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Abtrxt--Slolccular conncctlvlt) in&cc\ have hccn dc~ch~pcd u hlch charactcrlrc conrrlhutlon\ of neighhormgarom\ 
IO the CSM!! cJculatcJ clccrroruc charge of a carbcm atom An analyst\ of thc\c I~ICC~ reveals thcu ahllir! IO 

_ predicr rht\ charge IO 0.001 clcctron. 

II is known that alkanes exhibit small but real dipole 

moments. Since each C atom has a comparable core charge 
and each C-C bond is derived from very similar hybrid 

states, the “electron densities” at each C must be largel) 

dependent upon the molecular topology. 
The ropology of a molecule mcludes the number and 

rypc of constituent atoms along with the pattern of 
branching in the molecule. Thus, in an alkane. the charge al 

any (’ is a result of its degree of branching and the 

branchmg degree of the atbched atoms. Rccausc of the 

valence rcquircmcnts of alkane C atoms. the number of H 
atoms attached IO a C is implied by specifying the degree of 

branching as a C. 
II follous from this. that if the topology of alkancs could 

be quantified so that each C atom bore a numerical 
description. then such a description should bear some CIOW 

relationship IO the charge on the C atoms. Evidence from a 
number of recent studies’* suggcs~s that the method 
known as molecular connectivity is capable of providing 

such a ropolog~cal descrlptlon. In this paper. *e examine 

the topological influence on alkanc C atom charges. 

Molecular connerfkitv indices 
Molecular connec&ly is a general, non-empirical ap- 

proach IO quantification of branching in molecular 
skclclons as well as structural features such as cy- 

clizatron. unsaruralion. hetcroatom type and position.’ 

The method has its origin in a branching index proposed 
hy Rand?.‘ Molecular connectivity has been utilized 
extensively IO describe molecular sIruclural features 

which govern physiochemical properties as well as ac- 

tivity of drug molecules.’ 
The calculation of connecrivity indices -x is based 

upon the hydrogen-suppressed graph, the carbon 
skeleton of the molecule. An atom connectivity value is 

asslgned IO each atom i (graph vcrtcx) as the numher of 
attached (’ atoms. Thus. there are five types of alkane C 
atoms: 6 - 0. I. 2. 3. 4. The first order term. ‘x, is 
computed as a sum of edge terms. ‘c,: 

where the sum is over all connections or bonds in the 
graph. Atoms i and 1 arc formally bonded. 

An .cxrended chi term of second order. ‘x. is com- 
pIlled: 

TX 7 c (b&5, ), ’ : = c :(., 

where i. j. and I, represent atoms bonded in sequence or 
in a parh. and the sum is overall drstinct scls of two-edge 

palhs. The zeroth order term. derived from single atom 

consideratrons. is similarly defined: 

I 

o~=~ls., ‘: 
I 

A general expression may be written for chi terms based 

on sets of tn adjacent bonds. “x,: 

The symbol *N, is the number of paths with m bonds. 

The conncctrvity indicts describe the topology of the 

graph which represents rhc whole molecule. 

Application of molecular cannecficit,v IO chaRe 

A molecular connectivity index computed for in- 
dividual atoms in a graph has been dctcloped by par- 

titioning the -c, terms betuecn the atoms. For rhe first 
order term. the procedure is as follows: 

I. The c, value for each edge is partitioned equally IO 

each berten so that the edge conrrihution to a vertex is 

!C,. 
2. AI each vertex, the !c. values arc summed IO give a 

vertex connectivity index. ‘i. so that 

3 In a similar fashion. each ‘c, value for paths of 
length IWO are partitioned among the three contributing 
atoms so that each atom receives a value of t’c-,. 

4. AI each vertex, the i’c, values are summed so that 

5. The “X value for an atom is simply the 6, Ii’ value: 
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II should be noted that the sum of “X values over all of 

the non-hydrogenic atoms in the molecular yields the 

overall connectivity index -x: 

where n is the number of non-hydrogenic atoms in the 
molecule (the number of vertices in the graph). 

Relationship 01 “,f values to MO calculared alkane 
charges 

To study the relationship between the “X values and 

computed atom charges, WC have used the CNDOI? 
method IO evaluate “electron densities”. The cal- 
culations were performed using standard bond lengths 

and angles’ and in staggered, extended conformations. 
For acyclic alkanes there are five types of C atoms. with 

respect IO topology. or the number of carbon attach- 

ments corresponding IO 4, 3. 2. I. 0. When considering 
only the number and kinds of C atoms which can be 
attached IO a single atom. there are 69 possibilities. When 
considering atoms beyond the alpha position. the number 

rises dramatically. For groups of three bonded carbons. 

the number is 6435. Thcsc numbers correspond IO the 

number of possible values for “i. ‘i and ‘i. respectively. 
in alkanes. 

