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INTRODUCTION 

The object of this work was to develop an information 

storage and retrieval system for use in mass spectroscopy. 

The information to be stored was the compound's name, the 

mass spectrum, and distinctive physical and chemical 

properties. It was desirable that the system be one that 

could be used in the mass spectral laboratory. 

At the time this project was initiated, no system for 

mass spectroscopy had been developed with the characteristics 

of simplicity, rapid retrieval, and practicality of use in 

the laboratory without elaborate and space consuming 

equipment. Thus, a system was needed to aid the laboratory 

personnel in compound identification and prediction of 

empirical formula and structure. 
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HISTORICAL 

Analytical laboratories from earliest times have had 

the problem of efficiently utilizing spectral data to 

identify an unknown compound analyzed by mass spectrometry. 

In one of the first methods devised, the known compounds 

were run with the unknown to determine if the data obtained 

were identical. After the experimental conditions had been 

standardized, the data obtained from testing known compounds 

were recorded and stored in a file system. As the number 

of known compounds increased, the problem arose of how to 

employ the stored data, as it was no longer practical to 

compare the data for each known compound to that of the 

unknowns. 

An early method employing mass spectra comparison for 

compound identification called for the determination of the 

parent peak, and thus the molecular weight. The available 

files were then searched by molecular weight; i.e., all 

compounds with that particular molecular weight were examined 

to determine if their spectra were similar to that of the 

unknown. This system was simple, straightforward 
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and not too difficult while the spectral files were small; 

however~ there has been a tremendous growth in published 

spectra from the academic and industrial research laboratories 

as the workers determin~ the mass spectra of their compounds 

of interest. At the present time there are available the 

American Petroleum Institute certified spectra, Dow Chemical 

uncertified spectra, Philip Morris unpublished spectr~and 

in addition various other compilations of spectra. This 

involves the examination of 30 or more compounds in at least 

three different storage sources to track down an unknown. 

A recent compilation (1) attempted to improve the spectral 

retrieval by listing the compounds not only by molecular 

weight but also in order of increasing ~eak mass for each 

of the first three strongest peak masses. However, the 

worker is still required to examine quite a few spectra 

within one of these regions to find a possible match for 

the unknown. 

To circumvent this tiresome and time-consuming chore 

of manually searching the mass spectral files, various 

systems have been devised to limit the number of compounds 

necessary to be examined for each unknown. 

I. Edge-Punched Cards 

One of ·the earliest and simplest systems of storage and 
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retrieval for mass spectral data was developed by Zemany 

in 1950(2). The compounds were coded on edge-punched 

cards by molecular weight, elements present, and selected 

prominent peaks. On one side of the card the hundreds, 

tens, and units holes were reserved for the molecular 

weight. An additional five or six holes were used to 

designate the elements present other than C or H. Through 

the use of deep punches 208 spaces were made available for 

direct indexing of the peaks. Only the five or six most 

prominent peaks were coded. For mass 200 and up each space 

was assigned ten mass units. Each card for a given compound 

had a copy of the spectrum pasted directly on the card or 

else the record of the peak heights was transcribed onto 

the card. 

The Consolidated Engineering Corporation, Inc., 

published a set of edge-punched (McBee) cards containing 

mass spectra (Figure I). This file provided four fields 

of selection. One numerical field was used for molecular 

weight and another for the selection of boiling points. 

The third field was used for indicating the presence of 

various elements; i.e., H, X(halogen), S, N, 0, C, and 

M(miscellaneous). The remaining holes on this card were 

devoted to peak mass. Six to ten of the largest or most 

distinctive peaks were punched in this field. These cards 
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A McBee Mass p ctr im Ca rd 



are no longer being issued and therefore the user has the 

job of maintaining the file current. 

Edge-punched cards form a convenient desk file and 

have advantages for the small specialized collection of 

information. All of the information is present on the 

face of the card, eliminating the need to go to an original 

source for complete details. Bowever, once the collection 

of cards numbers over 1,000, they become very cumbersome 

to handle and present difficulties in sorting. The placing 

of all the original source material on the McBee card 

necessitates someone compiling and printing the data on the 

cards. Thus, the usefulness of the McBee card for easy 

retrieval ts lost in an expanding data system with numerous 

entries. 

II. Hollerith-Type Cards 

Systems for retrieval of several types of chemical 

data have been devised which employ only Hollerith-type 

(IBM punched) cards and a sorter (3, l+, 5). Eastman Kodak 

used this type of system for storage and retrieval of 

information on chemical compounds (3). The information 

entered on the cards had to be in a format acceptable to a 

computer. It was not physically possible to enter all the 

desired information on one card. The system finally involved 
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17 cards that could be used to completely describe an 

organic compound according to structure and functional 

g~oups. It was felt that by the time the card file became 

quantitatively unwieldy the information would be on magnetic 

tape for computer use. 

Kuentzel (4) used Hollerith-type cards for infrared 

absorption and chemical structure data. Each card contained 

the details of absorption, chemical structure, physical 

properties, and a reference to the location of the original 

data for a given compound. To enter this information on a 

single card a code was employed in which each punch within a 

column had a designated meaning. 

In developing a Hollerith-type card system for mass 

spectral data, McLafferty and Gohlke (5) concluded that the 

sorting steps present in most other systems, both edge­

punched and Hollerith-type, required too much time. They 

eliminated the sorting step by using IBM punched-cards to 

prepare lists for each mass number (m/e) of all compounds 

having a significant peak at that mass number. To prepare 

the listing it was· necessary to have 22 duplicate sets 

made of the master deck. The compounds had their ten highest 

peaks and five additional "peculiar" peaks listed. To 

identify a compound it was necessary to examine all the 

compounds listed under the particular m/e chosen. 
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The American Society for Testing and Materials 

Committee E-14 s~t forth its own method which used features 

from proposed systems (5) and systems already in industrial 

use. Only 51 of the 80 columns in each card were used so 

that the individual laboratories could enter any additional 

information that was essential to its operation. The cards 

contained the six strongest peaks, molecular weight, serial 

number, source code, and the chemical structure code 

(identical with the chemical structure code used in the 

commercially available Wyandotte-ASTM Infrared punch card 

syste~). In addition to the punched cards the American 

Society for Testing and Materials offered a book index of 

mass spectral data containing five separate indexes based 

on molecular weight, most intense peak, second, third, and 

fourth most intense peaks. The spectral data in this book 

consisted of the four strongest peaks and their relative 

intensities with a coded number and name of the compound. 

III. Computer Systems 

ln 1965 Cook et al. (6) reported on a computer control 

and data processing system. The mass spectrometer was 

connected to an on-line digital computer which was programmed 

to control the instrument, accumulate the data, compute and 

evaluate the mass spectral data with a print out. This 



-9-

system was capable of detecting and storing peak heights 

at a rate of 200 peaks/second. 

With the aid of a digital computer Abrahamsson et al. (7) 

stored all m/e's and intensity values for each spectrum as 

well as the name of the compounds, the molecular weight, 

the source and serial number of the spectrum. By use of 

an appropriate program the information in the file could 

be listed or sorted by various items such as molecular 

weight and chemical name. The computer is so programmed 

that using the key of the five strongest lines in the 

spectrum a search of 10,000 spectra takes about five minutes. 

It is planned to add to the files the elemental composition 

and a type classification. 

