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SUMMARY 

The determination of bond- and/or interaction-increment codes by computer 
and the pre-calculation of retention indices are considered. It is shown that computer 
methods can be applied to any group of compounds (benzene homologues, esters, 
steroids, etc.), but the general principles have to be adapted to the particular case 
when preparing the computer program_ 

INTRODUCTION 

The theoretical and practical problems of the retention index system’, which 
is used in qualitative evaluations in gas-liquid chromatography (GLC), have been 
dealt with by many workers in recent years”-‘9. 

We have been concerned with the pre-calculation of retention data by means 
of increments30 based on the principle of the additivity of retention indices. The 
essence of the method is the coding of the increments to be considered for various 
compounds, and thedetermination ofthe values ofthe increments on a thermodynamic 
basis30. The wider application of the method has so far been hindered by the fact that 
the coding had to be carried out manually, which was difficult and time consuming. 

In this work, by choosing appropriate mathematical identifiers, we succeeded 
in establishing an unambiguous relationship between chemical structure and the 
increments, which permitted the determination of the codes of the increments to be 
effected by computer. 

THEORETICAL 

Utilizing the additivity of retention indices, and in these the contributions, the 
following equations can be written: 

I* = k-i*(C,. . .) f z-i*(C,. . _) + . . . + m-i&,. _ _) f -. - t 
n-i,(H ,.,_ . _) + . _ . +- S-&,(H ,.,_ _ _) (1) 



298 E. C. TAKkS, J. Vc)Ri%, J. 

If, = k-i*(C,-. e) + Z-ii(C,..- e) + * e. f m-fi(C,-. -) + _ _ _ + 
iz-i,(H ,.,. . .) + . . _ j Seiz(H ,.,. _ _) 

Ii, = k-i&C,. _ .) f Z-iz,(C,. . _) f . . . + nz-iz,(C,. _ _) -j- . _ _ + 
n-ii,(H ,.,. . .) + _ . _ + s-i&H,.,_. .) 

Iii = k-izz(C,. . _) f I-izz(C,. . _) + . . _ f ?Tz-izz(C,. . _) + . _. + 
n-iii’(H ,.,. . _) i_ . . . f s-iii(H ,.,. . .) 

where 
Ib = bond index contribution (index units, Lu.); 
Ii = interaction index contribution (i.u.); 
Zig = general interaction index contribution (i-u.); 
Iii = individual interaction index contribution (i-u.): 

Ii = Zig -t_ Iii, 

lb - = bond-increment value (i.u.); 

ii = interaction-increment value (i-u.); 
ir, = general interaction-increment value (i-u.); 
irr = individual interaction-increment vakcle (i-u.); 

M. TAKiiCS 

(2) 

(3) 

(4) 

(5) 

k, Z, m, n and s = number of the same increments in the molecule studied; 
C = symbol of the carbon-carbon saturated bond; 
H = symbol of the carbon-hydrogen bond; 
(C, . _ _) = symbol of the code for a carbon-carbon saturated bond; 
(IL.,. - _) = symbol of the code for a carbon-hydrogen bond. 
The treatment of eqns. l-4 by a computer required the “linearization” of the 

block system of codes used earlie?“. The rules of the new procedure for coding are 
summarized in Table I. 

It should be noted that in Table I the code, in addition to permitting a direct 
ccirmection to be established between the chemical structure of a particular chemical 
bond and computer-calculated codes, contains chemical information that can be 
used for other purposes. To support this statement, the information content of the 
simple increment code given in paragraph 15 in Table I is shown below : 

I 
H -c- 

l I 
Cl&z& -CH+--C-C- 

I I I 
CH,-CH -c- 

l I I 
CH-C- 

. 
I I 

-c- 
l H,3,123,000,004,013 
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TABLE I 

RULES FOR CODING OF ALKANES BY COMPUTER 

NO. Rule 

6 

7 

8 

9 
10 
11 
12 

13 

14 

15 

16 

Carbon-carbon saturated bonds are designated with a “c”. 
“C”, and each independent information field, should be followed by a comma. 
An increment code is ended by a fu,. point. 
The basic code of a carbon-carbon saturated bond is 