We have included all the alkanes, propane through the 

isomeric octanes, in our study. Although all of the above 

structural possibilities are not present. a reasonably re- 

presentative selection may nonetheless be studied. This 
present SCI includes 263 C atoms. In the regression 

analysis we have limited ourselves IO all symmetry in- 

dependent atoms as indicated in Table I. Thus. the 
statistical studies deal with 193 atoms. 

We have performed a regression analysis with several 
terms of ‘i against the computed CNDW charge (ex- 

pressed as net charge). The bcsr single variable equation 
is: 

q~~=0.1017-0.1152°~ 

r = 0.979, s = 0.0045, F = 4397 8 
(1) 

for Iwo lerms: 

q<. = O.W38 - 0.07 IO “X t 0.0462 ‘I 

r = 0.990. 5 = 0.0032. F = 4219.5 

and for three terms: 

(2) 

q<. = 0.0162 - 0.0493 “x t 0.0493’j - 0.0217’j 

I = 0.998, S = 0.0014, F = 15553. 
(3) 

Based on the F test for the addition of a variable. the 
results in each case exceed the 99.99% confidence level. 

Regression analysis with more than three terms does nol 

significantly improve the result. 

Our regression analysis indicates that three variables 
are required IO achieve an excellent correlation. This 
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suggges~\ that three ~opolop~cal md~ce~ make ;I major 

contribufion IO the dtcsrlptlon of rhc \truclur;d fr;trure\ 

influencing (‘SIX)/? c;tlcul;~ted charges. ‘I’hoe faclorx 

appear IO be the t>pe of carbon ;11on1. rhc Jegrce of 

hranchmp of alpha cartwns. d the influence of hct;r 

cartwns on the charge. 
Ihcw facrw are cnctdcd in rhc three \ariahlcs in cqn 

(3,. The I)-X of (‘ atom. that is. the deprcs of hr;ahinp 
i\ characrcrvcd b! the numrrlcal ~alur of “,$ ‘The 

branching or the annc~tl\ II! of ;IIORI\ dph;c IO the 
cart-w i\ snctdcd in the ‘c rermr. ‘l’hcw IUO Isrm\. ‘L 

and ‘X. xc’ of ncarl! equal imporl;mcr in eqn t 11. Finsll) 
the connsctivlt! of atoms ~W;I :o the arhon i\ enctdsd 

In the ‘X term\. the ueiphr of Ihi\ term I\ ;I~NWI half Ihe 
other IWO. Houocr. Ihe mlpro\emsnl in rhc o\cr;rll 
ckxkilron I\ nio\r notatd~ mfl~~cn~cd ty Ihc Intr,)ducrlon 

of the ‘i term. ‘Thi\ ohwr\ ;IIIOII mdtc;~te\ th;tl. dthwgh 

the numerical ~on~rihu~ion ;caocl;tteJ ulth the ‘1 term IX 
not rhc Iargccl sonWw&m. \cr! iniporl;inl sffcil\ arc 

awxialed H ilh rhs n;ilurs of hand\ In\ oh ing ;rrcm\ tw;~ 

IO a gibsn arhon. 

II should hc rwkd rhar ;I feu graph\ appex more 
symmerrlcal than the alhane molecular \tructurs\ rhtz! 

represent. Hence. a1o111\ h and tl m !-cth! Ipcnt;ms xhou 
difierenl \aluc\ for (‘?IIX)i2 .. c.dCulafed charge txxausc 

of such conformat~onal ditfcrcnce\ 
Molecular conncctit~~! can t-c \hou II 10 twxr ;L rsla- 

tionshlp IO the ~opolog~c;rl m;Ilrix for :I molecule I .!. 
kos” and Kucdcnhcrg ’ hate \ho\r n that SIIICS rhs IO- 

polop~al m;ttri\ IS relarcd IO the o\srlap maw\. 1x1~’ 

of clc;~ron tlcn~) in alkancx 195’ 

might srpc~~ wmc significant relatIonship txt\seen such 

quantttie\ a\ energ) and charge dcnsil) uirh parameters 
derived from ;I ~ophg~cal matrix. This question is a 

ahjecl of our cunlinued inveslipalion. 

II is mrsre\ring IO note Ihal ‘jr terms. which describe 

Ihc topolopi<al intlucncc of gamma atoms on the carbon 
<hargc. du nol malerlall! improte rhe corrclalion. ‘This 

Isd\ us IO w~pcc~ IhitI the gamma atoms m alkanes pla) 

;I \cry mmor role In mflucnAnp the charge on an atom. 

H’hen o[hsr MO method\ including ab inirio al- 
alalIon\ produce long list\ of alkane chargcs. we an- 

Csipale Ihal the annccli\ iI> calcularion\ described here 
H III arrelalc u Irh thsw t slur\ 