Hamming et al. (8) used a computer program in an 

analytical research mass spectrometry laboratory for 

several different purposes. By the addition of subroutines 

to the main program, correlation studies that involved 

searching complete mass spectra could be performed. Smith 

et al. (9) have devised several methods of matching spectra 

and have written the necessary computer programs. The 

relative efficiencies of these have been compared with one 

another and with that of Abrahamsson (7). Despite spectral 

variations due to differences in instruments or sampling, 

efficient retrieval has been achieved. 
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Computer forms of storage and retrieval of chemical 

data require a systematic form of nomenclature. Chemical 

nomenclature is not suitable as input data because of the 

many permissible variants of a name; e.g., paranitraniline, 

p-nitroaniline, and 4-nitroaminobenzene are three correct 

names for the same compound. Thus a notation for the 

chemical structure must be used. A notation is simply a 

means of delineating the geometrical structure of an organic 

molecule in a linear algebraic form. 

Many systems have been devised for specific needs but 

only two systems will be mentioned here. Silk (10) modified 

existing systems into a new notation that required only one 

alphabet and one set of numerals so that the standard type­

writer and computer print-out system had an adequate range 

of symbols. The basis of the system was the use of the 

first four letters of the alphabet to cipher the fundamental 

chains and ring systems. Additional symbols were employed 

to denote a variety of functional groups. Numerals were 

used to indicate the number of substituents. 

A simple numerical code was devised for an IBM punched-

card system (11). Information on organic chemicals was 

stored according to an index number, the BATCH Number, which 

indicated the structural and atomic features of the chemical. 

This enabled the computer to be programmed to print a compilation 
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of an easy-to-use structural directory of compounds. 

The BATCH Number is assigned according to the following 

scheme: the B digit represents the nature and number of 

rings present; the A digit represents the nature and number 

of atoms present other than carbon, hydrogen, and oxygen; 

the T digit represents the number of atoms present other 

than carbon and hydrogen; the C digit represents the number 

of carbon atoms in the empirical formula; and the H digit 

represents the number of hydrogen atoms in the empirical 

formula. Table I gives a few examples of compounds and 

their BATCH Number. 

Table I 

BATCH Number and the Corresponding Chemical Compound 

BATCH NUMBER 

36144 
36148 
36156 
36168 
36168 
36171 
36243 
36342 

COMPOUND 

Thiophene 
Tetrahydrothiophene 
2-Methylthiophene 
2-Ethylthiophene 
2,5-Dimethylthiophene 
2-Propylthiophene 
2-Iodothiophene 
2,5-Dibromothiophene 

IV. Optical Coincidence Systems 

An optical coincidence system is "an information­

retrieval system that uses peek-a-boo cards; i.e., cards 

into which small holes are drilled at the intersections of 
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coordinates (column and row designations) to represent 

document numbers" (12). One optical coincidence card is 

assigned to each term. One position on the term card is 

dedicated to each different numbered compound. Each 

chemical compound is assigned a number and is given the 

same dedicated position number on all cards. A hole drilled 

at that position in a card means the compound has the term 

assigned to the card. No hole at that position in a card 

means that the compound does not have the term. Cards 

representing the terms that describe the question are 

superimposed over a light source. Light shining through 

the holes in thes~ cards represents chemical compounds 

with those terms. The positions of the holes are the numbers 

of the item. 

Schlichter and Wallace (13) developed a system for use 

in searching infrared spectra. Their system evolved from 

the Wyandotte-ASTM system which is on IBM punched-cards. 

The files after conversion required 250 optical coincidence 

cards for 10,000 compounds as opposed to 10,000 IBM cards, 

one for each individual compound. The wavelength coding 

was devised to indicate the types of compounds that would 

produce a specific type of spectrum rather than a code to 

separate one compound from another. 

Optical coincidence has also been used to identify 
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compounds by their X-ray diffraction powder data (14). 

Compounds are indexed by the elements present in the 

material and by their five strongest lines; i.e., the "d" 

value which is the value of the interplanar spacing of the 

crystal planes of the substances given in angstroms. 

Through the use of a negative deck (the absence of elements 

and the absence of certain lines), it is possible to identify 

mixtures as well as single compounds. 
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EVALUATION OF PRIMARY SYSTEMS 

I. Operative Systems 

Systems of three general types were studied to determine 

their suitability for further development. These systems 

were 1) edge-punched cards, 2) computers, and 3) optical 

coincidence cards. The first two systems were eliminated 

because qf the considerations listed below. 

A. Edge-Punched Cards 

One of the simplest retrieval systems is a file of 

edge-punched cards. These cards are used in the conventional 

data processing mode; i.e., there is one card for each 

reference. The equipment needed is simple and inexpensive. 

Besides the cards only a cardholder, a hand punch and a 

sorting needle are required. The cards form a convenient 

deck file which is sorted by hand. 

The cards can be obtained in sizes ranging from 

lt" x 2t" to 8" x lOt" depending upon the needs of the user. 

Direct, numerical, alphabetical, or any combination of these 

codes can be used for indexing the cards. In direct coding 



-15-

each hole is assigned a particular meaning, which can be 

a number, a keyword, or a phrase. The holes are marked 

by appropriate symbols indicating the code phrases to 

the user. The entry points of an edge-punched card system 

are limited tq those holes which can be punched around 

the ed&es of the card. The perimeter of the card can 

contain one or more rows of holes. Alphabetical indexing 

requires a five hole field, numerical indexing requires 

a four hole fie!d, and direct coding requires a single 

hole field. 

The body of edge-punched cards is left blank so that 

the user can enter any information that is desirable and 

necessary in his particular application. This entry on 

the card c~n take the form of typing, writing, printing, 

or pasting a copy of the original data on the card's body. 

Thus, after sorting, the remaining cards will contain all 

the information needed by the user, making it unnecessary 

for him to go to the original source for verification of 

the reference. 

An edge-punched (McBee Keysort) card system published 

by the Consolidated Engineering Corporation, Inc., for the 

American Society for Testing and Materials Committee E-14 

is already available for mass spectroscopists. The data 

included in this file are the American Petroleum Institute 
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Project 44 Mass Spectral Data and spectra from a Consoli­

dated Model 21-103 Mass Spectrometer. All peaks with a 

relative intensity of 0.46 or greater are included in the 

mass spectJ;Um,which is printed on the body of the card. 

These McBee cards (Figure I) provide four major fields 

of selection: molecular weight, boiling point, elements 

present, and peak mass. The molecular weight field (upper 

right hand corner) utilizes the following units: hundreds, 

tens, and 1-~ as well as a zero field. When the number 

to be ~oded is 1, 2, 4, or 7, the card is punched deep 

(two or more poles perpendicular to the edge of the card 

are punched, one hole wide and two holes deep); and whe~ 

the Qumber requires two punches; e.g., 3, 5, 6, 8, or 9, 

two shallow punches are used. Each molecuiar weight is 

considered to have three digits and if there is one zero 

present in the group of three, then the zero hole is 

punched shallow. Two zeros require a deep punch. In 

Figure I the molecular weight is 140, thus requiring a 

deep punch for the one in the hundreds field, a deep punch 

for the fou):' in the tens field and a shallow punch in the 

zero field. 

A similar numerical coding at the top of the card is 

used for entering the boiling point. The selection of boil­

ing points is by 10°C increments. The negative sign field 
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is punched s~allow for minus boiling points and left 

unpunched for positive boiling points. 

The top of the card also contains a field for punch­

ing the elemental analysis of the compound. The number 

of atoms pf each element in the compound determines whether 

the punch !s shallow or deep. In this case the H has a 

shallow punch indicating 1-12 hydrogen atoms, the S has a 

shallow punch indicating 1-2 sulfur atoms, and the C has 

a deep punch indicating 5 or more carbon atoms. 