C,OO,OOO,OOO. 
After the comma following “c”, the orders of the two carbon atoms between which the 
bond has been formed should be given in order of decreasing values. For example, the 
code fraction of a saturated bond between a quaternary and a tertiary carbon atoms will be 

c,43,. . . 
Following the orders of the carbon atoms between which the bond is formed, the orders 
of the neighbouring carbon atoms have to be given in increasing order. For example, if 
in the example given in paragraph 5 a quaternary carbon atom is bound to one tertiary, 
one secondary and one primary carbon atom, whereas the tertiary carbon atom is bound 
to one secondary and one primary carbon atom, then the corresponding increment code 
will be 

C,43,123,012. 
As can be seen from the increment code given in paragraph 6, if not all the places of the 
basic code (paragraph 4) are engaged by order values, then the “0” values must remain 
on the non-engaged places of the basic code. For example, the increment code of the 
carbon-carbon bond between the second and third carbon atoms of n-butane will be 

c,22,001,001. 
If two carbon atoms of the same order are bound to each other, then the code of the 
neighbour of higher order will be given lirst. For example, if two tertiary carbon atoms are 
bound to each other, and two tertiary carbon atoms are bound to the first carbon atom 
and two primary carbon atoms to the second, the code will be 

c,33,033,011. 
The rule is similar if the order of the carbon atoms differ by only one unit. For example, 
if three primary carbon atoms are bound to a quatemary carbon atom and two primary 
and one secondary carbon atoms are bound to another quaternary carbon atom, bound 
directly to the other quatemary carbon atom, then the increment code will be 

c,44,112,111. 
Carbon-hydrogen bonds are designated with an “I-I”. 
*‘I-I”, and every independent information field, must be followed by a comma. 
The increment code is ended by a full point. 
The basic code of a carbon-hydrogen bond is 

H,O,OOO,OOO,CIOO,OOO. 
After the comma following “I-I”, the order of the carbon atom to which the hydrogen is 
bound is given. For example, the bond increment code part of a hydrogen atom bound to 
a tertkry carbon atom is 

H3 ___ 
Follb&ng the order of the carbon atom bound to the hydrogen atom, the orders of the 
carbon atoms next to the carbon atom to which the hydrogen in question is bound (primary 
environment) are given. For example, if in the example in paragraph 13 one primary, one 
secondary and one tertiary carbon atom are bound to the tertiary carbon atom, then the 
code will continue as follows: 

H,3,123,. . . 
After coding the order of the carbon atoms next to the carbon atom forming a bond with 
hydrogen (primary environment), the orders of the carbon atoms bound directly to carbon 
atoms bound to the former are given (secondary environment), in increasing order. For 
example, if in the example given in paragraphs 13 and 14 one quatemary carbon atom is 
bound to the secondary carbon atom, and one primary and one tertiary carbon atom are 
bound to the tertiary carbon atom, the increment code will be 

H,3,123,000,004,013. 
as no carbon atom is bound to the primary carbon atom in the primary environment_ 
The increment values must be given to two places of decimals, in index units (iu.). 

_~___ __--_- __-. .-- _ 
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1°K 
11c 
12L: 
13G. 
14c 

15C 

16C 

171; 

IEE 

19c 
s!sc 
2lV 

E2E. 

23E 

SYLT’ 

25E 
F6C 
27L 
2YE 
290 
36E 
3iE 
C2E 
33Q 
340 

36B 
3?G 
38Q 
33ci 
4E0 
415 

SIC 
52Q 
530 
540 
558 
568 
57Q 
580 
590 
600 
610 
62Q 
630 
640 
650 
668 
670 
680 

r;c ll=FC23=RC 16-l=i-C lVl=E 
‘,‘I=266 
H=l-? 
CC 13=CC21=CC53=CC51=CC61=CC71=CC91=C~ lC3=CC 1 ll=GE 133=CC Idl=CCl::=: 
cc 173=cc 193=cc 193=C 

CC4l=tC63=CC l’cl=CC 16l=fC 173=l-C31=1 
CO-m 455 

EC ll=FC23=P.C 19l=TC2CY=O 
VI=262 
il= 18 
CE ll=CC2l=CC3l=CC5l=CC6l=CC7l=C~9l=C~ lEl=CC lll=CC 13l=CC 14l=fC :;I-:, 

