practices.

In principle, it is possible fora Iinguis[ to determine the morphemes of chemistry by interrogat-

ing an infnrmant of that language. IIe can then applv the procedures of structural linguistic analysis

IO dam obtained from the infOrmant. The ultimate objectite should bc the mnatcompact statementof

the mnrphologv. t Table I is a list of morphemes ~bich I compiled for acvclic compounds, The word

primarv is used to indicate that these are the most frequently occurring - not that it is a preliminary

list. In that case iL would be a list O( morphs.

I.inguistic Forms and Theil Environments

The basic approach of the structural linguist is to identifv forms by examining the environ-

ments in which they OCCW, To obtain a description of a language one must examine a large corpus

of [hat language. hllomomhs, morphemes, etc. are determined bv a process O( trial and error. Since

a morpheme is a Iingumtic c!ass it ia essential that grcwps of occumcnces be examined simultane-

OUSIV if one is to determine tha( anv particular sequence is or IS not an occurrence of a morpheme.

%i. ce the phonemes Of English chemical .ome.cl. t.re were assumed to be the same a. the.. used in normal
d,sceurse, it was not considered necessary to study tie, phonology. (There were very definite problems en-
cmntercd by chemists in using Gmeva nomrn.laturc which could have been avoided il the conference had
givcm mrne attention to phometic transcription. l%”., the adopti.m of ync to differentiate acetylenes from
an, fncsk.awx necessary later on. However, dIc phonetic identtty of cnc in alkcncs and zne in amxncs is still
a prOblcm. ) FM the problem of tr. nnlatlng chemical name. to rormulas phonology wae “ot investigated. Thin
doe8 not mean tha~ phonologmal atudtes are not germane to the problem of analyzing chermcal diecourse, ae
mdced they are. Such studies would help uncover ambiguities resulting from ..pra.egmente,l morpheme. em
e.g. m dtmc[h> lphrnylam!nc.
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In linguistics You cannot decide that a sequence is a morpheme unless you examine several utter-

ances. Structural linguistics requires that linguistic forms bs examined in various environments. In

applying this technique tO chemical nomenclature the procedure is facilitated by the existence of

compendia such as Chemical Abstracts [cf. Chemical A b.rtracts 39,5867-5975(1945) for lists of

frequently used radicals]. I Iere one finds occurrences organized by frequently occurring linguistic

elements. ltthcre fore becomes relatively simple to locate many occurrences of a particular element.

For example, in scanning a long list of chemical namea you find the re~tition of the seg-

ment butyl in nmrea such as butyl chloride, butylamine, dibutylamine, aminobutyfdecanol, butyJ-

aminohexane, etc. Preliminarily one can classify but yl as a morph. A morph is defined as a putative

(tentative )allomorph. Further examinat icm of more chemical names reveals the occurrence or but in

butane, btiene, butynal, butanal, isobutane, aminnbutcnol, etc. In addition, one finds the occurre~e

of yl in hexyl chloride, Irexytanrine, dihexylamine, aminohexyld odecanol, hexylaminohexane, etc.

On this basis the first trial, testing butyf to k a potential allomcwph, is found to be in error. We

find instead the morphs but, yl, her, etc, If you ask an informant whether there is a difference in

the reference meaning of but in each of theac previous occurrences he will say there is no differ-

ence. Thesarne will be true of yL We can now proceed with further tests as to the mrxphemic char-

acter of but.

Suppose now the words nembutcd and nembutol are discovermi. One may call nem a morph. We

assume that but in nembutal is a morph from the previous analyses. Then we check whether we can

substitute any other morph for nem and we find we cannot, We also try to make a substitution for

but innembutdand we cannat, This wcwld tend to indicate that the but in nembutal is n~ a morph.

As additional evidence that but in nembufd is not a morph we may also ask the informant if there

isa difference !n the reference meaning of but in nembutal and butane. Should the informant not hc

able to express strcng convicticms about but in nembutd then one would rely on the formal evi-

dence which definitely indicates that it is not the same mcwph as in butane. Thus we have dealt

with t~ fortuitous occurrence of but in nembulal. We can now proceed with futiher tests as to

the morphemic character of bu~.

To confirm that but is a morpheme we find that in most of its occurrences it can be substi-

tuted by hex as in hezane, hexene, hexanol , etc. fn addition but can replace pent in pentane,

pentene, pentand, etc. We can now refer to each particular single occurrence of but as the morph

and to the morpheme {c-c–c-cl when referring to the class of its occurrences. fn this fashion we

establish a preliminary list of morpbcmea.

Free Variation and Complementary Distribution

This list may be cadensed by looking for allomorphs which cccur either in free variation or

in canplememar~ distribution. In 1. {1, P. A. C. nomenclature there is no free variation. \Vhile
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I. U. P.A.C. has eliminated free variation, it has not eliminated positional variance. \Ve do find that

thi and su(/ are allOmorphs of the morpheme {S 1. ~hi is in complementary distribution with sulf. In

addition, the terminal e is in complementary distribution with the cOn@nctives o and Y. These make

“p the morpheme {e, O, ~1. OX and On are also ah’omorpks, in complementary distribution, of the

morpheme {OX, onl. Ox alwavs occurs with the allomorph o of the preceding morpheme whereas on

occurs with the allomorph e.

Co-occurrences in Systematic Organic Nomenclatwe

A list of co-recurrences in organic chemical nomenclature was compiled using the list of

~orphemes in Table I. The morphemes on this list were permuted with each other. From tbc total

I isl of 1600 theoretically possible co-occurrences, 199 actu 1 CO-OCC urrences were determined, This

was done by finding texts containing the co-occurrence or horn persmal knowledge of actual occur-

rences.

lirck of co-occurrence was further tested bV using Prof. N. Rubin of the Phi lade lphia Col-

lege of Pharmacy as an informant. We systematicafl~ went over the preliminary list of theoretical

combinations. ~lany of the eliminations are based, not on their failure to OCCIE in orqanic chemistrv,

but their failure to occur in acyclic compounds. Thus, combinations like aza, oxa, this, ole, inium,

ofium, and aZOL do in fact occur in chemistry, but only in cyclic structures. The classified list

in Table II was compiled first. Then the alpbabctic list in Table RI was compiled to eliminate repe-

tition.

TABLE I

LIST OF PRIMARY NORPIIEMES FOR ACYCf.lC ORGANfC CHEMSTRY

1. a

2. acid

3. al

4. am

S. an

6. at

7. az

U. brom

9, but

10, chlor

11. di

]~, e*

13. en

14. eth

15, fluor

16. hepl

17. hex

18. hydr

19. id

20, im

21. in

~~. iod

2.3. it

24. ium

25. meth

26. nitr

27. O*

28. Ott

29. oic

30. 01

Asterisked items are allomorphs of one of the following morphemes:

33. pent

34. sulf’**

.35. tetr

36. thi***

37. tri

38. y“

39. yl

40. vn

●=10, e,y ● * = {on, OX I *** = [sulf, thil
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TABLE II. CLASSIFIED LIST OF CO-OCCURRENCES

a

hepta

hexa

Oaa
penta
tetra

acid

sc id amide

acid halide

oic acid

al

alar

anal

enal

this 1

yna 1

am

amat

amid

a min

amen
anam

diam

enam

sulfam

thiam

triam

ylam

an

anal

anam

ane

ano

anoic

butan

etharr

heptan

hexan

methan

oct a n

propan

at

ate

nitrat

at

0a t
sulfat

az

azid

az in
az 0
azon
azox
diaz
hydraz
nitraz

brom

brcm id
bronro

but

butan
buten
butox
blttyl
but yn
ylbut

chlor

chlorid
chloro

di

dial
diam
diaz

dibrcwn
dibut
dichlor
alien
dieth
difluor
dihept
dibex
diim
diiod

dimeth
dinitr

d ioat
dioct
dioic
diol
d ion
d iox

di

dipcnt
diprop

disrdf
dithi
diyl
diyn

e

ane
ate
ene
ide
imc
ine
i te

one
yne

en

buten
enal
e nam
e ne
eno
enoic
enol

enyl

enyn
ethen
hepten
hexen

iden
octen

penten
propen

thien
trien
ylen

e th

ethan
ethen
ethox
ethyl
ethyn
yletb

ffuor

fluorid
fluoro

hept

hepta
heptan
hepten
heptyl
heptyn
ylhept

hex

hexa
bexan
hexen
hexyl
hexyn
ylhex

hydr

hydrat
hydraz

hydrid

h ydrox
sulfhydr

id

amid
azid
bromid
ch Ior id

fluorid
hydrid

ide
iden
idin
idium

ido
idox
idyn
imid
iodid
nitrid
oxid
sulfid
ylid

im

ime
imid
imin
oxim
ylim

in

amin

in

azin
ino
inyl
aulfin

iod

iodid
iodo
iodox

it

i te
nitrit

atdfit

ium

idium
onium

meth

dimeth
methan
methox
methyl
trimeth

nitr

dinitr
nitrat

nitraz

nitrid

nitrit
nitro
ni troxo
nitryl

0

ano
ato
azo
bromo
ch Ioro
eno
fluoro
bydro
i no
iodo
ito
nitro
oat
ono

0

0x0
Oyl
Sulfo

thio
yno

Ott

octan
octen
Octyl
octyn
yloct

oic

0.2

iodox
methox
nitrox

oxid

oxim

0x 0

Oxy

pentox
propox
triox

pent

dipent

pentan

azo ic
dioic
enoic
oic acid
onoic
thioic
ynoic

01

anol
diol
enol
01
olic
tetrol
thiol
triol
ynol

on

amen
anon
azon
dion
enorr
oni um
onoic
onyl
tetron
thion
trion
ynon

0%

ethox
hydrox
idox

pentox

pentyl
pentyn
tripent

Sulf

disulf
sul fam

sulfhydr
sulfid
sulfin

sulfit

SUlfo .
sulfon

tetr

tetra

tetrol

tetron

tetrox

thi

dithi

thial

thien

thio

thioic

thiol

th ion

trithi
ylthi

tri

tribut

tri

mien
trieth

tribept
trihex

trimeth

trioct
triol
trion
triox

tripent

triprop

trithi

triyn

Y

Oxy

yl

butyl

enyl

ethyl
methyl

nitryl
Oyl

pentyl
propyl
ylam

ylbut

ylen
yleth

ylhept
ylhex

ylid

ylim

ylmeth
yloct
ylpcnt

ylprop
ylthi

ynyl

y.

diyn
ethyn

idvn
propyn

triyn

yne

ynol
ynon

ynyl
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TABLE 111. ALPHABETICAL LIST OF CO-OCCURRENCES

1. acid amide

z. acid halide

3. ama~

4. amid

S. amin

6. anwn

7. anal

& anam

9. ane

10, ano

11, anoic

12. anol

13, anon

14. ate

15. ato

16. azid

17, azin

18. aZO

19, azoic

CO. azon

21. azox
~~, bromid

23. bromo

24. bu!an

25. buten
26. butox

27. butyl

2R. butvn

29, chlorid

30. chloro

31. dial
32. dlam

33. diaz

34. dibmm

,35. dibut

36. dictdor

37. alien

38, die[h

39. difluc.r

.IO. (fihept

41. dihex

4.?. diim

43, diiod

44. dimeth

45. dinitr

46. dioct

47. dioat

48. dioic

49, diol

50. dion

51. diox

52. dipen(

53, diprop

54. disdf

55. dithi

56. diyl

57. diyn

58. enaf

59. emm

60. enc

61. el10
62. en~~

63. enol

64. enon

65, enyl

66. enyn

67, ethan

68. et hen

69. e~lmx

70. ethyl

71. ethyn
7z, f[uorid

?-i , fkof 0

74. hepta

75, hepran

76, hcpten

77, heptvl

78. heptyn

79. hexa

80. h exan

81. hexen
~~. hexy]

8.3. hexvn

84. hydra(

85, hy&az

86. hydrid

$7, hydro

88. Iwdrox

89. ide
90. iden

91. idin
9?, idium

93. ido

94. idux

95. idyn

96. ime

97. imtd

98. imin

99. ine

100, ino

101. inyl

102. ite

103. ito

104. iodid
105, iodo

106, iodox

107, methan

108. methox

109. methvl

110, nitrat
111, nitraz

112, nitrid

113, nitrit

114. nitro
115. nitrox

116. nitry]