The remaining holes in the card are used to denote 

ion mass. There is a shallow hole for each mass unit 

from i2 to 100. One deep hole is allotted as follows: one 

mass unit from 101 to 150; two mass units from 151 to 180; 

and tep mass units from 181 to 380. Usually only three to 

eight peaks are p~nched per spectrum. In Figure I there 

are six peaks indicated: 27, 39, 45, 97, 98, and 140 m/e's. 

The person coding the cards determines which peaks are to 

be selected for punching into the ion mass field. 

A serio~s drawback to this type of system is the loss 

of sqrting ease as the files grow. Once the card holdings 

increase beyond 1,000, the time required to sort becomes 

disp+oportionate to the quantity of data retrieved. When 

the files b~come bulky, the user tends to ignore them 

and will use other means of identification. 
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Consolidated Engineering Corporation, Inc., has 

stopped updatipg the McBee files for industry and there­

fore the responsibility for keeping the file current falls 

on the user. The time required for data input for a McBee 

card is very high~ It involves compiling the data, enter­

ing it on the card body, checking for accuracy, and coding 

for the punching. The file's usefulness has become so 

limited that it does not justify the time and effort of a 

trained person to keep it current. 

The elemental analysis coding does not answer.the 

specific needs of some spectral groups. When a compound 

is received for mass spectra analysis, it has already been 

subjected to other means of chemical identification, and 

the compound's cqemical classification is known. There 

is no way to distinguish between different classes of 

compounds from the input on the McBee cards; e.g., in the 

case of oxygen~containing compounds it is not possible to 

tell if they are alcohols, acids, ethers, esters, etc. 

(Table II). 



L __ 

-19-

Table II 

McBee Card Punch Coding For Some Oxygen Compounds 

COMPOUND CLASS 

Benzyl alcohol alcohol 
Phenol phenol 
p-Cresol phenol 
Phenyl ether ether 
n-ValeraLdehyde aldehyde 
Benzaldehyde aldehyde 
2-Hexanone ketone 
n-Valeric acid acid 
Benzoic acid acid 
Phenyl acetate ester 

H FIELD 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

0 FIELD c FIELD 

s d 
s d 
s d 
s d 
s d 
s d 
s d 
s d 
s d 
s d 

s = shallow punch 
d = deep punch 

Another drawback to the McBee system is the necessity 

of using deep punching for all ion masses above 100 m/e, 

as the card size does not provide enough space for all 

of the required holes (data points). Going to a larger 

card will not solve this problem. Also a larger card 

would be extremely awkward to retrieve by manual sorting. 

When an ion mass greater than 100 m/e is deep punched, 

an ion mass less than 100 m/e is also punched; e.g., in 

Figure I the deep punching of the 140 peak has caused the 

punching of the 60 peak. This would lead to false drop-

outs, thus causing the searcher to examine unrelated 

spectra. 

Consequently, an edge-punched card system has already 

proven unworkable under laboratory conditions due to the 
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proliferation of cards which leads to unsatisfactory sort­

ing conditions, the nonavailability of new cards to main­

tain the file current, and the deficiency in chemical 

classification. As these deficiencies can not be readily 

overcome, the edge-punched cards have not been studied 

further in the development of an improved mass spectral 

data storage and retrieval system. 

B. Computer-Based Systems 

Hollerith cards have been used alone with sorters 

(3, 4, 5) in storage and retrieval systems. Haefele and 

Tinker (3) devised a system of storing chemical structures 

on I~M cards in a format that would be compatible with 

computer input at a later date. The system that evolved 

needed up to 17 cards per compound to completely describe 

the structural configuration of any compound. The various 

aspects of chemical structure were divided into 17 major 

groupings. Each of these groupings was assigned a separate 

card and specific columns in that card were assigned to 

various functional groups that are part of the major group 

(Table III). 
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Table III 

Information Coded on IBM Cards 

CARD NUMBER 

1 
2 

3, 4, 5, 6 

7 
8 

9-16 

17 

INFORMATION PRESENT 

Molecular formula 
Number and type of ring 

structure 
Size and number of 

heterocyclic rings 
Carbon atoms 
Oxygen functions outside 

of rings 
Other functional groups, 

such as nitrogen, sulfur 
Patterson ring number and 

ion codes 

As an entire column in a card was reserved for one 

particular functional group, its presence in the compound 

was indicated by a punch anywhere within the column. The 

authors had considered using a positional punch to show 

how the functional group was connected in the molecule 

but as this involved linear notation with its attendant 

rules and rigid regulations, this idea was discarded. 

Eventually a simple punch code was devised showing only 

the most important connections; e.g., 1) connection to 

a carbon in a ring; 2) connection to a carbon not in a 

ring; 3) connection to a halogen, etc. 

The appropriate structure cards were punched with the 

accession number of the organic compound. The inverted 

system of filing was used; e.g., to find a compound, such 
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as an aminophenol, the cards containing amino functions 

and the cards containing phenol functions are pulled and 

sorted in the proper columns for the amino group and the 

phenol group. The two sets of remaining cards that contain 

these functions are matched with a collator for an accession 

number in common. When matching accession numbers are 

found, then the compound with that number should be an 

aminophenol. 

Kuentzel (4) devised a system which required one card 

per compound to store the data necessary for sorting on 

infrared absorptions and chemical structure. To obtain 

this result he devised a code for the punching of these 

cards. The columns on the card were assigned to the 

following fields: columns 1-28, coding of wavelength 

numbers; columns 29-31, reserved for future use; columns 

32~57, chemical classification and structure; columns 58-

62, the number of oxygen, carbon, nitrogen, and/or sulfur atoms 

present; columns 63-65, melting point; columns 66-70, 

reserved for the use of the individual laboratories; 

columns 71-79, source of documentation (could be used to 

give a journal, volume, page, and year). The storage of 

all this information on one card was possible through the 

use of a rigid code. Each punch within a column field 

had a discrete meaning; e.g., a y overpunch in column 1 
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indicated that the wavelength was in reciprocal centimeters. 

A punched-card filing system for mass spectral data 

was developed at Dow Chemical Company (5) to assist in 

the identification of unknowns which were usually present 

in a mixture. It was found that Zemany's edge-punched 

cards (2) and Kuentzel's Hollerith-type cards (4) did not 

serve their needs. This led to a tabulation method which 

involved prepared lists for each mass number (m/e) of all 

compounds having a significant peak at that mass. 

To prepare the lists of compounds the data was punched 

into~ standard IBM punched-card (Figure II). The following 

data was punched into the card as indicated: arbitrarily 

assigned serial number of the compound, columns 1-4; 

molecular weight, columns 5-7; boiling point in centigrade, 

hundreds and tens figures only, columns 8 and 9; an x punch 

in.column 8 signifies a negative number and in column 9, 

a melting point; base peak in m/e, columns 10-12; the 

second through the tenth highest peaks, columns 13-39; 

five so-called "peculiar" peaks not in the ten highest, 

columns 40-54; peaks at a fractional m/e recorded in order 

of magnitude of the next lower whole mass number, columns 

55-76; number of chlorine atoms, column 77; number of 

bromine atoms, column 78; and the number of the deck, 

columns 79 and 80. The deck number was vital as the system 



31: ,,::c 
om•­

/sERIAL :- . o4g. 
~:tJ:.f". 