3=CC63=CC? 

cc 173=cc 18l=CC 197=0 
CC4l=CE83=CC ?23=CC 163=FC lRl=PC31=1 
GOT0 450 
p.C ll=FC2l=F.C 153=CC13=CE23=CC33=CCS 
Vl=El2 
cc 13l=CC 143=FC 16l=CC 151=0 
FC31=RC 143=CC43=CC83=CC 127=1 
H=l4 
1x1 l-E < r, * 1 
t:RITE Cl:,*> 
t’?ITE :V>*)TAElG;AL 
FOR 2=4 TL-’ It- 1 
IF CCZScl THM 520 
RCZ3=3 
GOT0 555 
R c Z 3 = 2 
.‘J EXT Z 
FOR Z=L TO H-l 

IF CEZl-zl THEN 779 
GOSUE 580 
GOT0 650 
IF RCZ-13>RCZ+ll THE’I 62E 
A=RCZ- 13 
E=RCZ+Il 
GOT0 640 
A=RCZ+13 
R=RCZ- 13 
RETCFeJ 
IF A*lQ+E=lZ THEJ 680 
J=3 
GOT0 696 
J=l 

3=cc91=cc lE3=CC 1: 1=!: 

Fig. 2. 
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690 WRITE <.W**>*‘C;r 31, C”jAj B: ‘*a 000. “TAB65j VCJ3 
706 V=V+VC 53 
718 FOR I=1 TO 3 
720 KISUB 586 
730 J=2 
74% k’FtXTE <Xs*> “HI la 003r 000>000r O”jAfB”- “TAB65:VCJl 
750 V=V*VCJ 3 
760 NEXT I 
770 NEXT Z 
780 FOR 7.=3 TCl H-l 
790 IF RCZl-=RCZ+13 THE4 870 
800 B=RCZ+ 11 
810 A=p.czz 
a20 c=Rt z- 13 
838 C=CCZ3 
84~. F=RCZ+23 
a50 ~=ccZ+ 13 
86E GOT‘D 930 
879 E=RCZ3 
8ac h=~.tZ+13 
69& t=ECZ+21 
900 c=ccz+11 
910 F=REZ-11 
929 E=CCZl 
930 IF A=B EiJL DcF THEJ 950 
940 GOTC, 97e 
950 D=RCZ+83 
960 F=pICZ- 13 
97f? J=fi*10tS+E*l0r4+C=i=10?3+D*l0?2+E*l0+F*l0?0 
980 IF J=31120@ THM 1110 
990 IF J=321102 I.HEi’J 1130 
10Q0 IF J=220302 THEN 1150 
1010 IF J=321202 THL’J 1098 
102U IF J=210300 THIS 1670 
1Et30 IF J=321201 THM 1050 
1040 <TOP 
1050 J=13 
1060 GOT0 1160 
1.070 J=12 
1080 GOT0 1160 
1090 .J=6 
1100 GOTC 1160 
1110 J=l 
112G’ GOTG 1160 
1130 J=4 
1140 GOT0 116E 
1150 .J=5 
1160 WRITE ~~~~~~~‘~~“jAjBi”rQ~‘jCiCj”0~‘jEiFj’e~”TAB65jVCJ3 
1175 v=v+vcJ J 
1180 ??EfT z 
1190 FOR Z=3 TO ii 
1200 FOR I=1 TO 4-PC23 
121&Z IF RCZ-ll-=HtZ+ll THEN 130fi 
1223 h=LcZ3 
1230 B=RCZ+13 
1240 C=RCZ- 13 
1250 D=CCZ+13 
1260 E=RCZ+21 
1270 F=CCZ-11 
1280 G=RCZ-23 
129@ GOT0 1370 
131Z0 A=CCZl 
131e E=PCZ-11 
1320 C=RCZ+ll 
1330 D=CCZ-11 
1340 E=RCZ-21 
1358 F=CCZ+ll 
1360 b=Rt 2+>3 

Fig. 2. (Continued on p_ 304) 