117. oat

118. octa

119, octan

120. octen
~~~ , ~~tyi

122. Octvn
] 23, ~lc acid

I?4. 01

125. olic
1~6, one

127. O“i”m

1~~, Ono

[29, ~“~c

I 300 on #

131. oxid

132. oxim

133. 0x0

134. Oxv

135. Oyl

136. penta

137. pentan

13R. petten

139. pmtox

140. pentyl

[41. pmtyn

142. plU~R

143. propen

144. FOPY1

145. pmpyn

146. fMOpOX

147. stdfam

148, s(dfat

L49. S uIIhydr

150, sulfid

151. adfin

152. sdfit

153. sulfa

154. sulfon

155. tetra

156. tetrol

157. tetron

158. tetrox

159, thial

160. thiam

161. thien

162, thio

163, thioic

164. thiol

165, thbn

166. tribut

167. trien

168, trieth

169. trihep~

170, trihex

171. trimeth
172. trioct

173. trio)

174. trion

175, trio,

176. tripent

177, tripfop

178. trithi

179. triyn

180. ylam

181. ylbut

i82. ylen

183. yletb

164. ylhept

185. ylhex

186. ylid

187. vlim

188, ylmeth

189. yloct

190. ylpent

191. ylprup

192. ylthi

193. ynal

194. yne

195. yno

196. ytwic

197. yd

1980 ymn

199. ynyl
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The Problem of Syntactic Analysis in

Organic Chemical Nomenclature

In analyzing sentences a<aynrac tic analysis” means: a procadure for re-
cognizing restructure ofa patticularaentence taken as e string of elements. To
state the atmcture of a string is to assign its words to word clasaee, to ditide
the WOKI class 6quence into s“batringa a“d to say what combinations of mub-
stringa are admitted, (Z, S. Harrie, H. Him et al.: Transformations and Diswume
Anatysim. Univ. of Penn.. Computing G.t.r Annual Report. 1960, P. 43)*

Byanslogy, syntsctic anafysis of chemicsl nomenclature is the procedure for recognizing the struc-

ture of a particular chemicaf name taken aa a string of elements (rnorphemea).

Since chemical names are often composed of long continuous strings of morphemes uninter-

rupted by apsces, hyphens, or brackets, it is neceaaary to set up a procedure for segmenting chemi-

cal words into morph emca. fn sale instances the chemist does this when he uses hyphens or spaces;

however, in a name like diaminopropylam inobutylhexene the morphemes di, amino, prop, yl, amino,

bu~, yl, hex, ene must be pmrscd as a continuous string of alphabetic characters. It is further nec-

essary to establish the correct bracketing relationship between adjacent morphemes as e.g. between

di and amino in diamirwpropylbu tylhexene on the one hand snd bis and aminopropylbufyl in bisamino-

propytbutylhexen e on the other hand. fn the latter case, the morpheme bis haa a domain of operationa

quite distinct from that of its allomorph di. (The reader should remember that chemical morphemes

are of two kinds: those which designate calculational ~alues as e.g. but = CA and those which de-

signate opersticms performed on them such as di = multiply by 2.)

fn a comprehensive syntactic procedure for analyzing chemical nomenclature, all bracketing

will be determined algorithmically. The computer procedure deacribcd in this study does it only in

part. This was dcoe to simplify the computer programming. f. U. P.A.C. rules on the uae of brackets

have been interpreted to mean they are always required when there is a possibility of ambiguity, [n

the above rm nticmed caae arninopropylbutyl would be bracketed during the preparation of the input

tape. This is perfectly legitimate use of the rules and f have assumed that all means to be tested

are perfectly named. In a more ambitious recognition routine we would have to include additional

syntactic procuiurea that would identify hexene as the parent function.

It is significant that neither 1. U. P.4.C. nor C,A. accurately prescribe the limits of his. [n

actual practice bis will apply to those morphemes which can bc used as substituent.s amf the implied

bracketing will end before the “parent” morpheme modified by the substituenta. Thus, in the case

of bis-p-m ethyl amino phenyl hydra zone itmigbt refer to= N- N-( C6H4-NHCH3)2 or

●For a more &tailed treatmmt ace Tra. alomn ations and Discourse Analyaia Project No. 1S. Computable Syn-
tactic Analys ia. University of Pennsylvania, Dept. of Linguistics, 19S9. P. 1.



(= N-NII–C611g–NllCt13)2 and parentheses become essential. At the present titnc three appears to

bc no meth~ fOr resOlving such ambiguity excwt by pre-editing aa was done in this expaiment.

(A .se(u[ function would be served if the computer determined whether bis was not followed by a

paren. In that event the Output wOuld indicate pOssible ambiguity. In this case the name wOuld nOt

be considered to be well-formed, )

‘f The successive words of each sentence are canpared with the entries
i. a dictionary, and each is replaced by its dictionary equivalent, !. e., the
class to which it. belongs (e.g. verb. ) The aequenc. .1 cImIs am= *icb
“OW repreeent the sentence is scanned for class cleavaEe, i.e., caees whc8e
the word may belong to two or more clause. (noun and verb, for exa~le). A

PrO.mam is needed tO decide tO which class tbe WO~ b~OngB in its gr~matical
context.” (Hamie., Z.S., Hiz, H. et. al OWS cit., p. 44)

[n the case of chemical nomenclature, the prcblem of classification wrmld not appear to be as

complex as in normal English discourse. Ilowever, in a comprehensive swrtactic analvsia compar-

able operations wOu[d have LO be per JOrmed. Otherwise we could not identifv nicotinoyl morpholine

and pvndyl morpbhnvl ketone as synonyms. In the first case, morpholine is regarded as the parent

structure. In the second casc, pvridvl mo@oLinyl ketone, the ketonic function is considered the par-

ent structure. This compOund cOuld als O he regarded aS a derivative Or pvridifle. (see P. 33)

Ifonc seeks to recognize chemical names fm the purposes of calculating (rem them their mole-

cular formulas, then more elahOrate forms of svn~ac tic cIassif icatiOns of morphemes would not appear

to he necessarv. On the other hand, if the routine were designed so that one could both recognize

chemical ,~ord~ and prOducc thcm accord in% tn I.ll. I’. A.C. rules, it would be very important to assign

each nmrphemc to appropriate “svntac tic categori es,” the sequences of which constitute well-

forn,ed chemical names. I cardinal principle of l.ll. P.i. C. nomenclature is the selection of the

principal functional group. \ functional group is “one whose designation can be added at the end of

the complete name of a compotmd without alteration to the name other than, sometimes, elision of

te,m,nal e,” (!/, S.Cahn, opus cited, p. 46). In this case, the choice would be quite clear. It must be

named as a kewne, as this is the onlv eiemcnt which is classified as a functional group.

~nother important classification will be based on chain lenq~h. Ilence it will be necessary to

ldcmi[} each member of (he hormrlo~ous series meth, eth, prop, but, etc. as such so that it will be

poss]hlc to decide which of sekeral that mav appear in a name will take precedence. The principle

O( the longest ckatn can onlv he applied if one can arrav all members of this class which contribute

chain len~th.

}e[ another distinction is made on the basis of selecting chain len~hs OF qrea[cst unsatura-

tion. Consequently, (hc classification based on bonding, discussed below under flonding !forpllemes

takes on even greater significance.



To carry the analogy furthex, chemical nomenclature also exhibits clasa cleavage i.e., cases

where the morphemes may belong to two or more claasea, An algorithm will therefore bs required

which determines for a particular grammatical context the class assignment of morphemes exhibit-

ing class cleavage. This will be particularly true of expressions which must be classified both

as regards chain length and/or fun~tional group, Thus the common element vinyl (C112=CII-) con-

tributes both to bonding, (unsaturation) as well as to chain length-two conflicting choices accord-

ing to the circumstances.

Transformations m Organic Chemistry

The analogv between chemical names and normal sentences can be completed by showing

thatchemical s~nonvms exhibit transformational relationships similar to those exhibited by sen-

tences. BY using an appropriate notation we obtain the following transformations for the class of

chemicals known as diaryl ketones, Art -( C= O)-Af3, where Ar2=Ar1(C=O) and Ar4=Ar3(c-0).

.4r1Yf Ar3 ,v/ ketone= Ar20ylArqene ~Arlylcar&wylAr3c-ne =! Ar#carbonylArlene ~Ar+Arl ene

By using these transformations it is possible to generate the followinK list of perfectly

good chemical names. Alongside each group of names is the corresponding structural diagram.

Ar A II
n

c D E

Arl = phen pyridin phen pyridin Xyl

Ar2 . berm nicotin bcnz nicotin dimethylbenz

Ar3 = naphthal morphol morphol naphtha] fluoren

Ar~ = naphthov 1 morpholenecarbonyl naphthoyl fluorenecarbony 1

Group A Crol,p B

piImyl naphthyl ketone pyridinyi. mmrpholyl* ketone

benwyltmphthalene

O%D

nictiinoylmotpho lene*

Phenylcdxmytn.phthde.e pyridinylcc.rbony lmc.rphcde”e

n~h~~ylmrbnylphenene”

C&<:)
mwpholylcarh. ylpyri&ne”e*

naphthoyl$ermne -r+olene.arh.ylpy ridtie.c

Arl, Ar2, Ar3, and Arq are class designations. The synonyms for any diaryl ketone can be

namei by these transfonmtion rules. One mn generate well-formed names simply by specifying

the values for each .Ar group. This means that if one specifies the

croup c phcnylcariwnylmor~o lene
II o

phmyl morphdyl ketone morthdylcarkm ylphenene

~“< 1

c
benzovtrnorpholene mo+olenecarbo”yl~ enene

N

.phene. e+ benzene (Phen + km., ) rnortiolene - morph .line (e.e + 1.,) n.atith.lyl - ..phthyl (alyl + yl)

Pyfidlr,yl - Pyridyl ,inyl + yl) Pvidi . . . - wridln. llnene ~ I.eI ll”O, . . . . . + II..,*”, (,”*., + ..*)

rmrmholyl - nmrphol!r, yl [yl - inyl)
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Croup 1) Croup E

pyridinyl ne.phtialyl* ketOne

rticotinoy lnaphth.lcnc

pYridtiY1carbny hti@thalene
QjJa Y:t:n:;i:nn=ne.

xylylcarbony lfluorene”e ~“~~=

“aphth.glyl cdcmylpyridincne fluorenylcmrbc.n ylxylene CH ~

n.+thoylpyridinene fluorenoylxyle”e

morpheme for \rl and Ar3 in ArL-(C=O)-Ar ~ a Wanln~ticall~ correct chemical na”le will ~ ~b.

tained hv replacing irl, ‘frz, etc. in the lransformatiOn ewali Ons. l’riOr kno~ledgc Or a cOrrect

chemical name is not required. [n Table [~ transformations for other chemical classes are illus-

trated, 1 thorough investigation of the transformations of chemical nomencl~ture would he a

sine qua non for developing a ~rOcedure rOr tbe wmeratiOn Of standardized nomenclature. They

are menlioned here Onlv to cOnlplete the description of the analagous relationship that exists

between svntactic analysis Of nOrmal English discourse and svntactic analvsis of chemical

nomenclature.

R b“ R’

pent an

hut en

prop vn

eth en pent

hex an but

hep[ vn prop

pent en

but vn

prop w but

hex an prop

etb en prop

Rh,lal

pentanal

butenal

propvna I

Ryl R II”oa(e

etbvl pen(enoale

hexvl lmtanoa(e

heptvl propvnoate

I Ivdroxv Rhne

hvdroxvpcntene

hydroxvhutyne

f{oxy R %“e

propoxv butvne

hexoxv propane

ethoxv propenc

4 fdehl de.s RCll=O

rormyl f{h”e

fornwl pen[ane

formv 1 hutene

formv[ propyne

Esters R COOR

R %noic acid Ry’1 cs(er

pentenoic acid cthvl ester

butanoic acid bexyl ester

propvnoic acid hep(t I estcl

1/,0/,0/s R-oil

R bn 01

pentenol

butvno]

Elhers R-O-R ‘

Rv1 f? IJnVl ether

propvl butvnv( ether

hexvl propanvl ether

cth~l propcnvl ether

Rb”e cwlmxaldebvde

pentanc carboxaldehvde

hutene car boxaldehvdc

propvne cartmxaldehydc

RvI R ‘t,ne carboxylatc

ethyl pente; e carboxy late

hexvl butane carhoxvlate

heptvl propvne carboxvlate

(propanyl = pmpyl)
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TABLE IV. TRANSFORhlATIOh’S IN ORGANIC CIIE.’AISTRY (continued)

Acids RCOOII

R hn R’ Rbnoic acid Rbn carboxylic acid

prop en propenoic acid propche carboxylic acid

but yn butynoic acid butvne carboxylic acid

et h

prop

.4mines R-Y