NO. I -" I ~ 
o o o o o o o~ o~ ~ 

FIVE OTHER . . . ~g' ~ 
SECOND THROUGH TENTH PEAKS AT SEVEN HIGHEST PEAKS lj ~ 
HIGHEST PEAK , "peculiar" m/e AT FRACTIONAL m/e 
o o o o o o o o o o o o o o o o o o o o o o o o o olo o o o o o o o o o o o o o olo o o o o o o o o o o o o o o o o o o o o o ll o I 

1111111I1 111111 I 111111111111111111l11111II11111I11111111111111111111111I1111111111 
Ill ·11 5 'I' '(01112rl141$ti1J.llltl021llnNl'.i2'1721l!lOJll1Jll<lllll7JIJt '1•143'4•1<"1•H!lllllHll'fl15'1lll!ltll11&2'314'5M'7UHIOn nn1•ll1'rl1111t• 

2 2 2 2 .2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

l 3 3 3 3 3 J J J 3 3 l 3 3 J J J 3 J J l 3 3 3 3 l J 3 3 3 3 J 33 3 3 3 J J J 3 3 3 3 3 3 l l J l 3 l l l 3 3 J 3 3 3 3 3 3 

4 4 4 44 44 44 4 H 44 44 4 44 4 4 44 44 44 '4 C4 4 4 4 4 44 44 44 44 4 44 44 4 44 44 4 44 4 4 44 4 4 4 

5 5 S 5 5 S 5 555 5555555 5 5 5 5 55 5 5 55 S 5 S 5 5 5 SS 5 S 5 5 5 5 5 55 5 5 5 5 5 55 5 5 5 5 5 5 5 SS 5 5 5 

6 616 6 5 6 6 ' Ii 6 6 ' & 6 6 6 6 5 & 6 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

J J 1 717 1 717 717 7 711 7 7 1 7 1 7 7, 11 1 7 1 1 111 11 11 7 1 7 1 1 711 1 1 1 7 7 1 7 1 1 1 1 1 1 717 7 11 7 1 1 1 1 1 7 7 7 1 7 1 1 1111 7171717 1 
Ii 
'I I . , , .,, ....... ,., ........... " .... ,, ........... . I I 8 811 8 811 Ill I 818 I I 8 I a I I I I a a a a I I I I u I I I I I I Ill I I I I a a I I I I I I I 811 I I a I I I I I I I I I I I I I I I I 8 I 

'1 <2 '3'4 <SOC '1 <14111151 ll ll Kn11!H•~UOl4~11'7UHIOn7373Mll1' 
9 9 9 919 9 919 919 9 919 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 919 .9 9 9 9 9 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 g 9 

'' ....... 

i 
919_ 9 )i ,. .. 

../ 

Figure II 

Dow Chemical IBM Punched-Card System 

I 
N 
+' 



L_ 

-25-

required 22 duplicates of the master deck with the 

duplicate sets employing different colors. 

By means of an IBM sorter the first of these decks 

was arranged in order of mass number of the strongest 

peak (columns 10-12). Deck number two was sorted on the 

second highest peak in columns 13-15, and so on for the 

succeeding peaks. Cards that had no corresponding peaks 

in a particular field were discarded from that deck during 

the sort on that field. 

An IBM collator sorted the cards in order under 

each mass number. That is, all cards in deck one with 

their strongest peak at 50 m/e were followed by the cards 

in deck two which had their second highest peak at mass 

SO, and so forth. Thus, all cards filed under a 

particular peak would contain all the compounds that 

had that peak in their ten highest and five additional 

peaks. 

To identify a compound with a particular peak in a 

mixture, the cards filed under that m/e were examined. 

Comparison of these filed spectral cards could be made with­

out any machine sorting unless a certain boiling point, 

additional peak, etc., was required. These cards were 

used to prepare a listing so that the cards did not have 
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to be handled each time a search was made. 

The Dow workers felt that the advantages of their 

system were; 1) the elimination of a hand or machine sort­

ing operation; 2) the standard spectra were arranged in 

order of magnitude of the peak; 3) each mass unit up to 

1000 was exactly designated; and 4) fifteen significant 

peaks plus seven fractional mass peaks could be included 

without omitting peaks due to an arbitrary relative ion 

abundance limit. 

In 1958 the Sub IV Task Group within the American 

Soc~ety for Testing and Materials E-14 Committee proposed 

a system which represented an attempt to make the data 

handling all inclusive on one card (15). The following 

types of data were coded on the card: prominent specific 

masses; parent and base peaks; instrument conditions; 

molecular geometry; functional groups; molecular formula; 

boiling point; literature reference; and serial number. 

To code all this information on one card, a rigid set of 

rules for coding was required. These rules assigned a 

specific designation to each punch within each particular 

column. This system was not accepted and a new task group 

was assigned to develop another system. The final system 

combined and modified the various features found in 

McLafferty and Gohlke's system (5), in the original American 
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Society for Testing and Materials proposed system, and in 

several private industrial systems. This system is availa­

ble as a book index or on punched cards from the American 

Society for Testing and Materials. 

The IBM punched-card (Figure III) contains spectral 

and chemical structure data. The spectral data consist 

of the six strongest peaks and their intensities relative 

to a base peak intensity of 100 units. The mass number 

of the strongest (base) peak is punched in columns 1-3, 

the mass number of the second strongest peak is in columns 

4-6, the intensity of this peak relative to the strongest 

is in columns 7-8. Columns 9-28 contain the third through 

the sixth peaks and their relative :i,ntensities. The 

molecular weight is in columns 29-31. Columns 32-57 are 

assigned to chemical classification which uses the American 

Society for Testing and Materials E-13 code, which is 

employed for the Wyandotte-ASTM infrared spectral coding 

system. In this code every punch within a column has a 

designated meaning; e.g., 0 punch in column 40 indicates 

a methyl group; 1 punch in column 40, ethyl group; 2 

punch in column 40, n-propyl group, etc. The E-13 code 

is also used for the melting and boiling points in columns 

63-65. Columns 58-62 can be used for the indication of 

the number of atoms of carbon, nitrogen, oxygen, and sulfur 
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present while columns 66-69 are used for fluorine, bromine, 

chlorine, etc. An identification code, consisting of a 

serial number, source of original data, and type of card, 

is punched into columns 73~80. The serial number is in 

columns 73-78. Column 79 indicates whether the source is 

the American Petroleum Institute files, user's file, 

uncertified, or literature, through the location of the 

punch within the column. A 12, 5 punch in column 80 

indicates that the card contains mass spectral data, as 

opposed to a 12, 1 in this column which would indicate 

infrared data, a 12, 2 punch for X-ray data, etc. 

Thus, two systems have been developed for use in 

mass spectrometry that involve Hollerith cards w~thout 

the need for a computer. However, there are faults in 

both systems. While the system of McLafferty and Gohlke (5) 

was simple and straightforward, one big disadvantage was 

the preparation of the punched-cards. The necessity for 

22 duplicate sets of the master deck involved excess 

time and cards. Also, once a particular mass number was 

chosen as an entry point to the file system, one still 

has to compare each one of the known spectra to that of 

the unknown. There was no provision for the coding of 

the relative intensities of the major peaks and, therefore, 

the original source still had to be examined to eliminate 
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many compounds. Chemical classification was not included 

except for the presence of bromine and chlorine. All of 

these are felt to be serious drawbacks by some mass spectral 

personnel. 