304 E. C. TAKkS, J. V6Rt%, J. M. TAKkS 

1370 ~=rC23*10?7+A*10~6~6*1~?S+C*1Et3+E~1~?2~F~10+G~~0~0 
138Q it‘ J=IE1?30012 THEN 1560 
13YQ 11. J=31120002 THEJ 1580 
1450 IF J=25230211 flim 16n@ 
141% IF J=‘dE225303 TiiEJ 1620 
1428 IF J=SD23Q212 THN 164E; 
1430 IF- J=3i22%202 THEJ 1540 
I.uLLc: IF J=31220102 TiiEJ 1480 
145e IK J=20130012 TIibX lCQ6 
146E IF J=l002Qe03 THE’J 1520 
147z STOF 
1430 J= ! 4 
1492 COTO 165E 
ICC! J=lS 
1510 GOT0 165C 
152Q J=16 
153O GOTO 165P 
154E: J=ll 
it5e COT0 1658 
1568 J=2 
157E GOTO 1650 
1580 J=7 
1590 GOT0 165Q 
I6GE J=Fi 
1618 QOTQ 16.55 
lGE0 J=Y 
163E GOTO 16SP 
1640 J=l@ 
1GSE ‘a-FITE C I-r *>“S, “; FCZI;", ";A;E; C;", e!ZBr fi"; D;F; 
IGGC I:FITE C 1.; *I “a E”; F; G; “.‘“TAS65;VC 53 

1678 V= V+ 1°C J 1 
168E NST I 
lG99 ;JEUT 2 
17QQ {:PIfE (I-‘,*> TAEG2”-------- “ 

17?E 1.PITE C 6-a *1 TAEG0”1E=*‘; 1.: 
172E !??ITE Cl;*) TAi25”pfV=*‘t’l 
1730 PFITS C~-,*~TAT2S”I~=“Vl/ 1Q 
1 ‘/LIZ I-PITE C~;TITAEZS;ES 
175c: ‘c?.I-TE <t‘,~~ThE25”I;l=I~.cIE=“V+~Vl/ 101 
176P I’PITE <li=)Tf&27;V3 
1778 !.y;F.ITE (,.x)TA525”F<T)=“Fl 
1780 L=CV+Vl/ 10) t=Fl 
179Q ‘.-D I T E ,< I.-a * > 
1300 t’EITE <t-a*) 
1810 I.-PITZ <I..> 1830)” I=“I;” INLLU L-:IITS kT”V3” I< COL~:?N-TR.lFEPATUPE’ 
1x20 ‘-=ITE C’.‘..*)“O:3 “E5 - _ 
1330 FOPMAT F8. lr F8. 2r 25E 
1840 I.:F I T E C “:a * 1 
1ZSE v”ITE Cl.;*>TAEl@;AS> “EJC” 
1860 VFITE <I->*) 
1870 ‘a”EITE Cl-r*) 
188Q GISP “TAELE”: 
1890 I;JFUT Eb 
19E0 IF E%=‘:JO” TFiE.1 202!Z 
191e DISF “TEtlFERATCPL FFO>l- CK> “z 
1925 F1XF.L 2 
1938 1ZIFfT I 
I94Q C-FITE ~9,~~IAEl~“COL~~~J--tEMFEFATUFE Kr”TkE4~“~ETMTIOB I!JvCr‘: I.-U. :‘* 
1952 FOP. I=I TO I+183 STKF 10 
1960 F=<3.G7165-<98.34/<1-1QQ5. 16)))*<V+<Vl/lE!>) 

3970 ‘;‘RlTr. CP:r 1980) Ia F 
19RE FO’HAT 15X1 F8. 2s 22X> FS. 1 
1990 NEXT I 
30z!a CfiTA 6. 62s 7s 6. 9 7,6. S6r 7. 35r 7. 39, 7.4Sr 7. 5, 6. 67s 7.428 6. 84, 6. 7% 7- 72s 7. 86 
as10 EATA 7s 62,i’. 48 
Sue0 E.vIJ 

Fig. 2. Computer program for coding and retention index precalculation for isoprenoid hydrocarbons. 
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The example shows that the total environment (primary = 123 and seccjndary = 
000,004,013) of the carbon-hydrogen bond indicated by the arrow is defined unam- 
biguous&. 

An example of the coding and precalculation of retention indices is given in 
Fig. 1. The bond-increment values necessary for the pre-calculation of the retention 
indices of C1-C, alkanes were given earlie$O. 