Amino Rane Rylamine

aminoethane ethyl amine

aminopropane propyla mine

Tbe Value of Structural I,ingaistics for the

Studv of Chemical Nomenclature

The linguistic approach to the studv of nomenclature provides an inaig-ht to the inconsis~-

encies that have S1OWIV accumulated nomenclature’s natural, historical devclopmemt. Linguistic

analvsis enables onc to uncover, in advance, ambiguities that will result from the imperfect rule

book of chemical nomenclature. Fnr example, linWistic analysis indicates the occurrence of tbe

morpbcn~s di, meth, and oxv and their co-occurrence in strings such as dimeth, methoxy, a nd

dimethoxy. This finding uncovers another flare in (he accepted convention of organic nomenclature

and renders existing organic nomenclature far from acceptable to the machine and the human. This

realization might in turn lead to a readius(mcn[ in the rules of organic nomenclature which would

stipulate that all numerical prefixes be followed bv parentheses. This would make the job of recog-

nit ion much simpler.

It should be made clear that this studv hv no means purports to be an exhaustive linguistic

analysis of organic nomenclature. \lY remarks are intended as a summarv of the methods that will

undmbtedly be required should a cmnpletelv exhaustive studv of chemical nomenclature be under-

taken. In that event one would encounter manv additional ambiguities in nomenclature and manv

new interesting morph emec]asscs. I{xpanding the scope of the linguistic analvsis in this wav, e.g.

would bring in the cvclic chemicols which account for tbe majoritv of new chemicals prepared to-

day. It would also introduce the complexities iniolved in analvzing chemical names produced nnt

onlv by the [.(). P.4.C. nwlcnclaturc but also bv standard British and American nomenclature. This

would introduce othcrcon~lcx i~ics such as ~ariat ions in s~lling, usc o{ different “trivial” words,

etc. (cf. T. E. R. Singer, [’, S. and flritish Index Entries, Searching the Chemical Literature 4d-

vonces in Chernisfm Yo. J, Washin~on: American Chemical Socie~v, 19S1 .)
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The Value of the Study 0[ Chemical

Nomenclature to Linguistics

[n a certain aense, the dOmain Of chemistrv repreaen~ a more strictly c~trOlled experim~t

for testing linguistic procedures since there are a relatively smafJ number Or pa~metem. It is

possible, as was dOne in this cx~riment, to Varv the number O( Parameters =cording to the needs

Of the experiment. AS One gains knOwledge Of the Ianguagt, additional morpbemm and syntactical

relations hips can be studied so as to determine their effect on previously established knowledge.

Otherwise it b~Omes necessary 10 studv the Ianguagc in its enliretv and bv the time one has

even located all Occurrence$ in the lan~ge, the natural course of human e~ents has changed

some of the relationships. This is particularly rruein chemistry, where there is now a very rapid

change in terminOl OKvas a result Or tile rapid accunlulation of chemical knowledge. Certainlv from

thepointof view Of histOrical linguistics, One can Obser~e changes in chemical nomenclature take

place m a period of ten years that might take hundreds in normal discourse.

AN ALGORITHM FOR TR4NSL4TING CHEMIC41. NAMES

INTO MOLECIII.AR FORWIII,AS

This dissertation reports the first successful procedure for direct translation of chemical

names into molecular formulas.

To test the ~eneral validitvof!bis procedure, anexpcriment was designed in which cefiain

restrictions were placed on the input and output capabilities. Tbcse restrictions w~e made ontv

m facilitate experimentation with an electronic computer.4s will be seen, no such restrictions

areoecessarv when the procedure is used bv human translators. Indeed, it is one of the more sig-

nificant aspects of this research that it is now possible, using this procedure, to hain a ncm -

chemist to calculate, quicklv and accurately, molecular formulas. This could he done bv complet-

ing, forthe entire domain ofcbem ical nomencla turc, thedictionarvof morphemes, idioms, homat~ms,

etc. that has been prepared for this experiment.

The dictionary of morphemes contains, for each morpheme, (he calculational value and the

pertinent operations of addition ad Or mul~ip]ication for that morphcmc or those which precede

or follow. While the experimental dictionary of !morphemcs is small, it is not without interest to

no{e that tbese morphemes account for a large percentage or all known cbcmicals, The morphemes

that have been ehrmn ated are those which arc ordlnartlv considered (O he non-systematic, i.e. ,

trivial.

The procedure was tested on a L’nivac 1 computer. Ilowevcr, anv malium-sized orlargc

computer could be similarlv proqarnmed from the general flow dia~am which forms a part of [his

\\ark.
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TABLE V

Ah’ ALGORITHM FOR TRANSL.ATINC CHEMICAL NAMES TO hfOLECULAR FORMULAS

S[’$1 WA RY OF OPERATIONS FOR HL!\lAN TRANSLATION

1. Ignore all Iocants (1, a, N, etc. ) 6. [f there is + at far right of parenthesized

2. Retain all parens. term, place it outside right paren. If there

3, Replace all morphemes h% dictionary value.
is + at far right of name, always drop it,

4. Resolve amhigui(v of anv pcnta-octa occur- 7. Carrv out all multiplications.

rcnces. 8. Calculate hydrogen using hydrogen for -

S. Place + after all marphen~s CXCCPI multipliers. mula: H = 2. ?n~ + ny - nX - 2nDB -

Ambiguity Rules

1. 1’OU cannot have two multipliers in a rou unless separated bv paren.

~ If either of the next two morphemes is alkvl endinq, it is not multiplier-.

3. If not, it is multiplier.

T.A BLE VI

lN\’ENTORY OF MORPHEMES (ISED IN TIIE EXPERIMENT

Calculation Value

Mcmpheme

al

amide

amido

amine

amino

*an

●ane

his

hut

di

●en

*ene

eth

hept

hepta

hex

hex a

h yd roxk

‘idene

imino

O=(H)

f)YHz

C=O(W12)
NHq

NH2

~y

C4

2\

(’2

c,

7X

c

6:

OH

.Yll

Example

ethanal

n)ethanam[dr

methanamidopropane

methvlamine

aminohu(anol

propanol

propan ?

hi.s(aminopropvl ) am im

butane

dlaminopropane

hute. ol

hutene

etltane

h ,ptanc

l>eplaiodohexane

h exenc

hexaiodoheptane

I, ~droxvcthanoic acid

b[jtvliden ell~droxvamine

imfnohu(anol

P CONS

l–-

11-

111-

-—— I-

-- 1-

-—— -

--— —-

.?-- --

4-–-

?--— —-

— --

---

?-.— —-

7 ---

7 ----

6 ---

6 ----

l--

— --- -

-—— 1-

DB

1

1

1

1

1

—

1

1

1

—

—

+lmn ding morplt em P
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TABLE VI (cont.)

Calculation Value

Morpheme

iodo

imioso

iod Oxv

meth

nitrate

nitrile

nitrilo

nitro

nitroso

oale

Ucl

octa

oic acid

01

one

Oxo

0x\

Oyl

pent

penta

peroxide

prop

Sulrate

sulfino

sulfinvl

Sulfo

sulfontl

tet ra

tetrakis

thial

thio

thiol

th ione

t ri

tris

●V]

“vlene

vn

vn e

Mean ing

1-

[o-

[o-o-

C1

-Y=O(02)

%5

v=

N.O(o)

x.()

0=(0)

C*

8X

0=(011)

01 I

o.

0.

-o-

0.

5

5Y

-0-0

C3

-0-s02-0

llso2-
-so-
11s03
-so*-
4X

4\
S=(n)
-s-
-s11
s=
3Y
3.Y

--

●bondinK morpheme

Example

iodoethanol

iodosoethane

iodo xvethane

methane

methvlnitrate

methanenitrile

nitriloethanol

nitro butane

nitrnsobutane

ethvl pentanoate

octane

ocloiodooctane

pentanoic acid

pentanoi

pentanone

oxopentanoic acid

methoxypropanc

pantanoyl iodide

pentane

pentochloropentanc

ethvlmethyl peroxide

propvne

methvl sul/ote

sulfinopropanoic acid

ethyls ulfin~l propane

su{fopropanoic acid

methyl sul/onyfbutane

tetraiodobutane

tetrakis(ethvla mine)

ethanethlal

methvlthioethane

ethanethiol

propane thione

triiodopropane

tris(aminopropv l)amine

hutyfamine

ethylenediamine

butynal

butyne

pco Ns
--- —-
-- l--
-- 2--

1 ---

-- 31-

--- 1-

-.— 1–

-- 21-

-- 11-

-- ~__

-8 ---

R----

-- ~__

-- l--

-- l--

-- l–-

-- l--

-- l--

5 ---

5-–––

-- 2--

-3 ---

-- 4–I

-- ~_l

-- 1-1

-- 3–1

-- 2-1

4 ----

4 ----

--— - 1

--— — 1

--- - 1

--- _ 1

3 ----

3 ----

--- --

--- —-

--- --

--- --

DB

1

2

~

1

1

1

—

1

1

1

1

1

1

2

2

I

1

1

1
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Generalized Expression fnr the Mnlecular Fnrmula

The result of my investigating the requirements for such an algnrithm ia the following sim-

ple generalized expression fnr a mnlecular formula in terrna of morphemic analysis of ita chemical

name,

z

j

(1) m.f, = pjMi + H

p=l “

where Pj ia the number of occurrences of morpheme M , i is the element (e.g. carbnn, oxygen,
ln

nitrogen, etc. ) and n is the number cd occurrences nf i in M. Fnr chemicals which contain only

csrbcm and hydrogen (Hydrocarbnna) this expression becnmes

(2) ~ pjMcn+H

p=l

For chemicals containing the elements carbon, oxygen, nitroKen sulfur, and halogen the

ex preasion can bc expanded as follows :

This exprcasinn covers all chemicals tested in this experinmnt,

Each nf the terms in this latter expression can be expanded, aa in the case nf mnrphemes

relating to carbnn as follows:

(4)

x

Pj~cn = plh!c , + p2hiC2 + P3!d C3 + . . . . PiVC-

whme \lC1 is the rnnrpheme meth, ,MC is the mnrpheme eth and aU the otbw terms are tbe mem-

bers of the homclognus series Cl, C2! C3, .,. Cm. Each nf the other terms in equatinn (4) is the

summation of all mnrpbemcs whkh cmtribute to the mlue of that particular atomic element.

The value for hydrogen is found from the following expression

MDB is the special claas of morphemes which cnntrlbute double bnnds, and cyclica aa e.g. an,

en, yn, and cycle.
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Soffer’s Equation for !Iolecular Formula

This express ion is deri~ed in part frOITI Sofk’s generalized expression for the molecular for-

mula in lerms Or w[ic ~lements Of structure. (\i. D. SO ffer, Science, 127:8~fL19W.

(6) p=l+112(2nC +nN–n H,X)

IIowever, Soffef’s equa~iOn dOes nOt take in~O accoun~ such elements as oxygen and sulfur,

nordocs it provide for chenli~als such aS q~]a(ernarv ammOni(lm cOmpOuflds in a direct fashiOn. All

such compounds are coiered bv the generalized expression p\l . The case of quaternary com-

pounds is p~rticularlv interesting, u its main l~lowhenle constituent iu~ is classified fw its Dfl

value together~ii~h en and ~n. :11/ cJ,/ these morphemes are ‘bonding’ morphemes. This is reasonable

as in quatcrnarv ammoniunl ~~mp~unds nitro~en is in a penta~alent state and therebv contributes

the equivalent of a double bond [o triia lent nitrogen, For this reason, its DB value is minus one

(-l).

onlv one l.anquagc of Chemical Nomenclature

\side from the utilitv of the alzorithrn fw calculating mlecularfO~ulas, it is impcrumt to

note that lherereall vcxists onlv Onelang(lagc Of Org~ic chemistrv. It is n sub-language of Fnglish,

hut in spite of all [be different “s~stcn!s” available for naming chemicals, re.sukin,g in many svno-

nyms for the same sp=ific cbunicfil, all Or these S* StCIn S draw on the sane basic diction~rv of

morphemes. TWO chemists mav name the same chemical differently, but thev will also be ab4e to

recon.struc[ the structural diagram Of the chemical, and fronl it the nmlecular formula, wi th little or

no diffic(lllv. (’pen cut-sor~ e~amlnatlOn the chemical 2-/n~cotino}l~,oTl/oline might not appear to

be the same as i-r,> nrhl ?-rn,)q>l>olin> 1 i ctonc, but drawing the structure of each, and caicula[ing the

formula would SIIOW that thet arc synOn~nls. Since [here is in [act onlv one language involved, not

sc!cral, the algorithm works rcqardless of the s~stcm used, It works equallv well for Chemical

fbwracts nomenclature as [or 1.1’. P. f.C. nomenclature.

To illustrate [he use of the algorithm a series of examples of increasing complexity are

discussed. The first ~till illustrate (k> dictionary look-up routine, the second and third the we of

multipliers and parenthesized expressions, the fourth a chemical requiring (be use of an ambi Ruitv-