The American Society for Testing and Materials system 

overcomes some of the disadvantages of that of McLafferty 

and Gohlke (S) but introduces some of its own. In an 

attempt to include the relative intensities and still use 

just one card per compound, only the six strongest peaks 

are punched. Frequently, the first six major peaks alone 

will not separate compounds. Chemical classification is 

included, but this involves a rigid set of rules for coding 

and punching which would limit the American Society for 

Testing and Materials system's usefulness in the laboratory. 

A code designating each punch within a column with a set 

meaning is necessary when a system uses cards with a 

limited number of columns. The only way to obtain additional 

columns for punching is to add more cards per compound. The 

American Society for Testing and Materials method is actually 

set up for laboratory personnel that have ready access to 

an IBM sorter. The tabulation in book form that is available 

includes just the spectral data and thus has only a limited 

usefulness. 

It can be seen that these systems based on Hollerith 
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cards have built-in limitations. The objectionable 

features given above justified the elimination of Hollerith 

systems from further development. 

To date one of the fastest methods for matching and 

retrieving mass spectral data is with the use of a computer. 

Cook (6), as noted earlier, connected two thermal emission 

mass spectrometers to an on~line digital computer, which 

was p~ogrammed to control the instruments and print out 

and/or punch on paper tape the results of the computations. 

Abrahamsson et al. (7) use a digital computer to store 

the following information for each spectrum: all m/e's 

with their intensity values, name of the sample, molecular 

weight, source and serial number of the spectrum, tempera­

ture of the ion source and inlet system,. electron energy, 

and an instrument identification number. The computer 

can be programmed so that any information in the spectra 

can be listed and sorted by any item; i.e., by molecular 

weight, chemical name, etc. 

A search for spectra to match an unknown can be 

performed at the full reading speed of the magnetic tape 

unit, which takes about five minutes to search 10,000 

spectra. The computer automatically writes out the name 

of the compound~ its molecular weight, and an index 

figure which indicates the degree of similarity when an 
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identical or closely similar spectrum is found in a search. 

With an attached x,y-recorder the computer can draw the 

mass spectrum in the usua~ line diagram form. 

Hamming et al. (8), Smith et al. (9), and Pettersson 

and Ryhage (16) have all developed systems to evaluate and 

search mass spect~al data through the use of computers. 

Smith et al. compared the relative efficiences of the 

various methods devised by him and others. He found that 

efficient retrieval had been achieved despite any spectral 

variations due to any differences that existed in the 

instrument type or the sampling method that was used. 

It can not be denied that at present computers 

probably are the fastest and most efficient way to identify 

compounds by spectra matching, but there are inherent draw­

backs to this type of system. Computers and computer time 

are expensive. The system of Cook's (6) costs $90,000, 

excluding the mass spectrometers. This cost factor is 

prohibitive to the majority of potential users. Even 

where computers are available, the speed of retrieval is 

often overshadowed by the factor of acquiring time on the 

computer. 

batches. 

Most firms schedule computer work to be done in 

Thus, the mass spectral group might be allotted 

computer time only every two weeks or even less frequently. 

Therefore, completing a search in five minutes is not a 
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time-saving system if one has to wait two weeks to be able 

to do this. Also there is no standard system of chemical 

notation in use. A recent survey in Europe (17) of 15 

organizations revealed that a total of 19 different 

chemical notation systems had been devised, and that there 

was no single standard system in use. 

Consequently, for the above reasons; i.e., chemical 

notation need, cost, and time factor, it was decided not 

to attempt to use computers to solve the mass spectral 

data storage and retrieval problem. 

C. Optical Coincidence Cards 

Most of the· systems discussed up to now use the 

conventional mode of data processing; i.e., there is only 

one reference or compound per card/or cards. Optical 

coincidence systems are based on an inverted data processing 

mode; that is, each record unit handles a single charac­

teristic and th~ identities of the information items are 

coded on the appropriate record unit. 

Coordinate 'indexing is normally used to code optical 

coincidence cards (18). In coordinate indexing each item 

of information to be filed or stored is given an unique 

serial number. The items can be listed at random as long 

as the assigned serial numbers are consecutive. Each of 
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the terms used for indexing or coding the data is assigned 

a record unit, or a characteristic card. Each of these 

cards contains a fixed number and pattern of assigned but 

unpunched hole positions in the interior of the card. 

Each of the holes 'represents a serial number, starting with 

0000 and continuing consecutively up to the maximum that 

the card can contain. If the term represented by the 

card applies to an information item, then the item's 

assigned number would be punched in the position indicated 

on the card. Thus, a term card will contain only the 

numbers of the information items which are described by 

the term of that card. 

To retrieve an item stored in this type of system, 

one chooses the characteristics that best describe the 

item. The cards; i.e., card X for term X; card Y for 

term Y; card Z for term Z, are removed from the card 

holder and are superimposed on a reading box which contains 

a light source. Wherever the holes coincide; i.e., allow 

the light beam to pass through cards X, Y, Z (Figure IV), 

the reference number indicated by that particular hole 

will have all three of the desired characteristics. The 

number is obtained by reading the two digit coordinates 

of the x- and y-axis. This type of system is also known 

as "peek-a-boo". 
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One of the best known commercial versions of optical 

coincidence cards is the Termatrex system of Jonker 

Busiqess Machines, Inc. The cards have a 9" x 9" coding 

field which can accomodate 10,000 holes or data points. 

The available equipment from the firm covers a wide range 

of input-output devices. For input the drilling equipment 

can be a simple manually operated drill that uses a drilling 

template or can be an automatic drill that accepts data 

from IBM punched-cards, punched paper tape, or magnetic 

tape. 

For output there is a simple card reader that uses a 

movable scale to read the illuminated holes. There is 

also available an automatic scanning device that will 

print the serial numbers of the illuminated holes or that 

will perform statistical studies on the file cards. 

The Termatrex cards are available in units of 100 and 

in ten different colors. Across the top of each card there 

are 100 positions numbered from 00 to 99. Within the deck 

there is a projecting edge tab (Radex tab) at each number 

position. Each numbered position within a color deck can 

be coded to represent the characteristic of that ca~d. 

With these tabs and color coded top edges the Termatrex 

cards can be filed randomly and yet still be easily located 

during a search. 
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For files containing more than 10,000 items, Jonker 

has developed a microfilm "peek-a-boo" system, the 

Minimatrex, which can contain 100,000 items on each film­

strip. Each filmstrip holds five or ten separate frames 

with each frame a photographic reduction of a standard 

Termatrex card. Up to 12 of these strips can be super­

imposed in a special viewer for a single search. 

Users of such systems can search their files in two 

to four minutes. This time requirement compares favorably 

to computer searching and is less expensive. Also Termatrex 

has~-the advantage of being available for immediate searching 

at any time. The cards themselves occupy little space. 

During a search a user is free to modify or change the 

terms being used as is needed. Termatrex systems seem to 

have all the features that are desired by mass spectral 

groups; i.e., desk file, availability, simplicity of use, 

flexibility, and speed. 

Upon reviewing the advantages and disadvantages of 

all the systems investigated, it was decided to design 

a system based on the optical coincidence technique for 

storage and retrieval of mass spectral data. 

II. Termatrex Systems 

Three working systems using Termatrex cards will be 
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discussed. The first system is in the field of gas 

chromatography. 