The computer program for the coding and pre-calculation of the retention 
indices of isoprenoid hydrocarbons is given as an example in Fig. 2. 

EXPERIMENTAL 

Calculated data were compared with measured values (literature data and 
those measured by this research group). The measurements were carried out on Erba 
Science Fractovap GI-452 and 2400 and Perkin-Elmer F-l 1 and 900 gas chromato- 
graphs. The chromatograms of model mixtures were obtained under the conditions 
giv& in Table II. 

Calculations were performed by means of a Hewlett-Packard 9830A calculator 
fitted with an HP-9866A printer. Programs were written in Basic computer language. 

TABLE II 

PARAMETERS FOR GAS CHROMATOGRAPHIC MEASUREMENTS CARRIED OUT 
USING APIEZON L AS STATIONARY PHASE IN ORDER TO CHECK THE CALCULA- 
TIONS 

Parameter 

Detector 
Sensitivity 
Sample introduction 
Columns 

Stationary phase 

Carrier gas 
Splitting ratio with capillary column 
Auxiliary gases 
Column temperature 

Recorders 

Chart speed 

Condition 
____- ___- 

Flame ionization 
Between 4 x IO and 32 x 100 
0.1-0.3 pl by Hamilton syringes 
(a) Aluminium spiral, 3.0 m x 2.0 mm I.D. 
(b) Stainless steel capillary, 50.0 m x 0.25 mm I.D. 
(a) 10.0% (w/w) Apiezon L on Chromosorb W, AW 

(-0 mesh) 
(b) Apiezon L 
Nitrogen 
I:40 
Air and hydrogen 
Varied between 170” and 240” and programmed between 

60” and 240” at 1.5, 2.5 and 4.0 “C/min 
Speedomax W and Hitachi; response time, LOsec; 1.0 

or 2.5 mV full scale 
1.27 cm/min 

RESULTS AND DISCUSSION 

The determination of increment codes by computer made possible the wider 
application of the pre-calculation of retention data. The method has advantages in 
the planning of gas chromatographic analyses (optimization of temperature, carrier 
gas flow-rate, etc.) of samples with a wide boiling range. The simple case considered 
as an example (2,6,10,14-tetramethylhexadecane) demonstrated the potentialities of 
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the method. Such computer calculations can be applied to any type of compound 
(benzene homologues, esters, fatty acids, amino acids, steroids, etc.) but, in preparing 
the computer program, the general principles must be adapted to the particular group 
of compounds and the appropriate symbols have to be worked out. 

For example, with steroids, different symbols must be used for the oxygen 
in the -C-OH group and that in the -C=O bond_ The same is true for the oxygen 
atoms in the primary and secondary environments. 

In Table III, some data are compared in order to show the applicability of the 
method. Other types of applications (organic structure elucidation, calculations of 
thermodynamic data, etc.) remain to be explored in the future. 

TABLE III 

COMPARISON OF MEASURED, LITERATUREz3 AND CALCULATED DATA FOR SOME 
SATURATED ISOPRENOID HYDROCARBONS ON APIEZON L AT 200” 

Compound 

2,6,10-ttimethyitridecane 
2,6,10-trimethyltetradecane 
2,6,10,lPtetramethylpentadecane 
2,6,10,13_tetramethy1hexadecane 

Retention index (ix) 

Measured Literature” Calculated I - 111 zz - zzz 

(1) (11) (Zll) 

1446.4 1448.8 1443.9 2.5 4.9 
1538.7 1540.0 1534.2 4.5 5.8 
1681.9 1686.6 1689.0 -7.1 -2.4 
1786.6 1790.9 1794.6 -8.0 -3.7 

CONCLUSION 

As shown in recent years*7~‘8~31, in the precalculation of retention data by 
means of increments the initial problems have been overcome and a useful approxi- 

mation method has been developed. By introducing the method of coding by com- 
puter in this paper, we consider that the last obstruction to the wider application of 
the increment method has been overcome_ 

The coding by computer itself, without the method for the calculation of 
increment values, can be applied in all instances in which chemical structure is 
involved_ The simplicity and large information content of the method confer several 
advantages over methods previously applied. Its flexibility renders possible its add.- 
tation to other groups of compounds , and could lead to the setting up of a retention 
data bank by computer. 
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