rcsol}inq routine, 1[ is particular[v interesting to observe that much of the complexity of computer

programs forthls tvpe or amltsis is due to fl-c intricate steps required by the machine to recognize

and dell with amhlguitv, The humnn translator combines ~hc amtiquitv-msol~ing rotnine with the

dictionar> look-up routine quite easilv.

First Example

Is a first example consider the simple chemica I narm metl, }laminoetbcm e in which there are

no parenthesized terms, no positional designations (Iocants) or multiplier morphemes (coefficients).
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Ilethylarninoethm e is analyzed morphemically by the human translator as follows -- meth, yl, mnin,

o, eth, an, e. Each morpheme is assigned the following meaning by reference to the dictionary.

Since these are the most frequently occurring rrwrphemes in the language they are memorized in the

first few minutes. mth = C

yl =+

amin = N

0 =+

eth = 2C

e =+

by the process of simple addition one obtains the partially complete molecular formula as 3C + N,

U’he” written i“ the co”ve”tional chemical subscript notation this becomes C3N. [t now remains to

calculate the hydrogen,

II = 2 + 2(3) + 1 -O -2(0) = 9 The complete formula is C3119N

Second Example

As a s~ond example let us consider the chemical

(3-(diefhylamino)propy l)etkyl-3-amino- l,4-butanedioic acid

BY a similar morphemic analysis this becomes

(0-[2(?C) +N]+3C) +2 C+ O+ N+ O+4C +O+2(26+DB) ~ = oxygen

(7 C+ Y)+6r+W +4d+2f)f3. 13 C+2V+2D13. C13V202+2DB

and where II = 2 + 2(13) + 2 – O -2(2) = 26 Final m.f. = C131126N204

Third Example

As a third example consider bis(bis[diethyl amino] propylamino)butane.

2[2(2[2C] + ,V) + 3C + h’]+ 4C + o

2[2(4C+N)+3C+N]+4C

2(8C+2N+3C+N)+4C

16 C+4N+6C +2 Y+4C=26C+6Y =C26Y6

II = 2 + 2(26) + 6 -0-0 = 60 and the m.f, = C26f[6LlN6

Fourth Example

Finally, consider the example of Lexartitroh exatriene.

6( N+29$+DB)+6C+3DB

6N + 124+ 6DB+ 6C + 3DB= 6C+ 6Y + 12r#J+ 9DB= C6N6012 + 9DB

}1 =2+2(6)+6 -0-2( 9)=2 andm, f.= C6112N6012
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[n this particular case the morphemic analysis is not M strai@tfOrw~d since thae are several

potentially ambiguous morpheme combinations.

Ambiguity and Principal of the Longest Match

The algorithm must accOunt fOr the fact that the /leZan in keZO~tro is not the same as the

t,cxan in a compOund such aS nitrOhe Tane or rOr that matter the hexonc buried in hexatriene. In ttw

latter case the hexa in /Le~a~’iene is no( the multiplier fOund in heZ~nitrO. These ambiguities are

resol~ed bv a simple am bi~uity-res Olving sub-rOu tine for the mOrphemes like hex (called pent-oct

group in experiment). This consists of testing either one and’or two of the morphemes to the right of

the am bigous Pent-uct mOrphenle aS tO i~hether it is an alk~l ending (as e,g. an, en), a multiplier-

morphcme (as C.K. tr~) or a morpheme such as nilro. In order to understand how the cwnputer proced-

urc differentiates the Iiexan in ~~e~~n~~r~, it is necessarv 10 explain the principl Of the longest

match which is used in the entire recO~niti On prOcedure fOr assigning dictionary values to tb-e

morphemes. Since tfle h~)rllan tr*flslatOr fe~ns, he bas nO dlfficultv in making the differentiation.

In the cxperimmt, it ~~as fnund that the 10ngest morpheme in the dictionary was eight letters

ionq, For this reason, n)atching cOnsists Of e~amining the last eight letters of a chemical name first.

[n an expanded coyer~ge Of ~henllcal nOnlencl~lure mOre letters would be matched as e. g., a

morpheme such as hentrl~,cO,lt, meanin~ a thirc~ -One ~arbOn chain. COnsequentlv, in the example

above, /Lexanttrohexatr~enr, the eh~racters x~triene WOuld be examined first. Since no match would

be found Ior this combination of Ictters, the test would bc continued with atriene, which again would

find no match. There would bc nO match until efle WaS reached, at which point the last three letters

of the name would bc stripped and the procedure would continue with ohera(ri. Bv a similar pro-

cedure, a match would he found for (r:. Then we would match ~gainst ~trobexa and we would find a

match for hexa. (To simpli(y the procedure both /~ex and hexa are stored in the dictionary. ) Simul-

taneously the pent-oc~ aml~iguitv-resolving routine would be called for, as each morpheme is always

checked for membership In this list, The cmrect value of ~Ieza in itmhexa having been determined,

we would then move nn to exanlro, tibcre We would encounter a match for ni~ro, leaving as the final

residue, hexa which, of course, would go through the same ambiguitv-resol vinq routine as the pre-

vious occurrence of this morpheme.

For the human translator, this procedure is by no means as complex, as one can readily per-

ceive that /lezu is followed bv [he very common morpheme nitro and subsequently hy tri.

\l’hi[e the reader can applv the algorithm with no difficult without a computer, the computer

program may not he self-evident without reference to a specific example. For this reason, another

example has been chosen which will test all of the steps in tbe program, including the general rec-

ognition proqram, Jiction.nri lonk-up routine, penl-ocl am biguitv- resolving routine, a n d formula



calculation routine. In order to test all boxes in the calculation routine it is necessary to select a

chemical with several parenthesized expressions, i.e. nested parentheses.

Fifth Example -- IIuman Procedure

Consider the chemical 2,3,4-tris[3-bis(di butYlamino)propy lamino]pentadien e-l,4

Of fcomputerthe algorithm for this compound results simplv in .3[2(2 C4 + N) + C3 + N] + C5 + 2 DB.

Carrving out the simple multiplications and additiona gives a partial molecular formula Of C62N9 + Df32

and II = 2 + 2(6?. ) + 9 - 2(2) = 1.31. m.f. = C6211131N9, The structural diagram of this chemicals

also shown to indicate how time-consuming it can be to go through the procedure of drawing such

a diagram in order to calculate the molecular formula,

(H9C4)2N, ~ ~ ~ yyy
/

N(C4H9)2

H-C-C-C–N N-C-C-C<H

(H9C4)2N

/~~
l-hi N(C4H9)2

H

H2C.C-~-C.CH2

H-N F-4(L4H9)2

y1!H-C-C- -H

All

N(C4H9)2

Fifth Example -– Computer Procedure

The computer procedure for analyzing the same compound is given Imlow. Parenthetical re-

marka are made to help explain some of the details which would apply to all chemicals. The entire

chemical name is punched on an fB\l card or typed directly on a Cnityper typewriter, The ta~ or

card ia then read into the main computer and imwdiatelv placed in a working storage unit, Working

from right to left each character in the name is brought into the computer register one at a time and

processed one at a time. The character in process at anv instant is referred to as the current

character.

lgnorabilitv not Ob\ious Discovery

The firat part of filtering each character consists of the test for ‘ignorabilit~’, i.e. is it a

character which cannot enter anv look-up or other operations that will contribute to the molecular
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formula. It is worth noting that igrrorahility of positional terms, i.e. Iocants in chemical nam= was

no obvious discovery and had to be carefully checked for validity,

Current Character Processing

Since the first current character in processing our pentadiene example is an e, it is not ig-nor-

able. It will therefore not he possible to discuss how ignorable characters are handled until Iatcr

in this example. Since the e is not igrrorable it is then tested for being a paren and since it is not

it is placed in a special storage unit called alpha storage. Immediately we ask whether there arc

eight characters in the alpha storage; since there aren’t, we then test whether we have a sentinel

character which si~ni[ies the end-of-name. [n this experiment, the ampersand symbol was used for

this sentinel.

Since We have “ot reached the end-of.”ame, the next character is taken out of working storage

turd processed in exactly the same way. This will continue, in this case, until we do have

eight characters in (he alpha storage (ntadien e). At this point, we will process the alpha storage,

initiating the dictionary match or look-up routine,

Dictionary hlatch Routine

The dictionary match routine will compare the contents of the alpha storage with the diction-

ary and will find a match for ene. Since this morpheme is not on the pent-oct list the morpheme ene

will he placed in a special calculation and morpheme storage area along with its appropriate mean-

ing. In this case it will he DB1. The alpha storage will now hc asked whether it is emptv. Since

it is not, all of the characters in alpha storage that remain will be shifted to the far right leaving

rttadi. A match will be found for the morpheme di and it, too, will then be stored in calculation area,

Numerical multipliers have a special code digit which is used during the formula calculation routine

to differentiate them from adders.

Fully Processing Alpha Storage

The alpha storage is now shifted again. This time, when a match is sought (ornta, there will

be no such morpheme. Therefore, current character processing will continue until the first right

paren is encountered. This paren will then cause the computer to check if alpha store is empty,

Since it is not, the paren will be placed in a paren storage and the contents of the alpha storage

will be fuUy processed which means that whatever characters remain in af@ra storage must be one

or more complete morphemes. In this case penta remains in alpha storage and it will go tbrougb

the dictionary match routine. Since it is on thepent-oct list, it will also go through the pent-oct

ambiguity-resolving routine.
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Pent.oct ,Ambiguity-Re solving Routine

Since the morpheme preceding penta is not an alkyl ending, the procedure then determines

whether it is a numerical prefix. Since di is a numerical prefix, lt is determined whether the next

morpheme is an alkyl ending. Since ene is such an ending, penta will he stored in calculation area

as WOUM pertm”e, i.e. as a C5 rather than as a multiplier. The amhiguitv has been resolved. Cur-

rent character processing is now, resumed,

The eight characters pylamino will go into alpha storage and amino will be matched and placed

in calculation area. Processing will continue and V1 will also he matched. Processing will con-

tinne until the next right parcn isencountered, at which point prop will be found in alpha storage,

fully pro=ssed, and the paren will also be stored in tbe calculation area as a full word, since the

alpha store will have been found to be empty. This was also done with tbe pre~ious right paren

when penta was processed. The procedure will continue similarlv with dibutylamino, until the next

paren (a left paren) is encountered. Bis will then bc processed as a morpheme, the hvphen will be

ignorable, as will the 3 and the second left parcn will he encountered and placed in the calculation

area. Tn”s will then he processed and the remaining characters ignrwed. When the end-o f-narm

character is encountered, the formula calcula!irm routine will he initiated. lktcrmining whether a

character is igmorable is done h! a dictionary sub-routine, in which the computer compares each

current character with a complete list of iKnorable characters consisting of the integers I to 8,

hvphen, comma, prime, and colon. The presence of an i~norahlc clmracter will al,~ays indicate the

beginningor the ending of a portion of the name which can be processed independently of the other

porticmst

Computer Calculation Routine

The calculation storage area of the computer now contains the following sixteen calculation

words, Each morpheme is followed by its appropriate mlditifc or multiplicati~e value. Note that