When the weekly abstracts from the literature on 

gas chromatography published by the Preston Technical 

Abst~acts Company in form of edge-notched cards reached 

a total of 10,000 cards, there was an obvious need for 

an improved data retrieval system. Jonker and Preston 

working together devised a Termatrex system which 

stmplified the retrieval of the gas chromatography 

literature. The resultant system uses 80 Termatrex 

cards with each card representing one item of an expanded 

classification system. This index covers the field of 

gas chromatography through Decembe~ 1964. 

~he index classification employs six major subject 

headings: general, apparatus and techniques, source of 

information (language), number of carbon atoms in the 

compound, type of compound, and stationary phases. The 

stationary phases group employs 23 cards which can be 

used singly or in combination to describe up to 299 

adsorbents and stationary phases. 

The system is used as follows: In analyzing a 

mixture of five carbon atom alcohols on a Carbowax column 

to confirm the order of elution, the following cards 

would be superimposed for optical coincidence reading: 
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Card for "alcohols" 
Card for "five carbon atoms" 
Card for "Carbowax" 

By the use of a language card the references are limited 

to those in one particular language, such as English. 

Jonker also produces the second optical coincidence 

system, one originally devised by Matthews (14) for the 

retrieval of X-ray diffraction powder data. Prior to the 

Matthews' system, the X-ray powder data had been stored 

on edge-punched cards and then IBM punched-cards, but 

neither technique had proven satisfactory. The standard 

deck of cards now in use consists of 103 cards: three 

single cards showing the presence of minerals, alloys, 

and hydrates; SO cards for elements present; and SO cards 

for the "d" value, which is the value given in angstroms 

of the int~rplanar spacing of the crystal planes of the 

substances. These values range from l.S to 10 A, and this 

range is divided into SO segments that give an approximately 

equal distribution of substances within each division. 

The five strongest lines are used for indexing most of the 

material. 

A supplementary set of cards is available. In this 

set the range of "d" values included in the first set of 

cards is shifted by half so that a descriptor card is always 

avail.able on which values above and below the measured "d" 
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value are included; i.e., for cards with ranges of 1.700-

1. 799 A and 1.800-1.899 Kin the first set, the second set 

would have cards with the ranges of 1.750-1.849 A and 

1. 850-1. 949 K. 

The third system was devised by Schlichter and Wallace (13) 

who were seeking a way to quickly retrieve infrared spectral 

data. They had been using the Wyandotte-ASTM system on 

IBM punched-cards, but as the file grew to 50,000 cards, 

the time required for sorting became too long and costly. 

The developed Termatrex system requires only 250 cards for 

an input of 10,000 compounds. 

The system uses four colored decks of cards: 1) white 

for general items such as alkyl groupings, olefin groupings, 

and structure classification; 2) red for functional codes; 

3) green for fluoro-carbon functional group codes; and 

4.) brown for a semi-empirical formula code and a modified 

wavelength code. The developers of the system retained 

about 80% of the original ASTM coding used in the Wyandotte­

ASTM IBM cards with the addition of a few new codes 

required by their particular work. 

Most of the 100 white cards are used to indicate the 

elements, types of unsaturation, the structure, types of 

ring substitutions, miscellaneous and heterocyclic groupings, 

alkyl groupings, and olefin groupings. The red deck is 

used to code the functional group units involving oxygen, 
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nitrogen, or sulfur with or without a single carbon atom. 

Codes have been added for acid halide C=O, P=O, metal C=O, 

NF, and SF. A set of codes has been developed for a 

fluorocarbons project and is encoded on a green deck. 

Approximately 50% of the brown cards are used for a semi­

empirical formula code. There are cards for each indi­

vidual atom up to 20 carbon, 6 nitrogen, 10 oxygen, and 

6 sulfur atoms. 

The new feature in their system is the modified 

wavelength code, The wavelength coding of the American 

Soci-ety for Testing and Materials was designed to separate 

compounds from one another. The developers' work involves 

new compounds for which there are no previous existing 

spectra, and the major interest is in determining the 

types of compounds that could produce a specific type 

of spectrum. The functional group region is divided into 

seven large areas between 2.7 to 7.6 µ. The finger-

print area is divided into 0.2 µ intervals up to 11.0 µ 

and in increments of 0.5 µ thereafter. Each wavelength 

code has its own characteristic card in the brown deck. 

If a band is located within ±0.02 µ of a coding unit 

division, it is coded on the cards falling on either side 

of the coding division. Bands are coded in order of 

decreasing strength until 10-15 code units have been used. 
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Thus, everything is on a relative basis rather than on 

an absolute basis. 

Schlichter and Wallace can identify a compound in 

their deck of 3,000 compounds in an average time of two 

to three minutes. This is much faster than sorting the 

IBM cards of the Wyandotte-ASTM method, and now all of 

the searches can be done in the laboratory. One of the 

disadvantages is the high data input time; i.e., 16 

man-hours per 50 compounds. However it also takes the 

same length of time to code data for the Wyandotte-ASTM 

sys·tem. 

At present Jonker is working with the American 

Society for Testing and Materials to develop a method 

for indexing NMR spectra. A trial index of this data 

whicp codes 664 spectra on 266 cards has been issued. 

The American Society for Testing and Materials 

is attempting to develop a system for coding the American 

Petroleum Institute spectra on Termatrex cards. W. B. 

Askew of DuPont (19) has been involved in this work but 

at present a fu.nctioning system has not been published. 

The chemical classi~ication that has been suggested for 

this system is similar to the one used by Schlichter and 

Wallace (13). One other proposed feature in the American 

Society for Testing and Materials' tentative system is 
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the coding of each of the five strongest peaks on an 

individual Termatrex card. 
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DEVELOPMENTAL 

I. Method Development 

The objective of this study was to devise a mass 

spectral data storage and retrieval system which would 

satisfy the following requirements for a working laboratory 

system: quick access, relative simplicity, and the 

inclusion of definitive parameters. 

Basic to any storage and retrieval system is the 

coding of information to be stored. In this case, the 

coding of the compound's spectrum in a Termatrex system 

would involve numbering the spectra consecutively. For 

retrieval purposes there should be a numerical listing 

giving the compound's name and the source in which the 

original spectrum could be found. The source could be 

an original article in a journal, any file or compilation 

used in the laboratory, or any spectra that are used from 

a personal file. 

After numerous meetings with the mass spectral group 

at Philip Morris Research Center, certain data character­

istics were selected to be included in the system. These 



-45-

characteristics will be discussed in the following order: 

chemical classification, molecular weight, boiling point, 

base peak, and other selected peaks with their relative 

intensities. The specific requirements of each of these 

characteristics in a Termatrex system and the coding of 

the characteristics on Termatrex cards will be discussed. 

The major groupings to be included in the chemical 

.classification are hydrocarbons, nitrogen compounds, non­

metallic element present, natural products, oxygen 

compounds, sulphur compounds, metallic-organic compounds, 

and-other compounds. Each of the major groupings in the 

chemical classification is allotted 20 cards, which allows 

19 subheadings. In no major group have all the cards 

been assigned to specific subheadings. This permits the 

system to have new subheadings added when the need arises. 

A compound's serial number would be coded into the 

appropriate major group card. If the compound belongs 

to a subgroup under that major heading, then the compound's 

number would also be coded in that subgroup card. This 

creates a system in which a compound can be retrieved by 

knowing either the general or the specific chemical class. 

The specific class, when known, would serve to effectively 

limit the number of unknown compound possibilities. 

