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FERICDIC 4,7 CAGES

Mircea V. DIUDEA

Ahstruct A constructve proceduns for 4,7 trivalent capes and their correspondang fused periedi:
cApes APe given, A counting thesrem for thess stuctures e formsalated in terms of 0 generad
capmier anid af 2 peradie deseription,

latradnefion.

Purc carbon coges, with the ket studved spherical Tullmm and eapped fubulenes, reprezent
novel allotropes of the carbon, generically called nanos michires,' * Carhom is umique by the variely of il
stable Farrrs: chams, rings and cages, invabdng two, three and Four coordination.

& polvhedron having v vertices, ¢ edges u-:l_."fa.m:-h obeys the Euler's theorem:"

v—e+ f=r(8) il
with ¥[8} being the Fuler's charactenstic of the closed smooth surface 5 an which the palyhedron 15

embetded. Formula 12 useful for checking rhe comsistency of an wsswmed structare. Inothis respect, other
two results, alzo due to Futer, are recilled:’

Z*ﬁ'd = 2¢ (D
)

E.ﬂ_‘,r'" = 2e {3

i
where vy and f, denote vertices of degres (¢ e valency] o and & sided foces, reapectively.

It is generally agreed thot introduction of @ small-sieed evele into a map (e, a Latioe]) covering
a closed surface will produce a peaitive local curesture tand implicitly o strvin, comelabed with increased
cncigy - when the system is a i:h:rnl-;.a] anel. Conlzanly, a larger-sized {=:|-":=|¢ will bear a pepgative
curvature The total Gaussian curvatures™ & on a surface § represent a topelowical invariant {Cisuss-

Rannet thesrem:
[kt = 27¢(5) (4]
A L
For ¥ being the sphere . 2057 is 2 while fior the torus and cylinder 154
An Euler characterstie per site can be formulated as:™'"
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Z(ﬁ_.f}_f:.l =i (54

where summation runs aver all J-fald cveles uurmllm‘l'inj_: the weries i, Thus, the combinaterial carvaturs

K can be giver in terms of 7 o
y |
CK = ;Z by 1)
¢

Fhes paper propescs a way of building 4.7 ivalent coges and thei corresponding fused
periodic coges, for which @ counting theorem is: formulated in terng al a genern] and  of a perisdic
Sounlor.

Construction of 4,7 Cages

A cage built up cnly of 4-fald and 7-fold faves can he obtained i the following way: & tube
TUHPH [84)' {2, 0 covening consisting of 6,4, 6, 4-fold faces, disposed as bracelets, und next joined
b form 2 tube, cosbedded an the oylinder - Figure 1, ) is cur 35 shown in b e mexe joned by a bwist-
coupling TW 1 procedure {¢). In the next step (d) T-fals faces (12 points) are added @t the rwo ends of the
struchure {¢]. From (), 12 points are deleted w sheam {e) and next, by = TW3 and identifving the oppasie
pasnts (fe., deleting O pomts) results in structure (1. Finally, the strectares (d) and (f) are capaed by
adding are point at each of their apen ends w give the targel structures CA 4.7 (26 points]) and CB_4.7,

A4 pisinds),
Fulleraddd cages of 3,7 tepe were reparted in ref. 12,
TUHPH [9,4] ; fa) {36 pamis) (2] la-G; 30 peints)
E:lx::{l
]
Figure | Canstractian algorithm for the 4.7 thvalent coges of serics A ad B,
(el (b_TWI1 ; 30 points) [d) {et12, 42 points)
w
(el {d-12: 30 points) (16 o=t TW3 . 24 points)
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CA_AT (26 points) CA 4,7 (44 paints)

:

T firal terrns of the series A and R, illustrated in F|__g|_|||: | are 4.7 CagEs emnbexlcded an the
sphiere. As 3 consequence, they can be depacted by therr Schlegel projection (Figure 2).