parens also stored as separate calculation words.

fiord l’alue ilord Lalue

1. tris 3(9) 5. di 2(9)

?. ( ..- 6. but C4

3, bis 2(9) 7. VI ---

4. ( --- 8. amino Y

II ord J’alue Ford L’alwe

9. ) --- 13! ) --

0, prop C3 14. penta C5

1. l’1 -- 15. di 2(9)

2. amino N 16. ene DB

‘Ihe first portion or the calculation routine disposes of parentheses and multiplying opera-

tions. The first word tns is a multiplier, so it is then determined whether the next word is a left

paren, which it is. The computer now starts counting left and right parens. \Ve again ask if the next

word is a paren. Since it is “rat, but it is a multiplier, his, multiplication is not yet carried out.
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Since the next word is a left paren, the count of left parens will increase to two, Ilowever, since

the registers (or left and right parens are not yet equal, the next word is examined. Since Ji is not

a paren, but is a multiplier, it, too,will be iKnmed. The next word is but. Since it is not a numerical

prefix, it will &multiplied bv the multiplier tris. The same will occur for yl(7), amino(8), prop(l O),

v1(l 1), and amino(12) as they are all contained within the parens covered bv tris(l).

When the right paren following the last amino(12) is encountered, the lelt and right paren

registers will be equal, This will signal computer to return to the word immediately following the

first left paren - his(3). A similar process will now be followed which will result in multiplying

but(6), yl(7) and amirm(8) by two, When the paren following tbe first umino(fl) is encountered, tbe

computer will be referred back to tbe first cfi(5). Since it is a multiplier, is not followed by a paren,

but(6) will be multiplied by twn.

Before pro=eding, the computer checks whether the last word in calculatia area has been

reached. Since It has not, }1(7) will bc processed and ignored as will amino(tl), right paren(9),

prop(IO), ~1(11), mnmo(12), right paren (13), and penta(14) which had been found, during the am-

biguity-resolving routine, to be ~ .

Since di(15) is a multiplier the morpheme ene(16) is multiplied by two, Since it is the bat

calculation word, the parcn and multiplication operations are completed. .All parens and multiplier

calculation words are no~~ replaced by zeros. The computer then adds the conlents of these regis-

ters which now looks as follows:

rod 1 d., Iford [’alue !Jord L’alue iTord Value

1. tris 000 5, di 000 9, ) 000 1.3. ) 0($3

2. ( 000 6. but C4x3x2x2=C48 10. prop C3 X3=CV 14. penta C5

3. his 000 7. VI 030 11. YI 000 15. di 000

4. ( MO R. amino VX3X2.V ~~. ami”O
6

NX3.N3 16. ene Df3x2=DB2

Tbc totals are ta~enand give a partial molecular formula of C62N9D132. The hvdroKen calculation

is performed usinq the equation 2 + ?n + n —n - ?n In this case it is 131 giving a final
CNX DB”

formula of C62 111~1 Y9 .

Thecomputer will nnw test for experimental purposes whether tbe calculated formula agrees

with the formula calculated manually and stored with the original data.

llydro~en Calculation

The calculation of bvdrrrgen is hy no means a simple straightforward or obvious task. There

are two ways 0[ solsing the problem. There is the method dcscrihed in this dissertation which
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derives form Soffer’s formula and there is the standard procedure used by chemists. To give the

reader an idea of the difficulties of using the conventional method, he is referred to the complex

chemical diagram shown on page .36, where the fifth example is discussed. [t is obvious that the

brute force method or counting 131 hydrogen atoms is Iikelv to qenerate errors. To duplicate the

brute [orcemethodof calculating hvdmgcn by an algorithm is not onlv difficult but also uneconomic

in terms of computer time.

The assignment of computational values (semantic mapping) to a relatively small list of

mcwphemes which also accounts for hydrogen, would at first glance, appear to be a rather trivial task.

lIowever, here one must depart from morphology and take into consideration the rules of chemical

bond formation. For example, the term medtyl consists of two morphemes methyl and yl. ‘f%is i s

one of t he most commonly occurrin~ terms in organic chemistry and has a calculational value of

C113. [t is invariably C113. On the other hand, propane is Cll $312 C113. Ilowever, me~hylpropane is

not merelv the summation of the values for methvl and propane. fn adding the metiyf group, one

must replace one of the hydrogen atoms on the propane nucleus giving a structure C113Cll(Clf3)C113

more cmnmonly called isohutane, If in compilinq a dictionary of morphemes, we assign the values

usually associated with the morpheme, then wc must incorporate verv sophisticated rules based on

a knowledge of chemical formation. The problem increases in complexity when dealing with names

containing morphemes such as oate, where a chemical reaction is implied as between an acid a n d

an alcohol to form an ester. For example, the simple chemical ethyl ethanoate (ethyl acetate) is not

thewldition of C2 115+ C2116+02. The formula for this chemical is C411802 since an ester is formed

from the comhinaticm of an alcohol and an acid with the elimination of a molecule of water.

The Iinquist is prompted to ask whether one has the right to include hydrogen value in the

semantic mappin% of morphemes such as metl, . The morpheme meth will alwavs contribute one car-

bon atom to the molecular formula, but it dues not alwa vs contribute three stoma of hydrogen. ft is

not at all obvious, even to the chemist, how one resolves the problem of hvdrogen calculation. ft i:

wel I known that the number of hydrogen atoms in o saturated hydrocarbon is derived from the rela

1ion2NC + 2 where NC is the number of carbon atoms. flowever, the avera Ke chemist has nO system

atic method of q uickly solving for hvdrogen,

So[fcr (OPUS cited) provides a more sophisticated statement of the relationship fxtwcen the

number of cvc lic configurations in a chemical and its molecular formula. I had previously used

Soffer’s formula in checking the accuracv or several thousand formulas. Ilowever, it did not OCCU,

to me immediately that it could be modified and used as a means for obtaining the hydrogen value

directlv. It was observed that each of the terms in So ffer’s equation could be replaced bv a term

representing a morpheme, i.e. a grow of allomorphs, particularly the “bonding” morphemes contri-

buting to ‘cyclic’ configuration, Then it was pussible to simplify the syntactic rules for each

morpheme.
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The value of this approach is more apparent if one considers an example in which hydrogen

is determined bv the pre~ious method of first identifying the ‘paren~’ structure in a chemical name,

The parent morpheme is frequently an alkane ending such as ane, Tbe chemical 4-hy&oxy.,?-

heptonone is deri,ccf from }Ieptane. You calculate its moleca]ar formula by starting with C71116,

the molecular formula o{ heptanc. The morpheme one adds an oxygen atom and subtracts two

hydrogen atoms.

ForhYdrozY vou add anothcratom of oxygen, Ilydrozy contains one additional hvdrogen atom,

but this is balanced by the loss of one II atom in adding the h~druxyf substituent. This procedure

works qui[e well for chemicals with strai~bt forward substitution of one functional group for h~dro-

gen. tlowevcr, it breaks down in more complex eases. By con fininq one’s dictionary to morphemes

in which hvdrogen is excluded and calculated after all other calculations are performed, a more

straightforward procedure is posstb le.

‘Thus, the assignment of ‘meaning’ is conditioned h~ the svntactic methods that are cmploved

(or ~nalyzing the chemical name ancj {or generating the cc~rrcct molecular formula. Ilowc%er, once

the new approach is chosen, one must analyze each morpheme a little more closelv. It is not suf-

ficient to know that nitro is Yf)2. It i> necessary to learn that it is one nitrogen atom attached to

two oxygen atoms, in which, one of the attachments is hi a double bond. ‘The presence of this

double bond affects the total hvdro~cn content of (hc molecule. It therefore must be recorded in

the dictionary alon~ with (IIC rcmainin~ semantic information.

Ilaving recorded the semantic }aluc of each morpheme, it is further necessarv to pro, ide

rules for distinguishing hctwcen [he homonyms which occur in systematic nomenclature. Thus,

there is a class of numerical prefixes which unfortunately arc ambiguous with morphemes for al-

kanes, For example, pent mav he ~dditive , as in a chain of five carbon atoms, suchas pentatriene

or it may be a multiplier as in pentacblorobexane. This situation is not unlike the probiem of svn-

tactic analvsis of En Klish te~t, in which, one finds two Itords in a sentence which are part of the

same verb, hut are separated bv an inter~enlng word, e.g. a split infinitive,
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TABLE V1l. GENERAL PROGRAM FOR CHEMICAL NAME RECOGNITION

RESET, FULLY

PROCESS ALPHA

STORAGE ANO

BEGIN HERE START FORMULA

CALCULATION

NAME

PLACED IN

WORKING

STORE TEST CURRENT d

CURRENT
FULLY

CHARACTER

PROCESSED
8 STORAGE Portion

Not

No
Matched

l~orable Portion

I [ 1. -,
Is Is CALCULATION

CURRENT Yes ALPHA AN O

CHARACTER STORE MORPHEME

PAREN? EMPTY? STORAGE
, i

No

‘r’es

PAREN

STOREO IN

CALCULATION

AND MORPHEME

AREA

r
4

/
P

STORE OOES ALPHA

CURRENT STORE
Yes

PROCESS

CHARACTER a CONTAIN ‘# ALPHA

IN ALPHA EIGHT STORAGE

STORAGE LETTERS?
4

No

1nMODIFY

COUNT OF

LETTERS

IN

ALPHA

STORE
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TABLE V[l

CIIE\flCAL NOM ENCI>4TURE 4Y\LYSlS

CO\lP[:TER CAI.CII.4TION OF \K)LEC(l LAR FOR\l’I.,lS

GENER$I. PROG[<A\l DESCRIPTION

1. Chemical name is tvpctf on lnityper. Onlv chemical names 01 sixtv characters or less are al-

lowed , to simpli(v pro~amming, Sixty characters are stored in rive (’ni~ac words.

2. Chemical name is placed i. working storage. (left-to-right in the name is equivalent to top-

to-bottom in storage. )

3. Processing of name starts with hoitom character in worhing storage, i.e. character on the far

right of chemical name.

4. Determine whether the curren( character is i~Or~hle, i.e., a dash (hvphenl number, prime,

comma, or delta (space).

5. 1( it is, them ignwe It and fully process* cnntcnts O( alpha storage.

6. II i( is not Ignorahlc character, dctcrrnine 11 curren[ character !s parcn,

7. lfcurrent character is a pre., store 1[ in calcula(io. ~rca ofstoraqc, unless alpha storage al-

ready contains something, in uhjch case, store ~he paren in parcn stora~c and fully Process”

alpha storage,

8. If it is not a parcn and 3130 nol ]qnnrahle, dwn store it in :Ilpha >tora<e. Cmttlnue pmcessinq

until eight characters are stored in alpha storage. ‘rh~> is determined hi counting characters

as ~hc~ go into alpha storage.

9. Find a “match” for the contents of the alpha htoraqe, i.e. from the morpheme dictionar~,look

Up \ alue Of morpherrw in alpha s(txagc. This might he (Iw cntlrc cie, ht letters or i“st two let.

ters, hut no Icss than two letters, otherwise there i~ error siqnal.

10. \\hen the match is [CM”d, enter ~hc calculation )alue of the morphernc in the next a+ailahle

storage location of the calcula(lon >tora<c and the morpheme i(wlf in the morpheme area.

Il. \b~e anv remaininq unmatched portion co the far rlqht In alpha storage! it the same tirnc this

will change the count of the nurnher of Ict(ers in alpha stora~e.

●Fully process alpha storage means that wh. tever alphrihetm characters are in aiph.a storage wili be ex-
amined ma as to identify the morpheme(s) involved. After Iindtng a match for the right end of alpha storage