The majorit~ of the compounds received for mass 
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spectral analysis do not have molecular weights over 

500. The molecular weight range of 500 to 1000 can be 

incorporated into the system with greater increments 

between the division points. At first, it was proposed 

to have two sets of molecular weight term cards to provide 

overlapping. To do this would have required almost 100 

Termatrex cards. The proposal was found undesirable, since 

the entire determination would be incorrect if the searcher 

miscalculates more than one mass unit in selecting the 

parent peak (=molecular weight). Finally digital coding 

was.chosen for molecular weight, which would require a 

working deck of 30 Termatrex cards. There are sets of 

10 cards for the hundreds unit, 10 cards for the tens 

units, and 10 cards for the ones unit. For a molecular 

weight of 136, the one, the three, and the six cards would 

be chosen from the hundreds, tens, and ones units, 

respectively. In those cases where the parent peak can 

not be determined accurately it is possible to examine 

all candidate compounds by using only the hundreds 

and the tens ca·rds . 

The mass spectral group felt that the boiling point 

code need only cover the range from 0 to 300°C. It was 

proposed to use increments of 20° and two sets of cards. 

Cards 65-78 would cover the boiling points of O.O to 
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280.0°C in increments of 20°. Card 79 would be used 

for degrees above 280.l°C. The second set would be 

coded as follows: card 80, 0.0-10.0°C; cards 81-94, 

10.1 to 290.0°C in increments of 20°; card 95, boiling 

points over 290.l°C. With these two sets of overlapping 

range cards it would always be possible to choose a 

card that had values above and below the boiling point 

figure. 

The first system proposed for peak coding was to 

code each peak on its own individual Termatrex card, and the 

base peaks would have been listed on celluloid overlays 

which would have covered a range of peaks. This idea 

was rejected since a large number of compounds have 

base peaks in definitive areas of mass numbers and the 

system did not provide enough resolution in those areas. 

Another proposed system that would have greatly 

compounded the total number of cards would have been for 

each base peak to have its own set of cards. That is, 

all compounds with a base peak of 43 would be coded on 

one set of cards. Each set of cards would consist of a 

card for each individual peak exhibited by the spectrum 

of any compound with a base peak of 43. 

None of the above proposed systems had taken into 

consideration the relative intensities of the coded peaks. 
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A system was proposed in which the stored mass spectra 

would have been presented in graphic form on celluloid 

overlays. The coordinates would have been the mass 

number of the peak on the abscissa and intensities relative 

to the base peak on the ordinate. This proposed syste~ 

was eliminated from further consideration because the 

celluloid overlays could not be used constructively in 

conjunction with the Termatrex cards containing the 

other parameters. 

Finally a system using peak mass number and 

relative intensity was evolved. In this system each peak 

number would be coded on its individual card. The peak 

intensity would be used as a limiting factor to decrease 

the number of compound possibilities. The intensities 

would be coded on colored celluloid transparent Termatrex 

cards. The system would employ five sets of transparencies, 

one for each of the following ranges of intensities: 

0-16%, 15-27%, 25-53%, 50-79%, and 75-100%. The overlap 

of the intensity ranges allows for a 5% variation in 

the intensity value. Based on the daily laboratory run 

of n-butane, the usual deviation is 4.5% or iess for the 

individual intensities. There would be six transparencies 

in each of the above sets; i.e., one each for the following 

peak mass number ranges: 1-39, 40-49, 50-59, 60-79, 80-99, 
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and 100-120 m/e's. Only the peaks within the intensity 

range coded on a set of transparencies would show optical 

coincidence when the transparency was superimposed over 

the peak term cards. The coinciding holes of compounds 

with the same peak mass number but whose peak~ were of 

different intensities would appear as colored li~ht 

beams. 

Following consultation with the Jonker people, a 

technique known as positive-negative input was evolved. 

By the use of this technique the relative intensity can 

be:associated with its individual peak. This technique 

uses the system given in the preceding paragraph for the 

peak mass number and relative intensity with the slight 

modification given below. 

Each compound, instead of being assigned a single 

.number, is given a family of numbers. In this case each 

compound is identified by a group of five consecutive 

number codes; for example, 0000, 0001, 0002, 0003, and 

0004. Each one of the five number codes is assigned to 

a peak. The peaks which are numbered are the five 

strongest peaks of 120 m/e or lower. When the compound 

is coded on a characteristic card, all five number codes 

are drilled. The individual numbers are used only on the 

positive-negative cards. The positive-negative cards are 
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opaque Termatrex cards, and there are six sets, one for 

each of the following peak mass number ranges: 1-39, 

40-49, 50-59, 60-79, 80-99, and 100-120 m/e's. There 

are five cards in each of the above sets, one each for 

the following intensity ranges: 0-16%, 15-27%, 25-53%, 

50-79%, and 75-100%. On these cards all the positive 

data for the peak mass and intensity ranges are drilled as well 

as the negative data outside that peak mass range; e.g., 

on the card, 40-49 m/e and 15-27%, all numbers identifying 

peaks below 40 m/e and above 49 m/e would be drilled as 

negative data. For peaks of 40-49 m/e, only those numbers 

identifying peaks in that range which have an intensity 

of 15-27% would be drilled as positive data. That.is, 

number 0010 identifying peak mass 41 with an intensity 

of 20% would be drilled as positive data, while 0020 

assigned to another compound's peak mass 41 with an 

intensity of 70% would not be drilled. 

II. Method Developed 

The optical coincidence system devised for storing 

and retrieving mass spectral data consists of approximately 

410 Termatrex cards. The system uses 110 cards to code 

the compounds' parameters, and 300 cards to code the peaks 

present in the spectra. The spectra which are entered into 
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the file are arbitrarily assigned five consecutive serial 

numbers. A numerical listing of the serial numbers gives 

the compound's name and the spectrum's original source. 

Both the blue and the yellow edge-coded decks 

(Table IV) are used for the chemical classification. The 

numbers shown in the table refer to the individual blue 

or yellow card assigned to the specific characteristic. 

The major groups begin with numbers 1, 20, 40, 60, and 

80 in the blue deck and numbers 1, 20, and 40 in the 

yellow deck. The orange edge-coded deck (Table IV) 

contains the boiling points, and is also used for the 

digital coding of the molecular weights. The green edge­

coded deck contains peaks of mass numbers 0-99 m/e with 

each peak assigned in ~umerical order to cards 0-99. 

The white edge-coded deck contains peaks of mass number 

.100-199 m/e with each peak assigned in numerical order 

to the cards (the last two digits of the peak mass number 

are identical with the card's two digits). In the black 

edge-coded deck each card represents two mass units and 

is used for peaks of 200-399 m/e; i.e., card 00, 200-201 

m/e; card 01, 202-203 m/e; card 02, 204-205 m/e, etc. 