Figure 1. {confimued)
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Figure I, Schlogel projection of the menomeric 4,7 capes

Irnoo further step, two wncapped units (see Figure 1) oare jeined by ideatilving their opposite
edges ti give apericelic 4.7 cage (in our example B._ 4.7
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Figure 3. Building of 2 dimeric periodic 4,7 cuge
Counting 4,7 capes

A eounting thearen for these structares is formulated in terms of general counter and of s
poriodic deseription:

Cage 4,7 Typing Theorem. For o cage 4.7 foving Eqq = P amd Vg =of | the sumber af focey,

edgey, and vertices of the various fapes can be coansed as w fnctian of e commter & (Talle 1, column k)
if the cages ane pertodic struciures, the fype counting ran be made ay a fiunctian of the rameaiing aeil
(Table 1, colum F.

Tuble 1. Poriodic Cames 4.7

K -

7 S iir;‘ -1 F;1 ={k,+2)/2
kg = 22r; -1 rg=ikg +20/4
7 Sy = (U d)vy- : Vagr )+ I, };'d"r = 3r, -?-j
S =(174)k + 2)p + 3¢ Jag =6irg +1)

P = )y +vagr) + (2] PR

=1
fr=(1/3p -3 o Jrp=12r,




E44 = P

€44 =
e =(d4+k)p €arq=2(ry +N)p
gr7 =4p—(15/2)g +(5 FA) ek €7 =U2rg + ) p
€774 = (3 2p - (15/2)g +(5/2)pr,
Crra =(3/2)p—(15/2)g + 5 pr
i Vaqq = ¢ Vagy = ¢
Vagn =2p -3y Vygr =2p-1g

Vypz = (k+4)p-3g Varra = 2ry # ) p-3q
Ve = kp i 2 Varrg =22 +1)p -3¢

Vasza =(ry = Dip
Virzp S(2rg - 1) p

i N=0p-5¢+(3/2)pk Ny=3plr, +1)-5g
J"'n."ﬂ! =3||‘::I{2?"B T'.I_]'—S-IZF

’ by =ky+hp+2 ra =(1/2)k, —2ry +1
e 2ir, +2rg ~1) rj = {{L"E}ﬁ:w —ry+1)/2
* | Tam =078k, +21p+3q Sam = Jfaa+ fap -6
Jom = (U 2)Y3p -3¢+, p) fam = faa+ frg
3] Wu=6p-Sg7G/Dpk. N = N gt N —B(ry + 15 =1)

| |?|Irr|r = ;"-_.!J:"l"ll_.' +r.ll_.|'l|'.'||r'||!'|| _H{ll"-_l! -'-'rﬂ‘ —:&

ted by construction (aee also rel 61, It alse hold in mied

The above thearer 15 demonsira
fes 4.7, 10 15 casily soen

cages, (Tablc 1, enfrica Tin 93, Table 7 includes fhe caumting results for some ca
Crat these cages have predomunan: negative gurvarre (oolumm ©F, Table 2p
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Tahle 2. Covnring Resulls m Some Capes 4.7
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Perspectivis

The cutting-coupling procedure above suggested could be important in the fullerene synthesis,
where mcompletely formed coges wore obecrved. They may jom logether 1o form supramolscular

assernblies,” IF the joinme units are identical, it resulis in a puse polymeric structure, or, in mathematical

semse, @ persodic structure.'? 17 the units are different . the resulting structure is calied a co-polymer. The
joining unit can alse be variable, consisting « g, of pure 7 rings (Figure 4, a) or mixed 5,7 rings (Figure 4,

hi.
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Frgure 4. Periodic fullerenes with the repesting unit »— 2 and jomming unsts 7 {a) and 5.7 (bl
Conclusions

Pure 4,7 frivalent cases were buill wp by wsing small segrments of the tabular HPH net and
apprapriate cuttingjoming operaieng, Sueh ransformanens could be plavsible routes in the fate of the
vapariced graphlc.

Coumring of the constitubive compundents of the 47 cages was accomplished in e of a
general counter and of a periodic description

The novel class of periadis fullerenes, anngunced here, showed a heat of Tarrrabion lower than
the parent spherical fullerenes,” deseiving more attention m theoretical studics snd experimental
research
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