the remautder will be shifted and similarly Procc wed. However, ‘“fully” process crmnat be used if alpha
storage procesaa”~ w.. m.artcd as a result of 8 count,
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2, Keep on examining more characters in name until there are again eiqht characters in alpha

stora~e.

3. Continue the process until all characters have been placed in storage. \Vhen end-of-name

signal (&) is encountered, computer will know that processing of all characters h= ben

completed.
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TABLE Vlll. CHEMICAL NOMENCLATURE ANALYSIS

DICTIONARY LOOK-UP ROUTINE

BFGIN HERE

&~ f PEN T-OCT

No

Matnh

I

I
buREMOVE LEFT-MOST

CHARACTER ANO

PLACE IN

TEMPORARY

STORAGE

ALPHA STORE
& Match

ON
Yes

AMBIGUITY

WITH PEN T-OCT SUB.

DICTIONARY LIST ROUTINE

No

*

STORE MATCHED

MORPHEME ANO

ITS CALCULATION

QIS THERE

ONLY ONE

No LETTER IN

ALPHA

STORAGE

1
VALVE IN

CALCULATION ANO

MORPHEME STORE

4TRETURN CHARACTERS

IN TEMPORARY

STORAGETO

ALPHA STORE

SHIFT

ALPHA

STORAGE

TO FAR RIGHT

Yes

-l_-\
Yes
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TABLE VIII

CHEMICAL NOMENCLAT(JRE ANALYSIS

DICTIONARY LOOK-UP ROUTINE

1, The longest morpheme match is looked for first. The characters in alpha storage are compared

to all morphemes in dictionary.

2. lfno match is found, left-most character is dropped and matching process begins again. In this

way thial is matched before al.

3, Before matched morpheme is stored in calculation area, it is checked for being in pent-oct

group of homonyms.

4. If the morpheme is found to be in pent-oct group, then a special ambiguily-resolving routine is

initiated.

5. ff morpheme is not pent-oct, it is placed in calculation and morpheme storage,

6, If alpha store is not empty, it is shifted to {ar riqht and process bgins over.
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TABLE IX. PENT-OCT AMBIGUITY RESOLVING ROUTINE

7
PENT.OCT

MATCH

IS MO RFHEME
v

FOLLOWING
IS MORPHEME STORE

PENT.OCT No
FOLLOWING NUMERICAL

*
MORPHEME

‘E NT-OCT No PREFIX CALCULATION

AN ALKYL
MO RPHFh!E WORO FOR CALCULATION

EN OING?
MULTIPLIER? STORAGE

T“ ‘-”

Yes Yes

4
STORE ALKYL

MO RPHEMEIN

CALCULATION
“ + ‘es m

?

MORPHEME

ALKYL EMDING?

I 1 J

DCURRENT

CHARACTER

PROCESSING
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TABLE X. MOLECULAR FORMULA CALCULATION ROUTINE

I LAST I

No

r WORO?
4m 1+

TYes

MULTIPLY

IS NEXT WORO )/0 NEXT

LEFT PAREN? WORD BY

MULTIPLIER

Yes

k

$PERFORM

HYOROGEN

CALCULATION

I Yes

IS NEXT WORD
1

NEXT WORD

f L
‘J =-+0

MULTIPLY NEXT

IN CALCULATION ~ NUMERICAL No
WORD BY

AREA PAR EN? PREFIX?
NUMERICAL

PREFIX

Yes

ADO 1 TO

LEFT OR RIGHT

PAREN TOTAL

1
GO TOWORD

LEFT PARENS IMMEDIATELY

EQUAL RIGHT Yes FOLLOWING

PAREN? FIRST LEFT PAREN
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TABLE X

\lOLEC(ll,,\R FOR\l[I1.A CA[.CLII./\T[ON ROUTINE

1, Find a word which is a multiplier.

2. II the next word in calculation area is not a Iert paren, multiplv it by the multiplier and con-

tinue looking for other multipliers.

3. If the next word is a Icf! poren, starling keeping tolals of left and right parens counting this

as first left paren.

4 Examine each successive calculation word.

5, If it is not a paren, multiply it hv tb multiplier, unless it is a numerical prefix.

6. If it is a paren, add one to~hc Iefl and right paren totals.

7. End process as soon as the left and right parcn totals are equal.

8. Now go hack to the word immediately following Lhe first left paren and continue looking for

multipliers. So process all multipliers in the calculation area.

9, Replace Ckcrv puren word and every multiplier WOKI in the calcu[alion area hv zero. Now add

all words in the calculation area.

IO, This gitcs prclio)inarv total fortnula coun[. Now calculate Il.

11. Replace OR value in preliminary to~al formula with the calculated II value.

The calculational \aluc of each tmorphcme is stored as a twci, echaracternumbcrin which each

succcssi}c pair of numhcrs represents iodine, double bonds, oxvqcn, nitrogen, sulfur and cartmn.

\VIW” the final calculation is made, the double bond position is rcplaccd hv the hvdrogen count,

llcncc, ni~rois st[,red~s+fi 01 (P ‘Ill 00 flfl, iodo +1 ’00 00’00 0000 and methvl . (1 00 00004)1.

Since {hc l“ni, ac requires onc character for <Ign,un formula containing more than nine iodine atoms

can he tested in this equipment.
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Sampling hlethod

The manual translation procedure was tested on dozens of chemicals. Some of these were

deliberately selectedas presenting difficulties. Others were randomly selected. Forexample, the

deli berately chosen names included several that contained pent-oct ambiguous rmrphemes as e.g.

Aezanitrohexadiene, Others involved complex nesting of parens. The fifth example shown pre-

viously is tvpical of these,

Certain chemicals found in C.A. indexes did not calculate correctly for hydrogen. The

morpheme imino was found to be used bv C.A. quite iwonsistently. ,4 t.asic principle of good

nomenclature is that structure and name should correspond. Names should not he based on the

origins ofcompounds. A C.A. example is l,l~(ethylm ediimino)di-2-propanol which by I. U. P.A. C,

nomenclature is /,2-bis(2-hyciro xy-propylam ino)ethane. C..4. violates the principle that each

morpheme should consistently represent the same substituent. This name was omitted from the

test as it would give wrong hydrogen count. In any computer program that would attempt to cover

all systems, including C. A,’s, imino would require a special ambiguity-resolving routine.

When f was satisfied that I bad deliberately tested all the morphems in the dictionary a

random sample of chemicals was ob(aincd. This was done hy asking a clerk to check the first

chemical at the top of each column in the 19S8 Subject Index to Chemical .Abstrac~s. Ile was

told to keep scanning until a name was located which could be obtained from the morphemes on

the test list. This required the elimination of hundreds of chemicals which contain cyclic

morphemes ralher than acyclic. The following illustrate some of (he samples located,

!! OIC?CUIIZ, Chem, ca[

CA Page Vo. Formula Vame

37

38

39

40

5?

56

57

58

59

71

73

80

80

C5H9V0

C5H10N2S

C5H , ~02

c5f+llNo3

C6H9N3

C6H11N03

C6H , *\2f)4

C6H1202S

C6H13Y0

c7H9No

C7H ,.02

C7H15N0

c7tf I 5~03

~.hvdrox}.~.me( hv]-b”tyr~ni~ri[e

~.amino.4.(methy l-thio)bulyronitri]e

4-me[hoxv-2-buten-l -al

methvlnitro-2-but anol

3,3’-iminodipr0 pionitrile

6-amino-4 -oxo-hexanoic acid

?,.3-di methvl-2,3-d initro butane

I-(propvlthio)-propanoic acid

4-dime tbylamino-2-butanone

.3,4 -dimethvl-2-oxo~ ntenenitrile

3-ethylidene-2,4-pentanedione

l-dimethylamino-2 -methyl-3 -buten-2-ol

[his (Z-hydrox yethyl)amino]-2 -propanone
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I have intentionally listed the compounds for pages 37, 38 and 52 even though they do not

come under the purview of this experiment. In spite of myinstructions, it waa apparently difficult

(CX the petson taking the sample to note tiat the yro and ion were not on the list of morphemes.

Oneothcr interesting example that had to be eliminated from tbemmputer testing, but notthe

hunwn testing, was the following: Y-[(2-[l,l-dim ethyl-2-propyny loxy]ethoxy~ ethyl ldietbylamine.

The use of the N as a locant was not anticipated in preparing the computer program. It would have

to be added to the list of igmrable characters.

An additional randcnn sample was taken from the Uerck index. This was done bv takinga

continuums series of chemicals in the cross +efercnce index. This gave quite a scattering of page

numbsrs as ia shown below:

Pa~e

178

53

738

1013

315

4

666

f4. F.

C4H1tN

C4 H ~N02

C9H22>2

C2H7Y03S

C2H7NS

C2H6N2

C511,tw2s

Chemical Yam.

I -aminobutane

4-aminobutanoic acid

2-amin&5-diethvlaminopentane

~.aml”oetha”e~”l fonic ~cld

?-am inoethanethiol

a-amino-a-i minoethane

2-am ino-4-mclhylthio butano ic acid

Selections were still made that could not bc handled by the experimental dictionary as e.g.

suffonic acid. Further, theuscol alpl{a(a) as a Iocant was not anticipated for the computer program,

though it could be easily added to the list of ignorable characters.

As a further test of the algorithm several chemists were asked to coin names lhat might be

difficult to handle.

A few of these were 3,7-tfimethyl-2,6-octadienal, 3,3 ‘-dithiobis(2-aminopropanoic acid) and

1,4-bis(methanes ulfonoxy)butane, The latter is nol covered bv the experimental dictiona~.

Debugging

,~s a further test of the procedure, fifty of (Iw randomly selected compounds were tested on

the llnivac 1. The so-called dehgging procedure uncovered dozens of coding mistakes in the com-

puter pro~am which had to be traced meticulously. Apparently the first twelve deliberately chosen

compounds were well selected, as the computer went into loops on each one until the bugs were

eliminated.
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A More Significant Test

It is obviously important that tbe absolute validity of the algorithm bc proven by more exten-

sive sampling. However, the chemist knows intuitively, once he has used it, that it will work. When

it faila, he will find am b@rities in the nomenclature as in the case of imino.

Of further importance was an informal test to verify the claim that chemists first draw a dia-

gram in order to calculate molecular formulaa. For this reason, I showed about a dozen chemists

example jive and asked each to calculate the formula, Invariably he would draw a diagram. All

were surprised that the calculation could be reduced to such a brief algorithm. Tbia confirms my

belief that the algorithm can be an extremely useful teaching device. It certainly can be helpful to

tbe indexer. Most graduate organic chemists already have memorized a large enough number of

morphemes to calculate quite quickly without learning anything but the DB rules. This includes the

more complex cyclic structures. Every steroid chemist knows that the steroid nucIeus ia C
17

so it

is quite simple for him to calculate steroid [ormulaa no matter how complicated the name may be.

●See page .36.

The Oonding \lnrphemes

One particularly intereating product of this research has been the more pecise definition of

a claas of so-called endings or suffixes. for which, surprisingly enough, the chemist has no generic

term. During the entire course of this investigation, difficulties were encountered in keeping pm-

grammera aware of the difference between an alkyl group and an alkyl or alkane ending. Neither of

the latter two are accurate. Open chain hydrocarbons have the generic name alkanes. A lkyl is the

generic term for hydrwarbon radicals. To use these terms to describe alk-yl suffixes is quite in-

accurate. Furthtmrwxe, this does not associate all of the suffixes that can now be properlv grouped

in what I shall call the bonding morphemes. The members of this morpheme class are morphemes

such as cane, ene, yne, idene, and ium since they contribute to the DB value of the chemical. In the

pert-oct ambiguity-reaol ving routine, it would bc more accurate tn describe the operation in terms of

bonding morphemes as the afkyl morphemes are really this group of bonding morphemes. It is inter-

esting that to learn the algorithm completely from menory, the chemist need only learn the correct

DB valuea for all morphemes, some of which may not bc obvious. The chemist doea not usually

think of a triple bond as being two double bonds. Thus the DB value for nitrilo, cyano, diazo, and

yne are the same i.e., DB2.

Conclusions

I believe there are a number of important conclusions that can be drawn from this work, There

can be no d oubt that nne can calculate molecular formulas from chemical nomenclature, The