All fractional peak masses are coded at the lower numerical 

value; e.g., a peak of 42.5 m/e would be coded as a peak 

of mass 42. Only the ten strongest peaks in each specti-um 
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Table IV 

Classification of Cards in the Blue, Yellow, and Orange 
Decks 

Blue 

No Class No Class No Class No Class 
1 Hydrocarbon 20 N Compd 40 Non-Met. 60 Natural prod. 
2 Alioh Satd 21 Amides 41 B 61 Alkaloid 
3 Ali oh Unsa td 22 Amines 42 Br 62 Amino Acid 
4 Alicyclic 23 Nitriles 43 Cl 63 Carbohydrate 
5 Aromatic 24 Nitro 44 F 64 Lio id 
6 Arom Fused 25 Hetero N 45 I 65 Teroene 

Ring 26 Hetero N 46 p 
& other 47 Hetero not 
hetero O,N,S 

Blue Yellow 

No Class No Class 
1 0 compd 20 S Compd 
2 Acid 21 Su lo hones 
3 Alcohol 22 Thiocyanate 
4 Aldehyde 23 Thiol 
5 Ether 24 Hetero 
6 Ketone 
7 Phenol 
8 Hetero 
i9 Anhydride 
10 Ester 40 Met-org. 
!11 Lac tone 
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Table IV 
(continued) 

Orange 
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are coded. The purple edge-coded deck contains the 30 

positive-negative input cards used for the correlation 

of relative intensity and the peak mass number. The 

ranges of 1-39, 40-49, 50-59, 60-79, 80-99, and 100-120 

m/e are on cards 1-5, 11-15, 31·35, 41-45, 51-55, and 

71-75, respectively. These cards cover the relative 

intensities of 1-16%, 15-27%, 25-53%, 50-79%, and 75-

100% fo~ each peak mass range. Only the five strongest 

peaks of 120 m/e or lower are coded on these cards. 

III. Functioning of the System 

A. Coding of a Compound and its Spectrum 

The compound, 2,3-dimethylhexane found in the trial 

set, has been chosen to illustrate the technique of 

coding as presented in Table V. This compound has been 

assigned the numbers 0005-0009. This number code, 

0005-0009~ would be listed in the thesaurus identifying 

2,3-dimethylhexane and would give the original source 

as the American Petroleum Institute certified files. 

The numbers, 0005-0009, would be drilled in the cards 

indicated in Table V. 
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Table V 

Coding of 2,3-Dimethylhexane 

DECK CARD NUMBER DESCRIPTOR CODE NUMBERS 
Blue 1 Hydrocarbon 0005-0009 

2 Aliphatic satd. 0005-0009 

Orange 1 Mol. Wt. hundred 0005-0009 
11 Mol. Wt. ten 0005-0009 
24 Mol. Wt. one 0005-0009 

(M.W. 114) 
70 Boiling point 0005-0009 
86 113-116 0005-0009 

Green 27 43 Ten highest 0005-0009 
29 55 peaks in all ten 
39 57 cards 
41 70 
42 71 

Purple 15 43 m/e 100% 0005 
44 70 58 0006 
43 71 46 0007 
13 41. 28 0008 

2 29 19 0009 
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B. Retrieval of a Compound 
I 

Table VI presents the procedure used in the identi­

fication of an unknown compound. When all the cards in 

Table VI have been superimposed, there will be among the 

remaining points of optical coincidence code numbers 

0185-9, which in the thesaurus will identify hexanoic 

acid. Its spectrum, obtained from Stanolind Oil and 

Gas ~ompany, is in the Consolidated Engineering Corporation 

McBee File. 

Table VI 

Compound Identification 

KNOWN DATA CARDS TO SUPERIMPOSE 
Acid "tellow 2 
116 moL wt. Orange 1, 11, & 26 
205° b.p. \ Orang~ 75 or 90 
Ten highest peaks Green 27, 29,.39, 41, 

42, 43, 55, 60, 
If too many holes still showed optical coincidence, the 
following purple cards with the limiting intensities would 
be used. 

CARD NO. MASS RANGE INTENSITY 
45 60 rn/e 100% 
43 73 42 

3 27 36 
13 41 33 

12 & 13 43 27 

45 
1: 
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IV. Discussion 

The preceding system provides the mass spectral 

pet;"sonnel with a practical and economical laboratory 

storage and retrieval system for mass spectral data. 

This system incorporates all of the characteri$tics 

that the Philip Morr~s Research Center personnel felt 

were necessary for their own specific needs. Through 

the employment of the Termatrex method, the stored 

data is on a mininrum number of input cards and requires 

very simple retrieval eq~ipment. The file of data is 

kept current by expanding the data input on the body of 

the existing cards rather than by the addition of new 

cards to the system. Thus, each updating does not 

require additional laboratory space for storage nor does 

it increase the time for searching the data. 

As was found by Schlichter and Wallace (13), one 

drawback to this type of storage and retrieval system is 

the relatively high data input time. In the experimental 

working deck the time required to code three to five 

spectra was approximately an hour. However, regardless 

of the system used, if all the Termatrex features were 

present in another system, then the input time for coding 

would be of the same magnitude. 

The developed system offers a signif~cant reduction 

L ___________________ _ 
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in the time required to locate spectra in the identification 

proGess for unknown compounds. Preliminary studies have 

shown that it requires approximately five minutes to group 

the cards containtng the coded characteristics of the 

unknown compound and to view the superimposed Termatrex 

cards. The present system of searching several individual 

sources, such as the American Petroleum Institute files 

and the Dow Chemical uncertified files, requires a 

minimum of 15 minutes to locate the spectra of possible 

~ompounds. Thus, t~e time saved searching for six spectra 

in a day would be one hour. Retrieval speed is a very 

important. feature of this system. 

The association of the peaks with their relative 

intensities to delineate the selection of a compound by 

its spectru~ is an innovation. Others have tried to 

devise a system which included this feature, but no 

one previously had succeeded in doing this. Of 1500 

systems produced or drilled for industry by the Jonker 

Business Machine Corporation, this is the first one to 

include a subrelationship; i.e., the intensities are 

associated to their individual peaks which in turn are 

related back to the compounds. 

Experimental trials have shown this system to be an 

acceptable, working system. Full-scale employment might 
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suggests slight modifications to further improve the 

retrieval of data. 
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SUMMARY 

A rapid, simple, and economical laboratory method 

has been developed for the storage and retrieval of mass 

spectral data by the use of optical coincidence cards. 

A new feature of this optical coincidence system is 

the correlation of the relative intensity of the peak 

to the peak mass number. The spectra of compounds are 

identified by associating the peak mass number and the 

relative intensity with any of the following characteristics; 

chemical clas~ification, molecular weight, and boiling 

point. Initial results obtained with this system show 

it to be an efficient, time-saving.means of identifying 

compounds by their mass spectra. 
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GLOSSARY 

Colla~or - A device used to collate or merge sets or 

decks of cards or other units into a sequence, 

Digital computer - A computer that operates by using 

numbers to express all the quantities 

and variables of a problem. 

Drop, false - The documents spuriously identified as 

pertinent by an information-retrieval 

system, but which do not satisfy the search 

requirements, due to causes such as improper 

coding, punching spurious or wrong combinations 

o~ holes, or improper use of terminology. 

Edge-punched card - A card of fixed size into which 

information may be recorded or stored 

by punching holes along one or more edges. 

Field - A specified area of a record used for a particular 

category of data. 

Hollerith - A widely used system of encoding alpha-numeric 

information onto cards; Hollerith cards has 

become synonymous with punch cards. 
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Magnetic tape ~ An external storage device in the form of 

a ferrous oxide coating on a reel of metallic 

or plastic tape upon which bits may be 

recorded magnetically as a means of retaining 

data. 

Optica~ coincidence cards - (Batten) An information­

retrieval system that uses 

peek-a-boo cards; i.e., cards 

into which small holes ~re 

drilled at the intersections 

of coordinates (columns and 

row designations) to represent 

document numbers. 

Progra~ - A set of instructions or steps that tells the 

computer exactly how to handle a complete 

problem. 

Punch - Hole resulting from pressing a sharp edged tool 

through the card material. 

Shallow - The portion of the card removed is 

between the hole and the edge, and a 

notch is formed. 

De~p - There are two rows of holes around the edge 

of the card and the notch extends from the 

edge tq the second row of holes. 
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