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grammatical work that remains to be completed is still quite large, but it does not appear to be so

large that a group of chemists and linguists would have any difficulty completing it within a reason-

able length of time. Further, if a computer is at their disposal, there are many shortcuts that could

be taken in the analyses. If the grammatical work is expanded to include the type of syntactic

analysis in which each morpheme is described as a part-of-speech, i.e. classified according to its

membership in various grammatical cate~ries, then it is quite possible to foresee a machine pro-

cedure which could generate standardized names. The same would be true of displaying structural

diagrams. In fact, the latter problem is less sophisticated, in that there are a relatively small num-

ber of topological arrangements required in chemistry. The programming difficulties would arise

in making the appropriate additions to the diagrams for substituent atoms. [n the case of m“cotinayl

morpholine, there is only one topological configuration, the hexagon, but the replacement of carbon

bv nitrogen and~or oxygen in the pyridine and morpholine rings requires considerable programming

ingenuity. This work would be aided by the grammatical analyses.

It would also he safe to conclude that by similar procedures, one could analyze the chemical

terminology of other languages and by establishing the transformations of that Language, arrive at

a method for translating chemical terminology quite easily. For certain languages, such as Russian,

the work involved should not bc kery great as one can already, simply by [transliteration of Russian

nomenclature, understand most of the chemical names.

The linguistic approach to chemistry, i. e. chemico-linguistics holds great promise for

chemist and linguist alike. For the thcmist, it can mean greater precision in teaching and under-

standing nomenclature and even chemical classification per se. It is not improbable that a suit-

ablv written grammar of organic chemistry could help postulate ncw and interesting chemical

structures. on the other hand, 1 believe (hat the field or chemistry offers the linguist a useful

model ror the study of normal discour~e. rr the problems or chemical nomenclature cannot be re-

solved by Iinguis tic analysis ,then I suspect that normal discourse will be much too formidable an

obstacle, Certainly if wc are to rind methods or analvzing chemical texts rOr indexing and other

purposes, we cannot expec~ better than a 50% resolution of the indexing problem in chemistry. More

than 50% of the erfort that goes into indexing chemistry is in the analysis of chemical names. A

large part of the work that is done in reading chemical documents in~olves the recognition of

dozens or chemical names, both new and old. We wirl have reaped a very poor harvest if we are

able to describe the text of a chemical article grammatically without a corresponding ability to

deal with the problem or synonymy.
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TABLE XI

RANDOM SAMPLE OF CHEMfCALS TESTED ON COMPUTER PROGRAM

butane = C4H lo

2-aminoethanol = C2H7N0

1,4-bis(ethylamino)butane = CBH2@N2

1,3,5 -heptatriene = ~11 lo

1,2,3,4,5,6,7-heptaiodooctane = C8}I 1,17

2-[(3-aminoprppy l)ethylaminolethanol = C711 IaNzO

1,4-bis[bis(3-diethy laminopropyl)amino] butane = C32H72W6

l-methyls ulfonylbutane = C5 II ,20$

2-met hylpropanedioic acid =C4H604

l-propanethiol = C311.#

3-pentanethione = C5H10S

1,6-dinitrohexane = C6111 ~S204

2,5diaminobexanedioic acid = C6}I ,2Y204

4-oxo-heptanedioic acid = ~H ,.05

ldimethylamino-2 -metivl-3-buten-2 -ol = C711 ,5\0

l-cthylamino-2-mc thvl-3-buten-2-oI=C H7 *5\o

2-(hydroxymethyl) -2-propyl-1,3-propanediol = C7}11603

3-ethyl-2 -amino-3 -pentanol = C711, 7N0

8-hydroxy-6-octe ne-2,4diynenitrile = C811 ~YO

2-propenvl-2-pentenoic acid = C811, ~02

2-etbvlidene-3-meth vl-1,5-pentanediol = C811 ,602

Z.nitre-2-pcnty I-1,3 -propanediol = C8H17N04

3-diethylamino-2 -methvl-l-propanol = C811 ,9Y0

5,5 ‘-oxybis(2-rnethvl-2 -pentanol) = C12H2603

1, l-diiodc-?-nitro-l -pentene = C5H7 1*Y02

pentyl nitrate =C51111Y03

2,5-d iiodo-hexanedln itrile =C611612N2

l-aminobutane = C4111 , S

4-aminobutanoic acid = C4119Y02

2-amino-l -butanol = C411 ~ [NO

2-amino-5 dietbv1aminopentane = C9}122\2

2-aminoethanethiol = ~117\S

~-amino.j.hvdroxvpentanoic acid =CSHII~OJ

l-amino-l -iminoethane = C2t16\2

?-amino<. meth}lthiobutanoic acid = CSflII~02S

3-methyl-l -pentvn-3-ol = C611 ~IJI

1,3-hutadiene =C4}16

bis(h}droxvethvl)amine = C411 I l\02

2,~-bis(hY&ox\ meth\l)-1,3-propanediol =CS1l I.@4
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TABLE Xl (cOnt. )

2-e~hoxyethanol = C4HI 02

dimethylenimine = C2H3 k

3,7-dimetbyl-2,6 -octadienal = CI011160

3,3’-dithiobis-( 2-aminopropanoic =id)=C6H12N204S2

l-iodo-3-iodomethvl-5-methylheptane = C9H1812

1,4-d iiodo-2-(methylbu tyl)-butane = C9HI S12

methyls ulfonylethane = C311802S

(2-hydroxyethyl )-4-h ydroxymethyl)-3 -propyl-l ,6-h exanediol = C 12!1 ,3fIo4

methylthiopropane = C4Hl#

l-(propylsulfiny l)butane = C711160S

ethyls ulfinvlethanc = C4H , ~OS

ethanamide . C2H5N0

butanediamide = C4ti ~N 202

meth~ithiopropane = C4H10S

nitrosobutane = C4 H9 NO

ethvlmethyl peroxide = C3 11802

iodosoethane = ~H510

iodoxvpropane = C3 H7102

.sulfopropanoic acid = C3H60$

ethanethial . ~H4S

trichloromethane = CHC13

tetranitromethane = CN408

I-nitro-1,1 ,2,2,2 -pentachloroethane = C2C15N02

hexachloroethane = C#16

1,1,2 -trichloroethane = ~li3C13

octachloropropame = C3C18

propvlnitrate = C3H ,N0,3

1,1,1 ,3,3 -pentach[oro-2,34 initro-2-trichloro-meth~ lpropane = C4C1RN204

4-chlorm3-hutyn-l -ol = C4H5C10
2-methyl-l ,?dinitropropane = C 4H6Nz04

1,.t-diamino-?-hutanone = C4HIOY20

1,,3,3,4,4 -pcntachloro-?-mcthvlctclobutene = C5H3C15

penten-4-vnOl = C~1160

4,5,5 -trichloro-4-penten~ laminc = C5H8C13N

dimethylcvclopropane = C5Hto

chloropentanol = C5HI I CIO

pentachlcmobenzene = C6HC15
~.alT)l”ochloron itrophenOI = C6HSC]N20.3

henzcncdiol = C6H602

?,6-dichlorucvc lohexanone = C H Cl O

~!-i1,[,1-tricbloromcthvl-.3 -penten- -O - 6H9C130

l-cvclopcntene-l -methanol = C6H100

chlorocyclohexane = C61111CI
~-am ino-~-h”tvl+-ni trophenOl = CIOHI 4X203

(l-cvclohexcn-l -vi) butanone = CIOH,60
~-phe”vl.~,4~-c yclohepmwien-l-onc = Cl SH Do

7-(2,4,5 -trichlorophcnoxy )hcptanoic acid =

ethyl 2-cyanu-S-pheny l-2,4 -pcntadienoate =
$,:;$~;s

7-(4 -dimetbvlaminophen~ l)-2,4,6-heptatriensnltrile = Ci5H16N2

l-3-bis(aminophenox y)-2-propanol = Cl SH18N203

4,64ibutvl-,3-methy l-2,4 -dinitro-2,S-cy cIokxadien-I-one = Cl SH22N205

2,4-climethvl-3 -octvl-2-cvclopenten -1-one = Cl SH260
2.nitro-4-phm yl-1.naphthol = C16111 IN03

l-(nitrophenyl )-4-pbenyl-2-bu! ene-l ,4-dione = C16H1 1N04

2-(naphthyl)-2-c ycluhexen-l-one = C1611140

diphenvl-3-but vnol = Cl 6 HI ~ O
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APPENDIX

I. U. P.A.C. Organic Chemical Nomenclature

ASummary of Principles lncludinga Detailed Exomple af its

use both in Recognition and Generation of Systematic Nomes

In sumtrarizingthe basic principles of I. I’. P. I.C. organic nomenclature forthenon-chemist.

emphasis has beim placed on ilitlactive explanations [hat will help in the recognition of the mean-

inqof chemica lname-s, rather than canplcte rules for the generation of names. The latter would re-

quire a knowled~ of chemistry atlcast tothc cxtento( Imdcrstanding structural diaqrams. This

is not even necessarv for the acyclic swaight chain hydrocarbons covered in this experiment.

Therefore, by following theinstructians fornaminq hydrocarbon derivatives, anon-chemist should

have nodifficult~ creating perfectly reasonatde and accurate names for simple chemicals. For the

more canplex molecules, I susptxt hc wotdd ha~e no more and possibly less difficulty than the

chemist who comes to the subiect with certain preferences based on his knowledge of chemistry.

Punctuation

Commas are used between numrals which refer to identical opcratimrs as in l,2,3-tribromo-

h exan e.

Colons are used between groups of numerals forsimilar but distinct operations as in J,2:5,6

diisopropylirfe nesorbital.

Yumerals should be placed immediately in frorttof Lhe syllables to which they refer as e.g.

~. bmmohexane ~a~herthm bromo-~. }lexane; he~an.~.ol ~=thcr than lLexano[-2. IIowever, in the LI.S.

~-hexa”o] Would be rather COrnTTIO”Iv encountered. The numeral designates the number of the car-

bon atom in the lonqcst cha[n of carbon atoms contained in the chemical. The variations in the

use of numerals are legicm and present a major obstacle to comprehension, especially in French

and Grman literature. In some systems fkek letters are used instead of numerals. .!mino acids

arepopula rlvrrumbered this way as in @hydroxya/anine, which is also 2-anrino-3-h ~droxypropanoic

acid also known as serine.
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Order of Substituents

Pre{ixesare arranged in alphabetical order. The atoms and groups are alphabetized first and

themultiplying prefixes arethen inserted as in: Z-bromo-l-chloro-he xane; 4-etftyl-3-me thyl-hexane;

and 1,1, l-trif?uo ro-?,3- dimeth Ylpentane.

Elision

The terminal cis elided before a vowel of an organic suffix, but not in cases where tbe

fnllowin~ letter is a consonant. Propane becomes propanont-; hc-zan-2-one becomes hexane-2,3-

dione.

Hyphens

Thescarc used hctwecn twoidcntica llettcrsto atoid ambiguity as in tetra-arnino. Tbe Chem-

ical Society wcs hyphens also wkn partial names end in a ~oiced kowel or y as e.g. in amino-

derl\ative, thia<ompund, me U,ox~-Kroup, lJutno( after a consonant in such places as methyl dcri-

tativc, amide group. In l,nglish, chemical words do nol end in \owels.

Parentheses

Parensarcuscd when necessary to clarify the limits of operations hut not unnecessarily}. If

astringof mctrpbems is contained in parens which is preceded by anumeral, tbis means that the

entire porenthesiwd expression is a suhs[ituent of a parent structure. For example, /-(#-amino-2-

t-th I lphe”yl}butanol meatls that the entire expression f-umino-2-e thylphenyl is attached to tbe

first atom in a (our carlxm {bu~) chain. ‘f%e word mono is understnocf but rarely used. Ilowever, if

[he chenllcal $\ert.l,2[,L. ~-/$. amtno-2-etl,Y lPhenyl)l >utan<,lt heentirep arenthesizede xpression would

bem.ltiplied hytw{,, i.e. i((mcurs att]oth thcfirst andsecon(icmbon atoms in the chain C–C-C–C.

Terminology

Parent is a very ambiguous term in chemical nomenclature, especially when one considers

the rules fm deciding which morpheme in a name shall be considered the parent morpheme, howe-

ver, no rmtter ~hat name ischown d]e parenl morpheme refers to that Toup of atoms to which

all other ~roupsof atoms in the molecule are attached. ‘Thus benzene is the parent in nitrohen:ene

and ethane is the parent in ethanot. This term no longer has any chemical significance which, at

one time, was true when chemicals were named on the basis of the shortest chain length.



CrouPor raJical, Anygroupofatms cmmon[Y occurring to&theriacaIIeda group or radical,

Most of these are single morphemes but scme are pairs of morphemes, C113 is a methyl group con-

sisting of tbe morphemes meth and yL }Iowever, OH is the bydroxy group.

Function or Functional Group

Afunctionaf group isa ~o~ofatoms which defines theme&of activity ofachemical. The

hydroxy grcmp gives alcoholic properties to an alcohol. A ketone owes its properties to the oxygen

atom which is dcubly bcmded tocarbm. The distinction between what is functional and what is not

is frequently difficult to make, but is an important artef act in naming chemicals regardless of how

they act.

Types of Names

There are several types of names encountered in systematic nomenclature aside from the pre-

vimsly discussed trivial and semi-systematic names. There are names which involve substitution,

where one hydrogen atom is replaced by a group or another element, as in pentard, where one hy -

drogen atan is replaced by thehydroxy radical or group. There are replacement names, where one

atom such as suffur replaces another, such as oxygen, as for example propanol and propane thiol,

which are respectively C-C-C-011 and C-C-C- SII.

A subtractive name involvca the removal of specified atoms as e.g. in aliphatic names end-

ing in eneor yne exemplified by hexene or hexyne where hydrogen atoms are removed by the crea-

ticm of double or triple beads between carbcm atoms –– C-C-C-C-C=C.

There are other types of names such as radico~.nc tiona~, a name formed from a radical and

functional class name such as ethyl alcohol; additive names such as styrene oxide, conjunctive

names such as naphthaleneacetic acid, and fusion names such as benzofuran and other cyclics.

Ilowever, in this brief survey, we will be primarily concerned with systematic names, i.e. names

“oomposed wholly of special Iy coined or selected syllables, with or without numericsl prefixes”

[cf. I. LI. P. A. C.: Nomenclature o(Organic CAemistry. I,ondon: Butterworths, 1958(P. 4)],

What’s In a Name?

‘,Yhe” the layman sees a chemical name like 7-bis(3-diethylaminopropyl)amino-7 ‘butylamin~

4,5,8-trihydroxyoct- 3,5-alien oic acid, he probably wonders how it is possible for chemists to make

sense out of it. The structural diagram for this chemical is
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Ilowever, chemical names are surprisingly simple to understand anda Iargenumberol those made

can be derived from a relatively short lis!ofmorphemes, such as that which was used in my ex-

periments (see Table VI).

Principal Functional Group

The first thing that must be done in understanding, or forthat matter increasing scbemical

narm is to “seek out the functional groups. ” (Cahn, opus cited p. 4.3, ) The senior, i.e. princi-

pal functionalgroup sets the whole pattern of nomenclature and numbering. Unfortunately this is

not always as simple aa it sounds, though in the example above it is quite simple. It is worth

noting that amnng others f)e~ering (cf. Organic Chemistry –– ,4rI Outline ofdrel beginning Course

/ncluding !fa!eri41for,4duanc ed Study; 6thlZd, New York: Barnes & Nob1e,1957) completely a-

voids a discussion of this problem of ~ming so-called complex functions, that ia, chemicals with

more than one functional group. IIe is well advised to do so becauae there is no rational way of

explaining [his principle though Chemical ibstracts and others will specify a preferred order of

precedence--acid before aldehyde, aldehyde before ketone, ketone before alcohol, etc. Cahn

would agree with this order f,[l. P, A. C.doesn otstipu late a preferred order. Since mostchemicals

intte U, S. and Great Britain are named by this order one can conclude, in the example shown, that

the principal function is the acid function. It is assumed by now that the reader understands that

each chemical nam can be pamcd quite simply into a series of short letter sequences, i.e. mor-

phemes. By reference to Table Yll, it will bc noted that each of tbesc morphemes has an assock

ated meaning. Tbe oic acid at theendoftbis name is such amorpheme asaredi and en which

precede it. En isa bonding morpheme, that is, it denotes unsafuration in the basic carkn chain

of tbe molccrde, [Insatmation refers to the removal of hydrogen atoms attached to carbon atoms

to form double bonds. The entire structure ofor~anic nomenclature is based on the theory of co-

valent bon~.

Most Unsaturated Straight Chatn

In naming this chemical no difficulty would arise concerning the next principal group as
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there is no choice here between two sometimes p~plexing alternatives ofa shorter chain with

greater unsatura~ion anda Iongcr chain with no or less unsaturation. [ftherewere, then the chain

with the most double and [riple bonds would be selected, This woufd be the case, e.g. if there

were a side chain containing two additional double bonds, As the second priority item in naming

achemical, the saturation is indicated second from the right. In other words. the so-called ~“ncipal

functions come at the cnd of the name preceded by bonding morpheme,s when this is possible.

The Longest Chain

The third cri(erion for selecting theprnpcr name is the principle of the Iongest chain. fly

this is meant not the longest chain of atoms, hut the longest chain of consecutive carbon atoms.

There is, in&ed, a achnnl of thought that prefers the principle whereby thelnngest chain is used,

regardless of the atoms involved. 4 mod case can be made for it in many instances. fn this par-

ticular chemical, the longest chain of carbon and nitrogen atoms is fourteen. The longest carbon

chain is eight atoms long and that is why the next morpheme to the left of diert is octa signifying

an eight carkn chain (C-C-C-C–C-C-C-C).

Numbering

After making the decision as (o !thich sclucnce nl a!oms in the molecule will become the

porent, then one numbers each of the contiguous atoms givin~ the atomtowhich the functional group

is attached the lowest number. In our example, the oic acid function is the principal Iunction, con-

sequently the numberin~ pattern wilt be (11O) O= C-C– C= C-(~=C– C–C, This will explain the nu-
12345678

merals prmeding diene as the two double bonds are located between carbon atoms 3 and 4 and

atans .5 and 6.

Substituents or Prefixes

Once the selcc[icm of the parent chain has been cnmpletcd, as well as adding assuffixes,

the bending rnor@emesand the principal functinns, it only remains to name the substituents or side

chains, all of which may be regarded as radicals, groups, or sub-names depending upon the com-

plexity of the chemical. In this particular case there are three hydroxy groups at the third, fourth,

and eighth atoms, They arc s~ified hy usinq the numerals ?,4, R followed hy the numerical pre-

fix tri [ollnwed in turn h) the morpheme hydr[,xy, hence trih~droxy. The remaining substituents in

this name are themselves substituted as e.g. butylamirm which means thal there is a nitrogen

atom attached to the sevenlh atom in the octane parent structure. Ordinarily, amino implies the re-

placenwnt of one hydrogen atom by the amino group (VII?), but in this case, one of the amino hydro-

qen.. is also replaced by a radical, the butyl radical, which is composed of a four carbon chain,

tlence, butylamino is C113C112Ctt2Ct 12N11–. By a similar building up process, the last portion of



this name, (diethylaminoprop yl) amino is the fOIlOw~E: (C~115)~-N–C112 –Cl J2-Cf12-N–. llOW -

ever, since the parenthesi~d expression is pr~eded by his, it simply means that the Olher bOnd

on the right most nitrogen has (he same chain re~ated, which means WC really have, for this side

chain [(C~ll$)? –N-C117–C117-CII?-)2N–, i.e. bisf~ie thy~aminoprOpyl) OminO, The ~- preceding-.. ---

diethyl simply speci[iesthat the left most aminO grOup is attached tO the third carbOn atom in the

propyl chain.

This sketch of ~he rules and explanatim of this very complex example does not cover all

of theprohlems. Of interest 10 the Iinquist is the choice of allomorph to bc made e.g. for 011, the

hydroxy group rather than 01. [t is only when the principal runction is an alcohol that this latter

mwphetne is used, Were the carboxyl group (oic acid) tO bc replaced by anOther. hydrOxY ,WOUP+ the

name of this chemical would change considerably, but primarily by the elimination of the prefix

3,4,8< r~Lvdror} and the additi(m of iefrol as a suffix giJinq us a name ending in orta-,?,5-dirn-),

$,5, &te1rof.

Since chemicals can bc prepared with a multitude O( different permutations and combina-

tions, the reader can well ima Kine the difficulties one may encounter when having to make a pre-

ferred choice. It is no small wonder that chemists arrive at differen[ names. If considerations of

cyclic nomenclature are introduced, then the absurdities of nomenclatural logic increase to the

point where there is mass confusion. If the principal function is attached to a ring, i.e. cvclic,

then it is the cyclic sys~em which is given priority o~er the acyclic chain, no matter how lrmg,

but if the principal functional group is attached to a chain and that in turn to a ring, the British

would treat (Iw cyclic radical aS a substit”ent, while !hc C,,i. indexer would lake into considera-

tion (he complexity of the cyclic suhstituent and more than likely call it the principal function.

Inclosing this discuss ion, it is worth emphasizing that in spi(e of the variations in naming

chemicals, one qenerally will have no ~lifficulty in fiquring out tbe chemical invol~, ed, because it

can always bc pieced together by reference tn the dictionary of morphemes. ff that were not the

case communication bettiecn chemists would have cease d long ago. T’bis is not to underestimate

thedifficultics ofdeciphermenl, In general such difficulties arise from the fact that the distratrgh[

chemist trying to use “systemati c’’nomenclature, inkariahly forgets one of the rules and in bis

confused state generates an ambiguous name, IIc does not always ~ake the trouble to ask another

chemist to try decipherin~ the name he has chosen. Niser chemists relv strictly on structural dia-

grams. Perhaps this accounts for the success of the Japanese chemists who are used to working

with ideo~aphs. [n (his connection, a closing qutxation from the British Chemical Society’s heat-

ed disucssion of the (;eneva Conference in which it is said “Prof. f’. F, Frankland thought names

unnecessary, and that it would be better for the purposes of a register {o use formulae. ” (\rm-

Strang, 11.K., opus cited p, 130) seems both pertinent and ironically, prophetic.

T a b Ie k’lf can also b used as a condensed review of f.[’. P.4. C, nomenclature, It covers

twen(y-three primary generic groups of chemicals synthesized by the c+ganic chemis[, Each t~



is shown by indicating an R gr~, the conventimsl symbol for radicaf attached to the appro~iste func-

tional group. Following the generic name, the most commonly used morpheme is listed. For any

specified value of R snd/or R: one can quickly determine the sort of chemical name to expect.

In this experiment, particular attentim WaS given tO cOmPOunds where the R values wOuld Cm-

sist of the homologous series met~, et~, prOp, W pe~~. hex, hept, and Oct, i.e. where R equa$s

one, two, three, etc. carbon atoms: Finally, the calculational value for each morpheme is shown.

This can be used in applying tbe algorithm for the calculation of molecular formulas. .4 more

complete list of the morphemes used in the experiment is shown in Table VI on pages 30-31.

TABLE X11. SUMMARY OF I. U. P.A.C. NOMENCLATURE

Structure

R-CH3

R.CH*

RzCH

R-OH

R-SH

R-

R-O-R ‘

R-S-R ‘

R-SO-R ‘

R–S02-R ‘

R-CH=O

R-CH=S

R-C(R>O

R-C( R >S

R-COOH

RCSOH

RCWR’

R-COX

RCONH2

R-CN

R-N!02

R-NO

RON%

Generic Name

alkanes

alkenes

alk ynes

alcohols

mercaptsns

rsdicals

ethers

sulfides

sulfoxides

sul[ones

aldeh ydes

thioaldehydes

ketones

thioketones

carbnxylic acids

thio acids

salts & esters

acid halides

amides

nitriles

nitro derivatives

nitroso

nitrates

Morpheme

ane

ene

yne

01

thiol

yl

Oxy

th io

sulfinyl

Sulfonyl

al

thial

one

thione

oic acid

thioic acid

oate

oyl halide

amide

nitrile

n itro

nitroso

nitrate

Value

DBO

DB ,

DB2

0]
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(+)

o,

s~

sl+o~

s ,+02

O1+DB,

S1+DB ,

O,+DB,

S1+DB,

02+Df3,

S1+O,+DB,

OP+DB,

O1+DB1+Y ,

O1+DB1+N’,

DB>+N,

‘2+ DBI+N1

‘l+ DB1+N1

03+DB1+ Y,
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